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SN N32

SN

SN

N34

N34

N33

N32

N31

N1

+ KAN A24

+ XAN A24 + Kee

+ XAN A23

+ XAN A23 + Kce

+ XAN A22

+ XAN A22 + Kcc

+ XAN A2l

+ XAN 1 + Kee

262 Sheets-Sheet 72

- N24

l;! 1l
g

|

—N23
n-c
23

o-N22

3

[¢]
Y
(]

—e-N21
n-c
NZ1

INVENTORS
HENKY L. HEROLD
gy “PY G LEVINTHAL

ey L g

ATTORNEY,



Feb. 15, 1966

BUFFER APPARATUS IOF PROVIDI:*: DATA TRANSTER WITH
Feb. 15, 1980

Filed

# Nl4

# N12

# Wiz

# N11

= SN N24 +

= SN N23 +

= SN N22 +

= SN N21 +

= SN W21 +

H. L. HEROL{* ET AL
THE MEMORY OF &

XAN Al4

——t—

14 + Kcc

g

XAN Al3

XAN AIT + Kee

XAN Al2

XAN A12 + Kee

XAN All

XAN All + Kec

3,235,879

DATA FRUSBSSIMG SYSTm

252 Sheets-Sheet 73

N14

!

o N12
n-c

¢=N12
™ o N11

-

N~ C—
—) —
D= N1 1

—ag)
INVENTOR.®

HENRy L. HEROLD
By JPY G. LEVINTHAL

ATTORNEY,



#

#

Feb. 15, 1966 M. L HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PRI:CESSING SYSTEM

filed Feb. 15, 1960

Rd = SRXB Bl4 + SLR7 L4 + SPR7 P14

Rd = (C63 €62 C61 CS54 C53 €S2 C51 Ta3 Bb) A2l Rd
+(SJRm +SJmgR)J14 + SRRm R14 + S9R7 + SVR7 V4
+ SVmgR R14

Rd = (C63 C62 C61 C34 CS53 C52 C51 Ta3 Bb'A22 Rd

Rd = SRXB Bl4 + SLR7 L1s + SPR7 P14

Rs = SRXB Bl3 + SLKR7 L13 + SPR7 P13

e it t— —— et et Wo—.

Rs = (C63 C62 C61 C54 C53 C52 C51 Ta3 Bb)Al2 Rs

+(C64 C62 C61 C52 Tb8)Ty RI3 + (C64 C63 End)C51 Js Ls—u

B17
+(SJRm +_SJmgR)J14 + SRRm R14 + SZR7 + SVR7 IV4 d
+ SVmgR Ri4 + C64_C63 End

252 Sheets-Sheet 74

+(C64 C63 End)Js Ls + (C64 C63 End)C51 Ls + SRRm R13 ™ Rs

+(SJRm + SJmgR)J13 + SVmgR Ty R13 + SYR7 + SVR7 V3

Rs = (C63 C62 C61 C54 C53 €52 C51 Ta3 Bb)ALl Rs

+(C64 €62 C6L C52 Tb8)Ty R13 + (C6A C63 End)C51 Js Ls—ag

+(C64 €63 End)Js Ls + (C64 C63_End)CS1 Ls + SRRm R13

—

B17 ™
—~ap

+(SJRm_+ SJmgR)J13 + SVmgR Ty R13 + SZR7 + SVR7 IV3

L

= SRXB Bl13 + SLR7 L13 + SPR7 P13

&l
w

Rm2 = SRXB B12 + SLR7 L12 + SPR7 P12

5 Bl

= SRXB B12Z + SLR7 L12 + SPR P12

Rml = SRXB B1ll + SLR7 L1l + SPR7 P11

= SJRm J12 + SRRm R12 + SJmgR Jmg2 + SVmgR Vmg2 He~Rin2
+ SVR7 V2 + Gm2 Pmr

= SJRm J1Z + SRRm RIZ + SJmgR_Jmg? + SVmgR Vmgz o1/

+ SVR7 IVZ + SZR7 + S9R7 + (C64 C63 End) (CS1 + Ov) i

Rml = SJRm J11 + SRRm R1l + SJmgR Jmgl + SVmgR Vmgl —*Rm1

+ SVR7 V1

Rml = SJRm J1l + SRRm R11 + SJmgR Jmgl + SVmgR Vmgi B17

+ SVR7_IVI + SZR7_+ S9R7 + Cml Pmr

Rml = SRXB B1l + SLR7 L1l + SPR? P11

L. 84

bo-Rm 1

INVENTORS
HENRY L. HERoLD
By SRy G. LEVINTHAL

AL

ATTORNEY.



Feb. 15, 1966 H L “'EROLD ET AL 3,235,879
BUFFER APPARATUS "OR PROVIDUTNG DAT* [RANS BER WITH
THE MEMORY ) & DATA PROCE:SING SYSTAM

Filed Feb. 15, 1960 2' 2 Sheets-Sheet 7%
# R&4 = SRL6 R14 + SLR6 Ll4 + SR/6 Rd — ot e
o R
B17 o=
* Rb4 = SZR6 —d _
R — — J $-»R6L
## R64 = SR16 Rl4 + SLR6 Ll4 + SRY%: Rd b

# RA63 = SR16 R13 + SLR6 [13 + SR76 Rs ]
- R63
—-
B 17—
* K63 = S7ZR6 - —
il — — R63
# R63 = SR16 R13 + SLR6 L1J + SR76 Rs —
# R62 = SR16 R12 + SLR6 L12 + SR76 Rm2
. - R62
—~
B17—4
* R6Z = SZR6 - _—
— —— —_ — > RE2
# R62 = SR16 R12 + SLR6 L12 + SR76 Rm2 —g
# R61 = SR16 R11 + SLR6 L1l + SR76 Rml ]
-e=R61
—
B17—m
* R61 = SZR6 — doreT
# R61 = SR16 RIl + SLR6 LII + SR76 Rml —a
INVENT
Fr5.85 ORS

HENEy L. HERoLD
gy JPY G LEVINTHAL

ﬁ/ﬂ%

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 1,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 262 Sheets-Sheet 76

# RS54 = SR R64
-
n=¢c
R5%
# RS54 = SR WG4

# R53 = SR R63

e=-R53

53

# R53 = SR R63

2 = SR R62
# RS SR R g5z
n=C
# R52 « SR R62 o,

-R51

# R51 = SR Ré61
n=c
—_— —_— ‘ R51
# R51 « SR R61
INVENTORS
, .ZI:JG'. 86 HENEy L. HEROoLD

~ . T
BY Ry G. LEVINTHAL

A

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879

Filed Feb. 15, 1960

#

#

#

#

#

#

#

R&44

R&4

R43

R43

R42

RGZ

R41

SR RS54

|

=
U]
£

SR

SR R53

SR R53

SR R52

SR R52

SR R51

BUFFER APYARATUS FOR PROVIDING DATA TRA! "ER WITH
THE MEMORY OF A DATA PROCESSING SV°7TEM
292 Sheets-Sheet 77

R4 4

-9 Reh
—-ﬁ)

:_1 R4 3
n=C -

—o &3

- ’

o RG2

n=-c
¢=RGZ
-»-R41

-0
GoR4G1

INVENTORS
.Z:.Ia‘. 87 HENRY L. HERoLD
YJAy G. LEVINTHAL

ATTORNEY.

B



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING D:-T4i TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 13, 1960 2562 Sheets-Sheet 78

# R34 = SR R44 -
n-¢

# R34 = SR Réd R34

# R33 = SR R43 o R33
n-c

— R33

# R32 = SR R42 o 32
n-¢
— — @+=R32
# R32 = SR R42 ®
# R3L = SR R4L | o-R31
n— -
R31
# R31 = SR R41

Ea.’ 88 INVENTORS

HENRy L. HERfOLD
gy ZPY 9. LEVINTHAL

ATTORNEY.




Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 7o

} R24 = SR R34
# R24 = SR R ‘ | e
n=¢
co— R24
# R24 = SR R34
# R23 = SR R33 e a2
n=-c
—_ — R23
# RZ3 = SR W33
# R22 = SR R32 .
n-c
' w2z
¢ R3Z = SR K32
# R21 = SR R31 | I
n=- o
—— R B»1571
# B31 = SR F31 R21

57 INVENTORS
roy. 89 HENRY L. HEROLD
gy ZPY G. LEVINTHAL

Ay L g

ATTQRNEY.




‘Feb. 15, 1966

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH

X THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960

# R14

# R1b4

# R13

# R1

e

# R12

[N

# R1

# R11

I

#

=
[
—

SR

SR

SR

SR

SR

SR

SR

SR

R24

R23

R22

R21

H. L. HEROLD ETAL 3,235,879

252 Sheets-Sheet 80

Fe-R14

pw-R14

»R13

:_h o Ri2
n=-c ——i
¢RIz
ol
’1 »-R11
et
= C—~—i }
3 g
£ .90 INVENTORS

HENRY . HER0LD
JAY &. LEVINTHAL

ATTORNEY,

BY



Feb. 15, 1966

H. L. HEROLD ET AL

3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15. 1960

#

#

Tp

Tp

Tq
Tq

Ts
Ts

Tp Tq Ts + Zm

Tp Tq Ts
Kee

Kee
Tq Ts + Zm

Tq Ts (f; + Bb)

Kece

Ts

Ts (Tp + Tq) + Ts Bb

Fim 21

252 Sheets-Sheet 81

CDA13

-=Tq

CDhAl3
T8

CDA13
Ts

5

L

e .
~—
B -
—ag) ) .
—g
INVENTORS
HEVMRY L. HERoLD

gy JAY G. LEVINTHAL

Sy L g

ATTORNEY.



Feb.

Filed

* Tl = End M3g + Th8 Hst
* T1 = T1
# TL = Kec
# Ta = Kcc
* Ta = Tl + Bb (Tp Tq Ts)
* Ta = Tp Tq Ts + Ta2 Klm2 Js (Jw Jr Jm20)
* Ta3 = Bb (Tp_Tq Ts) HtZ + Icom + Isin
+ Ta2 Ht2 (Jr + Jw + IJm20 4+ Js + Kiml}
* Tal = Ta3
# Ta3 = Kce
* Ta8 = Ta (Tp Tq‘Ts)
* Ta8 = TaB
# Ta8 = Kcc

15, 1966 H. L. HEROLD ETAL
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH

THE MEMORY OF A DATA PROCESSING SYSTEM

252 Sheets-Sheet 382

Feb. 15, 1960

- F35.92

3,235,879

]
o - ]
—]
CDALS o e
—n) —
)* w11

4~
-
CDA1Y —=

vy
—ng)

8Y

Jay .

-eTa’

- $eTaz

-«] o Tal

INVENTOR.S
HEMTYy | ME®eil D

LEVIR Tt AL

BN oo ‘
e L LF

ATTORBNEY



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 83

- — —— oo —Tb
* Tb = 1IEnd 1Zm (Tp Tq Ta)(Hst + TaB) + TbB M3g + Zm
CDAl3
*Tb = Tp Tq Ts =
# Tb = Kee .
e e B b1
* Thl = IEnd 1Zm (Tp Tq Ts)(Hst + Ta8) + Tb8 M3g —b—]
CDA13 —om
* Tbl =» Tbl —nd

— P-J Tl
# Thl = Kec —-)

— Th7
* Tb? = Tb (Tp Tq Ts) + Zm
' . CDAL3
*E-b-i-'rb7 _'6-7_
# Tb7 = Kec

- - TH 8
* Tb8 = Tb7 —-“
3 CDA13~
* THB = Tb8 "‘E.J 758
# Tb8 = Kee —9 f

E 5. 93 INVENTOR.S

HENRY L. WHERoLD
BY Jﬂy G LEVINTHAL

Sy L g

ATTGRNEY.



Feb.

15, 1966 H. L. HEROLD ETAL

BUFFER M’P’ARAI‘US FOR PROVIDING DATA TRANSFER WITH

3,235,879

THE NEMORY OF A DATA FROCESSING SYSTEM

Filed Feb. 15, 1960

* Ty =« Ty 1End Th8

* Ty
# Ty

* Tz

# Tz

2l &l

#

*Tv
* Ty

#Tv

= Tb8 Ty Tz Td + C63 C51 Tb8 Ty IEnd Us + End

= Kee

= Tb8 C63 TEnd (C52 + C51)(C52 + DI(CEL + Ty)

+ Tb8 Ty C63 C51 1End Us + Zm

= Tb8 Ty Tz 1Zm + End Hst
= Kec

= Th8 Ty Tz IZm IEnd + THb8

= Ta3 C64 C63 Ttv

= Tb (C54 + C53)(Tp Tq T3) + G54 _C53 w2 Wl

—— | ——t

+ Tb8 4 C54 C53 W2 W3 A21 Al4 AL3 Al2

Lroy. 94

CDAL3

S —— Td
y Tz C64 C63 C51 1zm s
= Tb8 Ty €63 C51 TEnd Us + Zm + End —
= Kee $+Td
=T
CDAl2
Tv

8y

LTy
CDAl3
Ty

252 Sheets-Shest 84¢

o1,

T2

CDA13

INVENTOR.S
HENEY L. NEROLD
JAY G. LEVINTH AL

N

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 258 Sheets-Sheet 85
*Ti = Ta3 C63 C6Z + Tb (Tp Tq Ts)(T1 + Ty + Tz) - Tt
CDA13
*T{ = Ti —_
#T1 = Kec \ Ti
— e e ™ o Bb
*Bb = Ta2 Klm2 Js (Jr Jw Jm20) -~
CDA13 o o
*B—b = Tp Tq Ts —a) B_b
—og)

#Bb = Kcc

#M3g = C63 C51 W1 W3 Us Tz Tb7_+ (C64 C63) Us WZ W3 Tb?

+ (C6& C63) C5& \C52 + C51) Tb7?
+ (C64 C54_C53 Tb)_Tb7__ > M3g
+ C64 €62 C61 C54 C53 C52 Ta8
CDA12
*M3g = Th7 M3g —
#M3g = Kce ¢ e

iy

INVENT
EC‘TSj HENRY L. usgifo
- JAY G. LEVINTHAL

ATTORNEY,

ISEER




Feb. 15, 1966 H. I. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 86

*Vsl = IVal IVbl Ve + IVal Vbl Ve
+ val 1Vbl Ve + Val Vbl "
#Vgl = Ival 1Vbl Ve + Ival vbl Ve
+ Val IVbl Ve + Val VBl V=

CDAl4

_.—
— — W
*Yg2 = (Va2 + Vb2)(Ivaz + IVb2) + Va3 vb3 —t
ChAl4 —of +——
g2 = Va2 Vb2 + 1va2 IVb2 Iva3 + IvaZ Ivb2 1Vb3 9 Vo3
-
o Va3
*gl = IVs3 —d
CDAl4
g3 = 1Vs3 > j -
_“ /B
—
o=V 2a
*Vga = IVsa —p
CDAl4 i
*Jga = IVsa —» | o 7o
-

INVENTO
EE'. 96 HENRY (. HEt’:{Q
JAy G. LEVINTHAL
BY
Sy L g

ATTORNEY.



Feb. 15, 1966

. L. HEROLD ETAL 3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Fsb. 15, 1960

* Vab w (Vab + Vb4)(IVak + TVDA)

* Vg = Vab Vbb + IVal IVbd

* Ve

IVe

Ve

(C63 C51 Tb8 Td) Llls(WZ + WJ) + (Cé63 CSll_Tz
+ (C64 Ta8) CSI IMs Rs + C64 C51 Ta8 _Ms R
+ (C64 Ta8) C51 Ms Rs + C64 C51 TaB Ms Rs

o Us

CDAL12
(C63 CS51 Tb8 Td) W2 W3 + - (€63 T51_Tb8 Td) L4 —
+ (C63 C51) Tb8 Td Vc + C63 Tb8 (C6L + Ty) + Tl Us

Kee

= C62 C52 Tb7 (CB1 + C54 + Ty)

* Zva

* Zva
¥ Zva

+ (Tp Tq Ts) Td

= Tb8 Td + End
= Kce

Fro5.97

252 Sheets-Sheet 87

Va4
CDAl4
‘ Vsl
Ve
CDAl4
Ve

—-Zva
CDAl2
Zva

INVENTORS
HENEY L. HEfOLD
JRY . LEVINTHAL

ATTORNEY.

a8y



Feb. 15, 1966 M. L. HEROLD ETAL

3,235,879

BUFFER APPAR4TUS FOR PROVIDING DATA TRANSFER WITH

THE MEMMRY OF °

DATS PROCESR
Filed Feb. 15, 1960

* = (C63 Tb Ty Tz T_)_ Rgm o7

AING STSTEM
252 Sheets-Sheet 38

+ (C64 C62 C52 Us Vc Tb7) Ty C61
+ (C64 C62 C52 Us Ve Tb7) Ty Tz C61 > Ov
+ C64 C63 C51 Ta8 DAL
*Ov e (c53 C62 C61 G54 _C53) A33_A21 Tal
+ (C63 Tb Ty Tz Td) IRgm TRem Tb7 =~
# Ov = Kee
% Aac = V3 V2 ¥3g + V3 VL M3g + (C64 C62 C52) Vb3 (Vb2 + Vb1)(Tb Tb7) ___
+ (Cbh C62 csz)(c + C54 + C51 + D1 + D3) Va3 (Va2 + val)(Tb Tb7)
+ Tb_Td Vb3 (Vb2 + Vbl) + Td (Tb Tb7) Va3 (Va2 + Val)
+ [C64 C62 €52 Tb (Tp + T Tq)1(Tp + Ts) Va3 (Va2 + Va
+ [C64 C62 €52 Tb (Tp + Lq)_] ('I'p + Ts) Vb3 (Vb2 + Vb | > Asc
+ (C64 C62 C52) TbB Mc (CbL + C54 + C51 + DI + D3)
+ Bb va3d (va2 + val) + Bb Vb3 (Vb2 + vbl) CDAl4 ]
# Rac = Krac Aac
* Ma2 = Ja2 Ra2_Mal + Jal RI11 RI2 Mal | o Ma2
+ Ja2 (R1 1 ) Ma__i (IJmgl Jmg2) Ral Mal
+ (Jmgl ngZ) Ra2 Mal + Jal Ral Mal cpald
* Maz = Tb8 by
&
# MaZ = Kee
* Mal = Jal (RIL R —_'1 Mal + mgl Jmg2) Ral Mal —* [ o Mal
+ Ja2 Ra2 M 1____ __ —>
* Mal = (Jal + Ja2) (RI1l ) CDAL4—
+ (Jmgl JmgZ) (Ra RaZ) Mal —d -
___ +Jal Ral Mal + Jaz Ra2 Mal + Tb8 &> Mal
# Mal = Kec -9
F" INVENTOR S
4. 98 WENRY L. HERo(D

. BY JRYy G. LEVINTHAL

ATTORNEY.



Feb. 15, 1966 'H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA FROCBSSING SYSTEM

* Jmg2 = Jmg2 Jmgl Jmgu (Ta + Tb)
+ Jmg2 Jmgl Jmgd (Ta + Tb) + Tb8
+ Ta8 Jmgl Jmg2

Jmg2

Filed Feb. 15, 1960 258 Sheets-Sheet 80
# Jmg2 = Kcc o Img2
* Jmg2 = Jmgl Jmgu (Ta + Tb) Jmg2 Zva )
+ ngl Jmg2 Jmﬁg_({g_+ Th) Zva B28
+ Tbl Jml Jm2 Mlg Zva + Tl

# Jmgl = Kee .
* Jmgl = Jmgl Jmg2 Jmgu (Ta + Tb) Zva + Tb7 M3g + Tb7 Zva - Jmgl

+ Jmg2 Jmgd (Ta + Tb) Jmgl Zva + Tl Klml + Jr
+ Tbl Jml Jm2 M3g Zva + T1 Jv Mnl Mn2 ike
* Jmgl = Jmgl Jmg2 Jmgu (Ta + Tb)(MIg + Tb7) + Tb8
+ Jmgl Jmg2 Jmgd (Ta + 'rb)(ﬁi‘g + Tb7)
+ Ta8 Jmgl Jmg2

g

— o Vmg2
* Vmg2 = Vmgl Vmgu !Tbl + T
+ Vmgl VmgZ2 Vmgd (Tbl + M3g) Tb CDALG
* VmgZ = Vmg2 Vmgu + Vmg2 Vmgd + (Tp Tq Ts) i
* Ymgl = Vmgl Vmg2 Vmsy_s%m + M3g) Tb > Vmgl
+ Vmg2 vmgd (Tbl + M3g) Tb CDALG
* ymgl = Vmgl Vmgu + Vmgl Vmgd + (Tp Tq Ts) gl
F INVENTORS
Jq99 HEBNRy L. HEROLD

3y JRy G. LBVINTHAL

Sy L g

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 252 Sheets-Sheet 90
] D3
*D3 = (C63 CB62 CBI CS5& C53) D3g Ta3l — -
CDALl-—a
—n —

*D3

*D2

*D2
#02

*D1

#D1
*Dt

*Dt

#Dt

3 4w
(C62_c61 C54 Ta3) C53 D3
63

(Cb4 €62 C61 C54 C53 Tb) €52 C51 (Tp Tq Ts) Ve

Kee —»g

o= D2
+ Tq Ts Atm —~
CDA11 —
(CBZ c61 T54 Tal) €52 C51 D2 + Mof Atm —d 55
M

(C64+C61) (C62 C52 C51 Tb) Tz C54 IRem (Tb7 + WZ _
+ Cpg Tb7 IRem Rgm R13 (R12 + R1l) + Cpg Tb7 IR em Rgm J13
+ Cpg [Tb7_WZ Jc (Rlé_+_J14) (R1& + J14) ] R13 J13
+ Cpg Tb7 IRem Rgm J12 J11 + Cpg Tb7 W2 Jc Rl4 Jl& . > D1
+ Cpg TH7 W2 Je DI J13 (Wl + R13)

CDALL —pf
Cpg IRem Tb7 R13 J13 .(J12 + J11) —»€) —
+ Cpg IRem Tb7 R12 R11 J13 (J12 + J11) o, cr» Dl
+ Cpg Tb7 W2 Jc D1 RI13 (W1l + J13)
+ Cpg Tb7 W2 Jc R4 Jl4 —_—
+ Cpg [Tb7 W2 _Jg (R14 + Ji4) (Rl + Jlm]_n_}_g
+ Cpg IRem Tb7 IRgm + (C62 C61 C54 Ta3) (C53 C52 C51) D1

+ C64 C61 C51 Tb8 Ty
Kee

(C64 C54 €53 Ta3) Pbz + (C64 C54 C53 Ta3) Me3 A22
+ (C64 C54 C53 Ta3) Mc3 A22 + C64 (C62 C54 C53) Ta8 (Mc3 + Pbz)
+ Cb4_(C62 C54 53)_Ta8 _(Mc3 + Pbz)
+ (Cb2Z CH1 C54 T53 C52 C51 Ta3) Reb o= Dt

LEz C61 C54 CS51 Ta3) Web ‘

6 €61 C54 C52 Ta3 Web A21 CDA1l

C62 C6L C54 C53) A33 A22 Ta3 -

J 2 J61 J54 Ta2
(C62 T564 €53) Tal + J64 J54 J53 Ta2
cC

P INVENTOR.S
.IE]OO HENRY L. HERo(D
JAy G. LEVINTHAL

BY
,ﬁ«:/ﬁ’?‘g‘ .-

ATTORNEY,

N++f\



Feb. 15, 1966

H. L. HEROLD ETAL 3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960

* Jr

* It

glel

* Jm20

*= %
G o

o

Ti Jm20 Ur

Jr Ti
Kece

Ti Lw Ur

Jw T1i
Kee

= (Tp Tq Ts) Jm20 Jw
= Kec

* Hst = CB4 C61 (Jr + Jw) Tz W3 TL

.*Hst-'rbl
# Hst = Kce

Fra 101

252 Sheets-Sheet 91

= Ty
CDAll
¢»Jr
—f
— bt T
—
CDA11l—e

o
—o

A21) (A24 + A21) Jw Blk

= Jm20
CDAll
Jm20
— e Hat
L
CDALl—am
- Tat
-~ I
INVENTGRS'

HENEY L. NEILD
2y JAy G. LEVINTHAL

Eoey Lo

ATTORNEY.



Feb. 1%, 1966 M. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 252 Sheets-Sheet 92
¥#Htl = Kee —
* Hel = Ta3_a43 Ksh_+ Ht2 (Kh_+ Khb)_Tp Ts -
+ (Ch2 €61 C54 Tald)(C53 €52 €51) Kbh + Kah Ah Mca Ht
+ (Ch3 Ch2 CH1) CS4 C52 C51 Ta3 + Ta2 Ht2 — L - Hel
+ (Aac + A1 + Amm + Ate + Efp + Atd) Tp Kho2 Ht2
CDhAl2
* - Reb Web Bb Teom ———
Htl (Tp Htl Reb Web Bb) + Icom b Wil
# th = Kcc — Ht2

A —— P
* Ht2 = Tp Htl Reb Web Bb ~
CDA12 ~o=
% HtZ = Icom + Isin + Pss —o)
D

d T— Hez

— —— > Mscl
%* Mgcl = Mscl Msc2 Htl Ht2 (Kcf + Kbe)
‘ B27
* Mscl = Mscl —
o= Msc2
* Msc2 = Mscl
B27
%* Mac2 = Ka Ks Kz Kcb Kab be T
F INVENTORS
Z45- IOZ HENRY (. HEROLD

JAYy G. LEVINTMHAL

ey Ll g

ATTORNEY.

8Y



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 93

£ W3 = W3 W2_(Cwu WL) + (C64 C63 Tad) ___

. > W3
+ (C64 C61 C51 Tbl) Ty R14 R13 R12 Rll
CDAll

W3 W2 (Cwu W1) + Al3 (Tb Tp Tq Ts Tv) + End

= Kee ?’ w3

*
bl |
'

#

% W2 = WZ (Cwu W1) +®lé R13 R12 Tb7)(C62 €52 C51 Tb) - o w2
+ (J14 J13 J12 Tb7)(C62 C52 C51 Tb) + (C64 C63 Tas)—«—"'
CDAll —w-

* W2 = W2 (Cwu W1) + (€62 C52 C51 Tb8)
+ (Tb Tp Tq Ts Tv) Al2 + End —Q —
W2

* Wl = WL Cwu + (C62_C52 C51 Tb) Irem o w1
+ RIT (Tb Tp Tq Ts Tv) —
CDA1l
* UT = (Cwu W1) + (C62 C5Z €51 Tb8) + End —d

vi ( )+ ( ) )
# W1 = Kcc -
—4py

e ———— ————— — e ——— —— — — e JC
% Jo = (CB3 C62 C6L C54 C53 €52 C51 Ta3 Bb) A3l Je —
CDALl—m

* Jc = (C63 T62 C61 C54 C53 €52 C51 Tad Bb) A32 Je e T2

# Jc = Kec

E 5. jg 3 INVENTORS

HENRY L. HERoOLD
JAy Cp. LEVINTHAL

ey L g

ATTORNEY.

8Y



Feb 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 252 Sheets-Sheet 94
e
* Blk = (C6Z C61 C54 C51 Ta3 ) Web C52 - - Blk
CDAll —e= e
* Blk = (C6 b —
(C62 c61 C54 C51 Ta3) Web C52 —o8 I
—
- Cfd
* CEd = (C63 CBZ CBL)(C54 C52 €51 Ta3) Rsr All —-
CDAL3 —»~
* Cfd = (C63 TH1)(C54 €52 C51 Ta3) ALl + IRsr + Htl  —w oFd
# Cfd = Kee )
* Jna =(C64 C61 C51 Tz Tbl)+ (C62 C61 54 Ta3) C51
+ (TBT c6l C54 Ta3)(T53 €52 C51) DI
+ (C62 c61 C54 Ta3) €52 TSI D2 - Ina
+ (C62 c61 C54 Ta3) C53 D3 —
CDA11l —-
* Jna = (T Tq Ts)(Jw Jr Jm20) ] by T
# Jna = Kcc —»g
* Atm = Klm2 Md End M3g Htl (Jr Jw Jm20) e > Atm
+ 62 Ta8 A44 Hst —
CDA12 —as
% Atm = Tp - & Tt
# Atm = Kee —a
F" INVENTORS
.IC7'.104 HENRY L. HERoLD

JAy G. LEVINTHAL

ATTORNEY,

BY



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
: BUFFER APPARATUS FOR PROYIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 26

P g

* AL = C63_Cad(Al4 A3 AL2 %}4_-_.]21 Jn2 Ta_z_i:ﬁ Tw_Jm20)K1m2
+ Cbh C63 Cb2 +(C62 CBA C54)C52 +(C64 C62 C54)C5 cs1
4+ C64(C62 C61)C52 +(C62 C61)C53 +(C64 ¢63) (C54 +T5T)

+ C63 €54(C52 + C51)+ C63(C62 + C61)+ C53(C52 +C51) o AL
+ Al3(A12 + All)Mca + A33(A32 + A3L)+ A23(A22 +A21)
+ C64 C54 C53(C62 + C61)+C64 €62 CBI C52 C54 (cpall
— & Al
# Al = Krac

* Amm = (Jmgl + ngZ)(.’f; EE Tg)_+ Jmgl Tb8 Tz

+ (314 J13 J12 J11) Ta T&8 (Jmgl + Jmg2) - = Amn
+ (314 J13 J12 J11)(Tb Tb7) CDAL3—m
-9 *

# Amm = Krac —o4

Bl

% Ate = (C63_C62 C61) €32 C5L Amm HEl
+ (CBZ C61 C54 C53 C52 CSL Ta3) Ers ___

+ (C63_C62 C61)_C56 (C53 C52 C51) Amm Hel o ate
+ Ur Reb Ers +(C62 C61 C54 C51 Ta3) Evs
+ Lw Web Ews + Chad Anpd CDAL3
— &> Ate
# Ate = Krac F"
—]
— o Anpd
%* Anpd = INpd —
CDA11—»
» ZApd = (C63 C62 C6L C54 €53) Ta3 A4l A33 —9 b Tma
# Anpd = Krac —g)
F y INVENTORS
Z4-. 10-5 HENCy L. HERoLD

JAY G, LEVINTHAL

A Pl

ATTORNEY.

BY



Feb. 15, 1966 H. L. HEROLD ETA! 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 52 Sheets-Sheet 98

* Ybl = (C63 C62 C61)(C54 C52 CS1 Ta3) All -
CDA12—

15 ms

T

* Yb2 = (C63 C62 C61)(C54 €52 C51 Ta3) Al2 —
CDA12

1 gec

T

X

n N

55]06 HENRY ILN.VELVgZR;{a
BY Jﬂ-y q. LEVINTHAL
L /‘,%7 .',

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 252 Sheets-Shest 97

CENTRAL PROCESSOR

Designated Logical Combination_Signals:

Bkt
Bls
Cad

Cau

Cfsd
Chad
Cld
Clu
Cpg
Cwu
D3g

Em24
Em59
Em74
End

Ersd
Ert
Ewsd
Jal
Ja2

C62Z €61 €54 €52 €51 Ta3 A2l Web

C62 C61 Tbl Ty (Tz + C64)(C54 + C52) + Tv (Ta + Tp)

T1 Rel + Tp Tq Ts (Jr + Jw) + C62 C61 (C54 + C5.) Ta3

+ C64 C62 Tb Ty Tp

(C62 C61 C54 C53 C52 C51 Ta3) Ers Reb Al4 Al3 AlZ All

Tb7 Td Us

Tb7 Td Us + C63 C51 Tb8 Tz Us

(C64 + C61) C62 C54 C5Z €51 Tb Tz

C64 C63 Tb7 Ty Tz + Tv (W2 + W3)

Ov A33 A21 + Ers A4l A21 + Ews A4l A24 + Kdsl A42 ALl + Kds2 A42 Al2
+ Kds3 A42 Al4 + Kdsb A42 A21 + Kds5 A4l A34 + Kdsé A4l A22

+ Key A33 All + Rs A34 A2] + Rd A34 A22 + Ld A34 A24 + Ls A34 Al4
+ A23 + Rml Rm2 A44 + Reb A4l All + Web A4l Al2 + Rwd A4l Ald

+ Reb Web A41 A32 + Dt A33 A22 + Anpd A41 A33

+ R63 (R62 + R61) A4l Al3 + Pbz A33 A24 + Cfd A3l

C6L C62 TE1 C54 C53 TaB

C64 C54 C53 Ta3

C64 C62 C53 TaB

C62 C6L Tb8 (C52 + Us + Vc) + C64 C62 Thb8 Ty (C52 + Us + Ve)

+ C63 C62 Ta8 (Hst + Jr + Jw + Jm20) + C64 C63 Tb8 + C63 M3g Tb8
+ C64 C63 CS1 Tb8 Ov Ty + Cb&4 C6L TbB Tz + Cb4 C61 Tb8 Ty C51 W3
+ AL Tp Tq Ts

(C63 €62 C61 C56 C53) Ta3 Reb Ers A4l A2l Al3

CT62 C61 C54 CS52 C51 Tal A2l A22 Web ‘

(C63 Ch2 C6L C54 C53) Ta3 Web Ews A4l A24 Al3

Jmg2 Us Tb7 + Jmgl Us Tb7

Jmgl Us Tb7 + Jmg2 Us Tb7

INVENTORS
.FJE',ZO?& HENRY L. HERoLD
BY JRY G. LEVINTHAL

ATTORNEY,



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS ICR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
filed Feb. 15, 1960 252 Sheets-Shest 98

CENTRAL PROCESSOR

Designated Logical Combination Signals: {(Cont'd.)

Jmgd = IM34 IMJ3 M32 TMJI + M3 M33 TM3Z MI1 + My4 133 TM}2 THGT
+ Mj4 THMJ3 M32 MJ1 + Mj4 M3 MJ2 THJ1

Jmgu = IMj4 IMJ3 IMJZ MJ1 + THj4 My3 IM}2 TMJ1 + IMJ4 MJ3 Mj2 M3l
+ M34 TMI3 M32 TMHT + Mj4 Mj3 TH32 Myl

Kee - Ktee + Kece

Krac » Ktce + Kece + Kra

Me - Mazmﬁ+ualmﬂ+mm%(vmg1+mgz)
+ Mal MaZ Vmg2 Ve + Mal Ve (Vmgl + Vmg2) + Ma2 Vmgl Ve

Mca = (Tp Tq Ts) Bb (C64 + CE3 + Tb)

Mcb = Tbl (Cé4 + C63) + Tl

Mjl = J11 M3g + L11 M3g

Mj2 = J12 M3g + L12 M3g

Mj3 = J13 M3g + L13 M3g

Mi4 = Jl4 M3g + L14 M3g

Met = Jr (Tl + Tbl) + C64 C62 G6L C54 Tbl (CS51 + D)
+ €62 €54 (C53 T52 C51) Tbl + (CE4 C61 CS1 Tbl)

Pred = (€62 C61 C54 C51 Ta3) Ews Web Alh Al3 Al2 ALL

Psl = (C63 C62Z C6L C54 €52 C51)(Ti + Ta3) AIL

Ps2 = (C63 C62 C61 C54 €52 TSI)(TL + Ta3) ALZ

Ps3 = (C63 C62 C61 €54 C52 CS1)(Ti + Ta3) A3

Psé = (C63 C62 C6L C54 €52 C51)(TL + Ta3) Ald

Ral = R1l1 Tz Tb7 + R12 Tz Tb?

Ra2 = R12 Tz Tb7 + R1l Tz Tb7

Rebd = C62 C61 C54 CT53 C52 CS51 Ta3 Reb Ers

Rgm = R14 JI1& + (R14 + J14)(R14 + J14) R13 Ji3
+ (R14 + J14) (R14 + J14)(R13 + JI3)(RI3 + J13) R12 312
+ (R14 + J14) (RT& + J14)(R13 + J13) (R13 + J13) (R12 + Ji2) (RiZ + J12)

- R11 JI1

+ R13 J13 (R12 + R11) + R13 JII J12 (R12 + R11)

Rmt = C62 C61 C54 C52 C51 Ta3 A23

S9R7 = (Cé& C63 C51 Tb Td) Us

SJLm = C62 C61 C54 C52 CSL Tb Tb7

+ C62 C61 C54 €52 C51 Tb7 J11 J12

.2 :_IE'- 107é HEN Ry J{VZEQLO&S‘D
BY Jay . CEVINTHAL

ATTORNFEY.
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Feb. :% 1.5 M. L, HERTL ET AL 3,235,879

SUEFER APPARLYUT T ULCYIDIMNG Dhlt THANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1980 252 Sheetis-Shest 99

CENTRAL PROCESSOR

Designated lcgical Combination Signals: (Cont'd.)

SJLs = C62 C61 C54 €52 C51 Tb
SJmgl = C62 C61 C54 C52 €51 Tb Tb7 (J12Z + J11)

+ C64 €61 C54 €52 €51 Tb7? (L1Z + Lil)
C64 €62 CBL €54 C51 Tb7 (J1Z + Ji1)

+ C64 Cb1 C5& C53 €52 €51 Tb7 (J1Z 4 JiL)
SJRm = C64 C62 C61 C54 C5L Tb Tb7 + Ch& Cbl C54 C52 €51 Tb Tb7

+ C64 C62 CH1 C54 C51 Tb J12 J1L + CH& GBI C54 C52 €51 Tb J12 g1l
+ C64 C54 €53 Tb Li4
SLLs = C64 C61 C54 €52 G51 Tb + C62 C6L C52 Th8

SImgR

SRRm = C53 Tp Tv + C6h C62 C61 C54 C53 Tb (C52 + Tb7)
+ C64 C54 C53 Tb L1s + C62 C6L C52 Tb €64 C51
+ C62 C61 C52 Tb C54 C51 + C63 Tb Ty Tz Td + Prl
+ C64 C62 C61 C54 €53 Tb? R12 RIL

SVA = Bb

SVB = C64 C62 C52 Tb (Tp + Tq)

SVL7 = C62 C61 C52 Tb Tbl

SVmgl = C62 C61 C52 Tb8

SVmgR = C64 C62 C61 C52 Tb8 + C64 C62 CBL CS54 53 G52 Tb7 (R1Z + Ril)

SVR7 = C64 C62 C6L €52 Tb Tbl + Td IEnd

SZL6 = C54 C52 C51 Tv

SZR6 = (C53 €52 C51) Tv

SZR7 = (C64 C63 C51 Tb Td) Us + €63 Th8 Ty Tz Td Ov

Taz = Ta Ip Tq Ts

vl = mmVslm+mVslmm+Vs3V52mm
+ Vs3 Vsl Vsa M3g + R11 M3g

V2 = Vs3 Vs2 Vsa M3g + Vs2 Vsl Vsa M3g + Vs3 Vs2 Vsl Vsa Mg
+ Vs3 Vs2 Vsa M3g + Vs2 Vsl Vsa M3g + R12 M3g

V3 = mVSZV;IVsamE‘*VsSVS—meE

‘ + Vs3 Vs2 Vsl Vsa M3g + R13 M3g
V4 = Vs4 Vs3 Vs2 M3g + Vs4 Vs3 Vsl M3g + Vs4 Vs3 Vsa Mg

+ Vs4 VsZ Vsl Vsa M3g + Vsh Vs3 Vs2 M3g + Vs4 Vs3 Vsl M3g
+ Vs4 Vs3 Vsa M3g + Vsh Vs2 Vsl Vsa M3g + R14 M3g

L5207 HENRy | Hetars

vH . LEVINT
8y Y ¢ INTHAL

e L g

ATTORNEY.



Feb. 15, 1966

H. L. HEROLD ETAL
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

3,235,879

“iled Feb. 15, 1960

Designated Logical Combination Sign.1s:

252 Sheets-Shest 100

CENTRAL PROCESSOR

(Cont'd.)

val = Bb Zva JI1 + Bb All
Va2 = Bb Zva Us J12 + Bb Zva J12 JI1 + Zva Us JiZ J11 + Bb Al2
Va3 = Bb Zva Us J13 + Us JI3 Ji2 Jil + Bb Al3 + Us Zva
Vai = Bb Zva Us Jl4 + Us J14 + Bb Al4 + Us Zva
Vbl = Bb B1l + B1ll C64 C63 C51 + Bb C6é4 R11 + Bb C63 R1l
Vb2 = Bb B12 + B12 Cé64 C63 C51 + Bb C64 Tz RI12
+ Bb C63 R12 + Bb C64 R1? RI1 + C64 Tz RIZ R1l
Vb3 = Bb B13 + B13 C64 C63 C51 + Bb C64 Tz R13 + Bb C63 RL3
+ C64 Tz RI3 R1Z RIL
Vb4 = Bb Bl4 + C64 C63 C51 Bl4 + Bb C64 Tz R14 + Bb C63 R14 + C64 Tz RiZ
Vet = Tb Tb7 C62 €52 + Bb + Tb Td
vmgd = IV4 IV3 V2 IVI + IV4 V3 IVZ V1 + v4 Iv3 IV Ivi
+ V4 IV3 V2 V1 + V4 V3 v2 IVI
Vmgu = IV4 IV3 IV2 V1 + Iv4 v3 IV2 IVI + 1V& V3 V2 vi
+ V4 IV3 v2 TVI + V4 v3 IV2 V1
Webd = C62 C61 C54 C51 Ta3 Web Ews
Zal = Al4 Al3
Za2 = A24 A23 Al4 Al3
Za3 = A34 A33 A24 A23 Al4 AL3
Zm = (W3 + W2) C63 C51 Tb8 Tz Us L14 L13

+ M3g C64 C63 CS1 Tb8

LFi5. 1074

INVENTOR.S
HENRY L. HEROLD
JAY G. LEVINTHAL

oy L g

ATTORNEY,

BY



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESCING SYSTEM

“iled Feb. 15, 1960 252 Sheets—Sheet 101

CENTRAL PROCESSOR

Clock Pulse Driver Gating Signals:

Gate-B28
Gate-CDAll
Gate-CDA13
Gate-CDAl4
Gate~-SA
Gate-SAC
Gate-SB

Gate~SBB
Gate~SC
Gate-S8J
Gate-SL
Gate-SL76

Gate-SLL?

Gate-SLR6
Gate-SLR7

Gate-SN
Gate-SNB
Gate-SPC
Gate~SPR7
Gate-SR
Gate~SR16
Gate-SR76

Gate-SRL6
Gate-SRL7
Gate-5SRXB

it

#

]

it

|

HEl + He2
Htl + He2
HEl + HeZ + Bb
Htl + #tZ + Bb
Bb + Ppi + Pi
Pi

Bb (Tp + Tq + Ts) + C64 C62 €52 Tb (Tp + Tq)

+ C53 Tp Tv + (C61 €52 C51 Jna) Tp + Pbn

Bb (Tp + Tq + Ts) + Pbn

Pi + Ppi

Ta IXMJ IXZJ (Htl + Ht2) + Tb 1XzJ Tz

€52 Tv + €63 Th Thl Tz + Gate-SL76

(C62 C61 Tb) (C64 + Tz) + C62 C61 C52 Tb8

+ C64 C54 C53 Tb + CS4 Tv + (C64 C62 C61 C54 C53 Tb) C57 C51
+ (Cé4 C63 Tb Tz) Ty + Prl

C64 C54 €53 Tb + (C64 C6I C54 C52 C51 Tb) Tb7

+ (C64 €61 €54 C52 €51 Tb) L1l L12 + Prl

€54 €52 Tv

(C62 C61 Tb) Tz + (C62 C61 C52) Tb + C54 Tv

+ (C64 C63 Tb Tz) Ty C51 + (C63 Tb THbI Tz) C51

(C61 C52 €51 Jna) Tp + Pbn

(C61 €52 €51 Jna) Tp

Ppi

Ppr

Tv + Gate-SR76

€52 C51 Tv

C62 Tb Tz + C62 C52 Tb + (C54 + C53) Tv + C63 Tb THI Tz
+ CB4 C63 Tb Tz + Td + C64 C62 TBL €52 Th8 + Prl + Ppr
€63 Tb Tbl Tz + €52 C51 Tv

(C62 C61 Tb) C52 T~ (T54 + C51) + C54 Tv + (C64 C63 Tb Tz) Ty
C53 Tp Tv

1 R
EE. 108& HENRY fk%ggo{o
BY JAY G. LEVINTHAL
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Feb. 15, 1968 H. L. HEROLD ETAL 3,235,879

BUFFER APPARATUS Ful PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 252 Sheets-Sheet 102
Clock Pulse Driver Gating Signals: (Cont'd.) CENTRAL PROCESSOR
Gate-XAAw Ht2 Tl + Gate-XAwA
Gate-XAN Ta2 (Jr Jw Jm20) AL Kry2 + C64 (C61 T52 CS1 Jna) (Tp Tq Ts)
Gate-XArA T4 Jm20 Ur + (Tp Tq Ts) Jr + (C62 C61 C54 53 €52 51 Ta3) Reb
Gate-XAtA Jm20 Jw Ti
Gate-XAwA TL Lw Ur + Jw (Tp Tq Ts) + Jm20 (Tp Tq Ts)

+ (€62 C61 C54 C51 Ta3) Web + TZe Ti
Gate-XJI Ta2 (Jr Jw Jm20) Htl Klm2
Gate-XMA Jm20 (Tp Tq Ts)
Gate-XMJ T1 Jr + T63 (C54 + C52 + C51) Tp Tq Ts Jr
+ C64 C62 C5& C53 Ta8 + C64 C63 Ta8
Gate-XNA Ti Ur Iw Jm20 Jna IZc Kim2 Hst (C64 + CEL + W3)
+ €64 (C61 T5Z C51 Jna) (Tp Tq Ts)
Gate-XzJ €63 (C54 + C52 + C51) Tp Tq Ts Jr Bb + C64 C63 Tp Tq Ts Ta

+ C64 C62 C54 C53 Tp Tq Ts Ta + End Mig Jr

INVENTOR.S
515:1066 HENRY L. HERoLD
BY JRY G. LEyWTHAL

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 252 Sheets-Sheset 103

CENTRAL PROCESSOR

Inverter Signals:

Icom = Ka Kcb + Mscl

IEnd = End

IMI1T = M1l

M2 = Ml12

IMI3 = M13

M4 = Ml

IMJ1 = Myl

IM§2 = Mj2

IMj3 = Mj3

IMJ4 = M4

IMs = Ms

INpd = HNpd

IRem = (R14 + J14)(RI& + J14)(R13 + JL3)(RI3 + J13)(R12 + J12)

. (R1Z + J12)(R11 + JI1) (RIT + J11) Tb7

+ R14 R13 R12 Tb7 + J14 J13 J12 Tb7
+ (R14 + JI6)(R14 + J14)(R13 + J13)(RI3 + J13) Tb7

IRgm = Rgm

IRsr = Rsr

Isin = Ks (Kz + Atm) Ksb + Mscl

Itv = C54 C53 AZL Al4 Al13 Al12 ALl

VI = V1

V2 = W

Vi = V3

V4 = Va4

Ival = Val

IVa2 = Va2l

IvVa3i = Va3l

IvVad = Vab

IVbl = Vbl

IVb2 = Vb2

IVb3 = Vb3

IVb4 = Vbs

.2 ;_Iﬂ'- ]095 | HENRY IIZI'/EFIZ%R;\"LD
By JAY G. LEVINTHAL

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879

AUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

#iled Feb. 15, 1960 252 Sheets-Sheet 104

CENTRAL PROCESSOR

Inverter Signals: (Cont'd.)

IVe

Ivs3
1Vsa
IXMJ

1XZJ

IYbl
1Yb2
1Z2c¢
IZm

(Va4 + Vb4) (Va3 + Vb3) (Va2 + Vb2 + Val + Vbl + Vc) Vet
+ Va4 Vb4 Vet + (Va4 + Vb4) Va2 vb2 (Val + Vbl + Ve) Vet
+ (Vab 4 Vb4) Va3 Vb3 Vet + Td Tb8 Us (C51 + Ve)

+ (Va4 + Vb4)(Va2 + Vb2) Val Vbl Ve Vet + C62 Tb7 Ve

+ C63 ThB (C6L + Ty + Vc) + (*Us)

Va2 Vb2 + Va3 + Vb3

Val Vbl + Val Vc + Vbl Vc + Va3 Vb3

Ti Jr + €63 (C54 + G52 + €51) Tp Tq Ts Jr

+ C64 C62 C54 C53 Ta8 + Cb4 C63 Ta8

C63 (C54 + C52 + C51) Tp Tq Ts Jr Bb + C64 C63 Tp Tq Ts Ta
+ C64 C62 C54 C53 Tp Tq Ts Ta + End M3g Jr

o ‘

o2

Kz + ﬁ;gi

Zm

F - INVENTORS'
15109b HENRYy L HERotD
&y Jay G LEVINTHAL

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSIHG SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 105

T 1

Suns
i

* AM42 = A42 Mca e-ANA2
o CDA12
* AMGZ = A4Z Mca
cr—.\mz

* AM41 = A4l Mca 4
CDA12

* AM41 = A4l Mca AMG1

. INVENTOR.S

.FJE;'J]O HENRY L. HERaLD

JAY G. LEVINTMAL

AP o

ATTORNEY.

8Y



Feb. 15, 1966

Filed Feb. 15, 1960

* AM34 = A34 Mca

* AM34 = A34 Mca

* AM33 = A33 Mca

|

* AM33 = A33 Mca

4

* AM32 = A32 Mca

* AM32 = A32 Mca

* AM31 = A31 Mca

* AM3]1 = A3l Mca

H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Frim 777

252 Sheets-Sheet 108

-e-AM34
CDA12
3%
™ 433
—
CDA12 —-.-}—‘
- AM33
-
-o-AM32
CDA12
32
™ - -AM3 1
-~
CDA12 —o
—*) P
GoaM31
—ag
INVENTORS

HEWRY L. HERoLD
JAY G. LEVINTHAL

.2«1,///'%71

ATTORNEY.

BY



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

filed Feb. 15, 1860 252 Sheets~Sheet 107
—
* AM24 = A24 Mca o] -AM24
. CDA12 —»
* AM24 = A24 Mca — —
-AM2 4
—*p
™ 23
* AM23 = A23 Mca - > AM
— ———— CDA12 —o
* AM23 = A23 Mca —
9 T>m23
]
i
* AM22 = A22 Mca - -AM22
_ CDA12 —p
* AM22 = A22 Mca —€) _
-6 B-AML2
—i
* AM21 = A21 Mca — Azl
. CDA12—om
* AM21 = A21 Mca —d -
PAM21
—ag) P>

E&'. 112 INVENTORS

HENRY L. HERoOLD
gy A G LEVINTH AL

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 268 Sheets~Sheet 108
* AMl4 = Al4 Mca 14
CDAl2
* AM14 = Al4 Mca —
[« 14
Be -e-AM13
* AM13 = Al3 Mca -

* = All Mca ~»g

1

3
E_%;
3

[,:

_—
* AM12 = Al2 Mca AM12
CDAl2
* AM12 = Al12 Mca —
P> AM12
o= AM11
* AM11 = All Mca .
CDAl2
* AM11 = All Mca I

Eﬂ:l]g INVENTORS

HENRy L. HEROLD
gy Ay G LEVINTHAL

oy L g

ATTORNEY,



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960

* Md = Mwt 1Qd + St Mpd

* Md = Mwt IQd + Mca

* Mg = Mwt IQs + St MPs

* Ms = Mwt 1Qs + Mca

* Mm2 = Mwt IQm2 + St MPm2

* Mm2 = Mwt IQm2 + Mca

* Mml = Mwt IQml + 5t MPml

* Mml = Mwt IQml + Mca

Frs. 714

252 Sheets-Sheet 109

]
. e Md
CDAL2 =
— —
s T-b Md

|-~ Ms

CDAl2

SRR
A

CDAl2

lnl l
v
S

o Mml
—
CDAL12 —
—Q

b~ Mm1

INVENTOR.S

HENRY (. HERaLD
YAy G. LEVINTHAL

ATTORNEY,

BY



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 252 Sheets-Shest 110
B 64
* M64 = Mwt IQ64 + St MP64 — - M
CDA12 —»
* M64 = Mwt IQ64 + Mca — —
g 4
—d P M

|- M63
* M63 = Mwt IQ63 + St MP63
CDA12
* M3 = Mwt 1Q63 + Mca )

Lo M62
* M62 = Mwt IQ62 + St MP62 —>
CDA12 —»~
* - t + —») —_
M62 = Mwt IQ62 + Mca > 62

—»g

- —» M61
* M6l = Mwt IQ61 + St MP61 —
CDA12 —
* M6l = Mwt IQ61 + Mca —»

g | He1
.F_; 5. 115 INVENTORS

HENRY L. HEEoLD
Jay G. LEVINTHAL

e ATy

ATTORNEY.

BY



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APFARATU3 FOR PROVIDING D'ATA 'TRANSFER WITH
THE MEKCORY OF A DATA PROCTISIHL SYSTEM
Filed Feb. 15, 1960 252 Sheet=-'‘heet 111

* M54 = Mwt IQ54 + St MP54 H
CDA12
* M54 = Mwt IQ54 + Mca M5%
™ - M53
* M53 = Mwt IQ53 + St MPS3 —
' CDA12 —»
* M53 = Mwt 1Q53 + Mca ) =3
9 I
—]
> M52
* M52 = Mwt IQ52 + St MP52 —o
CDA12
* M52 = Mwt IQ52 + Mca —»0
M52
-8 &> M5
™ - M51
* M51 = Mwt IQ51 + St MPS1 ™
CDA12 —om —
* M51 = Mwt IQ51 + Mca —9 b M51
—»)
INVENTOR S
l-:_lc-i'. Jjé HENRY L. HERoLD
JAy G. LEVINTHAL
BY
=" N

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER AFPPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15. 1960 262 Sheets-Sheet 112
oM
* M4h = Mt IQ44 + St MP44 — N
CDAL12 —e
* M44 = Mwt IQ44 + Mca —of) ) A
—d
—
Mo 3
* M43 = Mwt 1Q43 + St MP43 —
CDA12 —o= -
* M43 = Mwt IQZ3 + Mca —o m
- I

—m
* M42 = Mwt IQ42 + St MP42 —
CDA12 —o~ -

* M42 = Mwt 1Q42 + Mca 4
>

-4 2

A~

=y O
% M4l = Mwt IQ41l + St MP4l —

* MGl = Mwt IQ41 + Mca -

A

Q

MAT

.2 _Z'; . 1 1 7 HENEY LI ".\Wfl[\gpgﬁ{p

vy . LEVINTI A
8y Yy & ~ AL

%”Z%n

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 ) 252 Sheets-Sheet 1153

* M34 = Mwt IQ34 + St MP34 Blina

CDAl2

* M34 = Mwt IQ34 + Mca _—
P~ M34

M33
* M33 = Mwt IQ33 + St MP33

CbAl2

* M33 = Mwt IQ33 + Mca

™ o M32
* M32 = Mwt IQ32 + St MP32 —
CDA12 —»
* M32 = Mwt 1Q32 + Mca —» ) U
']
g M31
* M31 = Mwt IQ31 + St MP31 —
CDA12 —»~
* M31 = Mwt I1Q31 + Mca —8) o1
F . INVENTORS
. !
2y JAy G. LevinTwal
)‘“—J /."/4: .

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 252 Sheets-Sheet 114
. M24
* M24 = Mwt IQ26 + St MP24 s
CDAl2
* M24 = Mwt 1Q24 + Mca —
G M24
Y
—
o M23
* M23 = Mwt IQ23 + St MP23 —
CDAL2 —»
* M23 = Mwt 1IQ23 + Mca — 53
-~ I

N'

> M22
* M22 = Mwt IQ22 + St MP22
CDAl12
* M22 = Mwt 1Q22 + Mca
Q b

™ - M21
* M21 = Mwt IQ21 + St Mp21 —
CDA12 —»

*_—l-th_IEZ_l-i»Mca —) o 3T
—€)

.2 _I; &. y4 79 HENRY L{Nl:gv;gfg

JRAY G. LEVINTHAL

PR

ATTORNEY.

8Y



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 11

* Ml4 = Mwt 1Ql4 + St MPl4 e
CDAl2
* M4 = Mwt 1Ql4 + Mca po- M1

* ML3 = Mwt IQ13 + St MP13 - ML3
CDAL2 —uj’—
* M13 = Mwt 1QL3 + Mca —d o3
—f

p

|

&

Yy

13

- M12
* M12 = Mwt IQl2 + St MP12
CDA12 —»
* M12 = Mwt IQl2 + Mca —»g) _
b ®» M12

= M1l
* MLl = Mwt IQll + St MP1l
‘ CDA12
* MI1 = Mwt IQLL + Mca G MIT
INVENTORY
.FJE‘ZZO HENRy L. HMERaLD

Ja . LEVIN
ay y & LE THAL

I A,

ATTORNEY.



Feb. 15, 1966

filed Feb. 15, 1960

H. L. HEROLD ET AL
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH

MEMORY

Designated Logical Combination Signals:

Mof = Atm M24 M23 M4 (M13 + M12 Mil)

Inverter Signals:

(2]
¥,
(%)

Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Ir
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr

Jr o+

IQll = R11
1Q12 = RI12
IQ13 = R13
IQl4 = R14
1Q21 = R21
1Q22 = R22
1Q23 = R23
1G24 = R24
1Q31 = R31
1Q32 = R32
1Q33 = R33
IQ34 = R34
1Q41 = R41
1Q42 = R42
1Q43 = R43
1Qs4 = R4h
1Q51 = RSl
IQ52 = R52
1Q53 = RS53
IQ54 = R54
1Q61 = R61
1Q62 = R62
IQ63 = R63 C5
1Q64 = R64 TS5
Iqgd = Rd C53
Igs = Rs C

2l gl 8l g g 8l
[ IRV, V) BV V]
Wl Wl W] Wl Wl w

(9]
W
w

O
W
w

(2]
w
w

Ol O] O Ol Al o] o) o o
W Wl »nl i il wnl ] il e
Wl Wl W] Wi Wi ] wl wl w

(2]
wn
(%]

I I S S S e S Y

Olﬂ
wnl
W) w

|

(o]
[V

O
(v

5

Rbll

Rb12

Rb13
Rb1l4
Rb21
Rb22
Rb23
Rb24
Rb31
Rb32
Rb33
Rb34
Rb41
Rb42
Rb43
Rb44
Rb51
Rb52
Rb53
Rb54
Rb61
Rb62
Rb63
Rb64

Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr

53 Jr + Rbd Jr +
3 Jr + Rbs Jr +

P11 C53
P12 C53
P13 C53
P14 €53
P21 C53
P22 C53
P23 €53
P24 C53
P31 C53
P32 C53
P33 C53
P34 C53
P41 C53
P42 €53
P43 C53
P44 C53
P51 €53
P52 C53
P53 C53
P54 C53
P61 C53
P62 C53
P63 C53
P64 C53

SR I S A T i K U T T S S A S U

Pd C53 Jr

Ps €53 Jr

Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr
Jr

LFr5.127s

8Y

3,235,879

THE MEMORY OF A DATA PROCESSING SYSTEM

252 Sheets-Sheet 118

INVENTORS
HENRY L. HERoLD
JAY §. LEVINTMAQL

A

ATTCRNEY.



Feb. 15, 1966 H. L. fiEROLD ETAL 3,235,879
BUFFER APPARATUS FOP PROVIDING DATA TRANSFER WITH
THE MEMORY OF .. DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 ©52 Sheets-Shest 11V

MEMORY

Inverter Signals (cont'd)

IQm2 = [Rm2 (Rs + Rd) (R8s + Rd) + Rml Rd Rs + Rml RmZ Rd Rs + Rml Rm2] C53 Jr
+ Rbm2 Jr + Pm2 C53 Jr

IQnl = [RmZ Rml (Rs + Rd) (Rs + Rd) + Rm2 Rd Rs + Rml Rd Ks + Rml Rm2] C53 Jr
+ Rbml Jr + Pml C53 Jr

IMof = Mof

AM-Register Connections to Address Drivers:

DRCO: AM14 AM13 AM12 AM11
DRC1: AM14 AM13 AM12 AMI1
DRC2: AMl4 AM13 AMIZ AM11
DRC3: AM14 AM13 AMIZ AMI1
DRCG: AM14 AMI3 AM12 AM11
DRC5: AM14 AM13 AM12 AM11
DRC6: AM14 AM13 AM12 AMIL
DRC7: AMI& AM13 AMIZ AM11
DRCB: AMI4 AM13 AM1Z AMI1
DRCY: AM14 AMI3 AM12 AM11

DRC10: AM24 AM23 AM22 AM21
DRC11: AM24 AM23 AM22 AMZL
DRC12: AM24 AM23 AM2Z AM21
DRC13: AM24 AM23 AM22 AMZ1
DRCl4: AM24 AMZ3 AM22 AM21
DRC15: AMZ4 AM23 AM22 AM21
DRC16: AMZ& AM23 AM22 AM21
DRC17: AMZL AM23 AMZZ AM21
DRC18: AMZL AM23 AMZZ AM21
DRC19: AM24 AM23 AM22 AM21

Fie7215 INVENTORS

HENRY L. HERowD
By JAY G LEVINTHAL

AR P

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 252 Sheets-Sheet 118

MEMORY

AM-Register Connections to Switch Core Drivers:

SCDO: AM33 AM32 AM31
SCD1l: AM33 AM3Z AM31
SCD2: AM33 AM32 AM31
SCD3: AM33 AM32 AM31
SCD4: AM3I3 AM32 AM31
SCD5: AM42 AMGI AM34
SCD6: AMGZ AMAT AM34
SCD7: AM4Z AM41 AM34
SCD8: AMEZ AM41 AM34
SCD9: AM42 AM41 AM3G
SCD10: AM42 AMAT AM34
SCD11: AMG2 AM41 AM3G
SCD12: AM42 AM41 AM34
Input Logic Connections to Imhibit Drivers:
HD1l: Atm M13 + Mi2 M1l + Atm M1l
HD12: Atm MI3 MIZ + Atm M12
HD13: Atm M12 MII + Atm M13
HDl4: Atm (MIZ M12 M1l + Mi& M13) + M14 MI3 (MIZ + MII) + Actm Ml4
HD21: Atm M23 (MZL M14 M13 + M2T M14 M12 M11)
+ M21 [MIG + MI3 (MI1Z + MIL)] + Atm M21
HD22: Atm M2Z M21 M14 (M13 + M12 ML1)
+ M22 [M21 + M14 + M13 (M12 + M11)] + Atm M22
HD23: Atm M22 M21 M14 (M13 + M12 M11) + M23 (MI§ + MI3 (MIZ + MID)]
+ Atm M23 '
HD24: Atm [M24 M23 M14 M13 + M24 M23 M14 M12 M11]

+ M24 [MZ23 4 MIZ + MI3 (M1Z + MI1)] + Atm M24

INVENTORS
.2 :.15'- ZZZC HENRY L. HE RoLD
gy oY G LEVINTHAL
Ay P

ATTORNEY.



Fek. 15, 1985 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Fab. 15, 1960 252 Sheets-Sheet 119

MEMORY

Input Logic Connections to Inhibit Drivers {cont'd)

HD31: M31
HD32: M32
HD33: M33
HD34: M34
HD4l: M4l
HD42: M42
HD43: M43
HD44: M44
HDS1: M51
HD52: M52
HD53: M53
HD54: M54
HD61: Mé61
HD62: M62
HD63: M63
HD64: M64
HDd: Md
HDsg: Ms

HDm2: Atm IMof Mml + Mof Mm2 Mml + Atm Mm2
HDml: Atm IMof Mm2 Mml + Mof Mm2 + Atm Mml

57 & 127y INVENTORS

HENRY (. wEROLD
By JRY G. LEVINTHAL

‘,AZ::ﬂQ /4c2(::4;€;’)1

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 2h2 Shests-Shest 120
—4po-
- Pd
* Pd = Ipd -
Cap —* —
* Pd = Ipd —»h
—9 ?'Pd
- Ps
* Ps = Ips
) Cap
* Fs - Tps -
o Pm2
* Pm2 = Ipm2
Cap
* m = Ipm2 c» Pm2
—
—Ppm1
* Pml = Ipml -
Cap —™
* Pml = Ipml -8 [
_*p
F’ INVENTORS
z45. 122 HENRY L. HERoLD

gy JAY G- LEVINTHAL

ATTORNEY.



Feb. 15, 1966

H. L. HEROLD ET AL 3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960

P64

P63

o
on
w

P61

P61

-sp

-Sp

-Sp

Pd

Ps

Pm2

Pml

Pal

LTe 123

252 Sheets-Sheet 121
™ P64

n-¢
P64

-~ P63
et
n-c "“]“
—-Q 75

—od T‘PPG

P62
n-c¢
P62

P61
n=-¢
P61

INVENTOR.S
HENRY L. HERoLD
By “JPY & LEVINTHAL

,A‘-p’ /"’/L‘%’\

ATTORNEY.




Feb. 15, 1966

H. L. HEROLD ETAL 3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960

* P54 = P64 (Pig2 + Mc3)

* P54 =

P64 + Pigl Mc3

* P53 = P63 (Pig2 + Mc3) + Tsc Pigl Mc3

* P53 = P63 (Pig2 + Mc3) + Tsc Pigl Mc3

* P52 = P62 Pig2 + Tsc Pigl

* P52 = P62 Pig2 + Tsc Pigl

* P51 = P61 + Pigl

* P51 a

P61 Pig2

Lrg.724

252 Sheets-Sheet 122

P54
Sp
P54
s
e P53
.—..
- —
j}.' 5
—-q) 3

- P52
Sp
P52
-
Sp .
P51

INVENTOR.S
HENRY L. WEROLD

BY 'Jay G. LEVINTHAL

e

ATTORNEY.




Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 252 Sheets-~Shest 1253

# P44

# P44

# P43

Sp P54

Sp P54

Sp P53

Sp P53

Sp P52

~

Sp P

Sp P51

.ul
n
-

Sp

- P44
n=c
778

= P43

n=c
P43
> P42

n=c
‘ P42
> P41

Neg
P41

INVENTORS
Lim. 225 HENRY ‘L. nERocD
sy “A & cevinTmal

oy L g

ATTORNEY.




Feb. 15, 1966

Filed Feb, 15, 1960

P34

P34

o
w
[

a4
(]
-

Sp

Sp

Sp

Sp

Sp

Sp

Sp

Sp

P44

1273

P43

P43

P42

Pa2

P41

H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

252 Sheets-Sheet 124

= P34

n=c
P34
- P33

n=c
P33
> P32

n=c
‘ 32

- P31

n-¢

31

f.tq: ] 2 é NENRY ﬁyﬁlgzﬁfp
3y YAY G. LEVINTHAL

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 125

# P24 = 5p P o P2

n=¢

P24
# P23 = Sp P33 o 23
n-c
P
# P23 = sp P13
# P22 « Sp P32 - p22
: n-c
. P
# P22 = Sp P3 -

# P21 = Sp P31

%

o

r~

&

]

7]
o

o

b3

N
w

(oo
N

|
|

)
N
g,
[

o P21

a=c

Pl

=
3]
Lot
-~
L]
wl
—

Sp

NVENTOR.
Lz b/44 HEN Ry o
gy “AY G- LEVINTHAL

ATTORNEY,
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Feb. 15, 1966

Pl4

i

e
-
S~

o
ok
i

P13
P13

l

o]
-
W

|

]
ot
W

P12

l o
o
(X

' "y
s
|

o
=
N

P11l
P11

7]
v
2

g
[
=

Sp P24

- Sp P23

H. L. HEROLD ET AL

BUFFER APPARATUS FOR PROVIDI
THE

Filed Feb. 15, 1960

Ripa Cs5 Csé Cs3 (Cs2 + Csl)

Ripa (Cs5 + Cs4 + Ca3 +

Sp P23

Sp P22
Ripa Csé

Ripa Csé
Sp P22

Sp P21
Ripa Cs5

Ripa Cs5
Sp P21

L1 125

Cs2 Csl

3,235,879

NG DATA TRANSFER WITH
MEMORY OF A DATA PROCESSING SYSTEM

262 Sheets-Sheet 126

e P14

Cap
L-P13

Cap
P13
L‘-PIZ

~ Cap
Piz
P11

Cap
P11

INVENTORS
HENRy L. NMERoLD
BY JAy G LEVNTNAL

s il fn

ATTORNEY,




Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 127

* Mcl = Em39 Pnbz AZL Mc3 + Em59 Pnbz AZZ Mc3 Kntl Lo Mc1
+ Eod Rtc Brt + Mcl (Mil + Mi2) Eod Klmp
Cytc
* Mcl = Eos —

— Mc1l
# Mcl = Ktce + Kpee

— J— — [-o=Mc 2
* Mc2 = Em59 Pnbz A22 Mc3 + Mc2 (Mil + Mi2) Eod Kimd
) - Cytc
* MCZ = Eod -—CE
# Mc2 = Ktce + Kpec
* Mc3 = Em59 Pnbz A22 Al2 + Brt Rtc (Kb + Kn + Ki) M3
+ Eos Mc2 Mi2 + Em74 Pnbz
* HMc3 = Em59 Pnbz A22 (ALZ + Knt2) + (Brt Rte) Kt Cyte
+ Eos Mc2 + Em24 Pnbz ‘ M3
# Mc3 = Ktce + Kpec

* Mc4é = Em59 Pnbz_Al3 + Em59 Pnbz All Al2 : ‘ o
+ (Brt Rtc) (Kb + Kn + Ki)

* Mc4 = (Mcl Mc2) Mcé Rtc v

Cytc
INVENTOR.S
.F.I&'. ]29 HEWRY L. HEROLD
gy YAy G. LEVINTHAL

ATTORNEY,



Feb. 15, 1966

H. L. HEROLD ETAL 3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960

. % Cs4 = Icséd

m—

* Cak = Tcsh Ytc

* Cs3 = Ics3

* Cs3 = Ics3 Ytc

* Cs2 = Ics2

* Cs2 ='Ics? Ytc

* Csl = Icsl

—t—— ——

* Cgl = Icsl Yte

LI 730

252 Sheets~Sheet 128

- C54
Cytc
Csh
= Cs3
Cytc '
Cs3

- Cs2
Cytc ‘
Cs2
~*Csl
Cyte
Csl

INVENTORS
HENRY L. HEROLD
gy JAY & (EVINTHAL

N

ATTORNEY.




Feb. 15, 1966

* Csp = Icsp

* Cs6 = Icsé

——

* Cs6 = Icsb Yto

* Cs5 = Ics5

—

* Cs5 = Ics5 Yte

H. L. HEROLD ETAL
BUFFER APIARATUS FOR PR
THE MEMORY OF A

Filed Feb. 15, 1960

Lres5.737

3,235,879

OVIDING DATA TRANSFER WITH
DATA PROCESSING SYSTEM

252 Sheets-Sheet 129
LCQP

Cyte
Csp

—

[ Cs6
—
Cytc —o
-

|

vi
[2]
. w
[+

INVENTOR.S
HENRY L. HEROLD

JAY G. LEVINTMAL

iy

ATTORNEY,

8Y



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH

THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 2562 Sheets-Sheet 130

* Tsa = Tsa Tsb Tsc - Tsa
CD4
* Tga = Tsa Tsb Tsc Tsa
_ eTsb
* Tsb = Tsb Tsc
CD4
* Tsb =~ Tsb Tsc Tsb

* Tsc = Rdy + (Tca Tob Tecc) Mc2 Tsc + Em74 Pnbz Mc3 ;"Tsc
+ (Brt Rtc) + Tsc (Tsb + Tsa)
. CD4
* T = T
o * p>Tsc
;

* Efp = Mc2 (Tsa Tsb Tsc)(Tca + Tcb + Tee) (Cop + Csl)(Csp + Cal
Cytc
. D>Efp
# Efp = Ktce + Kpce + Kra F
INVENTORS
Fr &. 132 HENRY L. HERoLD

BY JAY G. LEVINTHAL

R

ATTORNEY,



Feb. 15, 1966 H. L. HEROLD ET AL 3!2359879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

252 Sheets-Sheet 133

_— — L’-'I' a
* Tca = Tca (Tcb Tce) (Tsa Tsb Tsc) (Me3 + Mc%) ¢
Ch4
* Tca = Tea (Tcb Tce) (Tsa Tsb Tsc) + (Mcl Mc2) Ten
* Teb = Teb Tee (Tea Tsb Tsc) = Teb
‘ . CD4
* Teh = (Tcb Tec) (Tsa Tsb Tse)
* Rdy (Mc2 Cs5 Cs3) Cah (Cs2 + Csl_Kam) _ oS
+ Rdy (Mc2 Ccs5 Cs3)(Mc3 + Mcd) + (Mcl Mc2)
— e — ——— L’ Tce
* Tec = Tce (Tsa Tsb Tsc) [(Mc3 Mc4) + Mc2} +(Mcl Mc2)
CDh4
* Tec = Tee (Tsa Tsb Tsc) 4 o
+ Rdy (Mc2 Cs§_ Ce3) Cs4 (Cs2 + Csl Kam) cc

Flled Feb. 15, 1960

- Eod
* Eod = Eos + Ken2 Brt

. CD4%
* Eod = Yeo Brt Eod »—*—Eod

Fie. 1373  INVENTORS

HE!va L. HEROLD
BY JAy Q. LEVINTY AL

ATTORNEY,



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROYIDING DATA TRANSFER WITH
TA PROCESSING SYSTEM
2352 Sheets-Shegt 132

* Gm2 = Gml GmZ Gmé Gmt + Gml Gm3 Gmt L Gm2
+ (Mc3 Mcd) + Pnbz A31

* Gm2 - Gm2 (Gm3 + Gm4) (Mc3 + Figh) Gme Cyte
+ Rip + Pnbz A31 Gm3

* Gml = Gml Gm2 Gm3 Gmt + Gm2 Gm4 Gmt Gml
+ (Mc3 Mc4) Me2 + (Tca Tcb Tce) (Mel Mc2) Mch
Cyte
* Gml ~ Gml (Gm3 + Gmé4) (Mc3 + Mcd) Gme + Rip Gml
+ Tca Tcb (Mc3 + Mc4) (Mcl Mc2)(Tsa Tsb Tsc)

———

+ (Pd + Ps + Pm2 + Pml) (Mcl Mc2) (Tca + Tcb) (Tsa Tsb Tsc)

THE MEMORY OF A DA
Filed Feb. 15, 1960

* Rd2 = Rdl Mel YEr + Rdl el ¥pr - R42
+ Em59 Pnbz A22 A21 Mc3 + Pnbz Mil

* Rd2 = Kfc_(Mcl Mc2) Rd2_+ (Ktf + Tyert) Wss Rd2 Co4
+ Ipc Mel Rd2 + (Mcl Mc2) Rd2 .

—

* Rdl = Iyrd Rd2

CD4
* Rl = RA2 + (MeT Me2) b+ RA1
INVENTOR S
L7 4. 134' NHENRy (. wERGL O

gy YAy & LEVINTHAL

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 252 Sheets-Shest 133
—_— ——— =Brt
* Brt = Irt (Kenl Kfi Htl Ht2) (Mc3 + Kt)
CD4
* Brt = Eod Bre
-=-Rtc
* Rtc = Brt
CD4
* Rtc = Brt Eod Reo

* Mil = Kqw (Kenl Kfi Htl Ht2) Mc3 =M1 1
+ Klmlg Htl He2 Mil
CD4
* Mil = . —_—
Mil = Eod TRl
#f Mil = Ktcc + Kpce ) :
o —e-Mi 2
* Mi2 = Kew (Kenl Kfi Htl Ht2) Mc3
CD4
* M{2 =~ Eod Mi2
# M7 = Rtec + Kpec

INVENTORS
.Z.Z: @135 HENRY (. MELoLp
BY JAY G. LEVINTHMAL

s

X




Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 134

* Yeo = Eos Mcl Kim2 + Eod Brt —
CD4 )
Yeo
1200 ms
* Yfr = Ifc Rdl Rd2 Mcl Kfi Ken2 —p
CD4 ]
‘ Yfr
L15 ms

* Ypr = Kpc Rdl Rd2 Mcl Mc2 Kpi —
Ch4 —

* Ytc = (Tsa Tsb Tsc) (Mcl Mc2) £ ~
FCD4G -
tc
35 ms

INVENTOR.S
Eﬁjjé HENRYy L. HERoLD

gy YAy G LEVINTHAL

2

ATTORNEY.




Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROYIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 135

* Yert = Csl Cs3 Csh Cs5 Iytc + Kacr Iytc —

CD4 —pm
150 ms

Yecrt

'y

™

)

Yy

_—\
Iy

B!

EE’-Z37 | INVENTORS

HENey L. HE‘OLD
BY ~JAY G LEViInNTHAL

A

ATTORNEY,




Feb. 15, 1966 H. L. HEROLD ET AL 3},{235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WIT
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 252 Sheets-Sheet 138

P_- BUFFER

Designated Logical Combination Signals:

Can = Me3 Mcd + Tca + Tcb

Cinf = Mcl Mc2 Tsa Tsb

Cinp = Mcl Mc2 Tsa Tsb

Cinr = Mc2 Tsa Tsb Tsc

Eos = Tca Tcb Tcc Tsa Tsb Tsc

Gm3 = Pl4 P13 P12 P11 + P14 P13 P12 P11 + P13 P12 P11

+ P14 P13 P12 P11 + P14 P13 P11l
Gm4 = Pl4 P13 P12 P11 + P14 P13 PiZ P11 + Pl4 P13 P12 Pil
+ P14 P12 P11l + P14 P13 P12

Gmt = (Tsa + Tsb + Tsc)(Tsa + Tsb + Tsc + Mi2) Mc2

Pbn = (Tsa + Tsb + Tsc) Tsa Rtc + Tsa Tsb Tsc Rtc

Pbz = Mcl + Mc2 + Eod

Pi = (Tsa + Tsb + Tsc){(Tsa + Tsb + Tsc) Rtc

Pigl = Mc2 Tca Tcb Tec

Pig?2 = Mc2 + Tca + Tcb + Tee

Pmr = Eod Mil Mi2

Pnbz = Mcl Mc2 Eod

Ppi = (Tsa + Tsb + Tsc)(Tsa + Tsb + Tsc) Mil Mi2 Tca Tcb Tec

Ppr = (Tsa + Tsb + Tsc) Mil Mi2 Tea Tecb Tec

Prl = (Tsa + Tsb + Tsc) Rte

Pss = Eod Klmlg

Rdy = Rdl Rd2 (Tfgc Mcl + Kpc Mcl Mc2) __
*(Csl + Cs2 + Cs3 + Cs4 + Cs5 + Csb6 + Mc2)
(Csl + Cs2 + Cs3 + Cs4 + Cs5 + Cs6 + Mc2)

Rip = Tsa Tsb Tsc Mc2

Ripa = Tsa Tsb Tsc Mc2 Mc3 Mc4

Sjp = Mcl Mc2 Eod Rtc

Spp = (Tsa + Tsb + Tsc)(Mcl + Mc2 + Rte Kt)

Tsp = Tsa + Tsb Tsc_+ Tsb (Mc3 + Mck) + Tsb {Tca Tcb Tce)

+ Tsc (Mc3 + Mc4)(Tca Tcb Tec) + Tsc (Mcl Mc2)
Clock Pulse Driver Gating Signals:

Gate~Cap = Tsp + Rdy [Cs83 + Cs5 4+ (Mc3 Mc4)] Mc2 + Eod Rte
Gate-Cytc = Ytc
Gate-Sp

t

= Tsp |

. INVENTORS
£F75.738a HENRY (. NERotLO
gy YAY &§. LEVINTHAL
,,zsiﬁg./f’zfiaéﬁ;,»i

ATTORNEY,



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879

Filed Feb. 15, 1960

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

P - BUFFER (Cont'd,)

Inverter Signals:

Icbh
Icsl

Ics2

Ics3

Icsé

Ics5

Icsé

Icsp

Ife
Ipc
Ipml

Ipm2

Ipd

Ips

Irt
Iyert
Iyrd
Iyte

in

Mcl Me2 Kpi
Cinf Kf1 + Cinp Kpl + Cinr Can Pml + (Tsa_+ Tsb) Cs2
+ Cinr (Tca Tcb Tce) (Me3 + Mc4)(Mc3 + Mc4)
Cinf Kf2 + Cinp Kp2 + Cipr Cap Pm2 + (Tsa 4+ Tgb) Cs3
+ Cinr (Teca Tecb Tec)(Ps + Pd) + Cinr (Tca Teb Tee) Me3 Mcé

Cinf Kf3 + Cinp Kp3 + Cinr Ps + (Tsa + Tsb) Csé
+ Cinr (Tca Tcb Tec) Pd + Cinr (Tca Tcb Tec)(Mc3 + Mc4d)

Cinf Kf4 + Cinp Kp4 + Cinr Can Pd_+:(Tsa + Tsb) Cs5
+ Cinr (Tca Tcb Tec)(Ps + Pd)(Ps + Pd)

Cinf KE5 + Cinp Kp5 + Cinr (M3 Mc4) P11 + (Tsa + Tsb) Cs6
+ Cinr (Tca + Tcb) (Me3 + Mc4) Gml
+ Cinr (Tca Tcb Tee)(Mc3 + Mcd)

Cinf Kf6 + Cinp Kp6 + Cinr (Mc3 Mc4) P12 + (Tsa + Tsb) Csl
+ Cinr (Tca + Tcb) (Mc3 + Me4) + (Tca Teb Tee) Mcd Mcl
+ Cinr (Tca Teb Tec)(Me3 + Mchd) Gm2 Klmd

Cinf Kfp + Cinp Kpp + (Tsa + Tsb)(Csp + Csl)(Csp + Csl)

Kfc Mc2 + (Ktf + Iycrt) Mc2

Kpc
Spp P11 + Sjp J11 + (Rte Kr) R1l + (Rtc K1) L11 + (Rtc Ki) All
+ (Rtc Kn)(Tsa + Tsb Tsg) N1l + (Rtc Kb)(Tsa + Tsb Tsc) Bll

+ Rip Csl + Rip (Mc3 + Mc4) Csb + Eod Cml

Spp P12 + Sjp J12 + (Rtc_Kr) R12 + (Rtc K1) L12 + (Rtc_Ki) Al2
+ (Rtc Kn)(Tsa + Tsb Tsc) N12 + (Rtc Kb) (Tsa_+ Tsb Tsc% B12
+ Ripa Cs2 + Rip Cs6 Cs2 + Eod [ (Gm2 + Gml)(Gm2 + Gml)

Spp Pl4 + Sjp J14 + (Rtc_Kr) R14 + (Rtc K1) L14 + (Rte Ki) Al4
+ (Rte Kr)(Tsa + Tsb Tsc) N14 + (Rtc Kb) (Tsa + Tsb Tsc) Blé
+ Ripa Css + Rip Cs6é Csé + Rip (Mc3 + Mcéd) Cs6 (Cs3 + Cs2)
+ Eod (Gml + Gm2) Pd

Spp P13 + Sjp J13 + (Rtc_Kr) R13 + (Rtc KL} L13 + (Rtc Ki) Al3
+ (Rtc Kn)(Tsa + Tsb Tsc) N13 + {Rtc Kb)(Tsa + Tsb Tsc) Bl3
+ Ripa Cs3 + Rip Cs6 Cs3 + Rip (Cs2 + Cs4) Cs3
+ Eod (Gml + Gm2) Ps

Kte
c
£
tc

v
"

t

Ypr

o
a1

[

252 Sheets-Sheet 137

INVENTORS
.F_Z'&‘. 1386 HEWNRY L. HERoLD
8y JAY G. LEVINTHAL

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 138

#Wa3l4 = SWal Wa2é -
L Wald
Wadh = 1 -
SWop —=
. -
#Walb = SWal Wazh ¢ Wa3

#Wa33 = SwWal Wa23
*Wa33d = |

- Wa33

SWop

N —_— wWai3
#Wald3 = Swal Wa23

#Wa32 = SWal Wa22
o Wa32
*Wa32 = 1
SWop
N — 33
#Wa32 = SwWal Wa22 ¢ Wai2

E:Hi

#Wa3l = Swal wa2l ™ o Wa3l
a3l = 1 e
SWop —m
— ——
wasl
#Wa3l = SWwal Wa2l —9
INVENTORS
.Z-:.ZE'. /39 HENRy L. HERaLD

By YRY G LEVINTHAL

A o

ATTORNEY,



- Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 139

#Wa24 = SwWal Wald - Walsd
n-¢
@G> Wazd
#Wa24 = SWal Wals
#Wa23d = SWal Wal3 - Wa23
n-c
' Wa23i
#Wa23 = SWal Wal3l
#Wa22 = SWal Wal2 - Wa22
n-c —»
Wa2z
#Wa22 = SWal Wal2 "
#Wa2l = SWal Wall [ Wa2l
‘ n-¢
po-Wazl
#Wa2l = SWal Wall q

INVENTORS
p, ;_1'17- 140 HENRY L. MERoOLD
BY JAY G. LEVINTHAL

ATTORNEY.




Feb. 15, 1966 . H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
filed Feb. 15, 1960 252 Sheets-~-Sheet 140

#Wals = Swal Wbd o Wald

n-c

wals

o

#Walsd = Swal Wbd

- 1
#Wal3 = Swal Wbs o wall

— —_ Wal3l
#Wall = SWal Wbs

#Wal2 = SWal Wbm2
- Wal2
n=-c
#Wal2 = SWal Wbm2 <}> Wal2

f#fWall = SwWal Wbml

"

-~ Wall

Wall

i

#Wall = SWal Wbml

INVENTORS
.2 _I; 4. 141 WHENRy L. NEROLD
By JAY G. LEVINTHAL

A L Do

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 141

#Wbd = SWb5/7 Wbb4 + XMWb Md
- Wbd
n-c
N - wbd
#Wbd = SWb5/7 Wbék
#Wbs = SWb5/7 Wb63 + XMWb Ms —
o= Wbs
—
n-c¢—e p——
-~ Wos
#Wbs = SWb5/7 Wb63 9

#Wbm2 = SWb5/7 Wb62 + XMWb Mm2 o b2
n-¢

—_— —— Whm2

#Wbm2 = SWb5/7 Wb62 o

#Wbml = SWb5/7 Wb6l + XMWb Mml > wbml
n-c

J— —_— ¢-» Wbml

#Wbml = SWb5/7 Wbb

Fra. 142 INVENTORS

HENRY L. HERoWD
BY YAy 6. LEVINTWAL

ey L g

ATTORNEY.

=




Feb. 15, 1966

Filed Feb. 15,

#Wb6s

#Wb63

#Wb62

#Wb61

Py
o
-

SWbS/7

5wb5/7

SWb5/7

SWb5/7

SWb5/7

Swb5/7

SWb5/7

Swb5/7

H. L. HEROLD ETAL

3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH

1960

Wb54 + XMWb M64

ni
S

Wb53 + XMWb M63

g

Wb52 + XMWb Mé62

g

Wb51 + XMWb M61

LFra. 743

B8Y

THE MEMORY OF A DATA PROCESSING SYSTEM

252 Sheets-Sheet 142

= Wb64

n-¢

4

o Wb63

g

> Wh62

n-c

o
3

Lo WH61

n-c

Wbb1

T

INVENTORS
HENRY L. HEROLD
JAY G. LEVINTHARL

Ay L g

ATTORNEY,



i

Feb.

15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER AFPPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb, 15, 1960

#Wb54

#Wb54

#Wb53

B
(%]
w

#Wb52

#Wb52

#Wb51

=
Ll
-

= XMWb M54 + SWb5/7 Wbas

= SWb5/7 Wb44

= XMWb M53 + SWb5/7 Wb43

= SWb5/7 Wb43

= XMWb M52 + SWb5/7 Wb42

= SWb5/7 Wb42

= XMWb M51 + SWb5/7 Wb4l

SWb5/7 Wb4l

LFr5 144

252 Sheets-Sheat 143

Lo Wb54
n-c
q

o= Wb53

|

i
g

ey

g

o Wbh52

7
4

o Wb51
n-c

b= Wh51

Nl

INVENTOR.S
HENRY (. HEROLD
ay “RY & CEVINTHAL

A L g

ATTORNEY.



Feb. 15, 1966

Filed Feb. 15, 1960

#Wbsa

#Wb43

>
g
g3
w

#wb42

#Wb42

#Wb4 1

W
&
—

SWb1/4

Swbl/4

SWbl/4

SWbl/4

SWbl/4

Swbl/4

SWbl/4

Swbl/4

Wb34

Wb33

+ SWb7-~4 7

+ SWb7-4 Wb7

+ SWb7-4 7

H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROYIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

+ SWb7-4 Wb74 + XMWb M44

=

+ SWb7-4 Wb73 + XMWb M43

L

+ SWb7-4 Wb72 + XMWb M42

~

+ SWb7-4 Wb71 + XMWb M4l

—————

+ SWb7-4 Wb71

Frm. 145

252 Sheets-Sheet 144
o Wbié

n-c
Wbé4
o Wh43

n-c
wb4é3
Wb42

n-c
@ Wbi2
o= Wha 1

n-c
Wbal

INVENTOR.S
HENRY L. HggowD

BY J“y 9- LEVINTMAL

Sy L o

ATTORNEY,




Feb. 15, 1966

H. L. HEROLD ET AL 3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROGCESSING SYSTEM

Filed Feb. 15, 1960

#Wb34

#fWb33

b
w
W

#Wb32

#Wb32

#Wb31

SWb1/4 Wb24 + XMWb M34

SWb1/4 W2

SWb1/4 Wb23 + XMWb M33

SWb1/4 W23

SWb1l/4 Wb22 + XMwb M32

SWb1/4 wb22

SWbi/4 Wb21 + XMWb M31

SWwbl/4 wb2l

Frm. 746

252 Sheets-Sheet 145

Wb 34

Wh34

w

g b33
—

n-c wﬂ}w
e w533
—-ﬁ)

T3
g i

- W31

—

Wb31

INVENTOR.S
HENRy L. HEROLD
BY YRY G. CEVINTHAL

oy Pl o

ATTORNEY,



Feb. 15, 1966

H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH

THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960

#Wb24

#WbZ4

#Wb23

#Wb23

#fwb22

#Wb22

#Wb21

#Wb21

SWbl/4

SWbl/4

SwWbl/4

Swbl/4

SWbl/4

SWbl/4

Swbl/4

Swbl/4

Wbi4

Wbl13

wWbl2

Wbl2

+ XMWb M24

+ XMWb M23

+ XMWb M22

+ XMWb M21

Lrm. &7

2562 Sheets-Sheet 146
' o Wb24

n=¢
Wb24

] - Wb23
D Wwb23

p I

FURKEX

o Wb22

o= Wb21

Wb21

INVENTOR.S
HWENRy (. HERoLD
BY JAy G. LEVINTHAL

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 147

#Wbls = XMWbh Ml4
o Wbl4
Swbl/4
bl4s = —_—
*Wbls 1 YA
#Wb13 = XMWb M13 - Wb13
SWbl/4
b13 = 1 —
*Wb13 Wbi3d
#Wbl2 = XMWb M12
b= Wh12
SWbl/4
*Mbl2 = 1 —_—
Wbl2

#Wbll = XMWb M1l | o Wb11

SWbl/4

#bll = 1 Wb1l

INVENTOR
Lr5.148 HENRy L. HERGLO
gy YAY G LEVINTHAL

ATTORNEY.,



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR FROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Flled Feb. 15, 1960 252 Sheets~Sheet 148
#Wok = SWop Pwrd
— ok
*Woksk = Pwrd Woi
SWot
ok = Pwrh Wok
#Woh = SWop Pwréd
#Wo3 = SWop Pwr3 - i3
*Jo3 = Pwr3 Wo3 —
SWot —e
o3 = Pwr3 Wo3 —al) =33
#Wo3 = SWop Pwr3 p |

#Wo2 = SWop Pwr2 L1702
*Wo2 = Pwr2 Wo2 .

: SWot
oz = PwrZ Wo2 T3
#Wo2 = SWop Pwr2
#Wol = SWop _l:dil Lol
*Wol = Pwrl Wol

‘ SWot

ol = Pwrl Wol ol
#Wol = SWop Pwrl

Eﬁ.‘ 149 INVENTORS

HENRY (. HRRoLD
By JAY G. LEVINTHAL

Ry I

ATTORNEY.




Feb. 15, 1966

filed Feb. 15, 1960

#Wo9
*Wo9
o9
#Wo9

#Wo8
*Wo8
*Jo8
#Wo8

#Wo7
o7
o7
iy

#Wob
*ob
o6
#Wob

SWop Wald
Wal4 Wo9

Wa34 Wo9
SWop Wal4

SWop Wa33
Wa33 Wo8

Wa3i3 wWo8
SWop Wa33

SWop Wa32
Wa32 Wo7

Wa32 Wo7
SWop Wa32

SWop Wa3l
Wa3l Wob

Wa3l Wob
SWop Wa3l

H. L. HEROLD ETAL )
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH

3,235,879

THE MEMORY OF A DATA PROCESSING SYSTEM

L1750

252 Sheets-Sheet 149
= W09

SWot
P> W09

- Wo8
J ﬁ» Wos

Y

SWot

Jeer

™ e Wo7
— et
SWot ——}——
—o) U
) ¢ Wo7

—»g

o= WOb

SWot

Wob

INVENTOR.S
HENRY (. HMEROLD
By JBy G. LEVINTHAL

AT TORNEY:



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
~ BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 252 Sheets-Sheet 150
M010 = (Pwc3 + Pwch) Woll = Wol0
' SWot
*Wol0 = (Pwec3 + Pwck) Wol0 Woll
—
- - Wo5
*Wo5 = (Pwcl + Pwc2) Wo5 -
SWot —e
3005 = (Pwel + Pwc2) WoS —d —
Wob
-~ I

—
— - Wh{
Whf = (Tp Tq Ts) Jw --—l
‘ CD1 —»~
Whf = (Twb Tw4 Tw3 Tw2 1 _J —
*Wbf = (Twé Twh Tw3 Tw2) Wbf TwS Tw ~o€) v T
#WbE = Ktb )

- o Ews
*Ews = Lw (Twé Tw5 Twl)
+ (Tp Tq Ts) Jw Wbf CcD1l
*Ews = Ewsd Ews
#Ews = Kab
INVENTORS
.2 ;.2'515.2 HENRY L. HERoOLD

gy JAY G. LEVINTHAL

B A e

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960

#Tws = Ktb
*Twh = Twh (Twl Tw2 Tw3)

*Twh = Twl Tw2 Tw3 Twd

*Twl = Tw3 (Twl Tw2)

*Tw3 = Twl Tw2 Tw3
#Tw3 = Ktb

#Tw2 = Ktb
*Tw2 = Tw2 Twl

*Tw2 = Tw2 Twl

*Twl = Twl (Wbk3 + Wbk2 + Wbkl)

*Twl = Twl

L75.152

252 Sheets-~Sheet 15]

Twh
cn2

Twh

cp2

™3

=
.

o Tw2

cD2
- > T2
= Twl

CD2
- Twl

INVENTORS
HENZy L. HERoLD

gy JAY G. LEVINTHAL

A A

ATTORNEY:




Feb. 15, 1966 H. L. HEROLD ETAL
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960

Ktb
Twé TwS (Twié Tw3 Tw2 Twl)

= Twb Tw5 (Tw4 Tw3 Tw2 Twl)

Ktb
TwWS (Twh Tw3 Tw2 Twl)

TwS (Tw4 Tw3 Tw2 Twl)
+ Prt (Twbé Tw5 Tw4 Tw3 Wbk3 Wbk2 Wbkl)

LFi5.753

BY

3,235,879

252 Sheets-Sheet 152

o= TW6

cb2
™6
o TwS

Cb2
TwS

v 1 T3

INVENTORS
HENgy L. HEROLD
JAy & LEVINTHAL

i A

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb., 15, 1960 252 Sheets-Sheet 153
# Wbkl = Ktb o WbK3
* Wbkl = Bls Wbk3 Wbk2 Wbkl
CcD2
* k3 = Bis Wbk3 Wbk2 Wbkl w3
# Wbk2 = Ktb - - Wbk2
* Wbk2 = Bls Wbk2 Wbkl - —
+ (Twb Tw5 Tw4 Tw3 Wbk3 Wbk2 Wbkl) Prt CD2—
* Wbk2 = Bls Wbk2 Wbkl . - e
-~ I

* Wbkl = Wsy Bbf Prt Wbkl +_Lpr Bbf Prt WokL > Wbkl
+ Bls Wbkl Web + (Tw6 Tw5 Twl) Wbk3 Wbk2 Wbkl
cp2
* Wbkl = Bls Wbkl + (Twé Tw5S Tw4 Tw3 Wbk3 WbkZ Wbkl) Prt =
# Wbkl = Ktb
— — —n
* Bbf = Web (Tp Tq Ts) Jw Wbk3 Wbk2 Wbkl = Bbf
+ (Twé Tw5 Twh Tw3 Wbk3 WbkZ Wbkl) Prt —
‘ CD2 —am
* Bbf = Bbf Twb Tw3 + (Twé Tw5 Tw4 Tw3 Wbk3 WbkZ Wbkl) Prt—»@ 5F
# Bbf = Ktb D I
INVENTOR.S
L1 154 HENRy L. NERoLD

JAY @ LEVINTH AL

B A

ATTORNEY.
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Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSPER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960

*Web = Webd + Bkt -« Ert
*Web = Web Wed Prt

+ (Twé Tw5 Tws Tw3 Wbk3 Wbk2 Wbkl) Bbf Web

ffWeb = Ktb

*Wb = Nwb

b = Wed + Wt3 (Wel + We2)
#Wb = Ktb

*Prt = Prtd

#Prt = (Twb TwS Twh) (Tw3 Wbk3) (WbkZ Wbkl)
#Prt = Ktb

*Lw = Twb Tw5 Twh Tw3 Tw2 (Wbk3 + Wbk2 + Wbkl)

i

+ C62 C6L C54 C51 Tp Dt Bb

*lw = (Tp Tq Ts) Jw + Ewsd
#Lw = Ktb

Fr15 155

252 Sheets-Sheet 154

o Web
CcD2
Web
o Wh
CD3 ——
Wb
- Prt
—
CD2 —»
P ¢+ Prt
€
—
o Lw

%

"'6;—] G v

INVENTOR.S
HENRY . HEROLD

BY JAY G. LEVINTNAL

A e

ATTORNEY,



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 : 252 Sheets—Sheet 15%

#Pwrd = SPwr (Wbd Pwrd) + SWa2 Wa3h + SWop (1) |

*Purh = 1 o Purd
SWot

#Purh = SPwr (Wbd Pwrd) + SWa2 Wa3h

#Pwr3 = SPwr (Wbs Pwr3) + SWa2 Wa3l3 + Swop (1)
*Pwr3 = 1

{

o= Pwr3

SWot—

' ¥
T
;

44

#Pwr3 = SPwr (Wbs Pwr3) + SWa2 Wa33

#Pwr2 = SPwr (Wbm2 Pwr2) + SW42 Wa32 + SWop (1)

*Pwr2 = 1 |- Pwr2
SWot

#Pwrl = SPwr (Wbm2 Pwr2) + SWa2 Wa3? ¢ Pwr2

#Pwrl = SPwr (Wbml Pwrl) + SWa2 Wa3l + SWop (1) — o purl
*purl = 1 -
SWot—m
I S - —_—
#Pwrl = SPwr (Wbml Pwrl) + SWa2 Wa3l —g @-»-Pwrl
_Z.', ad INVENTORS
z45. 1%¢ HENRy L. NEROLD

gy YAY G LEVNTHAL

o L g
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Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 252 Sheets-Sheet 156
Wt 4
Wt4 = Nwb Al4 .
CcD3
*_V_T__tz = Nwb AlG YA
#Wech = Ktb

F*™=Wt3
*t3 = Nwb Al3
Ccp3
HIET = Nwb AT3 WEs
#Wt3 = Ktb
- Wt2
*Wt2 = Nwb Al2 ;
b cb3
Nwb Al2 wez
Ktb

Fwel
*Wtl = Nwb All
cp3
tl = Nwb All T
#Wtl = Ktb

VENTO
L1557 wEvey L Bede o
gy JBY G. LEWNTHAL

ATTORNEY.
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2
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e
3
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Feb. 15, 1966 H. L. HEROLD ET AL

3,235,879

BUFFER APPARATUS FOR PROYVIDING DATA TRANSFER WITH

THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960

MULTIPLEX BUFFER - WRITE

Designated Logical Combination Signals:

Bbs = Bbf Prt Tw2 Twé
Ktb = Kec + Ktce

Kab = Kra + Ktb

NaQ = Wwtl We2 Wt3 Wed Wb
Nal = wel We2 We3 Wed whb
NaZz = Wtl Wt2 Wed wed Wb
Na3 = Wel We2 We3 Web wh
Na4 = Wel WeZ We3 Wed whb
Na5 = Wtl We2 Wed Wes Wb
Nab = Wtl Wt2 We3 Wed whb
Na7 = Wel We2 WE3 Wed Wb
Na8 = Wtl Wt2 Wt3 Wtd Wb
Na9 = Wel WeZ wWt3 Wts wh

Pwcl = (Pwrl + Pwr2)(Pwrl + Pwr2) (Pwr3 + Pwr4)(Pwr3 + Pwrd)
Pwc2 = (Pwrl + Pwr2)(Pwrl + Pwr2) (Pwr3 + Pwr4) (Pwx3 + Pwr4)
Pwel = (Wall + wa32)(Wa3l + Wa32)(Wa33 + wa34d)(Wa33 + Wala)
Pwch = (Wa3l + Wa3Z)(wWa3l + Wa32)(Wa33 + Wal4)(Wa33 + Wa34)

Wos = Tws Tw3 Tw2 (Prt + Bbf)

Clock Pulse Driver Gating Signals:

252 Sheets-Sheet 157

Gate-SPwr = Twb TwS Twh Twl (Tw2 + Twl) + Twb Tws Twh Twd
Gate-SWal = Tw6 Tw> Twis Tw3 (Tw2 + Twl) + Tws Tw3 Tw2 (Twé + Tw5)
Gate-SwWa2 = Iw4 Tw3 Tw2 (Twé + Tw5) - .
Gate-SWbl/4 = Twb TwS Twh Tw3 (Twl + Tw2) + Twb Tws Twl Tw2 + Ktb
Gate-SWb5/7 = Twé Tw5 Twh Tw3 (Tw2 + Twl) + Twb Twh Tw3 Tw2

+ Twb_TwS Twhs Twd + Ktb
Gate-SWb7-4 = Tw6 Tw5 Twhs Tw3
Gate-SWop = Tw4 Tw3 Tw2 Iwl (Prt_+ Bbf) + Ktb
Gate-SWot = Tw4 Tw3 Tw2 Twl Prt Bbf
Gate-XMWb = Web (Tp Tq Ts) Jw

F’ INVENTORS
5. ]58 HENRY L. HERoOLD

gy “#Y @ LEVIiNTHAL

ATTORNEY,



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 252 Sheets-Sheet 158
# Ra44 = SRa EA —o= o et
* Ra44d = Cha Ycp —

CD1—
* Rakd = Crd4 (Trl Tr3 Cha) —§) T
# Raks = SRa Rads ""___]

# Ra43 = SRa Ra33

_ - Ra43
* Ra43 = Cha Ycp —
CD1—
* Ra43 = Crd3 (Trl Tr3 Cha) —»d

l:‘
4

# Ra43 = SRa Ra3l3

# Ra42 = SRa Ra32 . o Ra42
* Ra42 = Cha Ycp

CDl1
K "R'_a—"zﬁ = Crd2 (Iv) Tr3 Cha) S TaTE
# Ra42 = SRa Ra32

# Ra4l = SRa Rail — | o Rat1
* Ra4l = Cha Ycp i

CD 1—»
* Ra4l = Crdl (Trl Tr3 Cha)

—) —
—— A 41
# Ra4l = SRa Ra3l —9 '

57 INVENTOR.S
L&, 159 HENRY (. HERaLD
sy “AY G LEVIN T AL
AR G

ATTORNEY.



Feb. 15, 1966

Filed Feb. 15, 1960

#

#

#

#

2.

Ra34

Ral4

Ra33

Rai33

Ra32

Ra3l

Raj3l

SRa

Rala

SRa

SRa

SRa

SRa

SRa

SRa

SRa

Ra23

Ra23

Ra22

Raz2

Ra2l

Ra2l

H. L. HEROLD ETAL
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH

Fr15.260

BY

3,235,879

THE MEMORY OF A DATA PROCESSING SYSTEM

252 Sheets-Sheet 159

= Ra34

@-»Ral4

- Ra33

: T’Ra33

[SEER.

- Ra32

P> Rran2

—*Ra3l

@ Ra3l

INVENTOR.S
HENEY L. HERoLD
JAy G. LtEVINTHAL

ATTORNEY,



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-~Sheet 160

# Ra24 = SRa Ral4
> Ra24
n-c
— —— Ra24
# Ra24 = SRa Raldk

# Ra23 = SRa Rall

*-Ra23

' 4

n=C—o

b —_
# Ra23 = SRa Rall —-q;___f’ 23

# Ra22 = SRa RalZ
- Ra22
n-c¢
—_— —_— ®»Ra22
# Ra22 = SRa Ral2
# Ra2l = SRa Rall L »-Ra21l
n=
Ra2l

# Ra2l = SRa Rall

-2:223551 AZ’Z;:27 INVENTOR.S

HENRY L. HERoLD
By JAY G. LEVINTHAL

i

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 252 Sheets-Sheet 161
# Ral4 = SRa Rin4 -
- -Ral4
n-c—m
-9 RalZ
# Ral4 = SRa Riné —=
# Ral3 = SRa Rin3 > > Ral3
n«¢
Ral3

# Ral3 = SRa Rin3

# Ral2 = SRa Rin2 - Ral2
n-c
Ral2
# Ral2 = SRa Rin2
# Rall = SRa Rinl LvRall
n-
B ¢+>Rall
# Rall = SRa Rinl
INVENTOR.S
.F.IE. 152 HENRY L. HEROLD

By Jay G. LEVINTHAL

ATTORNEY.



Feb. 15, 1966 W L HEROLD ET AL 4,235,879
PUFPER APCABATUS TOR PROVILING DATA TEAHNIVER AHITTH

THE MEMORY 0F A DATA PROCESSING S

Filed Feb. 15. 1960

* Rbd = Rpl Rakh Rbd + Rb&4 (Tr2 Trh Trs) (ha
* Rbd = Rpl Rahh Rbd + Rb6L (Tr2 Trd Tr5) Cha

+ Rebd + Jr (Tp Tq Ts)

* Rbs = Rpl Ra43 Rbs + Rb6K3 (Tr2 Tré Trs) Cha

* Rbs = Rpl Ra43 Rbs + Rb&3 (Tr2 Trk Tr5) Cha
+ Rebd + Jr (Tp Tq Ts)

* Rbm2 = Rpl Rak2 Rhm2 + Rb62 (Tr2 Trh Tr5) Cha
* RbmZ = Rpl Ra42 Rbm2_+ Rb62 (Tr2 T¢h TrS) Cha

+ Rebd + Jr (Tp Ty Ts)

* Rbml = Rpl Ra&4l Rbml + Rbél (Tr2 Trd Trs) Cha
+ Rebd + Jr (Tp Tq Ts)

* Rbml = Rpl Ra4l Rbm! + RbE1 (Tr2 Trd Tr5) Cha

Frs5.263

a8 Shepts-Sheet 1861

$-wRbd

| o= Khrg

be-Rb

T
- b e KHin g
g~
G |- —
-~ ) s
) *; B~ Dhn

INVENTOR S
HENRY . HEEoL D
B}s ‘JQ}-‘ (} {.{Uu’ﬂ.{"r“ﬁfﬂi

e Fy g
AT TORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
“iled Feb. 15, 1960 252 Sheets-Sheet 163

# Rb64 = SRb Rb54
™ Rb64

n-

$»Rb64

)

# Rbb4 = SRb Rb54
# Rb63 = SRb Rb53 Rb63
e
n-c
Rb63
# Rb63 = SRb Rb53
# Rb62 = SRb Rb52 L5 Rb62
, n-c
L &> Rb62
# Rb62 = SRb Rb52

# Rb61 = SRb Rb51

-»-Rb61

v pm———

Rb61

li%&#
t_l___r

:

# Rb61 = SRb Rb51

INVENTORS
.2 :_2'5- 164 HENRY L. WERoLD
gy ‘Y G LEVINTHAL

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROYIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 252 Sheets—Sheet 164
# Rb54 = SRb Rb44 g
= Rb54
i
n-c—p
-9 T’R'bfnb
# Rb54 = SRb Rbas —Q

# Rb53 = SRb Rb43

n-¢

] e Rb53
Rb53

JUREY

# Rb53 = SRb Rb43

# Rb52 = SRb Rb42
e Rb52
n-c
— _ Rb52
# Rb52 = SRb Rb42

= SRb Rb41
# Rb51 = 5 - o 2bs1
——iipon)
= Ol
— — 9 51
# Rb51 = SRb Rb41 — l
Fr V=2 165 INVENTORS

HENg)/ L. HEROLD
BY JRY G LEVINTHAL

s A /z:‘/;y;

ATTORNEY.



Feb. 15, 1966

BUFFER APPARATUS FOR PROYVIDING DATA TRANSFER WITH

Filed

#

#

#

#

#

#

#

#

Rb&44

Rb44

Rb43

Rb43

Rb42

Rb42

Rb41

Rb4l

Feb. 15, 1960

= SRb Rb34

|

= SRb Rb3

-

= SRb Rb33

= SRb Rb33

= SRb Rb32

= SRb Rb32

= SRb Rb31l

= SRb Rb31l

H. L. HEROLD ETAL

LF15.166

BY

3,235,879

THE MEMORY OF A DATA PROCESSING SYSTEM

252 Sheets-Sheet 165

~—
- Rb44
—
N=C—d
e Rbb4
—Q

—Rb4 3
_’:—I
n-c —
"d R643
—)
o Rb42
n-¢
Rb42

™ »-Rbé 1
—

n-c-—
—9 RB4T

—9

INVENTORS
HI?!I‘?)’ L. HEfoLD
JRY G LEVINTHAL

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
filed Feb. 15, 1960 252 Sheets-Sheet 166

# Rb34 = SRb Rb24
L"’Rb34;
n-c
— U Rb34
# Rb34 = SRb Rb24

# Rb33 = SRb Rb23

™ Rb33

e - b
# X633 = SRb RbZ3 33

# Rb32 = SRb Rb22
e-Rb32
n-c
$»Rb32
# Rb32 = SRb Rb22

# Rb31 = SRb Rb21 ™ ~»-Rb31
i
n-c—
—9 ye-R531
# Rb31 = SRb Rb21 -2
INVENTORS
.F_I&’- 167 HENRY L. HERoLD

sy YAy G. LEVINTHAL

ATTORNEY.
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Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

filed Feb. 15, 1960 252 Sheets-Sheet 167

# Rb24 = SRb Rbl4 — o Rb24
—!
= C—

— —_ -2 Rb24
# Rb24 = SRb Rbli4 —o)

# Rb23 = SRb Rb13 o R23
—u—l
n—c—-——J

-9 Rb23
# R623 = SRb Rb13 —

# Rb21 = SRb Rbll e-Rb21

n-

# Rb22 = SRb Rbl2 - Rb22
n-c
@»Rb2Z
# Rb22 = SRb Rbl2
q

h»-R52 1

# Rb21 = SRb Rbll

‘ INVENTOR.S
}:_Z'Ef. 168 HENRY L. HERoLD
ay JAY G LEVINTWAL

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879

Filed

#

#

#

#

#

#

Rbl3

Rb13

Rb12

Rbl2

Rb1l

Rbll

= SRb (Ra44 Cha) ;
= Rb1l4
= Ra44 (Ra43 + Ra42 + Ra4l) Cha
SRb 1
= Ra4l Ra42 Ra43 Cha ¢=Rbl4
= SRb Rad44

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Feb. 15, 1960 252 Sheets-Sheet 168

= SRb Ra43
HRb13
i
SRb—.}—‘
9 Rb13
= SRb Rak3 —9
= SRb Ra42 > Rb12
n-c
P»Rb12
= SRb Ra42
= SRb Ra4l - | »Rb11
._,_l
n-c—m
—‘EJ ¢»-Rb11l
= SRb Radl =9
INVENTORS
J ;_Iﬁ'- 169 HENRY L. HERoLD

Y JAYy G. LEVINTHARL

Sy L g

ATTORNEY.
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Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879

Filed

#

#

#

Rind
Rin&

Rin&
Rin&

#

#

#

Rin2
Rin2

Rin2

Rin2

Rinl
Rinl
Rinl

Rinl

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Feb. 15, 1960 252 Shests-Sheet 169
= SRin Rin9
- Ring
= Ftri
Sinl
= Ftr4 —
. Gw-Rink
= SRin Rin9
= SRin Rin8 —
- - Rin3
= Ftr3 -
Sinl—em
= Ftr3 9 Rin3
= SRin RinB8 —-GD_T'
= SRin Rin7
- Rin2
= Ftr2
Sinl
= Ftr2 —_—
@ Rin2
= SRin Rin7
- . inb
SRin Rin | o Rinl
= Ftrl
Sinl
= Frrl Rinl
= SRin Rinb

E 5. 1 70 INVENTORS

HENRY L. HEROLD
gy JOY 9 CLEVWTWAL

ey L g

ATTORNEY.



BUFFER APPARATUS FOR. PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
filed Feb. 15, 1960 252 Sheets-Sheet 170

Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879

# Rinl0 = SRin
: F—»Rinlo

8$in2

* Rinl0 = Frrlo Rinl0

# Rin9 = SRin e RiN9
Sin2

* Rin9 = Ftr9 Rias

# Rin8 = SRin L Rin8
Sin2

* Rin8 = Ftr8 Rind

6

# Rin7 = SRin - Rin?
si

* Rin7 = Ftr? Yyl

Fre.177 - INVENTOR.S

HENRy L. NEROLD
By YAy G. LEVINTHAL

—Ey L o

AT TORNEY,



Feb. 15, 1966

fFiled

#

Rinb

* Rinb

H. L. HEROLD ET AL 3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Feb. 15, 1960

= SRin

= (Rds2 Dsy2) Ftré

= SRin Rinl0

5 = (Rdsl Dsyl) Ftr5

5 = (Rdsl Dsyl) Ftr5

= §Rin Rinl0

Fr5.272

252 Sheets-Sheet 171

il
=R inb

CDl--»l. r—-‘-_-

o Rin5

:: T—ma

T

'

14144

Iy

2.

—-
-’
—p
——
—e) -
—ag
INVENTORS

HEney L. HERZOLD
gy JRY G. LEUNTHAL

ATTORNEY.



Feb. 15, 1966

H. L. HEROLD ETAL

3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH

Filed Feb. 15, 1960

5
2
1

3
v

#Trh = Ktb

(Trl Tr2) Tr5

(Trl Tr2) TrS

*Pr3 = Tr4 TrS + Trl Tr3 Cha

e ettt

*Tr3 = Tr2 Trd TrS

*Tr2 = Trl Tr2

*Tr2 = Trl Tr2

*Trl = (Rdsl Dsyl) (Rds2 Dsy2) + IYcp Csu Cha

+ [(Rdsl Dsyl) + (Rds2 Dsy2)] Haf + Trl Tr2

+ Trl Reb (Tr3 + Tr5)
*#Trl = (Trl Tr2) (T3 + Tr5) + Tr2 (Trd Tr5)

Fr5.173

THE MEMORY OF A DATA PROCESSING SYSTEM

252 Sheets-Shest 172

L TTé

cpl

§373

LT

o Tr3

Ccbl

Tc3

L

o~ Tr2

cDl

Tr2

T

—-.
. o Trl
-~
CD1 —p
—d —
Trl
—a) ¢
INVENTOR.S

HENRY L. HERGLD
BY JBY G. LEvINTHAL

ey L e

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS PPOR FROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 252 Sheets-Sheet 173
™ = T15
* Tr5 = (Tri Tr2){(Tr3 + Tré) M
CD1 o

* Tt5 = (Trd Tr5)(Trl + Tr3) D =
b

# Haf = (Rdsl Dsyl)(Rds2 + Dsy2) Haf —* -
+ (Rds2 Dsy2)(RdsT + Dsyl) Waf col—] p—ro

* Haf = {(Rdsl Dsyl + Rds2 Dsy2)] Haf e $oHaf

# Haf = Ktb

——— —

* Ers = Pce Pes Trl{Trd Cha + Tr2 Tr3 Tr4 Cha + Tr2 T3 Trd Cha]

+ Pco Pcd TrliTr3 Cha + Tr2_Tr3 Tr4 Cha + Tr2 Tr3 Tr5 Chal
+(Tr2 Tr4 Tr5) Cha (Rbml + Rbm2 + Rbm3d + Rbmd)
+ Ur (Trl Tr3)(Tr2 Tr5) + Ur (Trl Tr3 Cha) > Ers
+ Csu Red Reb Cha -
‘ Chl—»~
¥ Frs = Frg —pd] —
L_r: E:d ‘ ®»Ers
# Ers = Kab -0
—
-
—
i .___1
—>8) i}"
—)
F y INVENTORS
JEJ?% HENRY L. HERoLD

BY JAY & LEVINTH AL

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL

3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb, 15, 1960

* Reb = Rebd

* Reb = Red Reb Cha + Cha Cfs Eoc
# Reb = Ktb

* Rb = Nrb

* Rb = Red + Rt} (Rt1 + Re2)
# Rb = Ktb

* Cha = Chad
Cha = Cha Cfs Eoc
¢t Cha = Ktl

* Ur o= Tr2 Tr3d Trs

Y Ur = Jr (f;lfa'Is) + Ersd
# Ur = Kth

L1274

263 Sheets-Shset 174

|- Rb

b R5

~
o Cha
]
CDI o B—
D P
ﬁ’ﬂij $»Cha
- Ur
Chi-
D117

INVENTORS
HENKY . HERoLD
YAy G LEVINTHAL

A

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA FROCESSING SYSTEM

Filed Feb. 15, 1560 252 Shests-Sheet 175
E

— e -Day2
* Dsy2 = Rds2 Ytd2 Dsy2 Rsy -
CD]_-—D

* Dsy2 = Rds2 Dsy2 —*9 $=TDsy2
# DsyZ = Ktb —
—!

N — o= Dsyl
* Dsyl = Rdsl Ytdl Dsyl Rsy —
) CD1-»~
* DayT = Rdsl Dsyl -

—— Dsyl
# Dsyl = Keb “"’___]»

* Rds2 = (Ftré +_Ftr]7 + Ftr8 + Ftr9 + Ftrl0) Dsy?2 Rds2 > Rds2

+ Dsy2 Ytd2 Rds2 cDl
g

* Rds2 = Rds2 o Rds2

; dsl
* Rdsl = (Ftrl + Ftr2 + Ftr3 + Ftrh + Ftr5) Dsyl Rdsl > Rds
+ Dsyl Ytdl Rdsl DL
* Rdsl = Rdsl e

.2;.145. 176 HENRY ]ﬁViNg%ip
gy 2PY G teviNTHAL

ATTORNEY,




Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets~Sheet 1786

— He-Cfs
* Cfs = Cha Ckp + Cfsd Ckp Cha

CD1
= Foc Cfs
= Ktb

be-Cfs

¥
|5l

Las) el

[ ]

#C

# Csu = Ktb o

— o= Csu
* Csu = Cha Ycp + Rebd —

g
it
|

‘i

= Trl Csu

—— —_— * Eoc
* Eoc = Ckp Cfs Eoc
CDp1
* Eoc = Eoc b»Toc

G-

Littd

INVENTORS
.2 _Z'; 5’]7/: HENEY L. HERoLD
gy “AY G CEVINTHAL

ATTORNEY.



Feb. 15, 1966 - H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR FROVIDING DATA TRANSFER WITH
. THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 L 252 Sheets-Sheat 177
e
- RE4
* Rt4 = Nrb Al4 -
CD3—em
* Rt4d = Nrb Al

# Rth = Ktb —4

g
7
[ag
ol

——
o= Rt3
* Rt3 = Nrb Al3 o
CD3—o
* RE3 = Nrb m —ed ®e3
# RtJ = Keb —’q>_f’

l ol
[ad
~

[X)

-—v‘RtZ
* Rt2 = Nrb Al2
CcD3
* RtZ = Nrb Al ®>Rt2
# Rt2 = Ktb
* Rtl = Nrb All

" Rt1l
CDB"—}‘
* Rtl = Nrb A D e

Rtl
# Rtl = Ktb y

.55178 —— INVENTORS

L. HERoLD
gy “AY ¢ (EViNTHAL

Sy L g

ATTORNEY.

!9

-
-

|
&3



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUPFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 252 Sheets-Sheet 178

B !

' A —_— - 54
*S4 = Rmt Al4 A13 A12 All —
CD3 ot
*S4 = NBtd4 .

= P 54
: ~

— o S3
*33 = Rmt Al4 Al3 Al2 All —
CD3 —w

ol

*33 = NBtd3 )
53 = Ktb —

3

— —_— - 52
*52 = Rmt Al4 Al3 Al2 All —p
CD3 —» _]
*52 = NBtd2 o) ba 5
#52 = Ktb - “
—— ™ e S1
*S1 = Rmt Al4 Al3 Al2 All —
CD3 ~—
#S1 = NBtdl —Q —
— ¢ s1
#81 = Ktb —e)
z:,— INVENTORS
15]7-9 HENRY (., HEEoLD

gy YAY G LEVINTHAL

ey L g

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 196C 258 Sheets~-Sheet 179
— o SB
*S8 = Rmt Al4 Al3 Al2 All
Cbh3 —
*38 = NBtd8 _
— b-» S8
#58 = Ktb g
iy
—— — - 57
*S7 = Rmt Al4 Al3 Al2 All —
CD3 ~o
*S7 = NBtd7 —d =
' #37 = Ktb —9 _1
——— > S6
#36 = Rmt Al4 Al3 Al2 All —
. CD3 —=
*S6 = NBtdé ) be
#36 = Ktb -6 S
—tod
— e - 55
*35 = Rmt Al4 Al3 Al2 ALl >
CD3 —
#55 = NBtdS - —® —
==z [1: 2 X
#S5 = Ktb ) 5
F v INVENTORS
-“7180 HENRY L. HERoLD

By JAY G. LEVINTwWAL

Ay

ATTORNEY.



Feb. 15, 1966

H. L. HEROLD ETAL 3,235,879

BUFFER APPARATUS YOR PRCYIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960

*59

= Rmt Al4 Al3 Al2 All

S9 = NBtd9

#s9

= Ktb

Fr5187

252 Sheets-Sheet 180

- +e S0
CD3 e

b —

_:.GD ¢ SO

- o= SO
—
CD3—n

i
-
i
o
-
6 ¢~
.
—
i
— b
4
INVENTORS

HEVRY L. HELoLp
gy JBY G LEViNTHAL

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 262 Sheets-Sheet 181
* Ytdl = Rdsl Ytdl Dsyl Rsy —~-
CD1 —

14 us yedl
* Ytd2 = RdsZ Ytd2 Dsy2 Rsy —>
CD1 -9

'y

H

3
—
G
Z:_r &. 182 HENRYy L’.”ﬁ'é"fei"ff

By JAY G. LEVINTHAL

B

ATTORNEY.



Feb. 15, 1966

Filed Feb.

Designated Logical Combination Signals:

H. L. HEROLD ETAL
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH

3,235,879

THE MEMORY OF A DATA PROCESSING SYSTEM

15, 1960

MULTIPLEX BUFFER - READ

Nr0 = Rel Rt2 RE3 Rth Rb

Nrl « Rtl Rt2 Rt3 Rtk Rb

Nr2 = Rtl Rt2 Rt3 Rth Rb

Nr3 = Rt]l Rt2 Rt3 Rth Rb

Nr4 = Rtl Re2 Rt3 Rt4 Rb

Nr3 = Rtl Rt2 Rt3 Rt4 Rb

Nré = Rtl Rt2 Rt3 Rt4 Rb

Nr7 = Rtl Rt2 Rt3 Rt4 Rb

Nr8 = Rtl Rt2 Rt3 Rt4 Rb

Nr9 = Rtl Rt2 Rt3 Rt4 Rb

Pce = Rinl Rin2 Rin3 + Rinl

Pco = Rinl Rin2 Rin3 + Rinl

Pcg = ERiné + Rin3)(Rin4 + Rin5)
Pcd = (Riné + Rin5)(Rin4 + Rin5)

Rpl = Cha Trl Tr3 (Tr2 + Tr4 + Tr3) + Cha Trl Tr2

Clock Pulse

Driver Gating Signals:

Gate-SRa
Gate~SRb
Gate-Sinl
Gate-Sin2
Gate-SRin
Gate-Xrl
Gate-Xr2

Trl Cha
Tr3 (Trl + Cha)
Rdsl Dsyl
Rds2_Dsy2
Trl Tr2 (Tx
Rdsl Dsyl +
Rds2 Dsy2 +

3_+ Tr5)
Rsy
Rsy

Fr15 783

252 Sheets-Sheet igg

'nl RInZ Rin3 + Rinl Rin2 Rin3 + Rinl Rin? Rin3
RinZ Rin3 + Rinl Rin2 RIn3 + Rinl Rin? Rin3

INVENTORS
HENRY L. HERQLD
YAy G. LEVINTHAL

‘,,a/w,‘/."(‘:%?&

ATTORNEY.

BY



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMOHY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 252 Sheets-Sheet 187
— e =S oud
* Sou4 = Ckp Yor Yro
Cscl
* 4 = Ps4
Sou 8 ®»Soul
|
F-Soul

* Sou3 = Ckp Yor Yro e

it
‘:;i__.__l

* Soul = Ps3 — i

oul

— |--Sou
* Sou?2 = Ckp Yor Yro —H-‘t
Cacl —o
* Sou2 = Ps2 —od?_| —_
ou2
s @»S
e ™ -s~Soul
* Soul = Ckp Yor Yro —’-_]
Cscl—»
* Soul = Psl -—-Q_J boroeT
-*Q
F 7 INVENTORS

JAY G. LEVINTHAL

Sy L g

ATTORNEY.

BY



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFEE APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY COF A DATA PROCESSING SYSTEM

“iled Feb. 15, 1980 252 Sheets-Sheet 184
- ™ L > Ckp
* Ckp = I¥ck —e
Csc2—e
— -9 Ckp
# Ckp = Csy2 —oé
—»
- Cof
* Cof = Cfd —
Csc2—% ‘
* Cof = Cfd :;l f ToF
»=Dcc
* Dee = Qor + Dor >
Csc2 =
* Dce = Dee —_:; CD*'I—)Z
o .
o
—
—g)
—g

..2 ;.I &. ] 8 5 NENRY L{Nﬁfé‘NzTgli.g

Ja . LEVMINTHAL
gy 7Y G <&

ATTORNEY,



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR FROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA FRUCESSING SYSTEM

f1led Feb. 15. 1960 252 Sheets-Sheet 185
* Yck = Csyl -
Csc2 —w p—
Yek
20 us

* Yep = Dec —
Csc2 —=

W

P> Ycp

L
500 us

* Yor = IY¥ck —
Cscl ~ o

59 ms

* Yro = Csy3 —

Csc2 —d

G Yro

15 ms

Wa¥e 57'186 HENRYy LI.‘%Eg;Ofoa

JA . LEVINTH QL
By Yy &

A

ATTORNEY.



Feb. 15, 1966

Filed Feb. 15, 1960

H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR FROVIDING DATA TRANSFER WITH

THE MEMORY OF A

DATA PROCESSING SYSTEM
252 Sheets—Sheet 186

SORTER CONTROL UNIT

besignated Logical Combination Signals:

Codl = Cd0 + Cd2 + Cd4 + cd5 + ¢d7 + Cd9
Cod2 = Cd0 + Cdl + Cd4 + ¢d5 + Cdp + Cd9
Cod3 = Cd0 + Cdl + Cd2 + Cd3 + €d5 + Cd6 + Cd7 + Cd8
Codé4 = Cd0 + €dl + Cd2 + ¢d3 + cd4
Crdl = (Codl + Cu3 + Cu4) Ifrr
Crd2 = (Cod2 + Cul + Cu2) IErr
Crd3 = Cod3 IErr
Crda = Cod4 + Err + Cu2 + Cub
Dec-ss = Soul + Sou2 + Sou3 + Soud + EEE
Dec0 = Soul + Sou2 + Sou3 + Soud + Yro
Decl = Saul + Sou2 + Soul + Sous + Yro
Dec2 = Soul + Sou2 + Sou3 + Socu4 + Yro
Dec3 = Soul + Sou? 4+ Sou3 + Sou4 + Yro
Decd = Soul + Sou2 + Sou3 + Sou4 + Yro
DecH = Soul + SouZ2 + Sou3 + Soubd + Yro
Dech = Soul + Sou2 + Sou3l + Sou4 + Yro
Dec7 = Soul + Sou2 + Soul + Sou4 + Yro
Dec8 = Soul + Sou2 + Soud + Soud + Yro
Dec9 = Soul + Soul + Soul + Soud + Yro
Npd = Soul + Scu2 + Sould + Sou4 + Yro
Dor = Cd0 + Cdl + €d2 + Cd3 + Cd4 + ©dS5 + C¢dé + Cd7 + Ccd8 + Cd9
Err = Cer
Qor = Cul + Cu2 + Cu3 + Cud
Inverter Sipnals:
TErr = Err
Ivck = Yck
IYep = Ycp
INVENTORS
.Z:J5'187 HENRY L. HERoOLD

JAy G. LEVINTHAL

Sy i g

ATTORNEY.

BY



Feb. 15, 1966

filed Feb. 15,
Normal
Cau,Mcb,XMJ tl

L

XAN, XJ1 t2
t3

8J¢ t4

Mca 5
té

LY

XZ.1 t7
XMT t8
e

Mcb t9
t10

($§]

83 —

Ti,XNA t12
Mca t13
tld

| S

RLI tlh
End,XZJ,XMI  clié

H. L. HEROLD ET AL 3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PRNCESSING SYSTEM

1960

252 Sheets-Shest 187

INSTRUCTION 21 - EXCHANGE R AND M

Special

SR
> S.JRm ?SR76

Fr5. 188

Explanation

Instruction in J.

During Mca half-cycle, the
location in Memory is cleared.

Mwt gates data from R to M.

R contents start shift-down.
J contents start shift to R.

Address of next {instructiom
from N to A,

g

£ J1

i L J12; SJmgR if
+ J12).

N
(1

—

INVENTOR.S
HENRY L. MEoLD
Y JAY G. LEVINTHAL

ATTORNEY.

B



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Fep. 15, 1980 2562 Sheets-Sheet 168

INSTRUCTION 24: TRANSFER P TO M

Normal Special Explanation

Cau,Mcb,XMJ ti Mc3 indicates P full,

XAN,XJ1 rt2

t3
4
Mca 53¢ t5 Mc3 During Mca half-cycle - the
location in Memory is
— cleared.
t6
7
t8 Em24, (FDt,
. cond)

Mcb P t9  Mwt ™ Mwt occurs 1f P full (Mc3=1)
and P not busy. P contents
te M if Mwt occurs. Dt sets

o if instruction ineffective,
SJ<£}._[_] SRRm
il f SR76
[ ti2 SR Non~functional shift signals
cause complete ring shift-
e down of both R and J.
toa el3
ik
[c15 p
End, X240 tlé6
F: y INVENTOR.S
15, ,/89 HENRYy L. HERSLD

YAy G. LtEVINTHAL

ATTORNEY.

BY



Feb. 15,

1966

H. L. HEROLD ETAL 3,235,879
AUFFER APPARATUS FOR PROVIDING DATA TRANSFER wWITH
THE MEMORY OF A DATA PHOCESSING SYSTEM

252 Sheets-Sheet 189

INSTRUCTION 25 ~ MOD-3 GENERATION ON R

Filed Feb. 15, 1960
Normal Special
Cau,Mcb,XMJ ¢l
XAN,XJI r:;

0

s3< t4

Mca :;

E

X21 ;
XM.J :; M3g

Explanation

Initial Routine occurs if
Ingtruction 25 1s pro-
grammed.

M3g 18 set at this time
when jump from preceding
inatruction.

XRXXXAXXXXX XXX XK XK IOO0C XK XX RG0S0

Meb r
8J¢
TL,XNA
Mca
\
K41

End,XZJ,XMJ

A"
t9 Mg

t10
tll

tl2 SR76

(sa
tl3

tla

t15 *M3g
/

tlé

N

Only t9-tlé
when jump from
preceding
instruction

? SRRm

I

SvmgR 1f (R12 + R11)
SRRm if R11 R12

F75.790

M3g 1s set at this time 1if
Instruction 25 is pro-
grammed,

Ring shift-down contents
of R. V-Mod-3 generator
samples R1.

M3g off. Original six
least significant digits
in R6~-R1l. New mod-bits
in R7.

INVENTOR.S
NENRY (. HEROLD
Jay G LEVINTHAL

6,25:~5 /f7£1:2442;’1

ATTORNEY.

BY



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 190

~ INSTRUCTION 26 - MOD-3 GENERATION ON L AND R

Normal Special Explanation
Cau,Mcb,XMJ ¢l
p—
XAN,XJ1 t2
t3
t4
SJ# —_— Initial Routine occurs 1if
Mca s Instruction 26 is pro-
— grammed.
t6
—

X2J t?

XMJ t8 Mg M3g is set at this time
when jump from preceding
instruction.

X XXXXXXX

Mch €9 M3g Only t9-tl6 when M3g ia set at this time if

Jump from pre- Instruction 26 1is pro-
ceding inatruction grammed.
20 S§L76
tll >:t“ 52&‘; Ring shift-down contents
SR76 of L and of R. J-Mod-3
SR generator samples L1, V-
Mod-3 generator samples R1.
T1i,XNA tl2
SJC —
Mca tl3
tl4
| S . Py
xzJ t15 *Mig ~SLL7 1f L11 L12
SJmgl. 1f (L1l + L12)
SRRw 1if R11 R12
J (SVmgR 1f (R11 + R12)

End,X2ZJ,XMJ tlé M3g off, New mod-bits in
L? and R7 for the re-
spective numeric contents
of L and R,

F" INVENTORS
‘ Z45. ZB—Z HENBY L. HERoLD

gy YRy G- LEvTHAL

iy L g

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 191

INSTRUCTION 27: ADD M TO B

Normal Special Explanation
Cau,Mcb, XM} tl
XAN, XJ1 J’Lz_
$Jq t3
t4
Mca t5
\ tb
Xz3 t?
XM t8
Mcb { t9 D NN SJ shifts data to Va of
Adder. SB shifts contents
of B to Vb of Adder. §VB
shifts output of Adder to
- ,SB B4 .
SJIQ £10 SVB SRRm  Contents of four 1LSD's of J
o >Vct »SR76  added to B. Result into B,
351 SR -
Ti,XAN 12 Non-functional shift signals
cause complete ring shife-
- down of R contents.
Mca tl3 *D2 (cond)
\Lt14 J D2 set to 1, if overflow.
XzJ 35 J
End,XZJ,XMJ tlé

|

INVENTOR.S
.F_IE]BZ HENRY L. HERoOLD
BY JAY G. LEVINTHAL

ey L

ATTORNEY,



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER AFFPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY ©F A DATA PROCESSING SYSTEM
filed Feb. 15, 1960 262 Sheets-Sheet 192

INSTRUCTION 28: TRANSFER M TO B

Normal Special Explanation
Cau,Mcb ,XMJ t1
XAN,XJI ~ r2
t3
sJ< 4
Mca t5
[ 6
XzJ (¥
™MJ t8
Mcb (9 3 M SJ shifts data to va of Adder.
SVB shifts output of Adder to
— B4, SB shifts-down B.
£i0
8J< til LSVB LSD of gperand in B,
Ti,XNA ti2 SB SR Non-functional shift signals
cause complete ring shift-down
> SR76
- SRRm of R contents.
Mca K] 3
\ti4 B filled with new number.
xzJ 35 J
End,X2ZJ,XMJ tlb

y, 15193 HENRY Z,NVEggﬁ{D

JA . LEVINTH AL
sy V7 G !

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TEANSFER WITH
THE MEMORY OF & DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 197

INSTRUCTION 29 - EXTRACT M INTO R BY L

Normal Speclal Explanation
Cau,Mcb ,XMJ tl
- —
XAN,XJI t2
t3
t4
81§ —
Mca t5
tb
N —
XzJ t7
XMJ t8
(~ N
Mcb t9 5L76 Operand in J.
- SL
tl0 SLL7
§J¢ — > SR76
tll 3R As R ring shifts-down, L14 gates
SRRm {cond) J1 to R7 and L14 gates Rl to K7.
- SJRm (cond)
T1i,XNA tl2
Mca tl3
tl4
N
XZJ tl5s *M3g
—— -~
End,XMJ tlé M3g M3g sets and initiates In-

struction 25 for 8 additional
clock periods to generate new
mod-bits for the word in R.

INVENTOR.S
.F.[Ey‘- ]94 HENRy L. HERoLD
By JAY G. LEVINTH AL

AT TORNEY.



Feb. 15, 1966

Filed Fsb. 15, 1960

INSTRUCTION 31;

H. L. HEROLD ETAL
BUFFER APPARATUS FOR PROVIDING DATA

THE MEMORY OF A DATA PROCESSING

3,235,879
TRANSFER WITH
SYSTEM

252 Sheets-Shest 194

FIND WORD IN MEMORY EQUAL TO L-R

Normal
Cau,Mcb,XMJ £l
XAN,XJ1  [[t2
t3
5K t4
Mca EE
L6
XzJ t7
™I t8
Mcb ( t9
£10
it
SJtETi
Mca tl3
ti4
S
X2J £l5
X1y tl6
Mch (tl7
tl8
[3E]
Ti 57930
Mca t21
L£22
XzJ £23
t24

XMJ

Special

Cau

Cad N
*Hst (cond)

*Ty,*ﬁi
Cau
Cau

Cau

*Jr or *Jw
{cond)

*Hst (cond)

SL76
SL
SLR7
[ SR76
SR
SRL7

SL76
sSL
SLR7
" SR76
SR
SRL7

. Y
*Ty,*Dl,*Ni{:*Tz,

Explanation

Address portion of instruction word
increased by 1.

M, + 1

LSH of double-precision word from "

in J.

Address portion of instruction word
decreased by 1.

L-R ring shifts-down as word in J shifts-

down. Contents of Rl and J! sampled by
IRem logic. During t9-tl4, *DI occurs
if R1 # J1.

*D1,*W2 (cond)

MSH of double-precision word from M, in J.

Address portion of instruction word:
increasing by 3.

L-R ring shifts-down as word in J shifts-

down. Contents of Rl and J! sampied as
above. During t17-t22, *Dl occurs if
Rl # J1.

*D1,*W2 (cond)

if D1 LSH again in R, MSH again
Reset to t9 if D1. 1In L. Decision signals
Reset to tl if Hst, occur.

XXKXXHAXKXXXAXXKK XN XXX XA KX

Mcb t25
t26
27
Ti t28
Mca 2%
t30
XzJ 31
End,X2J , XMJt32

|

*Jna,Cad ™
*Hst (cond)

XNA, XAN
SN
SNB
— SB
*J_Qa
*Tz

.

Li5.295

Address porticn of instruction word

decreased by 1; is now M+ 2, where M 1is
location of "equal" : €
double-precision word.

Next-instruction address in A. Me + 2

location in N.

Ne + 2 location transfers to B during
£29-t32

M + 2 location of "equal” double-
e precision word in B.

INVENTOR.S
HENRY L. HERoLD
BY JARYy G LEWNTHAL

C,JEZLv'/f7Af:244;,fﬁ

ATTORNEY.



Feb. 15, 1966

H. L. HEROLD ETAL

3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960

252 Sheets-Sheet 195

INSTRUCTION 35: TUMBLE
Normal Special Explanation
Cau,Mcb,XMJ ¢l
XAN,XJY [¥3
si £ Cau
t4 Address portion of instruc-
— tion word increased by 1.
Mca ts During Mca half cycle My + 1
- cleared,
(6 |
xzJ %)
XM t8
Mcb ((t9  Cad,Mwer, b LSH from M, + 1 in J. Mt
*Hst or "3 puts LSH from R in MA + 1.
— {cond) *W3 if period in RI1.
tio 3JLs Address portion of instruc-
SL76 tion word decreased by 1. LSI
_— SL of LSH from Memory enters L.
sl FIT CSLR7 rSJLm FULL contents shift-down.
—_— SR76 J _contents shift into L.
iz SR
Mca t13 During Mca half cycle M,
— cleared,
W14 /
XZJ tls <{?JLm, 1f JI1, J12__ Generation of mod-
SJmglL, if (3TI + J12) bits for new word
—— J in L.
XMJ ti6 ATy LSH from M, + 1 in L, origin-
al contents of L in R, orig-
— inal contents of R in M, + 1.
Mcb (t17  Cau,Mwt ~ N MSH from M, in J. Mwt puts
- MSH from R ip M,.
tl8 Cau SJLs Address portion of instruc-
I 1 SL76 tion word increasing by 3,
s tl9  Cau SL FULL contents shift-down, J
N PSLR7 pSJLn contents shift into L,
Ti £20 XNA, if W3 SR76
*Jr or *Jw | SR
_— (cond)
Mca 21  *Hst (cond)
(22
XzJ3 t23 SJtm, if J11, J12_
- — J SJmgl, 1if (J11 + J12)
M t24  *Ty. Reset to_t9 if W3, Original contents of FULL in
End,X2J and *W3, if W3, M,, M, + 1 and original con-

Reset to tl if Hst,

|

Lrm 796

A
FULL,

tents of M,, M, + 1 in
Decision ségna%s oceur,

INVENTORS
HENRY L. NEROLD
Y./Ay G. LEVNTHAL

ATTORNEY.

8



Feb. 15, 1966

INSTRUCTION 36:

H. L.

HEROLD ET AL 3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITR
fFiled Feb. 15, 1960

THE MEMORY OF

A DATA PROCESSING SYSTEM
252 Sheets-Sheet 198

FIND WORD IN MEMORY EQUAL TO OR GREATER THAN FULL

Esxplanation

Address portion of instruction word
increased by 1.

LSH of double-precision word from MA + 1
in J.

Address portion of instruction word
decreased by 1.

L-R ring shifts-down as word in J shifts-
down. Contents of R1 and JI sampled by
Rgm and IRem logic. During t9-tl4, *pl
occurs if J1 < Rl and *DI1 if J1 > RI1.

J #D1,%D1, %1, "2 (cond)

MSH of double-precision word from M, in J.
Address portion of instruction word

increasing by 3.

L-R ring shifts-down as word in J shifts-
down. Contents of Rl and J1 sampled as
above, During t17-t22, *D1 occurs if

Jl < Rl and *D1 if J1 > RI.

1,*W1,*W2 (cond)

£ DI LSH again in R, MSH again
to t9, if D1, in L. Decision signals
to tl, 1f Hst. occur.

Address portion of instruction word

decreased by 1; is now M + 2, where M
location of "equal-or- &
greater” double-precision word.

is

Next-instruction address in A, M+ 2

location in N.

M_+ 2 location transfers to B during
t29-£32.

Normal Special
Cau,Mch,XMJ  t1
XAN XJI t2
3  Cau
s th
Mca EE
L x6
Xz 7
xMJ €8
Mcb t9 cad 3 SL76
’ __ *Hst (cond) | SL
t10 SLR7
SJ SR76
tll SR
t£l2 SRL7
Mca tl3 Cpg
tl4
XzZJ 5 —
XMJ tlé *Ty,*Wl,*y2
Mcb tl7 Ccau h gt76
tl8 Cau SLR7
s cau 76
Ti t20 *Jr or *Jw
et (cond) SRL7
Cpg
Mca t21i *Hst (cond) .
£22 *D1,*D
Xz.J t23 —— /
XMJ tZ&  *Ty,*D1, *Tz, i
W1, %2 Reset
Reset
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Mch t25 *Jna,Cad
o *Hst (cond)
t26
£27  XNA,XAN
TL t28
SN
Mca t29 SNB »Tz
t30 SB
XzJ £l *Jpa
End,XZJ,XMJ t32 *Tz

£FI15.797

M, + 2 location of "equal-or-greater”
double-precision word in B.

INVENTORS
HENRY L. HERoLD
JAy G (EVIMNTHAL

ey T g

ATTORNEY.

BY



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PRUCESSING SYSTEM
filed Feb. 15, 196C 252 Sheets-Shest 19%

INSTRUCTION 42: MILTIPLY M BY K

Norma i Special bxplandation
Cau,Mch,XMJ  ti s
XAN XJ1 t2
L3
SJ EE
Mca £5
to
XzJ t7
XMI 18 o o
Mcb t9 S5R7b Multiplicand in J.
sy LL0 SR
tll SRL7 All 7 digits of R (multi-
Ti,XNA tl2 8176 plier) transferred to 1.
Mca ti3 [ SL 0's stored in R. Origi-
tis J SZR7 nal contents of L
tl5 - _Q(‘Stru)’ud‘.
tle *Ty
Zm oand *Tz, ii LI = 0 [z subsequence entered if
L1 = 0.
#rd, if L1 # 0 Id 1's subsequence entered
if 11 # 0 and 114 = 0.
“Td and *is, {f Ll4 = | Td Us subsequence entered
o if 14 = 1.
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
t39 Cwu,SR,SR76,SRL6A,SL; A W-counted up 1. 18D of R
SZR7, if Us; ta L6,
S9R7, if Us;
. ™3, if Us and W =_5 _
40 FZm, if{L1 = 0 and Us Mig Another Tz subsequence
L1 = 9 and Us (W # ) entered il LI = 0 and Us
Clu, if Us and M3y off, or if L1 = ©
o and Us on, if W # 6,
#*[d it [Zm 1lEnd ﬁ Td Us _subsequence entered
T 0 17m 1Fnd and 114 # 1,
s 11 L14 = 1 and W # 6 Ld Us subsequence entered
_ If TZm TEnd and 114 = 1.
s if TI4 = 0 or W =8 If M3g = 1, instruction
. _ ends; Instruction 26 in-
*Tz if 1Zm itiated for 8 additional
. . clock periods to generate
End, *Ty and *Tz, if M3y new mod-hits for I and R;
and generate sign and desiy
vator bits for 1. and R.

KXXKXXXKXHXXKXXXXKHNXX XXX KKK XNKKXXXK KKK KX XXX KNHKKKKK

INVENTORS
_2 ;_IE. _2383 HENRY (. HERoLD
JAY G LEVINTHAL
BY
(,Qé{r’ﬁv ()4{'/;/'7'1‘

ATTORNE



Feb. 15, 1966

BUFF

HEROLD ETAL
ER APFARAIUS FOR PROVIDING DATA TRANSFER WITH

3,235,879

THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960

INSTRUCTION 42:

MULTIPLY M BY R (cont'd)

Normal
Mcb

Ti,XNA SJ

Mca

Special

Ve, if Us b

*Zva

cld, if Us
Clu, if Us
*M3g, if W= 6
*Zva

*Zm, *Tz, and *Td
if L1 = 0 and M3g,

End, *Ty and *Td,
if M3g

Td

SR

SR76

{svm ,
1End

Fr5 198,

SVR?

Vet

252 Sheets-~Sheet 198

Explapation

Numeric contents of J
added to R, if Us. J
complement added to R,
if Us. Result into R.

if

L1l counted up or down.

Another Td subsequence
entered if L1 not yet 0,
Tz subsequence entered if
Ll = 0, If Mlg =1, in-
struction ends, and In-
struction 26 initiated;
and generate sign and
designator bits for L

and R.

INVENTORS
HENRY L. HERo(D
JAY G. LEVINTHAL

,,zEZL,'/f’zf:¢éﬁ;;»m

ATTORNEY.

BY



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
FUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
_ THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 199

INSTRUCTION 43: DIVIDE FULL BY M

“Normal Special Explanation
Cau,Mcb ,XMJ tl *ys
XAN, XJ1 2
t3
8J E
Mca x5
6
X2J' t7
MJ 8 *ov
Mcb 9 SL76 Divigor in J.
tl0 SL
tll SLR7 Contents of R and L ex-
SJ__ SR76 changed.
2 SR
Mca 13 SRL?
tid ov
c15
tle *Ty MSH of dividend in R. LSH
. N of dividend in L.
Mcb tl7 b
£18
t19 SR76 Contents of R and J res-
S3¢ > SR — —_  pectively ring shifted-down
SRRm sTy Tz Td  and numeric contents of MSH
—_ = in R compared with J.
Ti,XNA £20 *0v, *Ov
Mca 21 (cond)
£22
23 __ J
t24 ATy Ov on and instruction ends,
*Tz, if IEnd if |R| z {J|. oOv off, if
SZR7, if Ov [R] < [J}.
End, if Ov If End occurs, generate new
sign and designator bits
J— p for L. and R.
[0.8,00.0596 6004000400 060060800000 0000000000000t 00eret
Mcb £25 s, Wc )
£26 SL
t27 SLR7 o Ring shift-down R and
— 8 L=z a5 L1 - 16 6 digits.
Ti,XNA 28 :gm Ve PTY Tz Td
Mea 129 SRL6
£30
© w1
£32 Ty J

EE .‘299& INVENTORS

HEWNRy L. HERoLD
LEVINTHAL
BY JARY G T

ATTORNEY.



Feb. 15, 1966

H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH

THE MEMORY OF A DATA PROCESSING SYSTEM

filed Feb. 15, 1960

INSTRUCTION 43: DIVIDE FULL BY M (cont'd)

Normal

Mcb

Ti,XNA

Mca

{ng
(]

|

{nd
£

I

[ad
(¥
v

&l

(ad
[
~J

(a4
(¥ ]
Qo

(ad
()
o

[ad
P
o

Special
SL
SLR7
SR76
SR
SRL6
Cwu ___
*Td,*Tz

Mcb

Ti,XNA

Mca

252 Sheets~Sheet 200

Explanation

Ring shift-down R and
Ll - L6 b6 digits.

[ng
it

{ad
Ef&l
[a]

o
(s )

Lo [ad [ag
[SElE]
nfn| e

[ng
&~
~

*M3g, if

g
[ad

*Zva

Us and (W = 6);
Clu, if Us;
Clid, if Us
SVR7, if TEnd

*Zva
*ﬁ;, if VE;

*T;;sz, and *TE,
if Us;

End, if M3g

£715.199;

SVR7
Vet

J-complement added to R, if
Us. J added to R, if Us.
Result into R.

L1l counted up or down.

Ancther Td subsequence
entered_if Us. Reset to
t25 1f Us. 1If M3g =1
instruction ends, and In-
struction 26 initiated for
8 additional clock periods
to generate new mod-bits
for L and R; and generate
new signs and designator
bits for L and R.

INVENTOR.S
HEMNRY L. HERoLD
JAY G LEVINTHAL

ATTORNEY,

BY



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH

: THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets~Sheet 201

INSTRUCTION 50: CHANGE STATE oOF SIGN OR DESIGNATOR OF R, OR CHANGE Je

Normal Special ‘ Explanatio:
Cau,Mcb,XMJ £}

—

XAN,XJI t2

t3  Control Signal Issues

Ti,XNA th
SIC
Mca t5
té
t7
S
End,XZJ t8 Any flip-flop set or reset by this

instruction remains in that state,

INVENTOR S
.2:.2'5. 200 HENRY L. HERoLD
JAy G CEVINTHAL

,,zf.ﬁ,/”%

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheat 202

INSTRUCTION 52: RING BELL OR GONG

Normal Special Explanation
Cau,Mcb,XMJ tl
XAN, XJI (:2
t3 *Ybl, if All
J — *Yb2, if AIE
~
Ti,XNA 8J< t4 Continuous gong sounds {f Ybl
triggered.
rIYbl rI 2 Bell sounds for one second if Yb2
— triggered.
Mca t5
t6
) VN,
X2J t7
End,XZJ,XMJ t8
| ]
INVENTOR.S
Fig 207

HENRY L. WHERoLD
BY JAy G LEVINTHAL

ATTORNEY.



Feb. 15, 1966

H. L. HEROLD ET AL 3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH

THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 252 Sheets-Sheet 203

INSTRUCTION 53 - HALT

Normal Special Explanation
Cau,Mcb,XMJ tl
XAN, XJ1 rcz
J €3 *Hrl
SIS
Ti,XNA t4  *Htl, *He2
- N
Mca t5
té
) PR
XzZJ t7 rHtZ
End,XZJ,%M) t8
Cau,Mcb,XMJ tl XAAw
XAN,XJ1,8) t2 *Hel *Ta3 inhibited. Address in A trans-
ferred to Aw.
€3 Hel CDALl, 13, 14 inhibited. Programmed
pProcessing stops,
F y INVENTORS®
&, re74 HENRy (. HERoLD

By JPY G . LEVINTHAL

ATTORNEY,



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 204

INSTRUCTION 54 - DOES CONDITION X EXIST?

Normal Special Explanation
Cau,Mcb, XM tl
XAN,XJI rl:Z
. *g_—v'
*Dt 1f
t3 D3 *Anpdp inter-
{cond) *Ers |rogated
*Ews
- N
SJJ t4 Ti,XNA D3 sets if D3g {ssues. Ov,Dt,

Anpd,Era, or Ews, reset if
interrogated, and on.

Mca :; r(ggnd) D3 reset 1f A23 and B2 and Bl
both 0,
6
=)
. End,XZJ :;

£z5.203 INVENTORS

HENRYy L. HE®OLD
BY YAY & LEviMTHAL

%/zfé&?n

ATTORNEY.



Feb. 15, 1966 L HEROLD ET AL 3,235,879

H.
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
. THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Shest 20-

INSTRUCTION 57: SELECT SORTER POCKET

Normal Special Explanation
Cau,Mchb,XMJ tl

-—

XAN, XJ1 2
t3 : Psi signals direct inverted
sid Ps;,l}:sz,?ﬂ,d) digital elements of Al to
Ti,XNA 7 td an s con Sorter Control Unit Sou
output Register.
Mca t5
té
XzJ t7

End,XZJ,XMJ t8

INVENTORS
.2 :.IE'. 204 HENMRY L. yeRoLD
JAy G LEvinTmaL

BY ,éﬁ/"f:%?n

ATTORNEY



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 206

INSTRUCTION 58: START OR STOP CHECK FEEDING

Normal Special Explanation
Cau,Mcb,XMJ tl
—
XAN,XJI t2
tl  *Cfd, if All
*Cfd, if All
Ti,XNA t4  *Cof, if Ccfd
*Cof, 1f Cfd
Mca J t5 Cof and Cof initiate starting
sJ or stopping, respectively, of
check feeding in Sorter.
\ tb
xzJ t7
End,XzJ,xMJ t8
VENT(
Eﬁ- 205 INVENTORS

HEWNRY L. HERoLD
Ay G. LEVINTHAL

ATTORNEY.

BY



Feb. 15, 1966

H. L H
BUFFER APPARATUS FOR P

EROLD ETAL 3;[235,879

ROVIDING DATA TRANSFER WIT

THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960

Normal
Cau,Mcb,XMJ

XAN, XJT

T1i,XNA J
5J

Mca

XzJ

End,XZJ,XMJ

tl

E

t3

252 Sheets-Sheet 207

INSTRUCTION 59 - PHOTOREADER OR CONTROL

ouT

TYPEWRITER IN OR

Special

Em59, #pt (cond)

£, 206'

Explanation

Em59 sets P-Buffer mode con-
trol flip-flops to initiate
selected operation by p-
Buffer.

Dt sets {f instruction tn-
effective,

INVENTOR
HEVRY L. WEfo o
BY JAYy &. LEVINTHAL

ATTORNEY,



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH

THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 208

INSTRUCTION 60 - BRANCH IF D1

Normal Special Explanation
Cau,Mcb,XMJ el
XAN, XJI t2

t3 *DI and *Jna (if DI - 1)

t4  TL,XNA (if Jna) Dl reset, if on. XNA issues 1if
: Dl has been off.
5J¢
Mca ts . Next-instruction brought out
from memory location specified
in N or A,
té
t7 *Ina (cond)
) S
End,X2J t8
, INVENTORS
L£15.207 HEWRy ' v Rors

BY JAY G. LevinThaL

AT TORNEY,



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 209

INSTRUCTION 61 - JUMP UNCONDITIONALLY, TRANSFER N TO B

Normal Special Explanation
Cau,Mcb,XMJ tl
XAN,XJI €2
t3 *Jna
- N
té Ti, Jna Jna sets, inhibits XNA.
sad _
SN
Mca ts (SNB Next-instruction brought out from
SB memory location specified in A.
N contents start shift to B.
t6
) S
XzJ t7 *Jna (cond) J
End,XZJ,XMJ - t8 N contents completely in B.

INVENTORS
.2:.[5- 208 HENEY L. WEROLD
gy “AY G tEVInNTHAL

%/p/%’i

ATTORNEY,



Feb. 15, 1966

H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR FROVIDING DATA TRANSFER WITH
THE MEMORY OF # DATA PROCESSING SYSTEM

Filed Feb. 15, 1960

Normal
Cau,Mcb,XMJ

XAN, XJ1

SJ»J

Mca

tl

t2

t3

»

XZJ

End,X2J ,XMJ

t7

t8

252 Sheets-Sheet 21¢

INSTRUCTION 62 - BRANCH IF D2

Special

*DZ and *Jna (if D2 = 1)

Ti,XNA (if Jna)

*Jna (cond)

Fre 209

Explanation

D2 reset, 1f on. XNA issgues
if D2 has been off.

Next~instruction brought out
from memory location specified
in N or A.

INVENTORS
HENRY L. HERoLD
BY JRAY G. LEVINTHAL

Eoy L g

ATTORNEY.



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH

: THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960 253 Sheets-Sheet 211

INSTRUCTION 63 - JUMP UNCONDITIONALLY

Normal Sipecial Explanation
Cau,Mcb,XMJ tl
XAN,XJ1 t2
t3 *Jna
t4é Ti, Jna Jna sets, inhibits XNA
s3¢ _ ‘
Meca tS Next-instruction brought out from memory
location specified in A.
té
N
XzJ t7 *Jna (cond)
End,XZJ,XMJ t8

INVENTORS

.2..[: &, 210 HENRY L. HERoLD
gy JPY & LEVINTHAL
s L o

ATTORNEY.



Feb. 15, 1966

Filed Feb. 15, 1360

H. L. HEROLD ETAL 3},{235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WIT

Normal
Cau,Mcb,XMJ
XAN,XJ1

SJ ¢
Mca
End,XZJ

THE MEMORY OF A DATA PROCESSING SYSTEM
252 Sheets-Sheet 212

INSTRUCTION 64 - BRANCH IF D3

Special Explanation

*D3 and *Jna (1f D3 - 1)

TL,XNA (if Fna) D3 reset, if on. XNA issues
if D3 haa been off.

Next-instruction brought out
from memory location specified
in N or A.

*Ina (cond)

.F.Z & 2 ] ] HENRY J”ﬁggoff
BY JAy G. LEVINTHAL
6,251215 /4‘74ff:¢éza>»';

ATTORNEX.



Feb. 15, 1966

H. L. HEROLD ETAL 3,235,879
BUFPER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Ffiled Feb. 15, 1960

252 Sheets-Sheet 213

INSTRUCTION 65: READ MAGNETIC TAPE OR CHARACTER READER

Normal
Cau ,Mcb ,XMJ tl
XAN,XJI f t2
t3
SJﬁ
Ti,XNA t4
Mca (4]
t6
N s
XzZJ t7
End,XZJ,XMJ t8

Special

Rebd, *Reb ,*Rb
XArA,Nrb

Chad and *Cha (cond)
*pDt (cond)

*Arli

Reb
Rb

Frs 212

Explanation

Prepares Read Buffer and Tape
Control Unit or Read Buffer
and Character Reader for Read
operation. Starting memory
address to Ar-register and
Tape Handler address to Read
Address register, Rt.

Dt sets if a tape is already
reading.

Tape Handler Address in Ar
cleared.

INVENTORS
HBENRY L. HEROLD
JAY G. LEVINTHAL

oy L g

ATTORNEY.

BY



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 214

INSTRUCTION 66: WRITE MAGNETIC TAPE OR LOAD PRINTER

Normal Special Explanation
Cau,Mcb,XMJ tl
—
XAN,XJI t2
t3 Webd,Mieb,*wb Prepares Write Buffer and Tape
XAAw,Nwb , *B1k Control Unit or Write Buffer
Pretd and Prt (cond) and Printer for Write Opera-
*Dt (cond) tion. Starting memory address
S$JIL to Aw-register and Tape
Handler address to Alter
Address register, Wt.
Ti,XNA t4 *Awll, *Lw 1Web Dt sets if a tape is already
- ~ Wb writing.
Mca t5 Tape Handler address in Aw
cleared. Lw prepares Write
fLW Buffer to receive first word
from Memory.
té
Ne—
XzJ t7
End,XZJ,XMJ t8
y {
F ’ INVENTORS
75213 HENRY L. HEROLD

JAY G. LEVINTHAL

s L g

ATTORNEY.

BY



Feb. 15, 1966

Filed Feb. 15, 1960

Normal

Cau,Mcb,XMJ

XAN, XJ1

Ti,XNA

Mca

XZJ

End,XZJ, XMJ

H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROGESSING SYSTEM

262 Sheets-Sheet 215

INSTRUCTION 67 - ALTER MAGNETIC TAPE

tl
t2
t3

d

Special

MWeb,*Wb,and
Nwb (cond)
Ble,if A21
Ert,if A22
Rmt,1if A23
*Dt (cond)

N

Web
’ Wb

Lig. 214

Explanation

Prepare Tape Control Unit
for Back, Erase, or Re-
wind operation. Tape
Handler address to Alter
Address Register, Wt, or
Rewind Register, S.

Dt sets 1If Back or Erase
command is given, and a
tape is already writing,

INVENTORS
HENRY L. HERgLD
gy YRy @ C(EVINTHAL

ATTORNEY.



Feb. 15, 1966

H. L. HEROLD ET AL 3,235
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITI’{ 3 ’879
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960

INSTRUCTION 68:

Normgl
Cau,Mcb,XMJ tl
XAN,XJI t2
tl
S3<¢
Ti,XNA t4
Mca (4]
té
S
XZJ t7
End,XZJ,XMJ t8

v

252 Sheets-Sheet 216

WRITE BLOCKETTES ON MAGNETIC TAPE

OR_LOAD PRINTER

Special

Webd, Mieb , Wb
XAAW, Nwb , ¥B1k

Prtd and Prt (cond)

*Dt (cond)

*Awll, *Lw

N

> Lw

L5215

Web

BY

Explanation

Prepares Write Buffer and Tape
Control Unit or Write Buffer
and Printer for Write opera-
tion. Starting memory address
to Aw-register and Tape
Handler address to Alter
Address register, Wt.

Dt sets if & tape is already
writing.

Tape Handler address in Aw
cleared. Lw prepares Write
Buffer to receive first word
from Memory.

INVENTORS
HENRY L. HERoOLD
JAY G. LEVINTHAL

ATTORNEY



Feb. 15, 1966 H. L. HEROLD ET Al 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 217

INSTRUCTION 70 - TRANSFER R TO M

Normal Special Explanation
Cau,Mcb, XMJ tl
XAN,XJI rl:2 Instruction in J.
t3
th
Mca 8I¢ t5 During Mca half-cycle, the
location in Memory is cleared.
tb
t7?
t8
}——‘ N
Mcb t9 Mwt Instruction in J, in sequential
order. Mwt gates data from R
to M.
tio0
s1d tit
. SR Non-functional shift signals
T3, XNA £12 ?SR?G complete ring shift-down of
SRRm both J and R. Shift completed
at tié6.
Mca 13
tls
tls
N P
End,XZJ tlé
F y INVENTORS
152]6 HENRY L. HERo D

any G. LEVINTHAL

A P

ATTORNEY.

B



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
filed Feb. 15, 1960 252 Shests-Sheet 218

INSTRUCTION 71 - IS R UNEQUAL TO M?

Normal Special Explanation
Cau,Mcb,XMJ tl
XAN,XJ1 f €2
t3
t4
5 —
Mca ts
té
N -
XzJ t7
M7 t8
¢ TN
Mcb t9 R ring shifts-down as J contents
shift-down. Contents of Rl and
J1 sampled by IRem logic.
During t9-tl4, *D1 occurs if
Rl & JI.
to SR76
e SR
s$IL —
Ti,XNA t12
Mea €13 *D1 and *2 (cond)
tl4
N —
XZJ tl5 J
End,XZJ,XMJ tle *W2
INVENTOR.S
Fr5277 HENRY L. jNERoLD

JA .
BY Y @ (EviNTHAL

N o

ATTORNEY,



Feb. 15, 1966

H. L. HEROLD

ET AL

3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PRGCESSING SYSTEM

fFiled Feb. 15, 1960

252 Sheets-Sheet 219

Explanation

*Us and *Vc, if signs of M
and R unlike,
*Mal, 1if Ve,

Numeric contents of J added
to R, 1f Us. J complement
added to R, if Us. Result
into R.

Ma2,1l sums mod-bits of
Jmg2,1 and R1. _
*Ov, If vc = 1 and Us.

Mod-comparison. “Aac if
comparison fails., If Us,

or 1f Us Vc, End and *Zva
occur., If Us V¢, jump to

£33.

R complement added to O's.
Resi:lt into R.

MaZ,1 sums 0,0 and mod-bits
of R1,
Mod-comparison.

*Aac if

INSTRUCTION 72: ADD M TO R
Normal Special
Cau,Mcb,XMJ £l *Us
XAN, XJI t2
3
5J t4
Mca i+
L &6
XzJ t7
XMJ t8 *Us and *Vc
_ (cond)
Mch ™ t9  *Mal (cond) 3
£10
SJ«< 11 Vet
Ti,XNA ti2 SVR7
Mes £13 5:;76
\tl4
X2J tlS *Zva
___ *Ov (cond) J
M ti6  *Us <ZvmgR
End,X2J, and
*Zva (cond)
*Ty_and *Tz,
___  1f IEnd p
PSS 4 0000600040000 000000008080 06008000000030¢001
Mchb t33  Vec,*Mal M
34
t35 Vet
. SVR7
Ti,XNA t36 SR76
Mca t37 ~ SR
£38 Zva
XZJ t39
End,XZJ,xMJ  t40 *Ty,*Tz,*Zva _SEvmgR
Change Ryl

Fi5.278

comparison fails.

INVENTOR.S
HENRYy L. HERoLD
By JAY G, cEVINTHAL

ATTORNEY,



Feb. 15, 1966 H. L. HEROLD ET AL 3,235,879
BUFPER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A -DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets~Sheet 220

INSTRUCTION 73: SUBTRACT M FROM R

Normal Special Explanation
Cau,Mcb ,XMJ tl *Us
XAN,XJI 2
t3
SJq th
Mca t5
L t6
XzJ t7
™My t8 *Us and *c *Js and *Wc, if signs of M
S {cond) and R alike.
Mcb ("t *Mal (cond) N *Mal, 1f Vc.
xP. -E—]f% Vet Numeric contents of J added
Ti.XNA 17 VR7 to R, if Us. J complement
? Py SR76 added to.R, if Us. Result
Mea £13 PSR into R
\t14 i
XZJ tlS *Zva Ma2,1 sums mod-bits of
*Ov (cond) Jmg2,1 and R1. *Ov, 1if
Ve = 1 and Us.
™I ti6 s <BVmgR Mod-comparison. *Aac if
End,X2J, and comparison fails. If Us,
*Zva (cond) or if Us Vc, End and *Zva
*Ty and *Tz, occur, If Us Ve, jump to
__ if IEnd » t£33.

p0,0066604 606086000600 084060000600080008¢0800660000,04

Mcb £33 Vc,*Mal 3
£34
t35 ct:\l R-complement added to O's.
— >SVR7 Result into R
Ti,XNA £36 SR76
Mca t37 @ SR
t38 Zva
Xz2J t39 Ma2,1 sums 0,0 and mod-bits
e of R1.
End,XZJ ,XMJ t40  *Ty,*Tz,*Zva SVmgR Mod~-comparison. *Aac if
_ Change R§J comparison fails.
P INVENTOR.S
-152].9 HENRy L. HEROLD

YJny G. LEVINTHAL

ATTORNEY.
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Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 221

INSTRUCTION 74: ‘TRANSFER M TO P

Mormai Special Explanation
Cau,Mcb,XMJ £l
XAN, XJT t2
£
t4
lca sJ t5 During Mca half-cycle, the
operand 1s transferred from
addressed Memory location to
M.
%
X2J 7
XMT t8 Em74, (*Dt, cond)
Mot ( 9 ~ N ™~ Operand in J, Dt sets if
. instruction ineffective.
tl0 J and P contents start shift-
down. J contents shifted
53¢ LSR into P.
o £ SR76 #Sp,Cap Mc3 Non-functional shift signals
f1,XNa tl2 SRRm
Mea i3 cause complete ring shift-
- down of R
€4 :
\t13 - J
kod,XzZJ tlé Operand in both J and P, in
sequential order. Mce3
— indicates P full,
[

INVENTOR
2z ;.IE. L0 HENRY L. HEEOlj‘D
BY JAY G. LEVINTHAL

ATTORNEY.
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Filed Feb. 15, 1960 252 Sheets—Sheet 200

INSTRUCTION 75 - TRANSFER M TO R

Norma Special Explanation
Cau,Mcb ,XMJ tl
XAN, XJ1 r;; Ingtruction in J.
©
S1< 4
Mca ;; During Mca half-cycle, the

operand is transierved from
addressed memory location to

M.
KtG
XzZJ 7
oy t8
7—7 AN
Mcb t9
t£10 R contents start shift-down.
J contents start shift to R.
tll
SIQ — SR
Ti,XNA tl2 >SJRm >SR76
Mca tl3 Address of next instruction
from N to A.
tls
N/
XzJ tl5 SJRm 1f J11 J12; SJmgR if
(J11 + J12)
— A
End,XZJ,XMJ tlé
INVENTORS
Z:_IEZZ.Z HENRY L. HEROLD
By JAY G LEVINTHAL

iy P L o

ATTORNEY.
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BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
' THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 223

INSTRUCTION 76 - IS R GREATER THAN M?

Normal Special Explanation
Cau,Mch,XMJ el
L —
XAN,XJI t2
t3
SJ¢ —
té4
Mca t5
L t6
XZJ t7
XMJ t8
/— N
Mcb t9 R ring-shifts as J contents
ghift-down Contents of R1
SR and J1 sampled by Rgm and IRem
tl0 SR76 logic. During t9-tl4, *D1
— bSRRm occurs if Rl > J1 and *Dl if
til ps Rl < J1.
Ti,XNA €12 —
-_ *D1,%*D1,*W1, M2
Mca tl3 (cond)
tla
N
XZJ tl5
— T
End,XZJ ,XMJ  tl6 W1, %2
F y INVENTORS
L &F 222 . HEwRy L. HERoLp

JAy G LEVINTHAL

ATTORNEY.

BY



Feb. 15, 1966

Filed Feb. 15, 1960

Normal

Cau,Mcbh,XMJ
XAN,XJT

Mca

Mcb

Mca

Mchb

T1,XNA

Mca

End,X2J
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H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

252 Sheets-Sheet 224

INSTRUCTION 80: TRANSFER FULL TO M

Special

Cau

Cad,Mwt ™

SL76

SL

&SLR?
SR76

SRL7

SL76

SLR7
>SR76

SRL7

Frm5 223

Explanation

Memory location address, MA’
increased by 1.

During Mca half-cycle, MA + 1
location is cleared to receive
LSH.

Mwt gates LSH frcm R with
modified mod-bits into M.

Memory location address de-
creased by 1,

FULL contents ring shift-down.

During Mca half cycle, M
location 1is cleared to receive
MSH.

I1SH in L, MSH in R.

Mwi gates MSH from R with
modified mod-bits into M.

FULL contents ring shift-down.

MSH in L, LSH in R.

INVENTORS

HENRY L. MHEROLD

JAY &. LEVINTHAL

Ay L

ATTORNEY.
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BUFFER APP.RATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb, 15, 1960 252 Sheets-Sheet 225

INSTRUCTION 81 - IS L-R UNEQUAL TO M, AND MAtll
a

Normal Special Explanation
Cau,Mcb,XMJ tl
XAN,XJI €2
£3 Cau
th Address portion of instruction
8J . word increased by 1.
Mca t5
([ 6
XzZJ t7
w™MJ 8
Mcb ( t9 Cad ) SL76 LSH of double-precision word
_ sL from M +1 in J.
tl0 SLR7 Address portion of instruction
rSR76 word decreased by 1.
tll SR L-R ring shifts-down as word in
SRL7 J shifts-down. Contents of R1
and J1 sampled by IRem logic.
J tl2 During t9-tl4, *D1 occurs if
8J RI1#JL.
Mea %%% *D]1 and *W2 (cond)
XZJ tl5
XMJ tl6 *W2
Mcb (tl7 MSH of double-precision word
from M, in J.
t18 -
t19 g£76 LR ring shifts-down as word in
8J< SLR7 J shifts-down. Contents of Rl
>SR76 and J1 sampled as above.
Ti,XNA t20 SR During tl17-t22, *Dl occurs if
Mca €21 SRL7 S
\£22 D1 and *W2 d
X7J t23 P an (cond)
End,XZJ,XMJ t24 w2 LSH again in R and MSH again in
‘ L. :
z: INVENTORS
Z45. 24 HENRYy L. HE RoLD

JAYy G. LEVINTHAL

ATTORNEY,

8Y



Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM
Flled Feb. 15, 1960 252 Sheets-Sheet 22¢

INSTRUCTION 82: ADD M TO FULL

Norma:l Special Explanation
Cau,Mcb,XMJ tl *Us

t2

t3 Cau

t4 Address portion of

SJ instruction word
increased by 1,

Mca EE
t6
XzJ o
XMJ t8 *Us and *Vc *Us and *Vc, 1if signs
’ (cond) of LSH's of M,+1 and
. R unlike.
Mcb (" t9 Cad,*Mal ) 3 N LSH of M,+1 in J.
{cond) *Mal, ifAVc. Ls set
to Rs.
€10 M Address portion of
instruction word
SLR7 decreased by 1,
SJ< t1l P Vet >SR76
tl12 PSVL7 | SR Numeric contents of J
added to R, 1f Us. J
complement added to
SL76 R, if Us. Result
. (SL into L.
Mca £13
\£l4 -
XZJ EE p P
XMJ tlé *Ty Mod~comparison. MSH
{gm? of FULL in R. 6-
digit Adder output in
L.
Mcb (€17 *Mal (cond) ) N 9 MSH of M, in J. *Mal,
. if Vc.
3K ) )
tl9 Numeric contents of J
sJ >Vct . added to R, if Us., J
T ?SVL? SLR?7 complement added to
PSR76 R, if Us. Result
. SR into L,
Ti,XNA £20 LSL76
Mca 21 SL
\t£22 S
XzJ t23 *Zva
*0v (cond) *0v, if Ve = 1, and
o J ) Us.
xmJ t24 *Ty, *Us SVmgL Mod-comparison. 1f
End,X2J, and <{;LLS Us, or if Us Vc, End
*Zva (cond) and *Zva occur. If
*Tz, if IEnd J Us Ve, continue to
t25.
- ?: - —— — INVENTOR.S
24, 225&. HENEY L. HERoLD

gy JAY @ LEVINTHAL

Ay P

ATTORNEY.
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INSTRUCTION 82: ADD M TO FULL (cont'd)

Normal Special Explanation
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
~

Mcb 25 Ve,*Mal

£26

€27 Vet , R complement added to

— SVL?7 O0's. Result into L.
Ti,XNA 28 SLR7
Mca t29 SR76

£30 SR SL76
XZ3 £31 Zva FEL
XMJ €3z *1y SVmgL Mod-comparison

SLLs

— Change Ls _J
Meb £33 *Mal (cond) ™

£34

t35 vee R complement added to

. SLR7 0's. Result into L.
Ti,XNA £36 SVL7 | SR76
Mca t37 RS SL76

£38 Zva [SL
Xz B 7
End,XZJ,xMJ t40 y,*Tz,*Zva SVmgL Mod~comparison.

—_— SLLs

?: y INVENTOR.Z
'[[7—'2255 HENRy L. HERoLD

JAY G. LEVINTWAL

Sy L g

ATTORNEY,
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BUFFER APPARATUS

L. HEROLD ETAL
FOR PROVIDING DATA TRANSFER WITH

3,235,879

THE. MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960

Normal

Cau,Mch,XMJ

Mca

XZJ

Mcb

Mca

XzZJ
M

Mcb

Ti,XNA
Mca

XZJ

M

8J

53¢

ln!n [l
WiN|—~

rr
&~

nln'n [
- Y ENT N [

\
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t

ind
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INSTRUCTION 83:

262 Sheets-Sheet 228

SUBTRACT M FROM FULL

Special

*Us

Cau

*Us and *Wc
(cond)

Cad,*Mal
{cond)

&Vct
PSVL7

*Mal b
{cond)

et
>SVL7

*Zva
*0v (cond)

*Ty, *s
End,X2J,and
*Zva (cond)
*Tz, {f IEnd

55-2265.

SVmgL
SLLs

"

SLR7

SLR7
*SR76
SR

PSR76

/\

S

>

SL76
SL

SL76
SL

Explanation

Address portion of
instruction word
increased by 1.

*Us and *c, if signs
of LSH's of Ma+l and
R alike.

LSH of Mg+l in J.
*Mal, if Vec. Ls set
to Rs.

Address portion of
instruction word
decreased by 1.

Numeric contents of J
added to R, if Us. J
complement added to
R, if Us. Result
into L.

Mod-comparison. MSH
of FULL in R. 6-
digit Adder output in
L.
MSH of My in J.
*Mal, if Ve.

Numeric contents of J
added to R, if Us. J
complement added to
R, if Us. Result
into L.

*0v, if Ve = 1, and
Us.

Mod-comparison. If
Us, or_if Us Vc, End
and *Zva occur. If
Us Ve, continue to
t25.

INVENTOR.S
HENRY 1. HEROLD

BY JAY G. LEVINTHAL

ATTORNEY,
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INSTRUCTION 83: SUBTRACT M FROM FULL (cont'd)

Normal Special Explanation
XXXXXXXXXXXX;XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX{XXKXXX
Mcb £25 Vc,*Mal 7.
€26
t£27 Vet R complement added
SVL7 to 0's. Result into
___ SLRY L.
Ti,XNA t28 LSR76 LSL76
Mca £29 SR SL
£30 Zva
X2 ©1 J
XMJ t32 *Ty VmgL Mod-comparison
SLLs
_ Change Ls <
Mcb £33 *Mal (cond) 3
£3%
t35 ct R complement added te
S =5 VL7 SLR7 §L76 0's, Result into L.
’ ' == SR76 [SL
Mca £37 >SR
€38 Zva
XZJ .El?. — o — -~
End,XZJ,XMJ t40 *Ty,*Tz,*Zva <{g\lmgL Mod-comparison.
— LLs .
F y INVENTORS
L. 2266 HENRY L. HEROLD

JAY G. LEVINTHAL

ey L g

ATTORNEY.
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Filed Feb. 15, 1960

Normal

Cau,Mcb,XMJ
XAN, XJ1

8¢

Mca

XZJ

Mch

$J¢

Mca
XzJ
XMJ
Mcb

sJ
Ti,XNA
Mca
XZJ

End,XZJ,XMJ
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252 Sheets-Sheet 230

INSTRUCTION 85 - TRANSFER M TO FULL

Special

Cau

Cad’

SR
SR76
SJLs
’ SLR7 > SJlm

SL76

Sm, if J11 J

y SJmgL, 1if (J11

N SR

SR76
>SJL|
SLR7
SL SJlm
SL76

S$Jlm, if J11 J

P SJmgL, 1if (J11

Fre 227

12
4-

12
+

Explanation

Operand address increased Ly
1 to location of LSH of
operand.,

LSH of operand in J.

LSD of LSH enters L. Operand
address 18 decreased by 1 to
location of MSH of operand.

SLR7 non-functional.

J12)

Entire LSH in L,

MSH of -operand in J.

LSD of MSH enters L; LSD of
LSH enters R.

J12)
Entire MSH in L; entire LSH
in R,

INVENTORS
WENRy L. WHERDL D
JARy . LEUINTHAL

8Y

‘,2!::~9 ,4‘74fi:‘;¢5>»’;

ATTORNEY.
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INSTRUCTION 86: IS L-R GREATER THAN M, AND MA + 17

A
Normal Special Explanation
Cau,Mcb ,XMJ tl
XAN,XJT 2
t3 Cau
th Address portion of Instruction word
SJ& __ increased by 1.
Mca t5
( £6
xzJ t7
o4 8
~ 5L76
Mcb t9 Cad | SL LSH of double-precision word from
- SLR7 M, + 1 in J.
t10 SR76 Aédress portion of instruction word
SJeq SR decreased by 1.
tll SRL7 1-R ring shifts-down as word in J
t12 Cpg shifts-down. Contents of Rl and
Mca t13 ___ J1 sampled by Rgm and IRem logic.
tls *D1,*D1,%1,MW2 During t9-tl4, *D1 occurs if
XzJ [35] J (cond) Rl > J1 and *pl if Rl < J1.
XMJ t16 W1, W2
Y SL76
Mcb tl7 SL MSH of double-precision word from
___ SLR7? M, in J.
tis8 > SR76
8Jq t19 SR L-R ring shifts-down as word in J
Ti,XNA 20 SRL7 shifts-down. Contents of Rl and
Mca 21 cpg J1 sampled as above. During
22 ___ t17-t22, *D1 occurs if Rl > J1 and
*D1,%*D1,*W1,"W2 *D1 if Rl < J1.
XZJ €23 J (cond)
End,XZJ,XMJ t26 WL, %02 LSH again in R and MSH again in L.
F ; INVENTORS
1. £E8 HENRY L. HEROLD

JAy G LEVINTHAL

oy L e

ATTORNEY,

BY



Feb. 15, 1966

H. L. HEROLD ETAL
BUFFPER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

3,235,879

filed Feb. 15, 1960 252 Sheets-—Sheet 23¢
INSTRUCTION B87: ADD M TO R AND CARRY
Normal Special Explanation
Cau,Mcb,XMJ tl s
XAN  XJI 2
§J9 t3
t4
Mca £5
té
XZJ t?
XM t8 *s and Wc *Us and *c, 1f signs
— (comnd) of M and R unlike.
M¢b t9 *Mal {(cond) ™~ M *Mal, {f Ve. Ls set
— to Rs.
t10
SJq tll vet SLR7 Numeric contents of J
ti2 SVL7 PSR76 added to R, 1if Us. J
Mca [ %) SR LSL76 complement added to R
clé SL if Us. Result into L
XzJ ti5 *zva ]
XMJ tlé *Ty VgL Mod-comparison. MSH
LLs of FULL in R. 6-digit
S <l Adder output in L.
Mcb tl7 *Mal (cond) h *Mal, 1f Vc.
tl8 0's added to numeric
SJ¢ t19 Vet contents of R, if Us.
Ti,XNA 20 SVL7 | SLR7 9's added to numeric
Mca k2l SR76 L§L76 contents of R, if Us.
£22 SR SL Result into L.
XZJ t23 *0v (cond) Zva *ov, if Ve = 1, and
—— > Us.
XMJ t24 *Ty,*Us VmgL Mod-comparison. If
End,XZJ, and LLs Us, or if Us Ve, End
*Zva (cond) and *Zva occur. If
*Tz, if 1End Us Ve, continue to
L P £25.
PETTR 060 86006000086400664 gixxxxxx
Mcb t25 Ve,*Mal
€26
£27 Vet
T1i,XNA t28 SVL? R complement added to
. SLR7 O's. Result into L.
Mca 29 SR76 | SL76
t30 SR [SL
XzJ £31 Zva
XM t32 *Ty VmgL Mod-comparison.
<{ELLS
o hange Ls
Z:" INVENTORS
L5 22 9a. HEWRY (. MEROLD
By JAy &G, LEWNTHAL
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INSTRUCTJON 87: ADD M TO R AND CARRY (cont’'d)

Normal Special Explanation
Mcb £33 *Mal (cond) h
3%
£35 Vet
Ti,XNA t36 SVL7 SLR7 R complement added to
—_— SR76 >SL76 0's. Result into L.
Mca 37 SR [SL
t38 Zva
XzJ vy _
End,XZJ, XM t40 *Ty,*Tz,*Zva SVmgL Mod-comparison.
— SLLs »
F Y INVENTORS
145 2295 HENRy L. HEROLD

JRY G. LEVINTHAL

ey sz/%yn
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H. L. HEROLD ET AL

3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960

INSTRUCTION 88:

252 Sheets-Sheet 234

SUBTRACT M FROM R AND CARRY

~

L1 230a

BY

Normal Special Explanation
Cau,Mcb,XMJ Lkl *s
XAN, XJ1 " 2
3
SJg t4
Mca £S5
\ té
XzJ t7
™My t8 *Us and Wc *Js and Wc, 1if sigme
— (cond) of M and R alike.
Mcb " t9 *Mal (cond) h *Mal, if Ve. Ls set
— to Rs.
3
SJJ ell SLR7 Numeric contents of J
£l12 SVL? pSR76 |SL76 added to R, if Us. J
Mca r13 SR ’s1, complement added to R
\t14 i1f Us. Result into I
VA ] tl> *Zva
XMJ tle *Ty VmgL Mod-comparison. MSH
LLs of FULL in R. 6-
digit Adder output ir
— - L.
Mcb tl7 +*Mal (cond) N *Mal, if Vc.
£l8 0's added to numeric
SJq t19 contents of R, if Us.
T1,XNA £20 SLR?7 9's added to numeric
Mca £21 SR76 (SL76é contents of R, if Us.
22 SR L Result into L.
XZJ t23 *Ov (cond) Zva *0v, if Vc = 1, and
Us.
XMJ t24 *Ty,*Us VmgL Mod-comparison. If
End,XZJ, and LLa Us, or if Us Ve, End
*Zva (cond) and *Zva occur. If
*Tz, if IEnd Us Vc, continue to
- p £25.
Mcb £25 Ve,*Mal b
26
€27
Ti,XNA t2 Vet R complement added to
- SVL7 SLR7 0's. Result into L.
Mca t29
30 SR76
XzJ €1 SR ELe .
XM t32 *Ty VmgL Mod-comparisgon.
LLs
hange Ls

JNVENTOR.S
HENRy L. WERoLD
JAY G LEVINTHAL

ATTORNEY.
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INSTRUCTION 88: SUBTRACT M FROM R AND CARRY (cont'd)

Normal Special Explanation
Mcb t33 *Mal (cond)
t34
t35
T1i,XNA t36 Vet SLR7 R complement added to
SVL7 - 0's. Result into L.
— SR76
Mca t37 5
Ty SR SL76
t38 7 L
XzJ t39 va
End,XZJ,XMJ t40 *Ty,*Tz,*Zva SVmgL Mod-comparison.
SLLs
INVENTOR.S
.2;_2'5.2302) HENRY L. HEROLD
By JAY G. LEV/NTHAL

ey L g
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3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960

Normal
T —————

252 Sheets-Sheet 236

INSTRUCTION 90 ~ SHIFT R RIGHT (N)

Cau,Mcb,XMJ tl

XAN, XJ1

Ti,XNA

Mca

End

Special
t2
t3d  *Tv, M3, M2
t4 Tv
sJ ﬂ SR
SZR6
Cad
t5
té '
— Conditional
t7 ¢ termination
— : (t5-t9)
(8 :
t9 ;
tio
tll
SJ¢ —
j tl2
tl3
tl4
LclS *M3g

e

tle *W3,%Z,Mig

—

Fr5.231

Explanation

Tv sets and causes issuance of
SR, SZR6 and Cad for 1-6 clock
periods to shift R down, add
0's to R6, and reduce Al con-
tents.

Tv, SR, SZR6, Cad terminate in
next clock period after Al con-
tents reach 1.

M3g sets and initiates In-

struction 25 for 8 additional
clock periods to generate new
mod-diglits for the word in R,

INVENTORS
HENRY L. HERolD
JAay & LEWVINTHAL

e L e

ATTORNEY.
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Feb. 15, 1966 H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
_ THE MEMORY OF A DATA PROCESSING SYSTEM
Filed Feb. 15, 1960 252 Sheets-Sheet 237

INSTRUCTION 91 - RING SHIFT R (N)

Normal Special Explanation
Cay,Mcb,XMJ cl
o
XAN,XJI t2
t3 *Tv,*3, M2
th4 Tv Tv sets and causes issuance of
SR SR, SR16 and Cad for 1-6 clock
§J< SR16 periods to ring shift-down
Cad numeric contents of R and re-
duce Al contents.
t5 :
— ]
i
iﬁ_ ! onditional Tv, SR, SR16, Cad terminate in
7 '<termination next clock period after Al con-
— ! (t5-t9) tents reach 1. At termination,
c8 i numeric contents of R have been
N i ring shifted-down N digit
9 } positions.
—_— L
t10
tll
SJﬁ —
Ti,XNA tl2
Mca t£l3
tl4
KtlS
End,XZJ tl6 3,402

E 5. 2 3 2 INVENTOR.S

HENRY L. HEROLD
BY Jay G- LEVINTHAL

iy L g

ATTORNEY.
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Filed Feb. 15, 1960 252 Sheets-Shest 238

INSTRUCTION 92 - SHIFT FULL RIGHT (N)

Normal Explanation

Cau,Mcb,XMJ  tl '

XAN XJT rtZ

t3  *Tv, 3,42
t4 Tv Tv sets and causes issuance of
SZLé shift signals for 1-12 clock
8J< SL periods to shift-down FULL,
SLR6 add 0's to L6, reduce Al con-
SR tents.
_ X Cad or Cwu
ts ;
- i
tb ' onditional Tv and shift signals terminate
—_ {=ttermination {n next clock period after Al
(¥} i (t5-¢tl5) reaches 1, or W reaches 5.
- I
t8 |
N
r |
t9 :
tl0 I
- l
tll
SJC — |
T1,XNA t12 *W3,*W2,*W1l
(cond) |
_ §

Mca tl3 ! If N>8, at tl13 W stores comple-
) ment of number existing in A
| at tl12 and Cwu issues,

tl4 !
tl5 *M3g !
End tlé M3g,*ﬁ§,*ﬁ7,*ﬁf M3g sets and initiates In-

struction 26 for 8 additional
clock periods to generate new
mod-digits for words in FUIL,

INVENTOR.S
J '.15233 HENRY L. HEROLD

. LEVINTHAL
gy 7Y G
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INSTRUCTION 93 - RING SHIFT FULL (N)

Normal Special Explanation
Cau,Mcb,XMJ tl
L —

XAN,XJT 2

£3 *Tv,*W2,*W3

t4 Tv Tv sets and causes issuance of
SL shift signals for 1-12 clock
SJ< SLR6 periods to ring shift FULL and
SR reduce Al contents.
1 — SRL6
t5 Cad or Cwu
th
t7 Conditional Tv and shift signals terminate
e termination 1n next clock period after Al
\t8 (t5-t15) reaches 1, or W reaches 5.
rt9
cl0
tll

{cond)

Mca ti3 If N-9, at tl3 W stores comple-
ment of number existing in A at

t1l2 and Cwu 1lssues.

ti4

I
|
!
I
!
i
|
i
)
i
|
t
|
S.Jj - ;
T1,XNA £12 #4302, #W1)
I
i
{
|
4
|
i
i
Y

tl5 *M3g
~

End tle M3g,*W3,*W2,*W1 M3g sets and initiates In-
struction 26 for 8 additional
clock periods to generate new
mod-bits for words in FULL.

=3 INVENTOR.S
Za 234‘ HENRY L.VHEgzow

JA , LEVINTHAL
8Y Yy G
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INSTRUCTION 94 - EXCHANGE R AND B

Norma Special Explanation
Cau,Mcb , XMT tl
XAN X1 rt2
tl Mv
- h N
th Tv is set and continues for
sJ ¢ seven clock periods. Causges
issuance of shift signals.
Ez S SRXB Tv SRXB effects exchange of four
6 SB >SR digits between R and B.
- SR76
t7 J
— ‘
t8 SRRm circulates three most
significant digits of R con-~
> SRRm tents to the three most sig-
\ nificant positions of R.
N—
t9
tlo
—_7 7
tll Tv reset. R shifting stops.
SJ ﬁ . Exchange completed.
Ti,XNA tl2
Mca © | e13
tla
tl5 *M3g
-End tl6 Mg M3g sets and initiates In-

struction 25 for 8 additional
clock perlods to generate new
mod-digits for the word in R.

INVENTORS
.2 ;.ZE- 235 HENRY L. Hmsgo:.o
8y JAY G. LEVINTHAL
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INSTRUCTION 97 - EXCHANGE L AND R

Nomgl Special Explanation
Cau ,Mcb , XMJ tl
L, —
XAN, X3 t2
t3 v
- 3\
té Tv set and continues for 7
8J £ clock periods. Causes issuance
of signals for ring shift-down
of L and R.
t5
tb Tv
—_ SL76
t? SL
— >SLR7
t8 SR76
>— SR
t9 SRL7
t10
tll Tv reset. L and R shifting
SJ< stops. Exchange completed.
TL,XNA tl2
Mca tl3
tla
S| tl15
S
End, X2J tlé
F" INVENTORS
L. 236 HENRY L. HERoLD

JAY . LEVINTHAL
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Filed Feb. 15, 1960

Normal

Cau,Mcb,XMJ

XAN,XJI

Mca

e

H. L. HEROLD ETAL 3,235,879
BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

252 Sheets—Sheet 242

INITIAL ROUTINE DURING INSTRUCTION

tl

t2

t3

t5

tb
€7

8

t9

tl0

15237

Explanation

Initiate Memory cycle-B.

Instruction enters J; Add
+1 to Instruction Address.

Instruction to I; Next-
Instruction Address to Nj
Serial shift of J starts.

3 is shifting for Mod-check
of Instruction.

Initiate Memory cycle-A.

Zeraos to J2-J7; J2 contents
transferred to Jl.

Operand in J; Jmg = 0 if
proper Mod in Instruction

Amm sets if improper Mod in
Instruction

INVENTORS
HENRY L. MHERoLD
JAy G. LEVINTHAL

oy L ey

ATTORNEY.
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B-SUBROUT INE

252 Sheets-Sheet 2473

Explanation

Instruction in J. #Bb and *Ta
occur if Js = 1,

Noymal Special
Cau,Mcb,XMJ tl
XAN ,XJI,8J t2 *Bb and *Ta (cond)
— N N
Tp Tq Ts
Tp Tq Ts SBB Bb
TpTq Ts| [ sB Vet
Tp Tq Ts rSA
/
SVA
Tp Tq Ts | *Bb,*Ta,*Ta3
£3
sJ
th

Fri5.238

Instruction in I. Instruction
sequence suspended in t3
position.

SA shifts A contents to Va of
Adder.

SB shifts B contents to Vb of
Adder.

SVA shifts output of Adder to
A4,

Time t3 entered and instruction
continues.

INVENTOR.S
NENRY L. HERoLD
JRY G. LEMNTHAL

Sy L g
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WRITE - INTERRUPT OPERATION

Normal Special Explanation
Ti t  XAwA,XAAw Lw inhibits transfer (XNA) of
*Jw next-instruction address to A.
- ~ ‘
Mca t £ Write-Memory location in A
27 from Aw.
- g9
t S } During Mca half-cycle, the word
- FLW © ® in the addressed write-
t ~ memory location is transferred
- to M.
End t ]
Cau,Mcb,XMJ t1 *Lw,XMWb,*Wbf d  Bbf set on transfer of first
*Bbf,if Wbk = 6 LJv word to Wb, to enable counting
*Ews ,1f Wbf [ Wbk,
— 7
t2 XAAw,XAwA Write-Memory location increased
Bls,if A-20x by 1. C contents changed to 51,
55, or 56. Contents of write-
memory location in Wb from M,
) Bls issues to count Wbk, 1f new
5 A contents divisible by 20.
h Mo
t3 3 ¢ New write-memory location in Aw
e 5 from A. Original address re-
¢ ¢ turned to A,
— e
— ~ 0
T1i,XNA th *Jw ; 3
Mca t5 Next-instruction address in A.

End,XZJ,XMJ t8

[2ialal
\
B ——

Next
Programmed s
Instruction

p, :_15. Z39 HENRY L 'Ih;‘VéEgoTLOA‘ES

JAY G. LEVINTHAL
BY

Sy L g
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3,235,879
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252 Sheets-Sheet 12450

WRITE - PARALLEL OPERATION

Normal Special
Ti t XAwA, XAAwW
_ *w
Mca t
t
t
End, if M3g ¢t

$9.6.6.0.0.6.6:0.60,0,0060,0006640000004

Cau,Mcb Tbl *Lw,XMWb , *Wb
*Bbf, if Wbk
___ *Ews, if Wbf
Tb2 XAAw,XAwA
Bls, if A =
Tb3
Ti,XNA Tbh *Jw -
Mca Ib5
Toé
ToJ
End (cond) Tb8

J O 800 0800 8006800000800000.0

T_1

f

20x

6
s

L 1o

vﬁ
[
)

|

Explanation

Lw inhibits transfer {(XNA) of next:
instruction address to A.
Write-Memory location in A from Aw
During Mca half-cycle, the word in
the addressed write-memory location
is transferred to M.

If Instruction 42, one or more Tz
subsequences may occur.

Current

Subsequence

—e—Wrire-Parallel >

oBBE set on transter or 1irst word

Ato Wb, to enable counting Wbk.
8
EWrite-Memory location increased

@by 1. Contents of write-memory
Slocation in Wb from M. Bls issues
to count Wbk, if new A contents

divisible by 20.

New write-memory location in Aw
from A. Original address returned
to A.

Next-instruction address in A.

End occurs if primary instruction

completed, or Mod-3 generation

| to occur.

If Instruction 42, one or more Tz
subsequences may occur.

Current Instruction
continued, unless Mod-3
generation or complement
completed.

F1m5.240

INVENTOR.S
HEWEy L. HEFoLD
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BLOCKETTE VARIATION OF WRITE-BUFFER STORE SUBSEQUENCES

Explanation

Lw inhibits transfer (XNA) of next-
instruction address to A.
Write-Memory location in A from Aw,
During Mca half-cycle, the word in
the addressed write-memory location
is transferred to M.

Normal Special
Blk = 1
TL t  XAwA, XAAw
. *w S g
Mea £ L & T
t @
I
b 88
E e g
End (cond) t
i
Cau,Mch T_1 *Lw,XMWb ,*Wbf
*Ews, if Wbf | J
T_2 XAAw,XAwA
Bls and *Jm20]
if A = 20x
e
— g3
T_3 XAAw,XAwA N B §
Ti T & XAtA =
~ c o
Jw p T @
Mca T-5 o3
&
T 6 ™
=0
Jm20 ¢ =
77 f iy
Bl 22
End (cond) T 8 g M
)
XXX XXX XXX XXAXNX -]
Mcb T 1
T 2 XMA
T_3 *Jm20
XAAw, XAwA S
Ti,XNA(cond) T_4
Mca TS5
T 6
T_7
End (cond) T 8 4
T 1

If Instruction 42, one or more Tz
subsequences may occur.

20th, 40th, 60th, or 80th word of
block in Wb from M. Bls issues to
count Wbk. C contents changed to
51, 55, or 56 if "current" instruc-
tion is completed.

Jm20 inhibits XNA

Wbk contents to Al.

During Mca half-cycle, the word in
the addressed memory location 1s
transferred to M.

If Instruction 4/, one or more 1z
subsequences may occur.

C contents changed to 51, 55, or
56 if "current'" instruction is
completed at preceding T 8.
Address in M transferred to A.

Next write-memory location in Aw
from A, Original address returned
to A,

Next-instruction address in A.

If Instruction 42, one or more Tz
subsequences may occur.

INVENTORS
MHeEMRYy L. HEBOLD
JAY &. LEVINTHAL

AR P O
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Filed Feb. 15, 1960

Tw
Count

62

~N v B

Common

Signals

*Ewsg,

if Lw

|

Swbl/4
SWb5/7
SWal
SPwr

SWb5/7
SWb7-4
SPwr

SWwbl/4
SWb5/7
SWal
Swa2

H. L. HEROLD ETAL

3,235,879

252 Sheets—Sheet 247

WRITE BUFFER TIMING

Rest, if Wbk = 6. Tw-counter
stops 1In rest state following
completion of writing block.
Instruction 66 or 68 occurs.
Web sets; and Prt sets, 1if
Printer addressed. Filrst word
from M to Wb. Bbf and Wbf

a-Block marker signal Wsy
counts Wbk to 7, if Tape
Handler addressed by instruc-
tion. Printer-Ready signal
Lpr from Printer counts Wbk
to 7, if Printer addressed by

Tw-counter counting, and
continues until Wbk again

Word in Wb~register. Wbf = 1.
Wbk counted to 5, if 4.
SWbl/4, SWb5/7, and SWal cause
contents of Wb-Wa to shift-up
three digit positions. Three
LSD positions of Wb cleared.
Pwr generates row parity of
three most significant digits.

SWb5/7 and SWb7-4 ring shift-
up contents of Wb7, 6, 5, 4.
Pwr completes row parity

Tape~ Printer-
Write Write
Signals Signals Explanation
are set to 1.
instruction.
reaches 6,
Bbs
generation.
SWot SWop Write column 1.
Wos

L1524

Swb1/4, SWb5/7 and SWal cause
contents of Wb-Wa to shift-up
two digit positions. Five LSD
positions of Wb cleared. SWa2
shifts sixth digit into Pwr.

INVENTOR.S
HEWRY L, HERoLD
JAy G LEVINTHAL

ATTORNEY.

BY
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Write Buffer Timing (Cont'd.)

Tape- Printer-
Tw Common Write Write

Count Signals Signals Signals Explanation

*Lw, 1f WbkgS

Lw sets and initiates transfer of
another word from M to Wb,
SWot SWop Write column 2.

NNI NlNNNHHHHHHD—‘P“
wiel wloRocwvweowuoutwum

SWbl/4 SWbl/4, SWb5/7, and SWal cause con-
26 SWb5/7 Wos tents of Wb-Wa to shift-up two digit
___[SWal positions. Wb is cleared. SWa2 shifts
27 *Whf) SWa2 fourth digit into Pwr.

29 Earliest time when new word in Wb,

%0 SWot SWop Write column 3,

INVENTO
2;.1512425 Heu®y L. Hseokfgp

JA | LEVINTHAL
BY Yy %

ey L g

ATTORNEY.
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3,235,879

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15, 1960

Write Buffer Timing {(Comt'd):

Tape- Printer-
Tw Common Write Write
Count Signals Signals Signals
42 Wos
Swal
SWa2
43
44
45
46
47
48
49
50
51
52
53
54
55
6 SWot SWop
57
58 Wos
59
50 *Prt, 1f Wbkw5
*Web, 1f BbE
*Bbf, if Wblk=5
_ and Prt set.
61
3]
63

Fr5.242¢

252 Shepts-Sheet 247

Explanation

SWal causes contents of Wa to
shift-up two digit positions.
SWa2 shifts second digit into
Pwr.

Tw-counter reset to 45, if
Wbk = 5 and Prt = 1 at 60,

Write Columm 4; or end-of-
block character if Bbf = 1,
(Printer-writing)

Wbk counted to 6, if
Wbk = 5, and Prt.

If Prt set, and Wbk = 5,
Tw reset to 45.

Tw-counter halts if Wbk = 6,

Tw-counter continues if
Wbk ¥ 6.

INVENTORS
HEUEY L. HEROLD
JAYy §. LEVINTHAL

BY

ATTORNEY.



Feb. 15, 1966

BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH

Flled Feb. 15, 1960

Normal

Ti

Mca

End

Cau,Mcb

Ti,XNA

Mca

End ,XZJ,XMJ

M. L. HEROLD ETAL : 3,235,8797

THE MEMORY OF A DATA PROCESSING SYSTEM
252 Sheets-Sheet 230

READ - INTERRUPT OPERATION

Special ‘ Explanation
t XArA Ur inhibits transfer (XNA)
*Jr of next-instruction address
to A.
- ~
t ?Ur £ Read-Memory location in A
Jrat] from Ar.
e o
- U
t E a During Mca half-cycle, the
- 3 e addressed read-memory location
t 5 is cleared.
- rJr
t r
tl *-U—E,th Mwt gates contents of Rb to
M.
_ A
t2 XArA Read-Memory location in-
creased by 1. C contents
B changed to 51, 55, or 56.
—_ 3o
o
t3 58S New read-memory location in
- Ar from A.
—_ - g
t4 *Jr P
i / 33
t5 w Next~instruction address in
A.
t6
t7
t8 /
tl il
o §
-l
o
A
v
Z o0&
0w
g
P
INVENTORS
LI15.243 HENRY L. HERoLD

JAY G LEVINTHAL

A e
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BUFFER APPARATUS FOR PROVIDING DATA TRANSFER WITH
THE MEMORY OF A DATA PROCESSING SYSTEM

Filed Feb. 15,

Normal
Ti t
Mca t

End, if Mg ¢

1960

H. L. HEROLD ETAL 3,235,87¢

252 Sheets-Sheet 231

READ - PARALLEL OPERATION

Special

XArA
*Jr

XXX XX AXX XXX XXX XXX XXX XXX XK

Cau,Mcb Tbl

Tb2

Tb3

T1,XNA Tbé

Mca TbS

Tbé

Tb7

End (cond) Tb8

*Ur, Mwt
XArA
*Jr

Explanation

Ur inhibits transfer (XNA) of next-
instruction address to A.

~Ur
Read-Memory location in A from Ar.

During Mca half-cycle, the addressed
read-memory location is cleared.

If Instruction 42, one or more Tz sub-
\ seguences may occur.

Mwt gates contents of Rb to M.

Read-Memory location increased by 1.

Current
Instruction

New read-memory location in Ar from A.

Next-instruction address in A.

Read-Parallel
Subsequence

End occurs if primary instruction
completed, or Mod-3 generation to occur.

R

subsequences may occur.

T If, Instruction 42, one or more Tz

Current Instruction

continued, unless Mod-3
generation or complement

completed.

.2 "z &. 24 4 HENRY LI{V‘;‘I:QJQ%RZS D

JAY G. LEVINTHAL

ATTORNEY.
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PROVIDING DATA TRANSFER WITH

THE MEMORY OF A DATA PROCESSING SYSTEM

252 Sheets-Sheet 252

READ BUFFER TIMING - TAPE READING

READ

Explanation

0
Sinl,Sin2 R-P digit in Rinl-5; 7th digit in
Rin6-10,

1 SRa,SRin Check col-par of R-P digit.

1 SRa R-P digit in Ral; 7th digit in
Finl-5. Check col-par of 7th
digit,

0 R-P digit in Ra2; 7th digit in
Ral.

Sinl,Sin2 6th digit in Rinl-5; 5th digit in
Rin6-10.

1 SRa,SRin Check col-par of 6th digit,

1 SRa 6th digit in Ral; 5th digit in
Rinl-5;check col-par of Sth digit

0 R-P, 7th, 6th, 5th digits in
Ra4-Ral.

Sinl,S1in2 4th digie in Rini-5; 3rd digit in
Rin6-10,
1 SRa,SRb,SRin,Rpl Check col-par of 4th digit.
*Ers {cond) *Ers, if Ur = 1.

1 SRa,SRb,Rpl 4th digit in Ral; 3rd digit in
Rinl-5;check col-par of 3rd digit

0 R-P, 7th digits in Rb2, Rbl; 6th,
Sth, 4th, 3rd digits in Ra4-Ral.

Sinl,S81in2 2nd digic in Rini-5; lst digit
in Rin6-10.

1 SRa,SRb,SRin,Rpl Check col-par of 2nd digit,

1 SRa,SRb,Rpl 2nd digit in Ral; lst digit in
Rinl-5: check col-par of lst digit

1 SRa,SRb,Rpl,*Ur

1 SRa,SRb,Rpl

1 SRa,SRb,Rpl

0 Rpl

1 SRa,SRb Test Rb7 contents for row-par,

0 Data~word in Rb-register.

BUFFER TIMING - CHARACTER READING

0
Character is read and triggers
Yep flip-flop.

1 *Ers (cond)

1 Character in Ra&

1 *Ur

1 Srb

1 Character "smeared" into numeric

0 portion of Rb.

1

0

Tr

itate Tr3 Tr4 Trd TrZ Trl
0 o 0 0 O
1 o0 0 0 ©
2 1 1 0 1
3 1 1 0 0
4 1 1 0 0
5 1 0 0 1
% o 0 1 o
7 0o v 1 0
3 0 1 1 1
9 o 1 1 0
0 o0 1 0
11 1 1 1 1
2 1 1 1 o
13 1 0 1 1
14 1 0 1 o0
15 1 0 1 1
i o0 o0 1 1
0 o o o0 o
0 o0 ©0 o0 O
1 0 0 o0 0O
iT 1 1 1 1
Z 1 1 1 0
13 1 o0 1 1
14 1 0 1 0
15 1 0 1 1
16 0 0 1 1
0 0 o0 0 0

Fig.245

INVENTORS
HenRy . HELolLD
JAy G. tEVINTHAL
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GENERAL DESCRIPTION

This invention relates to information processing ap-
paratus and more particularly to apparatus for processing
data at high speeds while communicating with a data stor-
age component to receive new data therefrom and to
transmit processed data thereto. ‘

In the processing of data, various arithmetic and logi-
cal operations are performed on data items by a data
processing unit, which is adapted to execute a sequence of
these operations in a very short period of time. To main-
tain a rapid rate of execution of these operations, the data
processing unit must be able to immediately receive data
items when needed and to immediately store data iterns
after processing. Rapid receipt and storage of data items
by the data processing unit is provided by a high-speed
random access memory. The random access memory op-
crates at a rate of speed compatible with that of the data
processing unit and rapidly supplies a data item needed by
the data processing unit or rapidly stores a data item pro-
vided by the data processing unit.

The random access memory stores a plurality of data
items in a corresponding plurality of addressable storage
locations. In its normal operation, the memory operates
in a fixed cycle, wherein during the first portion of the
cycle a data item is transferred from an addressed loca-
tion in the memory to an output register provided (iden-
tified as the memory register), and during a second por-
tion of the cycle the data item received from the addressed
location, or a new dala item, is transferred from the mem-
ory register to the addressed location. The data process-
ing unit, on the other hand, frequently admits new data
items provided by the memory to the registers thereof,
in serial mode, the duration for completion of such serial
admission being substantially equal to that of said mem-
ory cycle. Consequently, means must be provided to per-
mit the memory free access to the memory register to
execute its cycle during said duration, wherein data items
are being admitted serially to registers of the data process-
ing unit.

The data items are stored in the memory in form to
satisfy a predetermined criterion. Upon extraction of
data items from memory the satisfaction of this criterion
is ‘verified by the data processing unit. Consequently,
means must also be provided to permit the memory free
access to the memory register and to permit transfer of
the data items extracted from the memory to registers of
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the data processing unit for processing, while providing
verification of said criterion for said extracted data items.

Therefore, it is an object of this invention to provide
novel means for effecting communication between a data
item storage means and a data processing system.

Another object of this invention is to provide novel
means for transferring data items from a data storage
unit to a data processing unit.

Another object of this invention is te provide novel
means for transferring data items from a data storage
unit to a data processing unit, while permitting cyclic
communication between said data storage unit and an out-
put register thereof.

Another object of this invention is to provide means for
transferring data items from a data storage unit 10 a data
processing unit, permitting cyclic communication between
said data storage unit and an output register thereof, while
simultaneously providing for serial transfer of the con-
tents of said output register to u data processing umit.

Another object of this invention is to provide means
for transferring data items from a data storage unit to a
data processing unit, permitting cyclic communication be-
tween said data storage unit and an output register there-
of, while providing for verification of the satisfaction of
a predetermined criterion by data items received by said
output register from said data storage unit.

The foregoing objects are achieved by providing addi-
tional storage means and verification means responsive to
the contents of said additional storage means, wherein
said additional storage means receives the data items ex-
tracted from memory and is adapted to provide serial
transfer of the contents thereof to the data processing
unit. A register for storing a data item is adapted to
communicate with the memory register and to receive the
contents thereof after a data item has been transferred
to the memory register from the addressed memory loca-
tion. A representation of the contents of the additional
register may then be serially shifted to a register of the
data processing unit. Further means is provided for check-
ing the accuracy of the data ilems extracted from memory
by verifying that the contents of said additional register
satisfy said predetermined criterion.

DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein:

FIGURE 1 is a block diagram of a data processing
system to which the instant invention is applicable;

FIGURE 2 is a circuit diagram of a clock pulse gen-
erator useful in the system of FIG. 1;

FIGURE 3 is a circuit diagram of a clock pulse driver
useful in the system of FIG. 1, and illustrates two sym-
bols employed to represent the clock pulse driver;

FIGURE 4 is a circuit diagram of a flip-flop useful
in the system of FIG. 1, and illustrates a symbol em-
ployed to represent the flip-flop;

FIGURE 5 is a circuit diagram of an AND-pate useful
in the system of FIG. 1, and illustrates a symbol employed
to represent the AND-gate;

FIGURE 6 is a circuit diagram of an OR-gate useful
in the system of FIG. 1, and illustrates a symbol employed
to represent the OR-gate;

FIGURE 7 is a circuit diagram of an inverter useful
in the system of FIG. 1, and illustrates a symbol employed
to represent the inverter;

FIGURE 8 provides circuit diagrams of two emitter
followers useful in the system of FIG. 1, and illustrates
the symbol employed to represent an emitter follower;

FIGURE 9 is a circuit diagram of a register transfer
circuit useful in the system of FIG. 1, and illustrates a
symbol employed to represent the register transfer;

FIGURE 10 i3 a circuit diagram of a register transfer
interconnecting a pair of flip-flops;

FIGURE 11 is a circuit diagram of a one-shot useful
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in the system of FIG., 1, and itlustrates a symbol employed
to represent the one-shot;

FIGURE 12 is a block diagram of the data storage
elements, the data transfer paths between these elements,
and the major control elements of the system of FIG. I;

FIGURE 13 is a block diagram of the circuits provid-
ing the input signals to a flip-flop of the system;

FIGURES 14a, 14b, and 14c¢ provide a block diagram
of the Central Processor of the system;

FIGURE 15 is a timing diagram illustrating the timing
sequence of the Central Processor;

FIGURE 16 is a block diagram of the circuits provid-
ing the input signals to the T-counter of the Central
Processor;

FIGURE 17 is a block diagram of the clock circuit of
the Central Processor;

FIGURE 18 is a block diagram of the Arithmetic Unit
of the Central Processor;

FIGURES 19a and 19b provide a ¢ircuit diagram of
the Control Console of the system;

FIGURE 20 is a block diagram of the Memory of the
system;

FIGURE 21 illustrates a magnetic core employed in
the Memory of FIG. 20;

FIGURE 22 is a graph illustrating the hysteresis loop
of the magnetic core of FIG. 22;

FIGURE 23 is a circuit diagram of an inhibit driver
useful in the Memory;

FIGURE 24 is a block diagram of a memory addressing
circuit useful in the Memory;

FIGURE 244 is a circuit diagram of a switch core
driver useful in the memory addressing circuit of FI1G. 24;

FIGURE 25 is a circuit diagram of a core read ampli-
fier useful in the Memory;

FIGURE 26 is a circuit diagram of a strobe driver use-
ful in the Memory;

FIGURE 27 illustrates waveforms useful in explaining
the operation of the Memory;

FIGURE 28 is a block diagram of a memory contro}
circuit useful in the Memory;

FIGURE 26 is a block diagram of the P-Buffer of the
system of FIG. 1;

FIGURES 30 and 31 illustrate waveforms useful in
explaining the operation of the P-Buffer;

FIGURE 32 is a block diagram of the Write Buffer
employed in the Multiplex Buffer of the system of
FIG. 1;

FIGURE 33 is a block diagram of the clock circuit of
the Multiplex Buffer and Tape Control Unit;

FIGURES 34 and 35 are schematic diagrams illustrat-
ing the scheme for writing data on the magnetic tape of
the Tape Handlers;

FIGURE 36 is 8 circuit diagram of a write driver use-
ful in the Tape Control Unit;

FIGURE 37 is a block diagram of the amplifiers em-
ployed in reading data from the magnetic tape of the
Tape Handlers;

FIGURE 38 is a circuit diagram of a read preamplifier
useful in the Tape Handlers;

FIGURE 39 is a circuit diagram of a read amplifier
useful in the Tape Control Unit;

FIGURE 40 is a block diagram of the Read Buffer
employed in the Multiplex Buffer of the system of
FIG. I;

FIGURE 41 i3 a block diagram of the circuits provid-
ing retiming for the data read from a magnetic tape;

FIGURE 4l1a illustrates waveforms useful in explain-
ing the operation of the data retiming circuits shown in
FIG. 41;

FIGURE 42 iz a schematic diagram of the Sorter and
Character Reader of the system;

FIGURE 43 is a block diagram of the Sorter Control
Unit of the system,;
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FIGURE 44 is a circuit diagram of interconnected am-
plifiers employed in the Sorter Control Unit and the
Sorter;

FIGURE 45 illustrates a document adapted to be read
by the Character Reader;

FIGURES 46 and 47 illustrate waveforms useful in
explaining the operation of the Sorter and Sorter Con-
trol Unit;

FIGURES 48-105 illustrate logical schematic diagrams
of the logical circuits providing input signals to the flip-
flops of the Central Processor;

FIGURE 106 iliustrates logical schematic diagrams of
the logical circuits providing input signals to the one-
shots of the Central Processor;

FIGURES 107a, 1075, 107¢ and 1074 illustrate logical
schematic diagrams of the logical circuits providing des-
ignated logical combination signals in the Central Proces-
sor;

FIGURES 108a and 1085 illustrate logical schematic
diagrams of the logical circuils providing clock pulse
driver gating signals in the Central Processor;

FIGURES 109a and 1095 illustrate logical schematic
diagrams of the logical circuits providing inverter gignals
in the Central Processor;

FIGURES 110-120 illustrate logical schematic dia-
grams of the logical circuits providing input signals to
the flip-flops of the Memory;

FIGURES 121a, 1215, 121c and 1214 illustrate logical
schematic diagrams of logical circuits in the Memory;

FIGURES 122-13% illustrate logical schematic dia-
grams of the logical circuits providing input signals to
the flip-flops of the P-Buffer;

FIGURES 136 and 137 illustrate logical eschematic
diagrams of the logical circuits providing input signals to
the one-shots of the P-Buffer;

FIGURES 1384 and 1385 illustrate logical schematic
diagrams of the logical signals providing designated
logical combination signals, clock pulse driver gating
signals, and inverter signals in the P-Buffer;

FIGURES 139-156 illustrate logical schematic dia-
grams of the logical circuits providing input signals to
the flip-flops of the Write Buffer;

FIGURE 157 illustrates logical schematic diagrams of
the logical circuits providing input signals to ﬂip-ﬂops of
the Tape Control Unit;

FIGURE 158 illustrates logical schematic dlagrams of
the loglcal circuits providing designated logical combina-
tion signals and clock pulse driver gating signals in the
Write Buffer;

FIGURES 159-177 illustrate logical schematic dia-
grams of the logical circuits providing input signals to
the flip-flops of the Read Buffer;

FIGURES 178-181 illustrate logical schematic dia-
grams of the logical circuits providing input signals to
flip-flops of the Tape Control Unit;

FIGURE 182 illustrates logical schematic diagrams of
the logical circuits providing input signals to the one-
shots of the Read Buffer;

FIGURE 183 illustrates logical schematic diagrams of
the logical circuits providing designated logical combina-
tion signals and clock pulse driver gating signals in the
Read Buffer;

FIGURES 184 and 185 illustrate logical schematic
diagrams of the logical circuits providing input signals
to the flip-flops of the Sorter Control Unit;

FIGURE 186 illustrates logical schematic diagrams of
the logical circuits providing input signals to the one-
shots of the Sorter Contro! Unit;

FIGURE 187 illustrates logical schematic diagrams of
the logical circuits providing designated logical combina-
tion signals and inverter signals in the Sorter Control
Unit;

FIGURES 188-197, 1984, 1985, 1994, 1995, 200-224,
225a, 225b, 226a, 226b, 227, 228, 229a, 229b, 230a, 2305,
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and 231-236 are timing diagrams useful in explaining the
operation of the systemn in executing the programmable
commands;

FIGURE 237 is a timing diagram useful in explaining
the operation of the system in executing the Initial
Routine portion of a programmable command;

FIGURE 238 is a timing diagram useful in explaining
the operation of the system in executing the B-subroutine;

FIGURES 239-241, 242a, 242b, 242c¢, and 243-245
are timing diagrams useful in explaining the operation of
the system in executing operations employing the Multi-
plex Buffer.

DATA PROCESSING SYSTEM—GENERAL

The Data Processing System of FIG, 1 is adapted to
process data under operational control of a Central
Processor 10. The lines interconnecting the various
components illustrated in FIG. 1 represent symbolically
paths of data and control communication.

The Central Processor responds to a plurality of dis-
tinct instructions, which are supplied thereto in the se-
quential order necessary to perform a particular data
processing operation. A Control Console 11 provides
an indicating and control station for the operator, where-
by he has access to the system for modification of the
order of execution of the instructions or for data revision.
A Memory 12 stores data words which are to be proc-
essed, data words which are the results of processing,
and instruction words. The Central Processor com-
municates with the Memory to receive therefrom data
words on which operations are to be performed and
instruction words. Following certain data processing op-
erations, the Central Processor transmits the resulting
data words to the Memory for storage.

A P-Buffer 13, controlled by the Central Processor,
temporarily stores data words being transferred from a
Control Typewriter 14 or a Photoreader 15 to Memory
and data words being transferred from Memory to the
Control Typewriter. The Control Typewriter receives
data words from the P-Buffer and types a visible repre-
sentation of these words or punches on paper tape an
encoded representation of these words. The Control
Typewriter also transfers data words to the P-Buffer by
reading encoded punched paper tape or upon depression
of Control Typewriter keys in proper sequence. The
Photoreader photoelectrically reads punched encoded
paper tapes and transfers the electrical representations
of the data thereon to the P-Buffer,

A Multiplex Buffer 16, indirectly controlled by the
Central Processor, temporarily stores data being trans-
ferred from magnetic tape or from magnetically imprinted
documents to Memory and data being transferred from
Memory for recording on magnetic tape or for imprint-
ing in visible representation. A Tape Control Unit 17
directs one of a plurality of Tape Handlers 18, 19, etc.,
to read data from the respective magnetic tape thereof
and to deliver this data to the Multiplex Buffer. The
Tape Control Unit also directs one of the Tape Handlers
to write data provided by the Multiplex Buffer on the re-
spective magnetic tape thereof.

A Sorter Control Unit 20 controls the reading of data
borne by documents, such as bank checks, and directs the
sorting of these documents into pockets of a Sorter 21.
A Character Reader 22 senses magnetically imprinted in-
formation on these documents and declivers an encoded
representation of this data to the Multiplex Buffer. The
Central Processor delivers to the Sorter Control Unit data
representing the pockets of Sorter 21 in order that the
documents handled thereby may be appropriately sorted
in accordance with the information thereon.

A printer 23 receives data words from the Multiplex
Buffer and prints a visible representation of these words,

Thus, the system of FIG. 1 processes data received from
magnetic tape, documents, the Control Typewriter, or the
Photoreader and communicates the results of the data
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processing by providing a visible record, by permanently
storing the results on magnetic tape, by punching paper
tape, or by sorting documents.

Data Representation

The Data Processing System of FIG. 1 is adapted to
process data represented by the binary code. In the
binary code, each element of information, termed a “bit,”
is represented by either a 1 or a 0. In the instant system
a 1 is represented by a positive electrical signal and a 0
by a negative electrical signal. The fundamental unit of
data for processing and communication is the data word.
The data word comprises 28 bits.

The 28 bits of the data word are normally processed
as 7 sequential groups of 4 bits. Each group is termed a
“digit." The bits of a digit are processed simultaneously.
The grouping of the bits permits the system to perform
operations in the decimal number system. The 4 bits of
a group may be treated as a decimal numeral and such a
group is termed a “binary-coded decimal” digit. Each
bit of a digit corresponds to a different decimal numeral
if the group is employed as a decimal digit representa-
tion. In this system, the 5-4-2-1 code is employed.
The most significant bit of the digit represents the decimal
5, the next lower order bit represents the decimal 4, the
next lower order bit represents the decimal 2 and the
least significant bit represents the decimal 1. For exam-
ple, the decimal 8 is represented by the binary bit group
1011,

Inasmuch as but 10 of the 16 possible configurations of
the 4 bits of a group are employed to represent the 10
decimal numerals, 6 configurations of the group are avail-
able for other representations. The bit configurations
representing the 10 decimal numerals are termed “nu-
meric” digits. Five of the remaining 6 configurations rep-
resent respectively the dollar sign ($), the comma (,), the
ampersand (&), the period (.}, and the asterisk (*).
The remaining bit configuration, 1111, is not employed to
represent data, but instead is forbidden, and is useful for
detecting data processing errors. These 6 configurations
representing non-numerals are termed “pon-numeric”
digits. The 16 configurations of the binary code of a
single digit or group and the corresponding symbols which
they usually represent are given in the following Table I.
In this table, the bits of each group are shown in decreas-
ing order of significance.

TABLE I

Bymbol 8lingle dfgit

code

c B MOBIARASNE

. 110
forbidden

Therefore, all data words, including instruction words,
comprise 7 digits, each digit comprising one of the bit
configurations of Table I. In arithmetic operations and
in many other data processing operations, the 7 digits of
a word are processed in sequential order. The digit first
processed is termed the least significant digit (LSD) of the
word. The digit last processed is termed the most signifi-
cant digit (MSD) of the word. Each of the 6 least signifi-
cant digits are interpreted as representing one of the 15
symbols of Table I. The 7th, or MSD, is not usually so
interpreted.
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This 7th digit of the data word, which is termed the
“condition” digit, comprises three independent representa-
tions. The most significant bit of the condition digit is
termed the “designator” bit and is employed for auto-
matic address modification. The next lower order bit of
the condition digit is termed the *sign" bit and is em-
ployed to denote the algebraic significance of the 6 least
significant digits of the data word. When the sign bit is 1,
the data word is considered negative. When the sign bit
is 0, the data word is positive. The two least significant
bits of the condition digit are termed the “mod-bits.”
The mod-bits provide a representation of the modulo-3 of
the data word and are employed to check the correctness
of the data word following a data transfer, or to check
the correctness of an arithmetic operation employing the
data-word. The data word may be represented as fol-
lows:

DATA WORD

Condftion digit 6th Sth 4th 3rd 2nd 1st
digit | digit | digit | digit | digit | digit

Deslignator bit_..._. 5-bit._| 5-bit._| 5bit..| 8-bit._]| 5-bit..} 5-bit.
Bign bit. ... - £bit..] &bit..] 4-bit__] &-bit. | 4-bit.
Mod-bit.... 2-bit. .| 2-bit..] 2-bit__! 2-bit__| 2-bit,
Mod-bit.... -| I-blt__| 1-bit..| 1-bit..| I-bit__| I1-Bit__] 1-bit.
x106. | xI06 .| X308, .| x100,..] x10¢_ .| x100,

The order of the digits in the above representation, start~
ing with the first digit, is the order of sequential process-
ing of the data word, If the word represents a numeric
quantity, the increasing order of decimal significance of
each digit is indicated in the row following the data word
representation.

Five types of data words are employed, and include the
instruction word and four types of operand words. The
instruction word is employed by the Central Processor
to direct a distinct operation of the system. The in-
struction word is generally employed in two portions to
direct an operation. The four least significant digits com-
prise a Memory address and denote a location in Memory
where a data word is to be obtained for processing, or
where a processed word is to be stored. The next two
digits comprise a command (order) code. The command
code is a two decimal digit code which determines the
type of operation that the system will execute.

Since the addressable locations in Memory are only
0000-3999, the 4 and 5-bit positions of the 4th digit are
not needed for a Memory address. Therefore, in an
instruction word, the two most significant bits of the 4th
digit are employed for separate functions. The most sig-
nificant bit of the 4th digit is termed the “angmentor” bit
and is employed for automatic modification of the con-
tents of the Memory location addressed. The next lower
order bit is termed the “breakpoint” bit and is employed
to force the system to halt if a predetermined condition
exists in the Control Console. The instruction word may
be represented as follows:

INBTRUCTION WORD

Command Address portion
portion
Condition
digit .

6th 5th 4th digit 8rd md 18t

digit digit digit digit digtt
D%slitgnator 5-bit. .} 5-bit.. At‘x)ftmantor 5-bit..| §-bit. .| 6-bit.
8ign ST 4-bit. | 4-bit.. Br&atl.tpoint 4bit..| bit. .| 4-bit.
Mod-bit_..... 2-blt. .| 2-bit. | 2blt. ... 2-bit..| 2-bit..| 2-bit,
Mod-bit...... I-bit. | I-bit..] -bit._.._... 1-bit. .| 1-bit. | I-bit.

The four other types of data words are those on which
datd processing operations are performed. Such words
are generally known as “operand” words., The four types
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double-precision, (¢) Second half double-precision, and
(d) Alphanumeric. The single numeric word is the
simple data word, described previously, and is processed
in conventional manner. Each of the 6 least significant
digits of the single numeric word are processed as sepa-
rate entities and represents one of the 15 symbols of
Table I.

A double-precision word comprises two single numeric
words which are processed together. In processing the
double-precision word, the numeric portions (6 least sig-
nificant digits) of the two words thereof are processed
as a single 12 digit number. The first half double-pre-
cision word supplies the 6 most significant digits of the
12 digit number and is termed the “most significant half
word (MSH).” The second half double-precision word
supplies the 6 least significant digits of the 12 digit num-
ber and is termed the “least significant half word (LSH).”
Each half word of the double-precision word carries its
own mod-bits, but both half words have the same desig-
nator and sign bit configurations.

The alphanumeric word is employed to represent alpha-
betic symbols, numerics, non-numerics, and certzin spe-
cial characters. In the alphanumeric word the 6 least
significant digits are paired to represent three alpha-
numeric characters. The alphanumeric word may be
represented as follows:

ALPEHANUMERIC WORD

8rd character | 2nd character | 1st character
Condition digit
6th Sth ith 3rd nd Ist
digit | digit | digit | digit | digit | digit
&-bit_ .| &-bit..| 5-bit_.| 5-bit..| &-bit..} 5-hit.
4bit__} 4blt. .| 4-bit .| &bit. .| -bit_ ] &bie,
- 2-bit. .| 2-bit..| 2-bit._| 2-bit. .| 2-bit. .| 2-bit.
-bit. .| 1-bit..| I-bit__| I-bit_ | I-bit..| 1-bit,

The two mod-bits of an alphanumeric word are always
equal to 1,1 thereby serving to distinguish alphanumeric
words from the other four types of data words.

The alphanumeric characters and the single digit cods
representations of the corresponding digit pairs are given
in the following Table II

TABLE II
Alphanumeric Two-digit Alpbanumerie Two-digit
character oode character code

[ 00 J 21

1 01 K 22

] 02 L 23

3 08 M 24

4 04 N 25

] 05 4] 28

[} 08 P 27

T (114 3 28

8 08 20
9 ]

-— 2*

1 o3 g‘ }) 3,

0& 8hi nse 2.
. 0.

8 0, 8 32

. 0. T a3

U 84

A 11 v a5

B 12 w 34

0 13 X 87

D 14 Y 38

E 18 z 89
r 18

a 17 Tab 3%

H 18 8top 3&

I 19 Normal Case 8.
Space 10
Carriage Roturn 18
lg?ora 1&
End of rmation 1,

For example, the alphanumeric code for the alphabetic
word CAT is 131133. The alphanumeric code for the
number of 123 is 010203, whereas the numeric portion of
a single numeric data word representing the mumber
123 is 000123.
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The special characters listed in Table II are employed
to direct operations of the Control Typewriter.

The Memory may contain at any location any one of
the five types of data words. However, it is general
practice to store the MSH of a double-precision word in
an even-numbered Memory location and the LSH of the
same double-precision word in the next higher odd-num-
bered location. . :

Mod-Bits

Although the configurations of the 6 least significant
digits and the designator and sign bits of all data words
inserted into Memory from magnetic tape, the Control
Typewriter, or the Photoreader are discretionary with
the operator, the configuration of the mod-bits is man-
datory. The mod-bits of all words are representative
of the modulo-3 thereof. The modulo-3 of a number
is the remainder when that number is divided by 3. Thus,
for example, the modulo-3 of 0, 3, 6,and 9,is 0; of 1, 4,
and 7is 1 (—2); and of 2, §, and 8 is 2 (—1).

The mod-bits are employed in three different forms:

(a) The mod-bits of a numeric word in Memory and,
consequently, of a word transferred between the com-
ponents of the system, have the configuration required
to make the modulo-3 of the entire 7 digits of the word
equal to 1. In determining the modulo-3 of the entire
word, the designator and sign bits are assigned their re-
spective positional values of 5 and 4. The most signifi-
cant mod-bit is assigned the value of 2 and the least sig-
nificant mod-bit the value of 1. Thus, the three config-
urations of the mod-bits (most significant bit first) are
0, 0; 0, 1; and 1, O to represent the respective numbers
0, 1 and 2. When a data word is transferred into the
Central Processor from Memory, its correctness is tested
by a “mod-check,” wherein the total modulo-3 of all 7
digits is accumulated. If this accumulated total is not
1, an alarm occurs and the Central Processor halts.

The employment of a total modulo-3 of 1 for words
transferred from Memory to the Central Processor al-
ways permits a positive check on the correctness of the
entire word transferred. This positive mod-check is to
be contrasted with the false mod-check which would oc-
cur if the total word modulo-3 had been set, instead, to
0, and a complete failure of data transfer had occurred,
since a word consisting solely of 0’s has a total modulo-
3 of 0.

(b) The mod-bits of an operand employed in an
arithmetic operation in the Central Processor have the
configuration of the total modulo-3 of the 6 least sig-
nificant digits (numeric portion) of the word. Thus, in
words employed for arithmetic operations with numeric
portions having total modulo-3's of 0, 1 or 2, the respec-
tive mod-bits are 0, 0; 0, 1; and 1, 0. For example, when
two numeric words are added the sum of the modulo-
3's thereof must be equal to the modulo-3 of the sum.
Therefore, the modulo-3 of the sum is compared with
the sum of the modulo-3 of the two words added. If
this “mod-comparison” fails, an alarm occurs and the
Central Processor halts.

(¢) An alphanumeric word has no numeric portion
and, therefore, no modulo-3. The mod-bits of such a
word are set to the 1, 1 configuration and serve to iden-
tify the associated data word as an alphanumeric word.

SYSTEM CIRCUIT ELEMENTS

Circuits useful as elements of the system of FIG. 1
will now be described. The system will function with
these elements or with other similar elements well-known
in the art; therefore, this invention is not to be consid-
ered as limited to the employment of the specific circuits
shown,

The following circuits find general employment in the
system: clock pulse generator, clock pulse driver, flip-
flop, AND-gate, OR-gate, inverter, emitter follower, reg-
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ister transfer, and one-shot. [Illustrated with the respec-
tive drawings of the circuit elements are symbols repre-
sentative thereof. These symbols will be employed for
simplicity in the description of the invention to follow.

In the figures for the circuit elements, specific values
of the circuit components are shown. These values are
not to be considered as limiting, and the circuit elements
will often function satisfactorily with considerable vari-
ation from the values provided.

Clock Pulse Generator

The clock pulse generator of FIG. 2 provides syn-
chronizing signals for clock pulse drivers located through-
out the system. The synchronizing signals are provided
at a repetition rate of 250 kc. The clock pulse gen-
erator comprises the following four circuits connected
in tandem: an oscillator, a feedback amplifier, a regen-
erative comparator, and an output amplifier.

The oscillator comprises a transistor 31 coupled to a
resonant circuit comprising an inductor 32 and a capac-
itor 33. The approximate frequency of oscillation is
determined by the resonant frequency of inductor 32 and
capacitor 33. A crystal 34, coupled to the resonant cir-
cuit, locks the oscillator at the desired frequency. The
sine wave output signal of the oscillator is taken from
the emitter electrode 35 of transistor 31.

The output signal of the oscillator is transmitted
through a capacitor 36 and a resistor 37 to the base elec-
trode of transistor 38 of the feedback amplifier. The
feedback amplifier has substantial voltage gain, whereby
the output eignal thereof, delivered at collector electrode
39, is a sine wave having an amplitude of approximately
1 volt peak-to-peak.

The output signal of the feedback amplifier is ap-
plied directly to the base electrode of transistor 45 of
the regeneratlive comparator. The regenerative compara-
tor is a bistable circuit delivering a substantially square
wave in response to the received sine wave, and is pro-
vided for obtaining a waveform with a steep wavefront
from the input signal. The regenerative comparator
operates substantially as follows: Consider the portion
of the cycle of operation when the input signal is nega-
tive with respect to ground, but is increasing positively.
At this time transistor 48 is non-conducting and tran-
sistor 46 is conducting. In this stable state, the base
electrode of transistor 46 is at 0 volt (v.), or ground.
The collector electrode of transistor 45 is at 48 v,
and capacitor 47 is charged to 48 v. The emitters
of both of transistors 45 and 46 will be a fraction of a
volt negative with respect to ground, since transistor 46
is conducting. As the input voltage applied to the col-
lector electrode of transistor 45 increases positively and
reaches 0 v., the emitter-base junction of transisior 45
becomes forward biased and collector current’ com-
mences to flow therein. A sharp regenerative action
thereupon ensues, with transistor 45 turning on sharply
and transistor 46 turning off sharply. During this re-
generative action, the negative swing at the collector
electrode of transistor 45 is coupled through capacitor
47 to the base electrode of transistor 46. As the emitter
current of transistor 46 decreases, the emitter voltage
thereof becomes more negative, increasing the forward
bias of transistor 45 and sustaining the regenerative
action. The time constant of capacitor 47, inductor 48
and resistor 49 is adjusted so that the sharp negative
pulse at the base electrode of transistor 46 terminates in
about 2 microseconds (usecs.).

So long as the input signal pow remains positive,
transistor 48 continues to conduct and tranmsistor 46 re-
mains non-conducting. After the input voltage has passed
its positive peak value and is decreasing negatively, all
switching transients have terminated and the base elec-
trode of transistor 46 is again at 0 v. The emitter elec-
trode of transistor 46 is only a fraction of a volt less



3,235,879

13

than the positive voltage applied to the base electrode
of transistor 45 and, therefore, is positive with respect
to the base electrode of transistor 46 at this time, When
the signal applied to transistor 45 decreases negatively
and reaches O v., transistor 46 becomes forward biased
and commences to conduct. As the emitter current of
transistor 46 starts to increase, the increasing voltage
drop across resistor 50 decreases the forward bias of
transistor 45. As the emitter current of transistor 45
decreases, the collector current thereof decreases, allow-
ing the collector voltage to swing sharply positive. The
positive swing at the collector electrode of transistor 45
is coupled by capacitor 47 to the base electrode of tran-
sistor 46, causing a sharp regenerative action which cuts
off transistor 45 very rapidly and turns on transistor 46
very rapidly. As the input voltage now continues in
its negative half cycle, transistor 46 continues conduct-
ing and transistor 45 continues non-conducting.

When transistor 46 is conducting the emitter current
thereof is relatively constant, so that square waves of
current appear at the collector electrode thereof. Be-
cause of the regenerative action, the slope of the lead-
ing edge of the current waveform will depend but little
on the amplitude of the input signal applied to the base
electrode of transistor 45, but will depend primarily on
the circuit parameters of the regenerative comparator.

The signal available at the collector electrode of tran-
sistor 46 is employed as the output signal of the re-
generative comparator.,

The output signal of the regenerative comparator is
coupled to an output amplifier, which functions to iso-
late the regenerative comparator from the clock pulse
generator load, while preserving the steep wavefront of
the waveforms generated. A transistor 55 of the out-
put amplifier and its associated circnit is adapted to
receive the output signal of the regenerative compara-
tor and to provide amplification thereof. When the
collector electrode current of transistor 46 is zero, tran-
sistor 55 is maintained cut off by the current passing
through resistor 56, silicon diode 57 and resistor $8. At
this time the clock pulse generator output signal from
terminal 59 is —5 v. When transistor 46 is conduct-
ing the potential at the collector electrode thereof is
sufficiently negative to provide forward bias for tran-
sistor 55, which thereupon conducts. When trahsistor
55 conducts the potential at output terminal 59 is ap-
proximately +5 v. The combination of silicon diode
§7 and germanium diode 6@ prevents transistor 5 from
saturating, thus insuring more rapid cutoff of transistor
55. when transistor 46 is cut off.

An approximate waveshape of the output signal from
terminal 59 is illustrated in the waveform immediately
below output terminal 59.

Clock Pulse Driver

The clock pulse driver of FIG. 3 provides clock pulse
ignals to drive other clock pulse drivers or for direct
ipplication to flip-flops and register transfers to control
‘espectively the entry of data into flip-flops and the trans-
er of data between flip-flops. The clock pulse driver
esponds to positive trigger signals supplied by a clock
wilse generator to generate corresponding clock pulses,
“he clock pulse driver may be gated to provide single
lock pulses or clock pulses at the 250 kc. rate. When
ated on, the clock pulse driver generates a clock pulse
or each trigger signal received, but when gated off, no
lock pulses are generated. .

The clock pulse driver is basically a trizgered blocking
scillator with output amplifier. A transistor 68, a trans-
>rmer 66, a resistor 67, and associated biasing and power
ipply circuits, shown in FIG. 3, comprise the blocking
scillator portion of the clock pulse driver. A trigger
gnal supplied by the clock pulse generator is received
t input terminal 68 and triggers the blocking oscillator
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only effective to trigger the blocking oscillator if the
oscillator is not gated off by a negative vollage applied
to gate terminal 69.

In the quiescent state, the base electrode of transistor
65 is at approximately +-6.7 v., and transistor 6% is non-
conducting due to the reverse bias applied thereto by the
conduction of diode 70. The input trigger signals of the
clock pulse generator have a peak-to-peak swing from
—5 v. to 45 v., or a total excursion of about -+10 v.
When the gate input terminal 69 is enabled, a +6 v. signal
is applied thereto. At this time the input trigger signal
has sufficient amplitude to overcome the reverse bias ap-
plied to transistor 65.

The input trigger signal initiates the flow of a small
emitter current in transistor 65. 'This, in turn, causes
the flow of a small collector current through the primary
winding of transformer 66, This increase in collector
current in the primary winding of transformer 66 induces
a voltage in the secondary winding thereof in a direction
to apply a positive voltage to the emitter electrode of
transistor 65. This induced voltage causes the emitter
electrode to conduct more heavily. Thus, the circuit is
highly regenerative and will quickly drive the transistor
into saturation, wherein the impedance of the transistor
between electrodes is substantially zero, and the entire
applied voltage is developed across the transformer pri-
mary winding. The resulting large voltage developed
across the secondary winding of transformer 66 saturates
transistor 72 of the output amplifier, so that only resistor
67 limits the flow of emitter current in transistor 65. Since
the total applied voltage appears across the primary wind-
ing of transformer 66, the collector current of transistor
65 rises linearly toward the maximum allowable value
of collector current, as determined by the emitter current.
The time for this current to rise to the maximum value is
determined by the inductance of transformer 66.

When the collector current of transistor 65 reaches its
maximum value, the resulting voltage induced in the
transformer terminates. Another regenerative action
takes place and the transistor cuts off rapidly.

When transistor 65 is conducting, transistor 72 con-
ducts, and the clock pulse driver output signal, at terminal
73, is at approximately 46 v. When transistor 65 is non-
conducting, transistor 72 is non-conducting, and the out-
put signal from the clock pulse driver is clamped at —5§
v. The clock pulse provided at terminal 73 is illustrated
immediately below terminal 73.

When the clock pulse driver is gated off, by application
of a -5 v. signal to terminal 69, a voltage drop of ap-
proximately 1 volt occurs across diodes 74 and 75. 'Thus,
—4 v. is provided at the corresponding terminal of ca-
pacitor 76. The receipt of the input trigger signal, with
swing of +10 v., will drive the emitter electrode of tran-
sistor 65 to only 46 v. Inasmuch as the base electrode
of transistor 65 is at -+6.7 v., the transistor will not con-
duct and a clock pulse will not be delivered. Therefore,
only when the clock pulse driver is enabled by the ap-
plication of an appropriate gating signal thereto, will out-
put clock signals be provided thereby.

If the clock pulse driver is to operate continuously and
to provide an output clock pulse at a continuous 250 kc.
rate, a 6 v. D.-C, bias is applied to input terminal 77.

Two symbols, shown in FIG. 3, are employed to repre-
sent the clock pulse driver. Symbol B0 represents a con-
tinuous clock pulse driver. Input trigger signals are re-
ceived from a clock pulse generator by the input lead on
the left-hand side of the block. Qutput clock pulses are
delivered continuously from the output lead on the right-
hand side of the block. The symbol 81 represents a gated
clock pulse driver. Input trigger signals are received at
the left-hand terminal and gated output clock pulses are
delivered at the right-hand terminal. The gating signal
is applied to the terminal “G” at the bottom of the sym-
bol. The G terminal represents the gate input terminal

» produce an output clock pulse. The trigger signal is 75 69 of the clock pulse driver. So long as the gating signal
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is at the —5 v. level, no output clock pulses are delivered
from the right-hand lead. When the gating signal is in-
creased to -6 v., the clock pulse driver delivers a clock
pulse for every input trigger signal received. The gating
signal is identificd by the “Gate-" prefix. Thus, the gating
signal applied to the SA clock pulse driver is identified as
the Gate-SA signal.

Generally clock pulse drivers and their respective out-
put signals are identified in accordance with the function
they perform. Thus, clock pulse drivers whose designa-
tions begin with the letter “C,” such as clock pulse driver
CDAI12, drive flip-flops and other clock pulse drivers.
Clock pulse drivers driving register transfers generally
have designations beginning with the letters “S” or “X.”
The letter “S” denotes a clock pulse driver directing a
serial shift of data. Thus, the clock pulse driver SA
delivers the clock signal SA and provides a serial shift
of the contents of the A-register. The letter “X" denotes
a clock pulse driver directing a parallel shift, or transfer,
of data. Thus, the clock pulse driver XAN provides a
parallel transfer of data between the A-register and the
N-register.

Flip-Flop

The flip-flop of FIG. 4 provides temporary storage of
a data word bit or provides temporary storage of a con-
trol signal. Generally, when a flip-flop is employed to
store a data bit it comprises one of an array of flip-flops
denoted as a register. For example, in a register adapted
to provide temporary storage for a complete data word,
28 gip-ﬂops are employed, one for each bit of the data
word.

The flip-flop is a circuit adapted to operate in either
one of two stable states, and to transfer from the state
in which it is operating to the other stable state upon
application of a trigger signal thereto. In one state of
operation the flip-flop represents the binary 1 (l1-state)
and in the other state the binary 0 (O-state). The flip-
flop circuit includes a pair of collector-coupled transis-
tor amplifiers, comprising the respective transistors 101,
102. The coupled transistor amplifier pair is connected
to a pair of grounded-emitter transistor output ampli-
fiers, the output signals thereof representing respectively
the binary numbers 1 and 0, according to the stable state
in which the flip-flop is operating. The two output am-
plifiers are designated respectively the I-output ampli-
fier and the Q-output amplifier, and comprise the respec-
tive transistors 103 and 104.

The flip-flop is adapted to receive five input signals;
as follows:

(a) A clock pulse signal, received at input terminals
105 and 105’, and supplied by a clock pulse driver,

(b} An input logic signal for triggering the flip-flop
to its 1-state, received at input terminal 196, and usually
supplied by a logical gate,

(c) An input logic signal for triggering the flip-flop to
its O-state, received at input terminal 107, and usually
supplied by a logical gate,

(d) An input signal for triggering the flip-flop to its
1-state, received at input terminal 108, and usually sup-
plied by a register transfer circuit, and

(e) An input signal for triggering the flip-flop to its
O-state, received at input terminal 109, and usually sup-
plied by a register transfer circuit.

A flip-flop output signal representing the 1-state of the
flip-flop is delivered at output terminal 110 and an out-
put signal representing the O-state of the flip-flop is de-
livered at cutput terminal 111.

The operation of the flip-flop will now be described.
In both of the stable states of the flip-flop one of tran-
sistors 101 and 102 is conducting and the other is non-
conducting. Assume that transistor 101 is conducting
and transistor 102 is not conducting. When transistor
101 conducts its collector electrode voltage is approxi-
mately at +8 v. This voltage, when coupled to the base
electrode of transistor 102 causes the potential thereof
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to be approximately 483 v. and maintains transistor
102 in its non-conducting state. ‘The flip-flop will con-
tinve in this state until application of a positive voltage
greater than +8 v. to the base electrode of transistor
101. Transistor 101 will momentarily cease conducting.
When transistor 101 ceases conducting, the collector elec-
trode potential thereof becomes momentarily more nega-
tive. This negative change is coupled through capacitor
114 to the base electrode of transistor 102, which will
then commence conducting. The collector electrode po-
tential of transistor 102 will begin rising, and this po-
tential rise will be coupled by a capacitor 115 to the
base electrode of transistor 101. The positive-going volt-
age coupled to the base electrode of transistor 101 tends
to further decrease its tendency to conduct. This re-
generative action continues until transistor 102 is fully
conducting and transistor 101 is non-conducting. At this
time the flip-flop has transferred from the state in which
it was operating to the other stable state.

When transistor 101 is conducting and transistor 102
is non-conducting the flip-flop is in its defined O-state,
and when transistor 102 is conducting and transistor 101
is non-conducting the flip-flop is in its 1-state. Thus,
the state of operation of the flip-flop represents a binary
digit.

When the flipflop is in its O-state, the +8 v. of the
collector electrode of transistor 101 is coupled to tran-
sistor 103 and maintains transistor 103 in a state of non-
conduction. The signal provided at output {erminal 110
at this time is at the —5 v. level. Inasmuch as the sys-
tem logical elements and flip-flops respond to positive
signals of approximately +6 v., the —5 v. delivered at
output terminal 110 denotes a binary 0. Similarly, when
transistor 101 is conducting, a negative voltage is coupled
to transistor 104, so that transistor 104 conducts and de-
livers a <6 v. signal at output terminal 111. The ele-
ments of the system are adapted to respond to the +6
v. signal, and it is, therefore, denoted as a binary 1.
Therefore, when the flip-flop is in the 0O-state, a O-output
signal is provided by the l-output terminal and & l-out-
put signal is provided by the O-output terminal. Thus,
system elements adapted to respond to the flip-flop O-
state will be enabled by the 46 v. signal delivered at
terminal 111, whereas elements adapted to respond to the
flip-flop 1-state will be disabled by the —5 v. signal de-
livered at terminal 110.

Conversely, when transistor 102 is conducting, so that
the flip-flop is in its I-state, a -6 v. signal, representing
a binary 1, is supplied at terminal 110 and a —5 v. sig-
nal, representing a binary 0, is supplied at terminal 111.
Thus, the designation of output terminal 110 as a 1-out-
put terminal indicates that when the flip-flop is in its 1-
state, a binary l-output signal is provided therefrom.
The designation of terminal 111 as a O-output terminal
indicates that when the flip-flop is in its O-state, a binary
1-output signal is provided therefrom.

Consider now the input signals which will trigger the
flipflop; that is, those signals which will transfer the
flipflop from the state in which it is operating to its
other stable state. The signals applied to terminals 106
and 107 result from the logical combination of other
data-representing signals. When a logical combination
represents a binary O, the resulting logic signal is ap-
proximately —5 v. When a logical combination repre-
sents a binary 1, the resulting logic signal is approximate-
ly +6 v. Inasmuch as 48 v. is applied to the emitter
electrode of the one of the transistors 101 and 102 that
is non-conducting, neither a 0-logic signal nor a I-logic
signal is adequate, alone, to trigger the flip-flop when ap-
plied to terminal 106 or 107,

The input logic signals applied to terminals 106 and
107 are coupled to the respective capacitors 116 and 117
and charge the corresponding capacitors to the logic volt-
age level, When a clock pulse is applied to terminals
105 and 105, the terminals will experience a positive voli-
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age swing of approximately -}-11 v., as described in the
previous section on the clock pulse driver. If a 1-logic
signal is present at terminal 106 or terminal 107, the
clock pulse signal is superposed thereon and momentarily
drives the corresponding base electrode of transistors 101
and 102 to 417 v., a voltage sufficient to momentarily
cause the transistor to stop conduction, if it is conduct-
ing, and, therefore, to change the state of the flip-flop.
However, any one of terminals 106 and 107 which is re-
ceiving a 0-logic signal when the clock pulse occurs will
cause a signal of but 46 v. to be applied to the base elec-
trode of the corresponding flip-flop tramsistors, a signal
insufficient to change the state of the flip-flop. This type
of flip-flop triggering is known as clock pulse pedestal
triggering and enables the flip-flops of the system to
change their state in synchronism with the clock pulses,
Between clock pulses, which occur no more frequently
than every 4 microseconds, there is adequate time for
the logic elements of the system to change their state and
for the resulting logical combination signals to stabilize
at the logic input terminals 106 and 107 of all flip-flops.
Then when clock pulses are applied to any one of the flip-
flops, the input logic signal levels will determine whether
the flip-flop changes state. Since clock pulses are ap-
plied to both sides of the flip-flop simultaneously, only
one of the logic inputs to the flip-flop is ordinarily per-
mitted to be in the I-state at any given time. If both
logic inputs are in the 1-state, the clock pulse would at-
tempt to turn off both transistors simultaneously and the
flip-flop would not change its state. If both logic inputs
are in the O-state, the flip-flop does not change.

The diodes 119 and 120 isolate the input logic signal
source from the flip-flop when the clock pulse occurs,
The combination of the silicon and germanium diodes
coupled to transistors 101 and 102 prevent saturation and
are similar to those described for the clock pulse gen-
erator.

In addition to the input logic signal, which when en-
abled by a clock pulse, will trigger the flip-flop, a register
transfer input signal of proper amplitude, applied to ter-
minpals 108 or 109 will trigger the flip-flop. The register
transfer signal, usually provided by a register transfer
circuit, consists of a logic signal with superposed clock
pulse. Therefore, if the logic signal represents a binary
1, thereby having a 46 v. amplitude, the register transfer
signal will be sufficient to trigger the flip-flop. The super-
posed logic and clock signal is provided in the register
transfer circuit to be described later. Therefore, the sig-
nals applied to terminals 108 or 109 are independently
triggering, since they are adapted to trigger the flip-flop
without requiring the clock pulses applied to terminals
105 and 105’. Register transfer circuits are generally
employed to transfer the state of one flip-flop to another
flip-flop and are, therefore, employed in transferring data
between or within registers.

The register transfer input terminals are also employed
for manually setting or resetting the flip-flop. A +12 v,
signal is applied to the appropriate register transfer input
terminal through a push-button or a switch, The 412 v.
is adequate to transfer the flip-flop to the desired state,

Flip-flops are identified in accordance with the function
they perform, For example, a typical flip-flop employed
for control is identified as the Cwu flip-flop. The Cwu
designation stands for “Count W up,” and the Cwu flip-
flop, when in the 1-state, increases the count of the W-
counter by 1. A typical flip-flop employed for temporary
storage of data is the A4l flip-flop. When the A4l
flip-flop stores a binary 1, a 46 v. output signal is avail-
able at the 1-output terminal thereof. The flip-flop of
FIG. 4 is identified as the A41 flip-flop, and its input and
output terminals are identified with the corresponding
input and output signals of the A41 flip-flop.

The symbol 122, shown in FIG. 4, is employed to rep-
resent a flip-flop. Symbol 122, in this instance, represents
the A41 flip-flop.
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The A4l flip-flop is employed to temporarily store the
1-bit of the 4ih digit of the contents of the A-register,
The five leads entering the left-hand side of the flip-flop
symbol represent the five input terminals, The two upper
input leads receive the 1-input signals and the two lower
leads receive the O-input signals. The central input lead
receives the clock pulse signal,

The symbol indicates that the A41 flip-flop receives
the clock signals of the B27 clock pulse driver. The first
and fifth input leads to symbol 122 represent the respec-
tive register transfer input terminals 108 and 109. The
notation #A41 opposite the first input lead, identifies the
register transfer signal adapted to trigger the A41 flip-flop
to the I-state, Correspondingly, the notation #A41 op-
posite the fifth lead identifies the register transfer signal
adapted to trigger the A41 flip-flop to the O-state, Simi-
larly, the notations *A41 and *A41 identify the logic
input signals adapted to trigger the A41 flip-flop to the
respective 1 and O-states. However, although the *A41
or the *A7] signal may represent a binary 1, it will not
change the state of the flip-flop until the clock pulse driver
B27 supplies a clock pulse. If only register transfer sig-
nals are applied to a flip-flop, no clock pulse driver is con-
nected thereto, whereupon the notation “n-c” is placed
opposite the clock pulse input terminal.

The two leads leaving the right-hand side of symbol
122 represent the two output terminals. The upper out-
put lead delivers the 1-output signal of the flip-flop and
the lower output lead delivers the 0-output signal. The
notations A41 and A471 identify the respective 1-output
and O-output signals of the A41 flip-flop. 'Thus, the nota-
tion A41 has the dual function of identifying the A4l
flip-flop and of identifying the 1-output signal thereof.

In the ensuing system description, a flip-flop in its
1-state is also said to be in the “set” state or in the “on”
state. Conversely, a flip-flop in its O-state is also said
to be in the “reset” state or in the “off” state. When a
flip-flop is transferred to its 1-state it will often be said
to be “set” or to be turned “on.” Conversely, when a
flip-flop is transferred to its O-state it may be said to be
“reset” or to be “turned off.”

AND-Gate

The AND-gate of FIG. 5 provides the logical opera-
tion of Conjunction for positive input signals applied
thereto, In the system a binary 1 is represented by a
signal of approximately -+6 v. Therefore, the AND-
gate provides an output signal of approximately -6 v.,
representing a binary 1, only when all of the input sig-
nals applied thereto represent binary 1’s.

The AND-gate of FIG. 5 is illustrated, by way of ex-
ample, as having three input terminals 126, 127 and 128,
and a single output terminal 129. The AND-gates em-
ployed in the system are not limited to three input ter-
minals, but may have from two input terminals to the
maximum number necessary for the required Conjunc-
tive operation.

A logic input signal applied to an input terminal of the
AND-gate represents either a binary 0 or a binary 1, and
is provided as a corresponding signal of —5 v. or +6 v,
Current flows from a positive voltage source through re-
sistor 130 and the diodes 131, 132 and 133 to respective
terminals 126, 127 and 128. If any one of the input
signals is at the —5 v. level, the corresponding diode will
conduct and all other diodes of the AND-gate receiving
+6 v. input signals will be back-biased and will not con-
duct. In such instance, the output signal from terminal
129 will be at —5 v. and represent a binary 0. There-
fore, only when all input signals are at the +6 v. level
will the output signal be at the 46 v. level.

The symbol 135, shown in FIG. § is employed to rep-
resent the AND-gate. Symbol 135 represents an AND-
gate having three input terminals. The three input sig-
nals to the particular AND-gate shown are respectively
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denoted Tp, Tq and Ts. Therefore, the output signal is
denoted Tp Tq Ts.

The expression Tp Tq Ts is the logic expression for
the Conjunctive, or AND, combination of the individuval
signals Tp, Tq and Ts. This form of expression is used
in logical equations, which are also known as Boolean
equations, to be employed hereinafter. The Conjunctive
operation on any two signals, such as the Tp and Tgq
signals, is indicated by writing the two signal terms ad-
jacent each other with no operator notation therebe-
tween, or with the operator notation (-) between the
two terms; as follows: Tp-Tq. This expression is read
as “Tp AND Tg.”

OR-Gate

The OR-gate of FIG. 6 provides the logical operation
of Inclusive-Or for positive input signals applied thereto.
The QR-gate provides an output signal of approximately
+6 v., representing a binary 1, when any one or more
of the input signals applied thereto represent binary 1's.

The OR-gate of FIG. 6 is illustrated, by way of ex-
ample, as having three input terminals 140, 141 and 142
and a single output terminal 143. The OR-gates em-
ployed in the system are not limited to three input ter-
minals, but may have from two input terminals to the
maximum number necessary for the required Inclusive-
Or operation.

A logic input signal applied to an input terminal of
the OR-gate represents either a binary 0 or a binary 1,
and is provided as a corresponding signal of —5 v. or
+6 v. Current flows from the input terminals through
the diodes 145, 146 and 147, and resistor 148 to a nega-
tive voltage source. If any one of the input signals is
at the 46 v. level, the corresponding diode will conduct

and all other diodes of the OR-gate receiving —5 v. in- ,

put signals will be back-biased and will not conduct. In
such instance, the output signal from terminal 143 will
be at 4-6 v. and will represent a binary 1. Therefore,
when any one or more of the input signals are at the
+6 v. level the output signal will be at the -6 v. level.

The symbol 149, shown in FIG. 6, is employed to
represent the OR-gate. Symbol 149 represents an OR-
gate having three input terminals. The three input sig-
nals to the particular OR-gate shown are respectively
denoted Tp, Tqg and Ts. Therefore, the output signal is
denoted Tp+Tq+Ts.

The expression Tp-+Tg-+Ts is the logic expression
for the Inclusive-Or, or OR, combination of the indi-
vidual signals Tp, Tq, and Ts. This form of expression
is used in the logical equations to be employed herein-
after, The Inclusive-Or operation on any two signals,
such as the Tp and Tq signals, is indicated by writing the
two signal terms adjacent each other with the (4)
operator notation therebetween; as follows: Tp+Tgq.
This expression is read as “Tp OR Tq.”

Inverter

The inverter circuit of FIG. 7 provides the logical
operation of Inversion, or NOT, for an input signal ap-
plied thereto. The inverter is adapted to provide an
output signal of approximately +6 v., representing a
binary 1, when the input signal received thereby has a
—5 v. level, representing a binary 0. Conversely, the
inverter provides an output signal representing & binary 0
when the input signal represents a binary 1. The inverter
supplies an additional output signal having the same
logical significance as the input signal.

The inverter circuit of FIG. 7 comprises an emitter
follower driving a grounded-emitter amplifier. The emit-
ter follower portion of the inverter comprises a transistor
155 having its output signal level clamped to have a total
excursion between the extremes of —3.5 v. and 3.5 v,
The input signal is applied at terminal 156. The output
signal of the emitter follower is taken from the emitter
electrode of transistor 155. This signal is also available
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at terminal 157 as a true logical representation of the
inverter input signal. The output signal of the emitter
follower is coupled to the grounded-emitter amplifier
comprising transistor 158,

To analyze the operation of the inverter assume, first,
that a binary O input signal is applied to input terminal
156. With an input signal of —5 v. level applied to the
base electrode of transistor 185, the emitter electrode of
transistor 155 operates approximately at the —5 v. level.
However, junction point 160 is clamped to a —3.5 v.
At this time current flows from the positive potential
source through resistor 161, diode 162, and resistor 163
to the —3.5 v. junction point 160. The value of voltage
at the base electrode of transistor 158 is below the value
of +6 v., so that transistor 158 conducts and supplies a
-+6 v. output signal at output terminal 165. Thus, the
inverter delivers an output signal representing a binary
1 when the input signal thereto represents a binary 0.

Assume, now, that the input signal represents a binary
. The application of a +4-6 v. signal to the base electrode
of transistor 155 causes transistor 155 to cease conduct-
ing and establishes junction point 160 at the 4-3.5 v.
level. The value of voltage at the base electrode of tran-
sistor 158 tends to go above 46 v., so that current flows
through diode 166 and cuts off transistor 158. At this
time the output signal at terminal 165 is at the —5 v,
level. Thus, a binary 1 input signal to the inverter pro-
vides a binary 0 output signal from terminal 165.

Capacitor 167 functions to speed the response of the
inverter when the inverter input signal level changes from
—5 v. to -+6 v. Capacitor 168 prevents bypassing of
diode 162, and thereby prevents saturation of transistor
158.

The symbol 170, shown in FIG. 6, is employed to rep-
resent the inverter. By way of example, the input signal
to the inverter is denoted as the Sig signal. The logically
inverted output signal provided at terminal 165 of the
inverter is designated as 1Sig. The output signal pro-
vided from terminal 157 is not logically inverted and is
represented by the legend ISig. Thus, the “true™ output
signal of an inverter is usually identified with the letter
1 affixed to the input signal term. The inverted output
signal is similarly written, but is provided with a super-
scribing bar.

Emitter Follower

The emitter follower of FIG. 8 is employed in many
parts of the logic networks of the system. The primary
function of the emitter follower is to supply the input
current requirements of a large chain of logical gates,
which a flip-flop would be unable to directly drive. The
specific locations of the emitter followers in the gystem
will not be given in the description to follow. However,
they may be employed following flip-flop output termi-
nals or at other locations where large current requirements
exist.

The emitter follower provides an output signal having
the same logical sense as the input signal. That is, the
emitter follower delivers a binary 1 output signal when
the input signal represents a binary 1, and vice versa.
Two types of emitter followers are shown in FIG. 8. The
first type, comprising the PNP transistor 178, is identified
as a PNP emitter follower. The second type, comprising
the NPN transistor 176, is identified as an NPN emitter
follower. Generally, the PNP emitter follower drives an
AND-gate and the NPN emitter follower drives an OR-
gate.

The symbol 178, shown in FIG. 8, is employed to rep-
resent the emitter follower. The output signal of the
emitter follower bears the same identification as the in-
put signal applied thereto.

Register Transfer

The register transfer shown in FIG. 9 provides for the
direct transfer of data between a pair of flip-flops, under
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control of a gated clock pulse driver. Normally, if a
first flip-flop (which may be termed a data-receiving
flip-flop) is adapted to receive the data bit stored in a
second flip-flop (which may be termed a data-transmit-
ting flip-flop), the register transfer input terminals of the
first flip-flop are connected through respective register
transfers to the corresponding output terminals of the
second flip-flop.

The register transfer circuit of FIG. 9 comprises eight
register transfers and is adapted to transfer the contents
of four data-transmitting flip-flops, storing a full data
digit, to four data-receiving flip-flops, also adapted to
stare a full data digit. A register transfer circuit is con-
nected between the 1-output terminal of each data-trans-
mitting flip-flop and the register transfer 1-input terminal
of the corresponding data-receiving flip-flop. A register
transfer is also connected between the 0-output terminal
of each data-transmitting flip-flop and the register trans-
fer O-input terminal of the corresponding data-receiving
flip-fiop. FIGURE 10 illustrates the connection of a
register transfer between an output terminal of a data-
transmitting flip-flop and the corresponding register trans-
fer input terminal of a data-receiving flip-flop.

The operation of a typical register transfer 201 of FIG.
9 will now be described. Register transfer 201, which
is also shown in FIG. 10, is connected between the 1-out-
put terminal of the N21 flip-flop and the register transfer
l-input terminal of the N11 flip-flop. The N21 flip-flop
I-output terminal is connected to input terminal 202 of
the register transfer circuit. Terminal 202 is connected
to one end of resistors 203 and 204. The other end of
resistor 203 is connected to a source of minus voltage.
Resistor 203 provides collector resistance for the data-
transmitting flip-flop output amplifier. Thus, the po-
tential applied to input terminal 202 will be -6 v., when
a binary 1 is applied thereto, and —5 v. when a binary 0
is applied thereto. This input signal is transferred through
resistor 204 and a diode 205 to output terminal 208. A
capacitor 206 is connected to the junction of resistor 204
and diode 205, and is adapted to be charged to the logic
voltage level provided by the corresponding data-trans-
mitting flip-flop.  Generally, the output signal of a
gated clock pulse driver is connected to input terminal
207. Output terminal 208 is connected to the correspond-
ing register transfer input terminal of the data-receiving
flip-flop. A resistor 209 functions to discharge any stray
capacitance connected across the output terminal 208,
thereby preventing spurious triggering of the data-re-
ceiving flip-flop.

As described in the previous section entitled “Flip-
Flop,” neither a —5 v. signal nor a +6 v. signal applied
to the register transfer input terminal is sufficient to
trigger the flip-flop. However, when a clock pulse is
superposed on a +6 v. signal, the flip-flop can be trig-
gered. Thus, if a clock pulse is delivered by gated clock
driver SN when a binary 1-input signal is applied to input
terminal 202, the superposed 46 v. and clock pulse de-
livered at terminal 208 will be adequate to trigger the
data-receiving flip-flop.

The eight register transfers of FIG. 9 are adapted to
transfer the entire contents of the second digit position of
the N-register to the first digit position of the N-register
upon receipt of the SN signal provided by the SN clock
pulse driver. Inasmuch as a triggering output signal
from a register transfer output terminal requires the
simultaneous prescnce of a binary 1 from the correspond-
ing data-transmitting flip-flop output terminal and a clock
pulse at terminal 207, the register transfer output signal
may be considered as representing a Conjunctive oper-
ation on the flip-flop input signal and the clock pulse.
Therefore, the output signal delivered at terminal 208,
for example, may be represented as:

#N11=5N N21
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Correspondingly, the output signal delivered at terminal
210 may be represented as:

#N11=SN NZi

The output terminals of one or more register transfers
may be connected to a single register transfer input
terminal of a flip-flop. In such instance, the one of the
register transfers which has a clock pulse applied thereto
will transfer the contents of the corresponding data-
transmitting flip-flop to the data-receiving flip-flop. An
example of such a circuit is provided by the N11 flip-flop,
which ig adapted to receive the contents of the N2 flip-
flop when the SN clock signal is applied to register trans-
fers connecting the output terminals of the N21 flip-flop
to the corresponding register transfer input terminals of

-the N11 flip-flop, or to receive the contents of the All

flip-flop when the XAN clock signal is applied to register
transfers connecting the output terminals of the A1l flip-
flop to the corresponding register transfer input terminals
of the N11 flip-flop. This plural input connection to the
register transfer l-input terminal of the NIl flip-flop is
illustrated in FIG. 10.

Inasmuch as the plural register transfer connection to
a flip-flop provides that an output signal from any one
of the connected register transfers will trigger the data-
receiving flip-flop, an Inclusive-Or logical operation is
thereby provided for the output signals of the plurally-
connecied register transfers. Thus, the register transfer
l-input signal to the N11 flip-flop may be expressed as-

#N11=SN N21+XAN A1l

The output signals delivered by certain manually oper-
ated push buttons or switches are often directly connected
to a flip-flop register input terminal which also has con-
nected thereto one or more register transfers, Actuation
of such a button or switch usually provides a +12 v. out-
put signal, which is sufficient to trigger the data-receiving
flip-flop. Therefore, this type of connection also pro-
vides an Inclusive-Or logical operation for the output
signals of the plurally-connected register transfers and
the buttons or switches. For example, the register trans-
fer O-input signal to the N11 flip-flop may be expressed as:

#N11=SN N2I+XAN ATI+Kce

where Kce is a 412 v. signal when certain buttons on the
Control Console are depressed.

The symbol 212, shown in FIG. 9, is employed to rep-
resent the eight register transfers connecting the four flip-
flops N24, N23, N22 and N21 to the corresponding ones
of flip-flops N14, N13, N12 and N!1. The arrow in
symbol 212 denotes that upon receipt of a clock pulse.
the entire contents of N2(i} are transferred to N1G).
Terminal 207', which is shown connected to symbol
212, illustrates that this data transfer is effected only
when a clock pulse SN is received. Symbol 213 repre-
sents the four flip-flops, N2(i), which are adapted to store
the second digit of the contents of the N-register. Sym-
bol 214 represents the four flip-flops, N1(i), which are
adapted to store the LSD of the N-register.

One-Shot

The monostable multivibrator, or one-shot, of FIG. 11
provides an output signal of predetermined duration.
The duration of the output signal is usuvally equal to a
non-integral number of clock periods.

The one-shot is a circuit adapted to operate normally
in a stable state, but to transfer to an unstable state for
a predetermined duration upon application of a trigger
signal thereto. 1ln one state of operation the one-shot
represents the binary 1 (l-state) and in the other state
the binary 0 (O-state). The one-shot circuit includes a
pair of coupled transistor amplifiers comprising the re-
spective transistors 220 and 221. The coupled transistor
amplifier pair is connected to a grounded-emitter tran-
sistor output amplifier, the output signal thereof repre-



3,235,879

23
senting the O-state of the one-shot. This output ampli-
fier comprises a transistor 222.

The one-shot is adapted to receive two input signals;
as follows: (a) a clock pulse signal, received at input ter-
minal 223, and supplicd by a clock pulse driver, and (b)
an input logic signal, received at input terminal 224, and
usually supplied by a logical gate.

The output signal, representing the 0-state of the one-
shot, is delivered at output terminal 225.

The operation of the one-shot will now be described.
In the stable state transistor 221 is conducting and tran-
sistor 220 is non-conducting. The current flowing
through the resistor 228 provides sufficient reverse bias
voltage to maintain transistor 220 non-conducting, where-
as this bias voltage is divided by resistors 229 and 230
to permit preferential conduction of transistor 221. The
base eclectrode of conducting transistor 221 is approxi-
mately at ground, so that the emitter electrodes of tran-
sistors 220 and 221 are held negative with respect to
ground by only a small voltage. The collector electrode
of transistor 221 is also close to O v., so that transistor
222 is forward biased and conducts. The conduction of
transistor 222 when the one-shot is in the stable state
provides an output signal at terminal 228 of 4-6 v., rep-
resenting a binary 1.

In the stable state the collector electrode of transistor
220 is approximately at +70 v. Therefore, capacitor
232, which is connected between the collector of tran-
sistor 220 and the base of transistor 221, is charged to
470 v.

A transistor 233 serves to isolate transistor 220 from
the input terminals of the one-shot., Normally, tran-
sistor 233 is non-conducting. The logic input signal
applied to terminal 224 is either at the —5 v. level (bi-
nary 0) or at the +6 v. level (binary 1). Either level
of the logic input signal is insufficient to trigger the one-
shot to its unstable state. However, if a clock pulse is
applied to terminal 223 when the logic input signal is
at its 46 v. level the superposition of the two input
signals is sufficient to drive transistor 233 into conduc-
tion. This momentary high positive signal, approxi-
mately +17 v., is applied to the base electrode of tran-
sistor 220, which thercupon commences conduction,
When transistor 220 commences to conduct, the col-
lector electrode thereof experiences a sudden potential
drop. This potential drop is coupled through capacitor
232 to the base electrode of transistor 221. As the base
electrode of transistor 221 swings negatively, the col-
lector current thereof diminishes. The decrease in cur-
rent flow of transistor 221 reduces the reverse bias ap-
plied to transistor 220, which conducts more heavily.
Thus, a regenerative action ensues, and transistor 220
is transferred to the conducting state and transistor 221
is rendered non-conducting. Transistor 221 remains cut-
off by the high reverse bias applied to its base electrode
from capacitor 232.

When transistor 221 is non-conducting, transistor 222
is rendered non-conducting, and the voltage at the out-
put terminal 225 drops to —5 v. Thus, when the one-shot
is in its unstable state, its output signal represents a bi-
nary 0.

Capacitor 232 now commences to discharge through
the path provided. The discharge time of capacitor 232
is determined by the RC-time constant of the circuit
loop comprising, basically, capacitor 232, potentiometer
234 and resistor 235. The discharge time is also in-
fluenced by the parallel-connected capacitor 236 and any
one or more of capaéitors 237, 238 and 239, which may
be connected to the “capacitor return” terminal 240. The
discharge time may also be altered by providing an ex-
ternal capacitor between the “ext time” terminal 241
and terminal 240.

In the unstable state, the emitter electrode of tran-
sistor 221 is slightly below ground potential. The base
electrode thereof is held below ground in accordance
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with the voltage across capacitor 232, Therefore, as
capacitor 232 discharges, the base electrode of transistor
221 rises toward the potential of the emitter electrode.
When the base electrode potential reaches the emitter
electrode potential, transistor 221 commences conducting,
and the one-shot returns to its stable state, where it re-
mains until it is again triggered.

One-shots are identified in accordance with the func-
tion they perform, although all one-shot designations be-
gin with the letter “Y.” For example, the Yb1 desig-
nation refers to a one-shot which controls the time dura-
tion of the ringing of a bell. Normally only the 0-output
signal is taken from the one-shot. That is, when the
one-shot is triggered into its unstable state, the logic sig-
nal available at the output terminal of the one-shot rep-
resents a binary 0. In its stable state the one-shot out-
put signal represents a binary 1. Thus, in effect, the one-
shot output signal turns off when the one-shot is triggered.
If desired, another output amplifier may be connected to
the collector electrode of transistor 220 to provide an
output signal representing the 1-state of the one-shot.
Such an amplifier would provide a binary 1 when the
one-shot was in its unstable state.

The symbo! 244, shown in FIG. 11, is employed to
represent the one-shot. Symbol 244, in this instance,
represents the Yb1 one-shot. The two leads entering
the left-hand side of symbol 244 represent the two in-
put terminals. The upper input lead receives the logic
input signal. The lower input lead receives the clock
pulse signal. The symbol indicates that the Yb1 flip-
flop receives the clock pulses provided by the CDA12
clock pulse driver. The notation *Yb1 opposite the up-
per input lead identifies the logic input signal. The lead
feaving the right-hand side of symbol 244 represents the
output terminal. The notation Yb1 identifies the 0-out-
put signal of the Y41 one-shot. The duration of the un-
stable state of the flip-flop is also included within the
symbol. Thus, the unstable state of the Yb! flip-flop
is indicated to be 15 ms,

Reglster

A register is adapted to provide temporary storage of
data being processed or data being transferred between
system components. The register comprises a plurality
of flip-flops, one flip-lop for each bit of the data to be
stored therein. Most registers of the system store a full
data word and, therefore, comprise 28 flip-flops.

The flip-flops of a register are identified according to
the register designation and the numerical significance
of the data bits stored therein. Thus, a register flip-flop
will be designated as the Qmn flip-flop, where Q identifies
the register, m identifies the digit order of the bit stored,
and 7 identifies the decimal significance of the bit stored.
For example, the J13 fiip-flop stores the 4-bit of the least
significant digit of the J-register contents. The 28 flip-
flops of the J-register may be represented; as follows:

J-REGISTER
Id (J74) Jo4 I54 Ju4 Ja i Ji4
Js J73) J63 353 J43 J33 J23 Ji3
Im2 (J72) Je2 J62 J42 Jaz J22 Ji2
Im1l (JN) Jo1 I5k J41 J3t J21 Ji1

The most significant, or 7th, digit of the data word is
stored in Jd, Js, Jm2 and Jm1. This set of flip-flops is
also termed J74, 173, J72 and J71.

The data in most of the registers may be serially shifted
from higher to lower order digit positions of the register.
In such registers, the entire contents of a digit position
are iransferred by parallel shift to the next lower order
digit position, The serial shifting of data in this manner
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is most often effected by register transfers connected be-
tween the flip-flops (see FIGS. 9 and 10 in the section
“Register Transfer”), Data which is serially transferred
by digits to successively lower order digit positions is said
to be “shifted-down.” If the flip-flops are interconnected
to transfer the data to successively higher order digit
positions, they are said to “shift-up” the data.

If the digit in the LSD position is directed to re-enter
the register at the MSD position during a shift-down, the
data is said to be “ring shifted-down.” Conversely, if
the MSD position digits enter the LSD position, the data
is said to be “ring shifted-up.”

Temporary signal storage is provided to permit a reg-
ister flip-flop to change its state at the same time that its
contents are being transmitted to another register flip-
flop; i.e., during the serial shift of data in a register.
This temporary signal storage is supplied by capacitors
in the register transfers and in the flip-flop logic input
circuits, These capacitors store the logic signal levels
from the output terminals of a data-transmitting flip-flop
prior to the occurrence of the clock signal that causes the
data-transmitting flip-flop to change its state and the cor-
responding data-receiving flip-flop to receive the contents
of the data-transmitting flip-flop. Thus, the register
transfer capacitors 206 temporarily store the logic signal
levels provided by the data-transmitting flip-flop. When
the clock pulse is applied to the register transfer the con-
tents of the data-transmitting flip-flop are held in ca-
pacitors 206 sufficiently long for the data-receiving flip-
flop to respond thereto, while the data-transmitting flip-
flop may simultaneously have the state thereof changed.
Similarly, where the contents of one flip-flop are trans-
mitted to another through logical gates, the flip-flop input
capacitors 116 and 117 provide temporary storage for
the input logic signal levels,

DATA PROCESSING SYSTEM—DETAILS

The Data Processing System is shown symbolically in
FIG. 12 to illustrate the elements therein which store
data, the paths of data transfer between these elements,
and major control elements of the system.

Instruction words for data processing, and operand
words which are to be processed are stored in the 4,000
word Core Memory during data processing operations.
Temporary storage of data words is provided in the
various registers of the system. Data is most often trans-
ferred between registers by means of register transfers,
not shown in FIG. 12. Most registers are also adapted
to shift the data therein by the employment of register
transfers between digit positions, such as shown in
FIG, 9.

The instruction word which directs the system oper-
ation is stored in the I-register 272. The I-register com-
prises two registers, a 2-digit C-register and a 4-digit A-
register. The I-register stores the 6 least significant digits
of an instruction word, these digits including the com-
mand portion and the address portion. The command
portion is stored in the C-register and the address portion
in the A-register. The command portion in the C-
register controls the type of operation to be executed
by the system. The address portion in the A-register
usually indicates the memory location from which the
operand word is to be received, or where a data word
is to be stored. However, the address portion is also
employed as a control function to supplement the com-
mand portion in controlling the type of operation to be
executed. The memory location of the next instruction
to be executed is stored in the 4-digit N-register 274. As
execution of an instruction is nearing completion the next-
instruction address stored in the N-register is transferred
to the A-register, and this address provides the Memory
Controls 242 with the information to obtain the next
instruction from the Core Memory 243,

All data words received from the Core Memory or
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entered into the Core Memory must pass through the
7-digit M-register 245, . Therefore, when an instruction
is to be received from the Core Memory the A-register
contents direct the Memory Controls to obtain the instruc-
tion from the location then indicated in the A-register.
This instruction is first transferred to the M-register and
then to the 7-digit J-register 271. From the J-register
the 6 least significant digits of the instruction word are
transferred to the I-register and the instruction is then
executed. Operand words needed by the instruction are
obtained from the Core Memory by the same process;
that is, by a first transfer to the M-register under control
of the address portion of the instruction word in the A-
register and then by a transfer to the J-register.

Arithmetic operations, sorting operations, comparison
operations, etc., on operand words are performed pri-
marily by employing the Arithmetic Unit 276, the L-
register 273, and the R-register 275. The L-register and
R-register are both 7-digit registers and each stores a
complete data word. The L and R-registers are em-
ployed together when data processing is performed on
double-precision words, and when so employed are desig-
nated as the FULL-register. The R-register is usually
employed when processing single data words. The Arith-
metic Unit is adapted to perform the operation of addi-
tion or subtraction on a pair of words received simulta-
neously from the J-register and the R-register or on
data received simultaneously from the A-register and the
B-register 270. When the contents of J and R are re- -
ceived by the Arithmetic Unit the output signals thereof
are entered into the R-register, if single numeric words
are being processed, and into the FULL-register if double-
precision words are being processed.

A data word in the R-register may be transferred to
the M-register for storage in the Core Memory at the
location designated by the A-register contents.

The 4-digit B-register is employed to modify the ad-
dress portion of the instruction word in the A-register.
This modification is performed by adding the B-register
contents to the A-register contents in the Arithmetic
Unit, and by entering the output signals of the Arith-
metic Unit into the A-register.

The Ar-register 268 and the Aw-register 269 stors
memory addresses during respective Multiplex Buffer
read and write operations and are adapted to enter the
address into the A-register when the Multiplex Buffer
is to transfer a word to the Core Memory or to receive
a word therefrom.

The modulo-3 of all words received by the J-register
from the Core Memory is compared against the mod-bits
of these words by the J-mod-generator 277, which ac-
cumulates the modulo-3 of a word as it ring shifts in the
J-register. The V-mod-generator of the Arithmetic Unit
accumulates the modulo-3 of the Arithmetic Unit output
signal in order to apply the appropriate mod-bits to
this word.

The Ar, Aw, B, J, I, L, N, and R-registers, the Arith-
metic Unit, and the J-mod-generator comprise the Cen-
tral Processor 10 of FIG. 1. The Memory Controls,
Core Memory, and M-register comprise the Memory 12
of FIG. 1.

The Central Processor receives data from the Control
Typewriter, the Photoreader, the Tape Handlers, and the
Character Reader, and transmits data to the Tape Han-
dlers, the Printer, the Control Typewriter, and the
Sorter.

The 7-digit P-register 247, which is a part of the P-
Buffer, temporarily stores a data word being transferred
from the Control Typewriter or from the Photoreader to
Memory. The P-register also temporarily stores a data
word being transferred from Memory to the Contro!
Typewriter. In so exchanging data with the Memory,
the P-Buffer is controlled by the Central Processor and
its mode of operation is initiated by the contents of the

76 A-register, which sets the P-Buffer Controls 246. The
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P-Buffer, when directed by the Control Typewriter, co-
ordinates the typing out of the contents of the B, 1, L,
N, P, and R-registers by the Control Typewriter. The
Control Typewriter and the P-Buffer also cooperate in
entering data words directly into the I-register and the
R-register.

The Rb-register 248 and the Wh-register 250 form a
part of the Multiplex Buffer and are controlled by the
Multiplex Buffer Controls 249. The 7-digit Rb-register
temporarily stores a data word being transferred from
magnetic tape or the Sorter Control Unit to Memory.
The 7-digit Wb-register temporarily stores a data word
being transferred from Memory to magnetic tape or to
the Printer.

A description of the system operation is provided in
a succeeding section entitled “Instructions,” and in the
sections following thereafter. Details of the system
structure and of the components thereof are provided
in FIGS. 17, 19, 20, 24, 28, 29, 33, 36, 37, 42, 43 and
48-187.

Data Processing Operations

The command portions of the instruction word may
have any one of 52 bit configurations, each configuration
representing a different one of 52 decimal numbers. Each
command portion number directs a fundamentally dif-
ferent data processing operation of the system. The
system executes the commands of a succession of in-
struction words to process data. This succession of in-
struction words is termed a “program,” in any program
many, or all, of the 52 fundamental operations are exe-
cuted one or more times to process the received data.

These fundamental operations which the system will
execute, may be grouped by function; as follows:

A. Memory Input-Output Operations
Instruction 75: Transfer M to R (TMR)

A data word in Memory is transferred to the
R-register.

Instruction 70: Transfer R to M (TRM)

The data wora in the R-register is transferred
to Memory.

Instruction 21: Exchange R and M (XMR)

The data word in the R-register is transferred
to a specified memory location and the data
word in that location is transferred to the R-
register.

Instruction 85: Transfer M to FULL (TMF)

A double-precision word in Memory is trans-

ferred to the L and R-registers (FULL).
Instruction 80; Transfer FULL to M (TFM)

The double-precision word in FULL is trans-
ferred to Memory.

. Operations Shifting Data within the Central Processor
Instruction 94: Exchange R and B (XRB)

The entire contents of the B-register are ex-
changed with the four least significant digit
position contents of the R-register.

Instruction 97: Exchange L and R (XLR)
The L and R-registers exchange data words.
Instruction 90: Shift R Right (N) (SHR)

The numeric portion of the data word in the
R-register is shifted-down through a designated
number (N) of digit pasitions.

Instruction 91: Ring Shift R (N) (RSK)

The numeric portion of the data word in the R-
register is ring shifted-down through a desig-
nated number (N) of digit positions.

Instruction 92: Shift FULL Right (N) (SHF)

The combined numeric portions of the double-
precision data word in FULL is shifted-down
through a designated number (N) of digit posi-
tions.
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B. Operations Shifting Data, Etc.—Cont'd
Instruction 93: Ring Shift FULL (N) (RSF)

The combined numeric portions of the double-
precision data word in FULL is ring shifted-
down through a designated number (N) of
digit positions.

Instruction 28: Transfer M to B (TMB)

The four least significant digits of a data word

in Memory are transferred to the B-register.
. Program Jump Operations
Instruction 60: Branch if D1 (BD1)

The sequence of instructions being executed will
be interrupted by a jump to a designated in-
struction, if the D1 flip-flop is on.

Instruction 62: Branch if D2 (BD2)

The sequence of instructions being executed will
be interrupted by a jump to a designated in-
struction, if the D2 flip-flop is ob.

Instruction 64: Branch if D3 (BD3)

The sequence of instructions being executed will
be interrupted by a jump to a designated in-
struction if the D3 flip-flop is on.

Instruction 63: Jump Unconditionally (JUN)

The sequence of instructions being executed will
be interrupted by a jump to a designated in-
struction.

Instruction 61: Jump Unconditionally, Transfer N to
B (JNB) ‘

The sequence of instructions being executed will
be interrupted by a jump to a designated in-
struction, and the contents of the N-register are
transferred to the B-register.

. Comparison Operations
Instruction 76: Is R Greater Than M7 (RGM)

The data word in the R-register is compared with
a specified data word in Memory, and if the
word in the R-register is greater than the word
in Memory, the D1 flip-flop is set.

Instruction 86: Is L—R Greater Than M, and
Ma-+17 (FGM)

The double-precision word in FULL is compared
with a specified double-precision word in
Memory, and if the word in FULL is greater
than the word in Memory, the Dt flip-flop
is set.

Instruction 71: Is R Unequal to M? (RUM)

The data word in the R-register is compared
with a specified data word in Memory, and if
the two words compared are not equal, the D1
flip-flop is set.

Instruction 81: Is L—R Unequal to M, and M,+41?
(FUM)

The double-precision word in FULL is compared
with a specified double - precision word in
Memory, and if the two words compared are
not equal, the D1 flip-flop is set.

Instruction 31: Find Word in Memory Equal to
L—R (FND)

The Memory is searched through a series of
sequential double-word locations to find a
double-precision word that is equal to the
double-precision word in FULL.

Instruction 36: Find Word in Memory Equal To o1
Greater Than FULL (FGR)

The Memory is searched through a series of
sequential double-word locations to find a
double-precision word that is equal to or
greater than the double-precision word in
FULL.
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. Sorting Operation
Instruction 35: Tumble (TUM)

The double-precision word in FULL is stored in
Memory at a designated double-word location,
and the double-precision words in the desig-
nated memory location and in following se-
quential double-word memory locations are
each shifted to the next sequential double-
word locations.

. Arithmetic Operations
Instruction 72: Add M to R (AMR)

A word in Memory is added to the word in the
R-register, and the sum is placed in the R-
register.

Instruction 73: Subtract M from R (SMR)

A word in Memory is subtracted from the word
in the R-register, and the difference is placed
in the R-repister.

Instruction 82: Add M to FULL (AMF)

A double-precision word in Memory is added to
the double-precision word in FULL, and the
sum is placed in FULL.

Instruction 83: Subtract M from FULL (SMF)

A double-precision word in Memory is subtracted
from the double-precision word in FULL, and
the difference is placed in FULL.

Instruction 87: Add M to R and Carry (ARC)

A word in Memory is added to the word in the

R-register, and the sum is placed in FULL,
Instruction 88: Subtract M from R and Carry (SRC)

A word in Memotry is subtracted from the word
in the R-register, and the difference is placed
in FULL.

Instruction 27: Add M to B (AMB)

The four least significant digits of a data word
in Memory are added to the contents of the
B-register, and the sum is placed in the B-
register.

Instruction 42: Multiply M by R (MPY)

A word in Memory is multiplied by the numeric
portion of the word in the R-register, and the
product is placed in FULL.

Instruction 43: Divide FULL by M (DIV)

The numeric portion of the double-precision word
in FULL is divided by the numeric portion
of a single numeric word in Memory, and the
quotient is placed in FULL.

. Miscellaneous Central Processor Operations
Instruction 25: Mod-3 Generation on R (GMR)

Mod-bits are generated for the modulo-3 of the

numeric portion of the R-register contents.
Instruction 26: Mod-3 Generation on L and R (GM F)

Mod-bits are generated for the modulo-3 of the

numeric portions of both the L and R-registers.
Instruction 54: Does Condition X Exist? (DSW)

One or more of a plurality of interrogations re-
lating to conditions in various parts of the
system are made, and if the condition or con-
ditions exist, the D3 flip-flop is turned on.

Instruction 50: Change State of Sign or Designator of
R, or Change Jc (CHR)

The state of the J¢, Rd, and Rs flip-flops may
be altered.

Instruction 29: Extract M into R by L (EXT)

Certain digits of the word in the R-register are
replaced with the corresponding digits of a
word in Memory, under control of a word in
the L-register.

Instruction 53: Halt (HLT)

Data processing halts at the termination of the

instruction,
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H. System Input-Output Operations
Instruction 24: Transfer P to M (TPM)

The data word in the P-repister is transferred to
Memory.

Instruction 74: Transfer M to P (TMP)

A data word in Memory is transferred to the
P-register.

Instruction 59: Photoreader or Control Typewrlter
In or Out (P10)

A data word is transferred into the P-register
from either the Photoreader or the Control
Typewriter, or the data word in the P-register
is transferred to the Control Typewriter.

Instruction 52: Ring Bell or Gong (RNG)

An audible indication is produced.

Instruction 65: Read Magnetic Tape or Character
Reader (RMT)

The Multiplex Buffer is directed to start reading
one block of data from magnetic tape or to
start reading one line of data from a docu-
ment.

Instruction 66: Write Magnetic Tape or Load Printer
(WMT)

The Multiplex Buffer is directed to start writing
one block of data onto magnetic tape or to
start transmitting one block of data to the
Printer.

Instruction 67: Alter Magnetic Tape (AMT)

The magnetic tape of a Tape Handler is caused
to reverse, erase, or rewind.

Instruction 68: Write Blockettes on Magnetic Tape
or Load Printer (WMB)

The Multiplex Buffer is directed to start writing
5 blockettes of data onto magnetic tape, or to
start transmitting 5 blockettes of data to the
Printer.

Instruction 58: Start or Stop Check Feeding (CHF)

The Sorter is directed to start or stop transferring
documents to the Character Reader.

Instruction 57: Sele¢t Sorter Pocket (N) (POC)

The Sorter is directed to store the next document

in a designated (N) pocket.

In addition to the 49 above-described programmable
operations, three different operations are directed by the
corresponding command portion numbers 51, 55, and 56,
These three pumbers are automatically inserted into the
C-register when data is being transferred into or out of
the Multiplex Buffer. One of these operations is employed
each time the program or an instruction is interrupted in
order to transfer data between the Memory and the Multi-
plex Buffer.

Under certain circumstances an Instruction 25 or 26
is entered automatically to provide the correct mod-bits
after an instruction has altered the modulo-3 of a word.

GLOSSARY AND INDEX OF SIGNALS

The signals provided by the system circuit elements
are tabulated below. The portion of the description which
illustrates or describes the respective source circuit ele-
ment for each of these signals is also identified,

For example, the notation:

Anpd: FF, Cent Proc; FIG, 105

indicates that the Anpd signal is provided by the Anpd
flip-flop of the Central Processor, and that the source
flip-flop and the corresponding logical schematic dia-
grams for providing input signals thereto are illustrated
in FIG. 105. A similar notation js employed for one-shot
and inverter output signals,
The notation:
Cad: Log, Cent Proc; FIG. 107

indicates that the Cad signal is a designated logical com-
bination signal of the Central Processor, and that its

source logical schematic diagram is illustrated in FIG.
107.
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‘The notation:
B27: CP, Cent Proc; FIG. 17

indicates that the B27 signal is provided by the B27 clock
pulse driver of the Central Processor. Since the B27
clock pulse driver operates continuously, “FIG. 17" re-
fers to the actual illustration of the B27 clock pulse driver.
However, if a clock pulse driver is gated, the noted figure
refers to the illustration showing the logical schematic
diagram for providing the gating signal for the clock pulse
driver which supplies the tabulated signal. Thus, the B28
gated clock pulse driver output signal is tabulated as

B28: CP, Cent Proc; FIG. 108

wherein FIG. 108 illustrates the logical schematic dia-
gram that provides the Gate-B28 signal for the B28 clock
pulse driver.

The notation:

Kcce: Sw, Con Cons; FIG. 19

indicates that the Kccc signal is provided by closing a
switch or button on the Control Console.
The notation:

Ka: Key, Con Typ; “Control Typewriter” section

indicates that the Ka signal is provided by depressing a
key on the Control Typewriter. The source circuit ele-
ment for the Ka signal is not illustrated in the drawings,
but is described in the “Contral Typewriter” section.

The notation (ij) following the identification of a flip-
flop indicates, generally, all flip-flops of a given register
which bear a numerical suffix. For example, A(ij)} re-
fers to the signals delivered by all flip-flops of the A-
Tegister.

The table to follow employs the abbreviations:

CP—Clock pulse driver
FF—Flip-flop

Inv—Inverter

Key—Key

Log—Designated logical combination signal
OS—One-shot

Sw—Switch or button

Cent Proc—Central Processor
Char Rdr—Character Reader
Con Cons—Control Console
Con Typ—Control Typewriter
Mem—Memory
Mult-Buf—Multiplex Buffer
P-Buf—P-Buffer
Photo—Photoreader
Prir—Printer

Read-Buf—Read Buffer
Sort—Sorter

Sort Con—Sorter Control Unit
Tape Con—Tape Control Unit
Tape Han—Tape Handler
Write-Buf-~Write Buffer

A(if): FF, Cent Proc; FIGS. 48-51
The 1-output signals of the 16 flip-flops of the A-
register, which stores the address portion of the
instruction word.
Aac: FF, Cent Proc; FIG. 98
The 1-output signal of an alarm flip-flop which is set
to the 1-state if a malfunction occurs in the Arith-
metic Unit.
Ah: Sw, Con Cons; FIG. 19 ¢
A signal which issues upon depression of the AD-
DRESS HALT button and causes the system to
halt when a designated address is in the A-register.
Ai: FF, Cent Proc; FIG. 105
The 1-output signal of an alarm flip-flop which is set
to the 1-state if an improper instruction word en-
ters the Central Processor.

5

10

15

20

25

30

35

40

45

&0

1]

66

70

16

32
AM(ij): FF, Mem; FIGS. 110-113

The 1-output signals of the 14 flip-flops of the AM-
register, which stores the address of the memory
location addressed during each memory cycle,

Amm: FF, Cent Proc; FIG. 105

The 1-output signal of an alarm flip-flop which is set
to the 1-state if an improper data word is trans-
ferred to the Central Processor from Memory.

Anpd: FF, Cent Proc; FIG. 10§

The 1-output signal of a sub-alarm flip-flop which is
set to the 1-state if the Central Processor fails to
select a Sorter pocket after a document is read by
the Character Reader.

Ar(ij): FF, Cent Proc; FIGS. 52-55

The 1-output signals of the 14 flip-flops of the Ar-
register, which stores the memory location wherein
the next word to be read from magnetic tape or
the Character Reader is to be stored.

Atd: FF, Tape Con; “Alarms” section

The I-output signal of an alarm flip-flop which is
set to the t-state if the addressed Tape Handler is
disabled.

Ate: FF, Cent Proc; FIG. 105

The 1-output signal of an alarm flip-flop which is
set to the I-state if a malfunction occurs when a
Tape Handler or the Character Reader is reading
or when a Tape Handler or the Printer is writing.

Atm: FF, Cent Proc; FIG. 104

‘The 1-output signal of a control flip-flop which, when
set to the I-state, causes the word in the M-
register of the Memory to be incremented by 2 as
it is restored to its Core Memory location.

Aw(if): FF, Cent Proc; FIGS. 56-59

The 1-output signals of the 14 flip-flops of the Aw-
register, which stores the memory location wherein
the next word to be written by a Tape Handler or
the Printer is stored.

B17: CP, Cent Proc; FIG. 17

The clock pulses which are delivered by a continuous
clock pulse driver and which are applied to clock
pulse input terminals of Central Processor flip-flops.

B27: CP, Cent Proc; FIG,. 17

The clock pulses which are delivered by a continuous
clock pulse driver and which are applied to clock
pulse input terminals of Central Processor flip-flops.

B28: CP, Cent Proc; FIG. 108

The clock pulses which are delivered by a gated
clock pulse driver and which are applied to clock
pulse input terminals of Central Processor flip-flops.

B(if): FF, Cent Proc; FIGS. 60-63

The 1-output signals of the 16 flip-flops of the B-
register, which stores a number for modifying the
address in the A-register.

Bb: FF, Cent Proc; FIG. 95

The 1-output signal of a control flip-flop which, when
set to the 1-state, causes modification of the ad-
dress in the A-register effecting the addition there-
to of the contents of the B-register.

Bbf: FF, Write-Buf; FIG. 154
The 1-output signal of a control flip-flop, which when
set to the 1-state, signals that the first word of a
block of data words has been transferred to the
Write Buffer or aids in terminating the transfer of
a block of data words to the Printer.
Bbs: Log, Write-Buf; FIG. 158
A signal which notifies the Printer that the first word
of a block of data words is ready to be transferred
thereto.
Bkt: Log, Cent Proc; FIG. 107
A signal which directs a Tape Handler to back ona
data block.



3,235,879

33
Bik: FF, Cent Proc; FIG. 104
The l-output signal of a control flip-Alop which, when
set to the 1-state, dirccts the writing on magnetic
tape or by the Printer of 100 data words comprising
five blocketies of 20 words, wherein the five
blockettes are taken {rom live respective groups of
memory locations disposed at random in Memory,
each proup comprising 20 consccutive memory
locations.
Bls: Log, Cent Proc; FIG. 107
A sipnzl which counts the Whi-counter up by 1
whenever the wrile menory address in the A-
register is o multiple of 20,
Bre: ¥, P-Bul, FIG. 133
The 1-output signal of a control flip-flop which, when
set to the [-stote, dircots the type-out of the con-
tents of a desipnated register by the Control Type-
writer when the Central Processor is halted.
C(if): FF, Cent Proc; FIGS. 64, 65
The 1-cutput signals of the 8 flip-flops of the C-
register, which stores the command portion of the
instruction word.
Cad: Log, Cent Proc; FIG. 107
A signal which effects the decrease by 1 of the num-
ber represented by the contents of the A21 and the
- Al flip-flops of the A-register.
Can: Log, P-Buf; FIG. 138
A -signal which directs the transfer of the contents
of the P7 flip-flops to the Cs flip-flops of the P-
Buffer when data is being transferred from the
P-Buffer to the Control Typewriter.
Cap: CP, P-Buf; FIG, 138
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to clock puise
input terminals of P-Buffer flip-flops.
Cau: Log, Cent Proc; FIG. 107
A signal which effects the increase by 1 of the nu-
merical portion of the contents of the A-register.
Cd0-Cd9: Char Rdr; FIG, 42
Signals delivered by the Character Reader which
represent the rcading and recognition of the re-
spective numerals 0-9 on a document.
CD1, CD2: CP, Mult-Buf; FIG. 33
The clock pulses which are delivered by a pair of
continuous clock pulse drivers and which are ap-
plied to clock pulse input terminals of Multiplex
Buffer flip-flops and one-shots.
CD3: CP, Tape Con; FIG. 33
The clock pulses which are delivered by a continuous
clock pulse driver and which are applicd to clock
pulse input terminals of Tape Control Unit fiip-
flops.
CD4: CP, P-Buf; FIG. 29
The clock pulses which are delivered by a continuous
clock pulse driver and which are applied to clock
pulse input terminals of P-Buffer ilip-flops and
one-shots.
CDA, CDB, CDC: CP, Cent Proc; FIG. 17
The clock pulses which are delivered by three con-
tinuous clock pulse drivers and which are applied
to drive other clock pulse drivers of the Central
Processor.
CDALl1, CDA13, CDA14: CP, Cent Proc; FIG. 17
The clock pulses which are delivered by three gated
clock pulse drivers and which are applied to clock
pulse input terminals of Central Processor flip-
flops.
CDAI12: CP, Cent Proc; FIG. 17
The clock pulses which are delivered by a continuous
clock rulse driver and which are applied to clock
pulse input terminals of Central Processor flip-
flops and one-shots.
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Cer: Char Rdr; FIG. 42
A signal which is delivered by the Character Reader
to denote that the Character Reader has been
unable to read or to recognize a particular char-
acter on a document,
Cfd: FF, Cent Proc; FIG. 104
The l-output signal of a control flip-flop which,
when set to the 1-state, causes the Sorter Control
Unit to direct the Sorter to continuously fecd
documents.
Cfs: FF, Read-Buf; FIG. 177
The I-output signal of a control flip-flop which,
when set to the 1-state, controls the Read Buticr
so that a line of data is read from but one docu-
ment.
Cjsd: Log, Cent Proc; FIG. 107
A signal which effects the resetting of the Reh flip-
flop after a character reading command has been
given, but during the duration of which no doco-
ment has been detected, by causing the setling of
the Cfs flip-flop.
Cha: FF, Read-Buf; FIG, 175
The 1-output signal of a control flip-flop which,
when set to the 1-state, controls the Read Buffer
when data is being transferred thereto {rom the
Character Reader.
Chad: Log, Cent Proc; FIG. 107
A signal which prepares the Read Bufler and Char-
acter Reader for a character rcading operation
by causing the setting of the Cha flip-flop in the
Read Buffer.
Cinf: Log, P-Buf; FIG. 138
A signal which directs the transfer of the character
transmitted by the Control Typewriter to the Cs
flip-flops of the P-Buffer,
Cinp: Log, P-Buf; FIG. 138
A signal which directs the transfer of the character
transmitted by the Photoreader to the Cs flip-
flops of the P-Buffer.
Cinr: Log, P-Buf; FIG. 138
A signal which directs the transfer of the contents
of the P7 flip-flops, or of the P7 and P! flip-
flops, to the Cs flip-flops of the P-Buffer, when
data is being transferred from the P-Buffer to the
Control Typewriter.
Ckp: FF, Sort Con; FIG. 185
The I-output signal of a control flip-flop which,
when set to the Il-state, signals that the field of
a document is passing the transducer of the
Character Reader.
Cld: Log, Cent Proc; FIG. 107
A signal which effects the decrease by 1 of the con-
tents of the L1 flip-flops of the L-register.
Clu: Log, Cent Proc; FIG, 107
A signal which eflfects the increasc by 1 of the
contents of the L1 flip-flops of the L-register.
Cod4-Codl: Log, Sort Con; FIG. 187
The signals delivered by the digit encoder 850 of
the Sorter Control Unit, which represent in four
bit complementary code the numeral read and
recognized by the Character Reader.
Cof: FF, Sort Con; FIG. 185
The 1-output signal of a control flip-flop which,
when set to the 1-state, directs the Sorter to con-
tinuously feed documents.
Cpg: Log, Cent Proc; FIG. 107
A signal which issues during a “greater than” com-
parison instruction to enable various logic inputs
to D1, in order that D1 may reflect the result of
a “greater than” comparison.
Crd4-Crdl: Log, Sort Con; FIG. 187
The signals transmitted from the Sorter Control Unit
to the Read Buffer, which represent in four bit
complementary code the character read and rec-
ognized by the Character Reader,
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Cs1-Cs6, Csp: FF, P-Buf; FIGS, 130, 131
The I-output signals of the 7 flip-flops of the Cs-
register, which stores the six data bits and the
parity bit of characters being transferred into the
P-Buffer from the Control Typewriter and the
Photoreader or being transferred out of the P-
Buffer to the Control Typewriter.
Cscl, Csc2: CP, Sort Con; FIG, 43
The clock pulses which are delivered by a pair of
continuous clock pulse drivers and which are ap-
plied to clock pulse input terminals of Sorter Con-
trol Unit {lip-flops and one-gshots.
Csu: FF, Read-Buf; FIG. 177
The 1-output signal of a control flip-flop, which con-
trols the bursts of the Tr-counter when data is
being read by the Character Reader and trans-
ferred to the Read Buffer, and also signals the
failure of a Tape Handler to transfer any data to
the Read Buffer during the reading of a block of
data from magnetic tape.
Csy1, Csy2, Csy3: 0OS, Sort; FIG. 42
The output pulses of three cascaded Sorter one-shots
which operate to synchronize the reading of a line
of data from a document and the subsequent in-
sertion of the document in a Sorter pocket when
a pocket decision is received by the Sorter.
Cud4-Cul: Char Rdr; FIG. 42
Signals delivered by the Character Reader which
represent the reading and recognition of the respec-
tive cue characters on a document.
Cwu: Log, Cent Proc; FIG. 107
A signal which effects the increase by 1 of the con-
tents of the W-counter,
Cytc: CP, P-Buf; FIG. 128
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to clock pulse
input terminals of P-Buffer ﬂip-ﬂops
FF, Cent Proc; FIG. 100
The 1-output signal of a control ﬂxp-ﬂop which, when
set to the 1-state, indicates the results of the execu-
tion of certain comparison instructions.
FF, Cent Proc; FIG. 100
The 1-output signal of a control flip-flop which, when
set to the 1-state, indicates that the two least
significant digits of the contents of a memory ad-
dress have been incremented by 2, and also in-
dicates that an overflow has occurred when the
four least significant digits of a word in Memory
are added to the contents of B, during execution of
an Instruction 27.
FF, Cent Proc; FIG, 100
The 1-output signal of a control flip-flop which, when
set to the 1-state, indicates that a particular situa-
tion exists during execution of an interrogation by
an Instruction 54,
D3g: Log, Cent Proc; FIG. 107
A signal which issues when a particular situation
exists during interrogation by an Instruction 54,
Dce: FF, Sort Con; FIG. 185
The 1-output signals of a control flip-flop which,
when set to the 1-state, indicates that a character
has been read from a document and recognized
by the Character Reader.
Dec0-Dec9, Dec—ss: Log, Sort Con; FIG. 187
The signals delivered by the Sorter Control Unit to
the Sorter, which represent respectively the Sorter
pocket into which a document is to be inserted.
Dor: Log, Sort Con; FIG. 187
A signal which issues when a numeral on a document
has been read and recognized by the Character
Reader.
DRCO-DRC19: Mem; FIG. 121
The respective output signals of the 20 address
drivers of the Memory,
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Dsyl1, Dsy2: FF, Read-Buf; FIG. 176
The 1-output signals of two control flip-flops which
aid in retiming the data bits received by the Read
Buffer from magnetic tape.
Dt¢: FF, Cent Proc; FIG. 100
The 1-output signal of a control flip-flop which, when
set to the 1-state, indicates that a programmed in-
struction has not been executed because a system
component was busy or was not prepared.
Efp: FF, P-Buf; FIG. 132
The 1-output signal of a full alarm flip-flop which is
set to the 1-state if a parity error has been detected
in data in the P-Buffer.
Em?24: Log, Cent Proc; FIG. 107
A signal which issues during execution of an Instruc-
tion 24 to reset the Mc3 flip-flop for indicating
that the P-register is empty following the execu-
tion of the instruction.
Em59: Log, Cent Proc; FIG. 107
A signal which issues during execution of an In-
struction 59 for setting the P-Buffer mode control
flip-flops to direct the execution of the selected
operation.
Em74: Log, Cent Proc; FIG. 107
A signal which issues during execution of an In-
struction 74 to initiate transfer of a word from
Memory to the P-Buffer.
End: Log, Cent Proc; FIG. 107
A signal which issues during the last clock period in
the execution of an instruction.
Eoc: FF, Read-Buf; FIG. 107
The 1-output signal of a control flip-flop which, when
set to the 1-state, signals that the end of the line
of data has been read by the Character Reader.
Eod: FF, P-Buf; FIG. 133
The 1-output signal of a control flip-flop which, when
set to the I-state, indicates the conclusion of a
P-Buffer operation, in order to provide proper
delay for the Control Typewriter mecharism to
return to its idle state.
Eos: Log, P-Buf; FIG. 138
A signal which issues to indicate that a P-Buffer
operation has been completed.
Err: Log, Sort Con; FIG. 187
A signal which issues when the waveshape obtained
from an improper character has been transmitted
to the Character Reader, or when the Character
Reader cannot recognize the waveshape received
thereby,
Ers: FF, Read-Buf; FIG. 174
The 1-output signal of a sub-alarm flip-flop which is
set to the 1-state: if a row or column parity error
is detected in a data word received by the Read
Buffer from magnetic tape; if the Read Buffer has
not been unloaded when the next word is received
from magnetic tape or from the Character Reader;
or if no data is transmitted into the Read Buffer
from a tape block.
Ersd: Log, Cent Proc; FIG. 107
A signal which effects the resetting of the Ers flip-
flop when the state thereof is interrogated by
execution of an Instruction 54.
Log, Cent Proc; FIG. 107
A signal which issues during execution of an In-
struction 67 to initiate the erasing of block mark-
ers and the backing of an identified magnetic tape.
Ews: FF, Write-Buf; FIG. 151
The 1-output signal of a sub-alarm flip-flop which
is set to the l-state: if the Write Buffer has not
been loaded before another word must be trans-
mitted to the Tape Handler; or if the Write Buffer
has not been unloaded when the Central Processor
is ready to enter another word therein.

Ert:
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Ewsd: Log, Cent Proc; FIG. 107
A signal which effects the resetting of the Ews flip-
flop. when the state thereof is interrogated by ex-
ecution of an Instruction 4.
Fer1-Fir10: Tape Con; FIGS. 37 and 39
TKe l-output signals of the 10 read amplifiers of
the Tape Control Unit. These amplifiers amplify
and temporarily store the data read from the cor-
responding magnetic tape tracks of the Tape Han-
dler currently reading data.
Gm2, Gm1: FF, P-Buf; FIG. 134
The 1-output signals of the two flip-flops of the P-
Mod-generator, which are primarily employed to
accumulate the modulo-3 of a data word in the
P-Buffer. The Gm1 flip-flop is also employed to
suppress the type-out of the most significant 0’s
in the P-register. The Gm2 flip-flop is also em-
ployed during the type-out of a second half double-
precision word from the P-Buffer to provide for
the Car Ret putaway character.
Gm3: Log, P-Buf; FIG. 138
A signal which effects the increase by 1 of the num-
ber represented by the Gm2, 1 flip-flops, in re-
sponse to a digit having a modulo-3 of +1.
Gm4: Log, P-Buf; FIG. 138
A signal which effects the decrease by 1 of the num-
ber represented by the Gm2, 1 flip-flops, in re-
sponse to a digit having a modulo-3 of —1.
Gmt: Log, P-Buf; FIG. 138
A signal which enables the Gm2, 1 flip-flops to ac-
cumulate the modulo-3 of a word in the P-register
in accordance with the state of the Gm3 and Gm4
signals.
Haf: FF, Read-Buf; FIG. 174
The l-output signal of a control flip-flop which aids
in retiming the tape digits received by the Read
Buffer. The Haf flip-flop, when in the I-state,
denotes that one digit from a magnetic tape trans-
verse recording position has been transmitted to
the Read Buffer digit input registers.
HDd, HDs, HDm2, HDm1, Hd(ij): Mem; FIG. 121
The input signals to the logic input terminals of the
respective inaibit drivers of the Memory.
Hst: FF, Cent Proc; FIG. 101
The l-output signal of a control fiip-flop which,
when set to the 1-state, is employed to “remem-
ber” that an instruction-interrupt operation is be-
ing performed by the Multiplex Buffer, during
execution of an Instruction 31, 35 or 36.
Hr1, He2: FF, Cent Proc; FIG. 102
The 1-output signals of a pair of control flip-flops
which function to halt the operation of the Data
Processing System,
Ich: Inv, P-Buf; FIG. 138
: The true output signal of an inverter which indicates
that the Photoreader is ready and that a Photo-
reader input command has been given to the P-
Buffer.
Icom: Inv, Cent Proc; FIG. 109
The true output signal of an inverter which issues
to reset the Hrl and Hr2 flip-flops and thereby
to place the system in the normal data processing
mode.
Icsp, Ics6-Icsl: Inv, P-Buf; FIG. 138
The true output signals of seven inverters which
provide 1- and O-logic input signals to the corre-
sponding flipflops of the Cs character register of
the P-Buffer.
IEnd: Inv, Cent Proc; FIG. 109
The true output signal of an inverter which provides
an inverted logic signal for the End logical com-
bination signal.
IErr: Inv, Sort Con; FIG. 187
The true output signal of an inverter which provides
an inverted logic signal for the Cer signal.

10

15

20

25

30

36

40

45

60

56

60

85

70

({]

38
Ifc: Inv, P-Buf; FIG. 138

The true output signal of an inverter which controls
the transfer of each character from Contro} Type-
writer to P-Buffer, or from P-Buffer to Control
Typewriter.

IM14-IM11: Inv, Cent Proc; FIG, 109

The true output signals of four inverters which pro-
vide inverted logic signals for the 1-output signals
of the corresponding M-register flip-flops M14-
Mi1,

IMj4, IMj1: Inv, Cent Proc; FIG. 109

The true output signals of four inverters which pro-
vide inverted logic signals for the corresponding
Mj4-Mj1 logical combination signals. These sig-
nals are employed during accumulation of the
modulo-3 of the contents of the J-register or the
L-register by the J-Mod-generator.

IMof: Inv, Mem; FIG. 121

The true output signal of an Inverter which pro-

vides an inverted logic signal for the Mof signal.
IMs: Inv, Cent Proc; FIG. 109

The true output signal of an inverter which pro-
vides an inverted logic signal for the 1-output sig-
nal of the Ms flip-flop of the M-register. The
IMs signal is employed to determine whether an
additive or subtractive function should be exe-
cuted during an arithmetic operation,

INpd: Inv, Cent Proc; FIG. 109

The true output signal of an inverter which provides
an inverted logic signal for the Npd logical com-
bination signal of the Sorter Contro! Unit,

Ipc: Inv, P-Buf; FIG. 138

The true output signal of an inverter which controls
the transfer of each character from Photoreader
to P-Buffer.

Ipd, Tps, Ipm2, Ipm1: Inv, P-Buf; FIG. 138

The true output signals of four inverters which pro-
vide 1- and O-logic input signals to the corre-
sponding Pd, Ps, Pm2 and Pml flip-flops of the
P-register.,

1Qd, 1Qs, 1IQm2, IQm1, 1Q(ij): Inv, Mem; FIG. 121

The true output signals of 28 inverters which pro-
vide a portion of the 1- and O-logic input signals
to the corresponding M-register flip-flops. These
signals are employed when new data s to be in-
serted into the addressed Memory location.

IRem: Tnv, Cent Proc; FIG. 109

The true output signal of an inverter which repre-
sents a binary 1 if the contents of the LSD posi-
tions of the J-register and the R-register are the
same, if either of these two digit positions con-
tains an asterisk (*), or if both the designator
l:]i;; and the sign bits of the J- and R-registers are

e. ‘
IRgm: Inv, Cent Proc; FIG. 109

The true output signal of an inverter which provides
an inverted logic signal for the Rgm logical com-
bination signal.

IRsr: Inv, Cent Proc; FIG. 109

The true output signal of an inverter which pro-
vides an inverted logic signal for the Rsr signal
of the Sorter.

Ire: Inv, P-Buf; FIG. 138

The true output signal of an inverter which provides
an inverted logic signal for the Krc signal of the
Control Typewriter. The Irt signal is employed
when the Control Typewriter directs a type-out of
the contents of certain registers.

Isin: Inv, Cent Proc; FIG. 109 .

The true output signal of an inverter which issues to
reset the Hr2 flipflop and thereby to cause the
sysiem to execute a Single-Cycle or Zingle-Cycle.

Itv: Inv, Cent Proc; FIG. 109

The true output signal of an inverter which enables

the 1-logic input signal of the Tv flip-flop.
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IV4-IV1: Inv, Cent Proc; FIG. 109
The true output signals of four inverters which pro-
vide inverted logic signals for the corresponding
V4-V1 logical combination signals.
IVa4-IVal: Inv, Cent Proc; FIG, 109
The true output signals of four inverters which pro-
vide inverted logic signals for the corresponding
Vad-Val logical combination signals.
IV54-1Vb1: Inv, Cent Proc; FIG. 109
The true output signals of four inverters which pro-
vide inverted logic signals for the corresponding
Vb4-Vb1 logical combination signals.
IVc: Inv, Cent Proc; FIG. 109
The true output signal of an inverter which provides
the 1- and O-logic input signals for the V¢ flip-
flop.
IVs3: Inv, Cent Proc; FIG. 109
The true output signal -of an inverter which provides
gle 1. and O-logic input signals to the Vs3 flip-
op. :
IVsa: Inv, Cent Proc; FIG. 109
The true output signal of an inverter which provides
gle 1- and O-logic input signals to the Vsa flip-
op.
IXMJ: Inv, Cent Proc; FIG. 109
The true output signal of an inverter which provides
an inverted logic signal for the Gate-XMJ clock
pulse driver gating signal.
IXZJ: Inv, Cent Proc; FIG, 109
The true output signal of an inverter which provides
an inverted logic signal for the Gate-XZJ clock
pulse driver gating signal.
IYd1, IYb2: Inv, Cent Proc; FIG. 109
The true output signals of a pair of inverters which
provide inverted logic signals for the 0-output sig-
nals of the corresponding Yb1 and Y52 one-shots.
IYck: Inv, Sort Con; FIG. 187
The true output signal of an inverter which provides
an inverted logic signal for the 0-output signal of
the Yck one-shot.
IYcp: Inv, Sort Con; FIG. 187
The true output signal of an inverter which provides
an inverted logic signal for the 0-output signal of
the Ycp one-shot.
Iycrt: Inv, P-Buf; FIG. 138
The true output signal of an inverter which pro-
vides an inverted logic signal for the O-output signal
of the Ycrt one-shot.
Iyrd: Inv, P-Buf; FIG. 138
The true output signal of an inverter which aids in
controlling the transfer of each character from
the Control Typewriter or the Photoreader to the
P-Buffer. This signal provides an inverted logic
signal for the O-output signals of either the Yjfr
one-shot or the Ypr one-shot. ! ‘
Iytc: Inv, P-Buf; FIG. 138
The true output signal of an inverter which provides
an inverted logic signal for the 0-output signal of
the Yic one-shot.
1Z¢: Inv, Cent Proc; FIG. 109
The true output signal of an inverter which directs
execution of instructions in proper sequence during
a Zingle-Cycle operation.
- IZm: Inv, Cent Proc; FIG. 109
The true output signal of an inverter which provides
an ‘inverted logic signal for the Zm logical com-
bination signal.
Jd, Js, Im2, Iml, J(ij): FF, Cent Proc; FIGS. 66-72
The 1-output signals of the 28 flip-flops of the J-regis-
ter, which receives instruction words and operands
for the Central Processor from the Memory.
Jal, Ja2: Log, Cent Proc; FIG. 107
A pair of signals which supply the modulo-3 of the
word in the J-register to the respective mod-adder
flip-flops Mal and Ma2.
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Jc: FF, Cent Proc; FIG. 103

The 1-output signal of a control flip-flop which, when
set to the 1-state, directs the Central Processor to
perform an absolute, 7-digit, comparison on two
data words, rather than an algebraic 6-digit com-
parison.

Jm20: FF, Cent Proc; FIG. 101

The 1-output signal of the control flip-flop which,
when set to the 1-state, directs that the Write
Buffer operation then being executed be modified
to the blockette variation thereof. This varia-
tion is employed to obtain the starting write-mem-
ory location address for the succeeding blockette
to be transferred to the Write Buffer.

Jmg2, IJmgl: FF, Cent Proc; FIG. 99

The 1-output signals of the two flip-flops of the J-
Mod-generator, which are primarily employed to
accumulate the modulo-3 of the contents of the J-
register or the L-register.

Imgd: Log, Cent Proc; FIG. 107

A signal which effects the decrease by 1 of the num-
ber represented by the Jmg2, 1 flip-flops, in re-
sponse to a digit having a modulo-3 of —1,

Ymgu: Log, Cent Proc; FIG. 107

A signal which effects the increase by 1 of the num-
ber represented by the Jmg2, 1 flip-flops, in re-
sponse to a digit having a modulo-3 of 4-1.

Jna: FF, Cent Proc; FIG. 104

The 1-output signal of a control flip-flop which, when
set to the 1.state, prevents the transfer of the
next-instruction address to the A-register, thereby
permitting the exccution of a branch or jump
operation,

Jr: FF, Cent Proc; FIG. 101

The 1l-output signal of a control flip-flop which,
when set to the 1-state, controls a Read Buffer op-
eration,

Jw: FF, Cent Proc; FIG. 101

The 1-output signal of a control flip-flop which, when
set to the I-state, controls a Write Buffer opera-
tion.

Ka: Key, Con Typ; “Control Typewriter” section

A Control Typewriter special signal which changes
state when the A key is depressed, after the Enable
key has been depressed. This signal transfers the
system to the normal data processing mode from
the halt mode. The Ka signal is normally in the
1-state, but is transferred to the O-state when the
A key is depressed.

Kab: Log, Write Buf; FIG. 158

A signal which issues to reset the Ers and Ews sub-
alarm flip-flops.

Kacr: Con Typ; “Control Typewriter” section

A signal provided when a carriage return is to be
executed by the Control Typewriter, following
receipt of a character from the P-Buffer, to isolate
the Control Typewriter for a predetermined time in
order to allow the carriage return operation to be
completed.

Kah: Con Cons; FIG. 19 .

A signal which issues when an instruction word
in the A-register bears the address to which the
ADDRESS HALT SELECTOR switches of the
Control Console have been set. The Kah signal
initiates a halt sequence if the ADDRESS HALT
switch is on.

Kam: Sw, Con Cons; FIG. 19

A logic level signal which issues when the ALPHA-
NUMERIC STORE switch is closed, and which
causes additional characters to function as put-
away signals when alphanumeric data is trans-
ferred from the Control Typewriter or the Photo-
reader to the P-Buffer.
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Kb: Key, Con Typ; “Control Typewriter” section
A Control Typewriter special signal which issues
when the D key is depressed, after the Enable key
has been depressed. This signal causes the B-
register contents to be typed out,

Kbe: Sw, Con Cons; FIG. 19
A logic level signal which issues when either the
COMPUTE button or the SINGLE-CYCLE but-
ton on the Control Console is depressed, and
which is effective to insure that only one cycle
of the specified operation takes place.

Kbh: Sw, Con Cons; FIG. 19
A logic level signal which issues when the BRANCH
HALT switch is closed, and which initiates a halt
sequence if an Instruction 60 is executed.
Kcb: Sw, Con Cons; FIG, 19
A logic level signal which changes state when the
COMPUTE button is depressed, and which causes
the system to start normal data processing. The
Kcb signal is normally in the 1-state, but is trans-
ferred to the O-state when the COMPUTE but-
ton is depressed.
Kce: Log, Cent Proc; FIG. 107
A signal which issues when either the TOTAL
CLEAR or the COMPUTER CLEAR button on
the Control Console is depressed, and which clears
the Central Processor.
Kcee: Sw, Con Cons; FIG. 19
A preemptive signal which issues when the COM-
PUTER CLEAR button is depressed, and which
clears the Central Processor.
Kcf: Con Typ; “Control Typewriter” section
A signal which issues whenever any one of the Ka,
Ks, Kz signals goes to 0, and which insures that
only one compute, single-cycle or zingle-cycle
operation takes place for each depression of the
corresponding A, S or Z key.
Kds1-Kds6: Sw, Con Cons; FIG. 19
Logic level signals which issue when the correspond-
ing ones of six DECISION switches on the Con-
trol Console are closed. The presence of any one
of these signals enables the program to branch
in a predetermined direction by interrogation with
a corresponding Instruction 54.
Kec: Sw, Con Cons; FIG. 19
A preemptive signal which issues when the EXTER-
NAL CLEAR button on the Control Console is
depressed, and which clears the Multiplex Buffer
and Tape Control Unit,
Kenl, Ken2: Key, Con Typ; “Control Typewriter” section
A pair of signals which change state when the Enable
key on the Control Typewriter is depressed, De-
pression of the Enable key enables several Control
Typewriter keys to issue special signals. The
Kenl signal is normally in the O-state and the
Ken2 signal is normally in the 1-state. When the
Enable key is depressed, the Kenl signal is trans-
ferred to the 1-state and the Ken2 signal is trans-
ferred to the O-state.
Kew: Key, Con Typ; “Control Typewriter” section
A Control Typewriter special signal which issues
when either the E key or the W key is depressed,
after the Enable key has been depressed. If the
Kew signal occurs due to the E key being de-
pressed, data is first transferred from the Control
Typewriter to the P-register and then from the
P-register to the I-register., If the Kew signal
occurs due to the W key being depressed, data is
firgt transferred from the Control Typewriter to
the P-register and then to the R-register.
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Key: Sw, Con Cons; FIG. 19
A logic level signal which issues when the KEY
switch on the Control Console is unlocked. Un-
locking the KEY switch enables certain controls
on the Control Console to become effective.
Key2: Sw, Con Cons; FIG. 19
A logic level signal which changes state when the
KEY switch on the Control Console is unlocked.
The Key?2 signal is normally in the 1-state, but is
transferred to the O-state when the KEY switch
is unlocked.
Kfc: Con Typ; “Control Typewriter” section
A timing signal transmitted from the Control Type-
writer to the P-Buffer control circuits when the
seven bits of a character are fully represented by
the signals KF1-6, p and is ready for insertion
in the P-register., The Kfc signal is normally in
the 1-state, but is transferred to the O-state when
a character is ready for transmittal.
Kfi: Con Typ; “Control Typewriter” section
A signa] which issues when the Control Typewriter
is ready to transmit or to receive information.
Kfp, Kf6-Kf1: Con Typ; “Control Typewriter” section
Seven signals transmitted from the Control Type-
writer to the P-Buffer to represent the six data bits
of an encoded character and the corresponding
parity bit.
Kh: Key, Con Typ; “Control Typewriter” section
A Control Typewriter special signal which issues
when the H key is depressed, after the Enable key
has been depressed., This signal causes the Central
Processor to halt.
Khb: Sw, Con Cons; FIG. 19
A logic level signal which issues when the HALT but-
ton on the Control Console is closed, and which
_ causes the system to halt,
Khol, Kho2: Sw, Con Cons; FIG. 19
A pair of logic level signals which change state when
the ALARM HALT OVERRIDE switch on the
Control Console is closed. Closure of the
ALARM HALT OVERRIDE switch causes the
Central Processor to continue its normal instruc-
tion sequence without halting, although an alarm
flip-flop may set. The Khol signal, which is nor-
mally in the O-state, is transferred to the 1-state
and the Kho?2 signal, which is normally in the 1-
state, is transferred to the O-state when the ALARM
HALT OVERRIDE switch is closed.

Ki: Key, Con Typ; “Control Typewriter” section
A Control Typewriter special signal which issues
when the I-key is depressed, after the Enable key
has been depressed. This signal causes the I-reg-
ister contents to be typed out.
KI: Key, Con Typ; “Control Typewriter” section
A Control Typewriter special signal which issues
when the L-key is depressed, after the Enable key
has been depressed. This signal causes the L-reg-
ister contents to be typed out.
Kiml, Klm2: Sw, Con Cons; FIG, 19
A pair of logic level signals which change state when
the CONTROL TYPEWRITER LOAD switch, the
PHOTOREADER LOAD switch, the MEMORY
DUMP switch, or the RECYCLE MANUAL
switch on the Control Console is closed. For data
processing from sequential programmed instruc-
tions, the Kim2 signal is normally in the 1-state
and the K/ml signal is normally in the O-state,
However, when one of these four switches is
closed, the Kim2 signal is transferred to the 0-
state and the K/m1 signal is transferred to the 1-
state, whereupon the instruction in the I-register
is executed repeatedly and the address portion
thereof. is increased by 1 each time the instruction
is executed.
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Kimlg: Sw, Con Cons; FIG. 19
A logic level signal which issues when the CON-
TROL TYPEWRITER LOAD switch, the
PHOTOREADER LOAD switch, or the MEM-
ORY DUMP switch on the Control Console is
closed. The Kimlg signal causes the automatic al-
ternating between a P-Buffer operation and execu-
tion of an instruction which remains in the instruc-
" tion register.
K!md: Sw, Con Cons; FIG. 19
A logic level signal which changes state when the
MEMORY DUMP switch is closed, and which
effects a Dump Memory operation. The Kimd
signal, which is normally in the 1-state, is trans-
ferred to the 0-state when the MEMORY DUMP
switch is closed.
Kimp: Sw, Con Cons; FIG. 19
A logic level signal which changes state when the
PHOTOREADER LOAD switch on the Control
Console is closed, and which effects a Photoreader
Load Memory operation,
Kn: Key, Con Typ; “Control Typewriter” section
A Control Typewriter special signal which issues
when the N key is depressed, after the Enable key
has been depressed. This signal causes the N-
register contents to be typed out.
Knt1, Knt2: Sw, Con Cons; FIG. 19
A pair of logic level sighals which change state when
the INHIBIT TYPE-OUT switch on the Control
Console is closed. These signals function to pre-
vent the P-register from being emptied by an In-
struction 59. The Knr1 signal, which is normally
in the I-state, is transferred to the O-state and the
Kns2 signal, which is normally in the O-state, is
transferred to the l-state, when the INHIBIT
TYPE-OUT switch is closed.
Kpc: Photo; “Photoreader” section
A timing signal transmitted from the Photoreader
to the P-Buffer control circuits when the seven bits
of a character are fully represented by the Kpl—~
6, p signals, and is ready for insertion in the P-
register.
Kpce: Sw, Con Cons; FIG. 19
A preemptive signal which issues when the CON-
TROL TYPEWRITER CLEAR button is de-
pressed, and which clears the P-Buffer,
Kpi: Photo; “Photoreader” section
A signal which issues when the Photoreader is ready
to transmit information,
Kpp, Kp6-Kpl: Photo; “Photoreader” section
Seven signals transmitted from the Photoreader to
the P-Buffer to represent the six data bits of an
encoded character and the corresponding parity
bit.
Kgw: Key, Con Typ; “Control Typewriter” section
A Control Typewriter special signal which issues
when either the Q key or the W key is depressed,
after the Enable key has been depressed. If
the: Kgw signal occurs due to the Q key being de-
pressed, data is transferred from the Control Type-
writer to the P-register, and retained in the P-reg-
ister. If the Kgw signal occurs due to the W key
being depressed, data is first transferred from the
Control Typewriter to the P-register, and then to
the R-register.
Kr: Key, Con Typ; “Control Typewriter” section
A Control Typewriter special signal which issues
when the P key is depressed, after the Enable key
has been depressed. This signal causes the R-reg-
ister contents to be typed out.
Kra: Sw, Con Cons; FIG. 19
A preemptive signal which issues when the ALERT
RESET button is depressed, and which clears all
alarm and subalarm flip-flops in the system,
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Krac: Log, Cent Proc; FIG, 107
A signal which issues when the TOTAL CLEAR
button, the COMPUTER CLEAR button, or the
ALERT RESET button on the Control Console
is depressed, and which clears all alarm flip-flops
in the Central Processor.
Kryl, Kry2: Sw, Con Cons; FIG. 19
A pair of logic level signals which change state when
the RECYCLE button on the Control Console is
depressed. Depression of the RECYCLE button
causes the Central Processor to repeatedly execute
an instruction in the I-register, The Kryl signal,
which is normally in the O-state, is transferred to
the 1-state and the Kry2 signal, which is normally
in the 1-state, is transferred to the 0-state when
the RECYCLE button is depressed.
Ks: Key, Con Typ; “Control Typewriter” section
A Control Typewriter special signal which issues
when an S key is depressed, after the Enable key
has been depressed. This signal causes the Central
Processor to execute a single-cycle operation.
Ksb; Sw, Con Cons; FIG. 19
A logic level signal which issues when the SINGLE-
CYCLE button on the Control Console is de-
pressed, and which causes the Central Processor to
execute a single-cycle operation.
Ksh: Sw, Con Cons; FIG, 19
A logic level signal which issues when the SELEC-
TIVE HALT switch on the Control Console is
closed, and which causes the Central Processor
to halt if an instruction word bearing a breakpoint
bit is executed.
Kt: Key, Con Typ; “Control Typewriter” section
A Control Typewriter special signal which issues
when the T key is depressed, after the Enable
key has been depressed. This signal causes the
P-register contents to be typed out.
Krb: Log, Write-Buf; FIG. 158
A signal which issues when either the TOTAL
CLEAR button or the EXTERNAL CLEAR but-
ton on the Control Console is depressed, and which
clears the Multiplex Buffer and Tape Control Unit.
Kte: Con Typ; “Control Typewriter™ section
A signal which changes state whenever any one
of the Kb, Ki, KI, Kn, Kr, or Kt signals issues, and
which initiates a type-out sequence. The Krc sig-
nal, which is normally in the 1-state, is transferred
to the O-state, when one of the six above-identified
signals issues.
Ktee: Sw, Con Cons; FIG. 19
A preemptive signal which issues when the TOTAL
CLEAR button is depressed, and which clears the
entire data processing system.
Ktf: Con Typ; “Control Typewriter” section
A signal which issues following the receipt of a
character by the Control Typewriter, to isolate the
Control Typewriter for a predetermined time
from receipt of further signals in order to provide
for the character received to be typed out or
punched out.
Kz: Key, Con Typ; “Control Typewriter” section
A Control Typewriter special signal which issues
when the Z key is depressed, after the Enable key
has been depressed. This signal causes the Cen-
tral Processor to execute a zingle-cycle operation.
Ld, Ls, Lm2, Lm!, L(if): FF, Cent Proc; FIGS. 73-79
The 1-output signals of the 28 flip-flops of the L-reg-
ister, which is most often employed for storing
the most significant half of a double-precision
word.
Lpr: Prtr; “Printer” section
A signal delivered by the Printer following receipt
thereby of the Pr¢ signal, to notify the Write
Buffer that the Printer hag been turned on and
is ready to receive data,
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Lw: FF, Write-Buf; FIG. 155
The I-output signal of a control flip-flop which,
when set to the 1-state, orders the Central Proc-
essor to perform an operation to transfer a word
from Memory to the Write Buffer.
Md, Ms, Mm2, Mm1, M(ij): FF, Mem; FIGS. 114-120
The 1-output signals of the 28 flip-flops of the M-
register, which temporarily holds the data word
that is to be stored in the Core Memory, or tem-
porarily holds the data word that is read from
the Core Memory.
M3g: FF, Cent Proc; FIG. 95
The 1-output signal of a control flip-flop which,
when set to the I-state, directs that an operation
be executed to generate mod-bits for a designated
data word.
Mul, Ma2: FF, Cent Proc; FIG. 98
‘The 1-output signals of a pair of control flip-flops,
which provide the sum of the mod-bits of the two
numbers added by the Arithmetic Unit. This sum
is compared with the contents of the Vmgl and
Vg2 flip-flops to provide a test of the correctness
of the result of an arithmetic operation.
Mc: Log, Cent Proc; FIG. 107
A signal which issues following failure of a com-
parison between the sum of the mod-bits of the
two numbers added by the Arithmetic Unit and the
mod-bits of the sum.
Mc1-Mc4: FF, P-Buf; FIG. 129
The l-output signals of four contro] flip-flops which
determine and direct the particular type of oper-
ation being performed by the P-Buffer. The Mc3
flip-flop is also employed to indicate that the P-
register contains a data word,
Mca: Log, Cent Proc; FIG. 107
A signal which initiates the first half of the memory
cycle, wherein the word in the addressed memory
location is transferred to the M-register and the
addressed memory location to be cleared,
Mcb: Log, Cent Proc; FIG. 107
A signal which initiates the second half of the memory
cycle, wherein the word read out from the Core
Memory during the first half of the memory cycle
may be restored to the addressed memory location,
or a new word from the R, R or P-register may
be inseried into the addressed memory location.
Mil, Mi2: FF, P-Buf: FtG. 135
The 1-output signals of a pair of control flip-flops
which direct operations wherein data is transferred
to the I-register, the P-register, the R-register or
to Memory with the Central Processor in the
halt mode.

Mj4-Mj1: Log, Cent Proc; FIG. 107
The output signals delivered by the J-Mod-generator
input gates, and which represent the digit contents
of the J1 flip-flops or the L1 flip-flops, according
to the state of the M3g flip-flop.
Mof: Log, Mem; FIG. 121
A signal which issues if an overflow occurs when the
two least significant digits of the word in the M-
register are incremented by 2 as the word is re-
stored to its Core Memory location,
MPd, MPs, MPm2, MPm1, MP(ij): Mem; “Memory”
section
The signals delivered by the read-out windings of
the respective 28 memory planes of the Core
Memory.
Mscl, Msc2: FF, Cent Proc; FIG. 102
The 1-output signals of a pair of control flip-flops,
which are employed, when starting from the halt
mode, to insure that only one cycle of the specified
operation takes place.
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Mwr: Log, Cent Proc: FIG. 107
A signal which gates a new word into the M-register
from the R, the Rb or the R-register for storage
in the addressed memory location.
N(ij): FF, Cent Proc; FIGS, 80-83
The l-output signals of the 16 flip-flops of the M-
register, which stores the address of the next
instruction to be received by the Central Processor
from Memory.
Na0-Ng9: Log, Tape-Con; FIG, 158
A signal which issues in response to a corresponding
address in the Wr-register to connect the 10 write
drivers to the write heads of the addressed Tape
Handler.
NBtd0-NBtd9: Tape Con; “Tape Control Unit” section
A signal generated by the corresponding Tape Han-
dler and the Tape Control Unit to reset the corre-
sponding S(i) flip-lop when tape of the Tape
Handler addressed thereby has been completely
rewound.
Npd: Log, Sort Con; FiG. 187
A signal which changes state to set the Anpd sub-
alarm flip-flop of the Central Processor, if the Cen-
tral Processor fails to select a Sorter pocket after
a document is read by the Character Reader.
Nr0-Nr9: Log, Tape Con; FIG. 183
A signal, which issues in response to a corresponding
address in the Rr-register, and which enables the
read preamplifiers connected to the read heads
of the addressed Tape Handler.
Nrb: Log, Tape Con; “Tape Control Unit” section
A signal which issues during execution of an Instruc-
tion 65 to direct the transfer of the designated
Tape Handler address from the LSD position of
the A-register to the Rr-register of the Tape Con-
trol Unit.
Nwb: Log, Tape Con; “Tape Control Unit” Section
A signal which issues during execution of an In-
struction 66, 67, or 68 to direct the transfer of the
designated Tape Handler address from the LSD
position of the A-register to the Wi-register of the
Tape Control Unit.
Ov: FF, Cent Proc; FIG, 98
The 1-output signal of a control flip-flop which, when
set to the 1-state, indicates that the sum or the
difference of the two numbers applied to the
Arithmetic Unit is too great to be placed in the
allotted number of register digit positions. The
Ov flip-flop also sets during Instruction 43 if the
quotient will be too large for the allotted register
space,
Pd, Ps, Pm2, Pm1, P(ij): FF, P-Buf; FIGS. 122-128
The 1-output signals of the 28 flip-flops of the P-
register, which temporarily stores the data being
transferred through the P-Buffer.
Pbn: Log, P-Buf; FIG. 138
A signal which gates the SB and SBB clock drivers
to ring shift the contents of the B-register and
which gates the SN clock driver to ring shift the
contents of the N-register during a register type-
out operation,
Pbz: Log, P-Buf; FIG, 138
A signal which issues if the P-register is receiving
data from the Control Typewriter or the Photo-
reader, or is transmitting data to the Control
Typewriter, thereby indicating that the P-register
is busy.
Pcd: Log, Read-Buf; FIG. 183
A signal which issues, while checking column parity
of the tape digit in the Rini-5§ flip-flops, if the
two bits in Rind, § are different,
Pce: Log, Read-Buf; FIG, 183
A signal which issues, while checking column parity
of the tape digit in the Rinl—-$§ flip-flops, if an even
number of 0's is present in Rinl-3.



8,235,870

47
Pco: Log, Read-Buf; FIG. 183
A signal which issues, while checking column parity
of the tape digit in the Rin1-5 flip-flops, if an odd
number of (s is present in Rinl-3.
Pes: Log, Read-Buf; FIG. 183
A signal which issues, while checking column parity
of the tape digit in the Rin1-5 flip-flops, if the two
bits in Rind, § are the same,
Pi: Log, P-Buf; FIG. 138
A signal which gates the SC, SA, and SAC clock
drivers to ring shift the contents of the I-register
during a register type-out operation of the P-
Buffer.
Pigl: Log, P-Buf; Fig. 138
A signal which issues to gate Ignore characters into
the P-register during alphanumeric input opera-
tions of the P-Buffer.
Pig2: Log, P-Buf; FIG. 138
A signal which issues, in the absence of the Pigl sig-
nal, to enable the normal serial shifting of the
contents of the P-register,
Pmr: Log, P-Buf; FIG. 138
A signal which gates the mod-bits in the P-Mod-gen-
erator to the R-register during a register type-in
operation of the P-Buffer.
Pnbz: Log, P-Buf; FIG. 138
A signal which issues if the P-register is neither re-
ceiving data from the Control Typewriter or the
Photoreader nor transmitting data to the Control
Typewriter, thereby indicating that the P-register
is not busy.
Ppi: Log, P-Buf; FIG, 138
A signal, which issues during a register type-in opera-
tion of the P-Buffer, and which gates the contents
of the P-register to, the I-register, while simul-
taneously causing thé contents of the I-register to
shift-down.
Ppr: Log, P-Buf; FIG. 138
A signal which issues during a register type-in opera-
tion of the P-Buffer, and which gates the contents
of the P-register to the R-register, while simultane-
ously causing the contents of the R-register to shift-
down.
Prl: Log, P-Buf; FIG. 138
A signal which gates the SR76, SR, and SRRm clock
drivers to ring shift the contents of the R-register
and which gates the SL, SL76, and SLL7 clock
drivers to ring shift the contents of the L-register
during a register type-out operation of the P-Buffer.
Prt: FF, Write-Buf; FIG. 155
The 1-output signal of a control flip-flop which, when
set to the 1-state, aids in controlling the Write Buf-
fer when data is being transferred to the Printer.
Prid: Log, Cent Proc; FIG. 107
A signal which prepares the Write Buffer and Printer
for a write operation by causing the setting of the
Prt flip-flop in the Write Buffer,

Ps4-Ps1: Log, Cent Proc; FIG. 107
The signals delivered by the Central Processor which
represent in four bit complementary code a digit
identifying the Sorter pocket selected by the Cen-
tral Processor.
Pss: Log, P-Buf; FIG. 138
A signal which issues during a Control Typewriter
Load Memory operation, a Photoreader Load
Memory operation, or a Dump Memory opera-
tion, to cause an automatic single execution of the
intruction in the I-register in order to effect auto-
matic alternating between a P-Buffer operation and
execution of the instruction in the I-register,
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Pwel, Pwc2: Log, Write-Buf; FIG. 158
A pair of signals employed to generate the column
parity bit for a digit to be written on magnetic
tape. One of these two signals issues if there is an
even number of ¢'s in the digit in the Pwr flip-
flops and thereby writes a 0 for the corresponding
column parity bit.
Pwc3, Pwed: Log, Write-Buf; FIG. 158
A pair of signals employed to generate the column
parity bit for a digit to be written on magnetic tape.
One of these two signals issues if there is an even
number of 0's in the digit in the Wa3 flip-flops and
thereby writes a 0 for the corresponding column
parity bit,
Pwr4-Pwr1: FF, Write-Buf; FIG. 156
The 1-output signals of four flip-flops, which com-
prise a single digit register for providing temporary
storage for certain digits to be transferred to mag-
netic tape or to the Printer, and for accumulating
the row parity bits of the word stored in the
Write-Buffer.
Qor: Log, Sort Con; FIG, 187
.A signal which issues when a cue character on a
document has been read and recognized by the
Character Reader.
Rd, Rs, Rm2, Rm1, R(ij): FF, Cent Proc; FIGS. 84-90
The 1-output signals of the 28 flip-flops of the R-
register, which is the primary register employed for
storing operands and the results of various opera-
tions performed by the Central Processor on single
numeric and alphanumeric words,
Ral, Ra2: Log, Cent Proc; FIG, 107
A pair of signals which supply the modulo-3 of the
number in the R-register to the respective mod-
adder flip-flops Mal and Ma2.
Ra(ij): FF, Read-Buf; FIGS. 159-162
The l-output signals of the 16 flip-flops of the Ra-
register, which temporarily stores the data being
transferred through the Read Buffer. The Ra-
register receives input data transmitted to the Read
Buffer and delivers this data to the Rb-register.
Rbd, Rbs, Rbm2, Rbm1, Rb(ij): FF, Read Buf; FIGS.
163-169
The 1-output signals of the 28 flip-flops of the Rb-
register, which temporarily stores data being trans-
ferred through the Read Buffer. The Rb-register
receives data delivered by the Raregister and
transmits full data words to the M-register.

Rb: FF, Tape Con; FIG. 175
The 1-output signal of a control flip-flop which, when
set to the 1-state, indicates that one of the Tape
Handlers is presently engaged in transmitting a
block of data to Memory through the Read Buffer,
and also controls the gating of the selected Tape
Handler read preamplifier output signals to the
Fir(i) read amplifiers.
Rdl, Rd2: FF, P-Buf; FIG. 134
The 1-output signals of two control flip-flops, which
synchronize the speed of operation of the Control
Typewriter and Photoreader with that of the P-
Buffer and Central Processor.
Rdsl, Rds2: FF, Read-Buf; FIG. 176
The 1-output signals of two contro} flip-flops, which
aid in retiming the data bits received by the Read
Buffer from magnetic tape.
Rdy: Log, P-Buf; FIG. 138
A signal which issues to indicate that the P-register
may receive a character from the Cs-register during
a P-Buffer input operation, or that the P-register
may transmit a character to the Cs-register dur-
ing a P-Buffer output operation.
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Reb: FF, Read-Buf; FIG, 175
The 1-output signal of a control flip-flop which,
when set to the I-state, indicates that the Read
Buffer is busy receiving data from a Tape Han-
dler or from a Character Reader,
Rebd: Log, Cent Proc; FIG. 107
A signal which prepares the Read Buffer and Tape
Control Unit for a reading operation by causing
the setting of the Reb flip-flop in the Read Buffer.
Red: Tape Han; FIG. 35 and “Tape Handler” section
A signal delivered by the block marker analyzer of
a Tape Handler, when the ~-block marker is
sensed as data is being read from magnetic tape,
to denote the end of a block of data,
Rgm: Log, Cent Proc; FIG. 107
A signal which represents a binary 1 if the digit
in the LSD position of the R-register is greater
than the digit in the LSD position of the J-reg-
ister.
Rinl-Rin5: FF, Read-Buf: FIGS. 170, 172
The I-output signals of the five flip-flops of a tape
digit input register in the Read Buffer, which re-
ceives the tape digits read from one-half of a mag-
netic tape,
Rin6-Rinl10: FF, Read-Buf; FIGS. 171, 172
The 1-output signals of the five flip-flops of a tape
digit input register in the Read Bufter, which re-
ceives the tape digits read from one-half of a
magnetic tape.
Rip: Log, P-Buf; FIG. 138
A signal which issues to gate numeric input data to
the P-register.
Ripa: Log, P-Buf; FIG. 138
A signal which issues to gate alphanumeric charac-
ters to the P-register,

Rmut: Log, Cent Proc; FIG, 107
A signal which issues during execution of an In-
struction 67 to initiate the rewinding of an identi-
fied magnetic tape.
Rpl: Log, Read-Buf; FIG. 183
A signal which gates the digits of a data word re-
ceived from magnetic tape to the RH7 flip-flops
of the Rb-register to accumulate therein the row
parity of the data word,
Rsr: Sw, Sort; FIG. 42
A logic level signal which issues when the START
SORTER switch on the Sorter is depressed, there-
by indicating that the Sorter .is running and ready
to start document feeding.
Rsy: Tape Han; FIG. 35 and “Tape Handler” section
A signal delivered by the block marker analyzer of
a Tape Handler, when the g-block marker is
sensed as data is being read from magnetic tape,
to denote the beginning of a block of data.
Rt4-Rt1: FF, Tape Con; FIG. 178
The 1-output signals of the four flip-flops of the
Ri-register, which stores the identification of the
Tape Handler that is to transfer one block of
data from the magnetic tape thereof to the Read
Buffer,
Rtc: FF, P-Buf; FIG, 135
The I1-output signal of a control flip-flop which,
when set to the 1-state, controls the type-out of
the contents of a designated register by the Con-
trol Typewriter.
Rwd: Tape Con; “Tape Control Unit” section
A signal which issues when a magnetic tape is re-
winding. This signal may be interrogated by
an Instruction 54.
S0-89: FF, Tape Con; FIGS. 179-181
The I-output signals of the 10 flip-flops of the S-
register, which stores an identification of a Tape
Handler that is rewinding the magnetic tape
thereof.
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S9R7: Log, Cent Proc; FIG. 107
A signal which gates 9's into the R7 digit position of
the R-register.
SA: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to shift-down the contents of the
A-register,
SAC: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock driver and which are applied to register
transfers to shift the contents of the Al flip-flops
to the C6 flip-flops.
SB: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift-down the contents of the B-reg-
ister,
SBB: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to shift the contents of the Bl flip-
flops to the B4 flip-flops.
SC: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to shift-down the contents of the
C-register. The SC clock pulses are also ap-
plied to register transfers to shift the contents of
the C5 flip-flops to the A4 flip-flops.
SCD0-SCD12: Mem; FIG. 121
The respective output signals of the 13 switch core
drivers of the Memory.
Sinl: CP, Read-Buf; FIG. 183
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to clock
pulse input terminals of the Rinl-Rind Read
Buffer flip-flops to gate data thereto from the cor-
responding Ftr1-Fir4 read amplifiers.
Sin2: CP, Read-Buf; FI1G. 183
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to clock
pulse input terminals of the Rin7-Rin10 Read
Buffer flip-flops to gate thereto from the cor-
responding Frr7-F1r10 read amplifiers.
SI: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to ring shift-down the contents of
the J-register.

SILm: Log, Cent Proc; FIG. 107
A signal which gates the contents of the J12 and
J11 flip-flops to the respective L72 and L71 flip-
flops.
SILs: Log, Cent Proc; FIG. 107
A signal which gates the contents of the J14 and
J13 flip-flops to the respective L74 and L73 flip-
flops.
SImgL: Log, Cent Proc; FIG, 107
A signal which gates the contents of the Jmg2 and
Jmg1 flip-flops of the J-Mod-generator to the re-
spective L72 and L71 flip-flops,
SImgR: Log, Cent Proc; FIG. 107
A signal which gates the contents of the J14 and
J13 flip-flops to the respective R74 and R73 flip-
flops and the contents of the Jmg2 and Jmgl
flip-flops of the J-Mod-generator to the respective
R72 and R71 flip-flops.
Sjp: Log, P-Buf; FIG. 138
A signal which gates the contents of the Ji flip-
flops to the corresponding P7 flip-flops.
SIRm: Log, Cent Proc; FIG. 107
A signal which gates the contents of the J1 flip-
flops to the corresponding R7 flip-flops.
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SL: CP, Cent Proc; FIG. 108
The dlock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to shift-down the contents of the
L6-L1 digit positions of the L-register.
SL76: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to shift the contents of the L7 flip-
flops to the L6 flip-flops.
SLL7: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to shift the contents of the L1 flip-
flops to the L7 flip-flops.
SLLs: Log, Cent Proc; FIG. 107
A signal which gates the contents of the L14 and
L13 flip-flops to the respective L74 and L73 flip-
fiops.
SLRé6: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to shift the contents of the L1 flip-
flops to the R6 flip-flops.
SLR7: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to shift the contents of the L1 flip-
flops to the R7 flip-flops.
SN: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to ring shift-down the contents
of the N-register.
SNB: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to shift the contents of the NI
flip-flops to the B4 flip-flops.
Soud-Soul: FF, Sort Con; FIG. 184
‘The l-output signals of the four flipflops of the
Sou-register, which stores the Sorter pocket de-
cision transmitted by the Central Processor.
Sp: CP, P-Buf; FIG. 138
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift-down the contents of the P5-P1
digit positions of the P-register. The Sp clock
pulses are also applied to register transfers to
shift the contents of the P7 flip-flops to the P6
flip-flops.
SPC: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to reg-
ister transfers to shift the contents of the P1 flip-
flops to the C6 flip-flops.
Spp: Log, P-Buf; FIG. 138
A signal which gates the contents of the P1 flip-
flops to the corresponding P7 flip-flops.
SPR7: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift the contents of the P1 flip-flops
to the R7 flip-flops.
SPwr: CP, Write-Buf; FIG. 158
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift the signals provided by the row
parity generator of the Write Buffer to the corre-
sponding flip-flops of the Pwr-register.
SR: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift-down the contents of the R6-R1
digit positions of the R-register.
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SR16: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift the contents of the R1 flip-flops
to the R6 flip-flops.
SR76: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift the contents of the R7 flip-flops to
the R6 flip-flops.
SRa: CP, Read-Buf; FIG. 183
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift-up the contents of the Ra-register.
SRb: CP, Read-Buf; FIG. 183
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift-up the contents of the Rb6-Rb1
digit positions of the Rb-register. The SRb clock
pulses are also applied to register transfers to shift
the contents of the Ra4 flip-flops to the Rb1 flip-
flops.
SRin: CP, Read-Buf; FIG. 183
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift the contents of the Rin6-Rin10
flip-flops to the corresponding Rin1-Rin5 flip-flops.
SRL6: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift the contents of the RI1 flip-flops
to the L6 flip-flops.
SRL7: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift the contents of the R1 flips-flops to
the L7 flip-flops.
SRRm: Log, Cent Proc; FIG. 107
A signal which gates the contents of the R1 flip-flops
to the corresponding R7 flip-flops.
SRXB: CP, Cent Proc; FIG. 108
‘The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift the contents of the R1 flip-flops
to the B4 flip-flops. The SRXB clock pulses are
also applied to register transfers to shift the con-
tents of the B1 flip-flops to the R7 flip-flops,
St: Mem; FIGS. 26 and 28
A signal which is delivered by the strobe driver of the
Memory and which is applied to the 28 core read
amplifiers thereof to enable the core read ampli-
fiers to transmit the output signals delivered by
the corresponding 28 read out windings of the
Core Memory.
SVA: Log, Cent Proc; FIG. 107
A signal which gates the V4-V1 output signals of
the Arithmetic Unit to the corresponding A4
flip-flops.
SVB: Log, Cent Proc; FIG, 107 :
A signal which gates the V4-V 1 output signals of the
Arithmetic Unit to the corresponding B4 flip-flops.
SYL7: Log, Cent Proc; FIG. 107
A signal which gates the V4-V1 output signals of
Bhe Arithmetic Unit to the corresponding L7 flip-
ops.
SVmgL: Log, Cent Proc; FIG. 107
A signal which gates the contents of the Vmg2 and
Vmgl flip-flops of the Arithmetic Unit V-Mod-
generator to the respective L72 and L71 flip-flops.
SVmgR: Log, Cent Proc; FIG. 107
A signal which gates the contents of the Vmg2 and
Vmgl flip-flops of the Arithmetic Unit V-Mod-
generator to the respective R72 and R71 flip-flops.
SVR7: Log, Cent Proc; FIG. 107
A signal which gates the V4-V1 output signals of the
Arithmetic Unit to the corresponding R7 flip-fiops.
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SWal: CP, Write-Buf; FIG. 158
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift-up the contents of the Wa-register.
The SWal clock pulses are also applied to register
transfers to shift the contents of the W7 flip-flops
to the Wal flip-flops.
SWa2: CP, Write-Buf; FIG. 158
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift the contents of the Wa3 flip-flops
to the corresponding Pwr flip-flops of the Puwr-
register.
SWb1/4: CP, Write-Buf; FIG. 158
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register trans-
fers to shift-up the contents of the Wh3~-Wh1 digit
positions of the Wh-register. The SW&1/4 clock
pulses are also applied to register transfers to shift
the contents of the Wb3 flip-flops to the Wb4 flip-
flops.
SWb5/7: CP, Write-Buf; FIG. 158
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift-up the contents of the Wb4— W57
digit positions of the Wh-register.
SWh7-4: CP, Write-Buf: FIG. 158
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to shift the contents of the W57 flip-flops
to the W4 flip-flops.
SWop: CP, Write-Buf; FIG. 158
The clock pulses which are delivered by a gated clock
pulse driver during transfer of data from the Write
Bufter to the Printer and which are applied to the
register transfers to shift the contents of the Pwr
flip-Aeps to the corresponding Wol-Wo4 flip-flops
and the contents of the Wa3 flip-flops to the cor-
responding Wo6-9 flip-flops.
SWor: CP, Write-Buf; FIG. 158
The clock pulses which are delivered by a gated clock
pulse driver and which are applied to the clock
pulse input terminals of the Wol-Wo10 flip-flops
to gate thereto the two tape digits to be trans-
ferred from Read Buffer to magnetic tape,
SZ1.6: Leg, Cent Proc; FIG. 107
A signal which gates 0's into the L6 digit position
of the L-registcr.
SZR6: Log, Cent Proc: FIG. 107
A signal which gates 0's into the R6 digit position of
the R-register.
SZR7: Log, Cent Proc: FIG. 107
A signal which gates 0’s into the R7 digit position
of the R-register.
T1, Ta3, T8, Th1, Th7, ThS, Ti, Tv: FF, Cent Proc;
FIGS. 92-95
The l-output signals of eight control flip-flops, which
are employed in the timing circuit of the Central
Processor to jdentify various ones of the 48 states
of the timing circuit.
Ta, Th, Td, Ty, Tzv: FF, Cent Proc; FIGS. 92-94
The I-output signals of five control flip-flops, which
are employed in the timing circuit of the Central
Processor to define the 48 different states of the
timing circuit. The combined configurations of
these five signals identify six different cycles of the
T-counter.
Ta2: Log, Cent Proc; FIG. 107
A signal which identifies one of the 48 states of the
timing circuit.
Tca, Teb, Tee: FF, P-Buf; FIG. 133
The t-cutput signals of the three fiip-flops of the Te-
counter, which directs the sequence of the steps of
the P-Buffer in executing an operation.
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Tp, Tq, Ts: FF, Cent Proc; FIG. 91
The 1-output signals of the three flip-flops of the
T-counter, which is the fundamental unit of the
timing circuit of the Central Processor.
Tri-Tr5: FF, Read-Buf; FIGS. 173, 174
The 1-output signals of the five flip-flops of the Tr-
counter, which is the source for fine timing and
control of the shifting operations executed by the
Read Buffer.
Tsa, Tsb, Tsc: FF, P-Buf; FIG. 132
The output signals of the three flip-flops of the Ts-
counter, which is the source for fine timing and
control of the shifting operations executed by the
P-Buffer.
Tsp: Log, P-Buf; FIG. 138
A signal which controls the duration in which the
Cap and Sp clock pulses issue and thereby deter-
mines the number of digit positions through which
the P-register contents are shifted.
Twl-Twé: FF, Write-Buf; FIGS. 152, 153
The 1-output signals of the six flip-flops of the Tw-
counter, which is the source for fine timing and
control of the shifting operations executed by the
Write Buffer,
Ur: FF, Read-Buf; FIG. 175
The 1-output signal of a control flip-flop which, when
set to the 1-state, crders the Central Processor 1o
perform an operation to transfer the word in the
Rb-register to Memory.
Us: FF, Cent Proc; FIG, 97
The 1-output signal of a control flip-flop which, when
sct to the I-state, directs that the magnitude of the
numeric portion of one of the numbers applied to
the Arithmetic Unit be subtracted from the magni-
tude of the numeric portion of the other number
applied thereto.
V4-V1: Log, Cent Proc; FIG. 107
The four cutput signals of the Arithmetic Unit which
represent the result of the arithmetic operation per-
formed thereby.
Vad4-Val: Log, Cent Proc; FIG. 107
Four signals which represent one of the input num-
bers on which the Arithmetic Unit is to perform an
operation.
V44-Vb1: Log, Cent Proc; FIG. 107
Four input signals which represent one of the input
numbers on which the Arithmetic Unit is to per-
form an operation.
Ve: FF, Ceant Proc; FIG. 97
The t-output signal of a flip-flop, which generates
the carry bit of the two digits being added by the
Arithmetic Unit.
Vet: Log, Cent Proc; FIG. 107
A signal generated during those instructions where-
in an arithmetic operation is being performed by
the Arithmetic Unit to gate input signals to the
Vc flip-flop.
Vmg2, Vmgl1: FF, Cent Proc; FIG. 99
The 1-output signals of the two flip-flops of the V-
Mod-generator, which are primarily employed to
accumulate the modulo-3 of the six-digit cutput
word delivered by the Arithmetic Unit.
Vmgd: Log, Cent Proc; FIG. 107
The signal which effects the decrease by 1 of the
number represented by the Vmgd2, 1 flip-flops in
response to a digit having a modulo-3 of —1.
Vmgu: Log, Cent Proc; FIG, 107
A signal which effects the increase by 1 of the num-
ber represented by the Vmed2, 1 flip-flops in re-~
sponse to a digit having a modulo-3 of +1.
Vs1-Vsd4, Vsa: FF, Cent Proc; FIGS. 96, 97
The 1-output signals of five flip-flops of the Arith-
metic Unit, which generate the sum digit of the
two digits being added by the Arithmetic Unit.
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W1-w3: FF, Cent Proc; FIG. 103
The l-output signals of the three flip-flops of the
W-counter, which i3 employed primarily for
counting the number of register digit positions
through which data is shifted in certain opera-
tions. These three flip-flops also have independent
control functions. The W1 flip-flop indicates that
two digits compared during a comparison-type of
instruction are not equal. The W2 flip-flop indi-
cates the presence of an asterisk digit in either
word compared during a comparison instruction.
The W3 flip-flop indicates the presence of a period
digit in the least significant digit of a double-pre-
cision word obtained from Memory, during ex-
ecution of an Instruction 35.
Wa(ij): FF, Write-Buf; FIGS. 139141
The 1-output signals of the 12 flip-flops of the Wa-
register, which temporarily stores the data being
transferred through the Write Buffer. The Wa-
register receives data from the Wh-register and
transmits this data to a Tape Handler for storage
on magnetic tape, or to the Printer.
Wbd, Wbs, Wbm2, Wbml, Wb(ij): FF, Write-Buf;
FIGS. 142-148
The t-output signals of the 28 flip-flops of the Wb-
register, which temporarily stores the data being
transferred through the Write Buffer. The Wb-
register receives complete data words from the
M-register and delivers these words to the Wa-
register,
Wb: FF, Tape Con; FIG. 155
The 1-output signal of a control flip-flop which,
when set to the I-state, indicates that one of the
Tape Handlers is presently engaged in receiving a
block of data from the Memory through the Write
Buffer, and also controls the application of the
write driver output signals to the write heads of
the selected Tape Handler.
Wbf: FF, Write-Buf; FIG, 151
The 1-output signal of a control flip-flop which, when
set to the I-state, indicates that the Write Buffer
is loaded and that the contents thereof are ready
to be transferred to magnetic tape or to the Printer.
WhbE1-Wbk3: FF, Write-Buf; FIG. 154
The 1-output signals of the three flip-flops of the
Whk-counter, which directs the number of data
words transferred during a Write Buffer opera-
tion.
Web: FF, Write-Buf; FIG. 155
The 1-output signal of a control flip-flop which,
when set to the 1-state, indicates that the Write
Buffer is busy transferring data from Memory to
magnetic tape or to the Printer.
Webd: Log, Cent Proc; FIG. 107
A signal which prepares the Write Buffer and Tape
Control Unit for a writing operation by causing
the setting of the Web flip-flop in the Write Buffer.
Wed: Tape Han; FIG. 35 and “Tape Handler” section
A signal delivered by the block marker analyzer of
a Tape Handler, when the y-block marker is
sensed as data is being written on magnetic tape,
to denote the end of the block space.
Wol-Wo5: FF, Write-Buf; FIGS. 149, 151
The 1-output signals of five flip-flops which hold a
digit and its corresponding column parity bit for
transfer to magnetic tape or to the Printer.
Wo6-Wol10: FF, Write-Buf; FIGS. 150, 151
The 1-output signals of five flip-flops which hold a
digit and its corresponding parity bit for transfer
to magnetic tape or to the Printer.
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Wos: Log, Write-Buf; FIG. 158
A signal which notifies the Printer that two digits
are in the Wo flip-flops of the Write Buffer and
are available for receipt by the Printer.
5 Wsy: Tape Han; FIG. 35 and “Tape Handler” section
A signal delivered by the block marker analyzer of
the Tape Handler, when the a-block marker is
sensed as data is being written on tape, to denote
the beginning of a block space.
10 Wid-Wrl: FF, Tape Con; FIG. 157
The l-output signals of the four flip-flops of the
Wr-register, which stores the identification of the
Tape Handler that is to receive and record on
the magnetic tape thereof one block of data from
15 the Write Buffer. The Wrregister also stores
the identification of the Tape Handler which is
to have the magnetic tape thereof backed one
block, or backed one block and the corresponding
block markers erased.
29 XAAw: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to regis-
ter transfers to provide a parallel shift of the con-
tents of the A-register to the Aw-register,
25 XAN: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to regis-
ter transfers to provide a parallel shift of the con-
tents of the A-register to the N-register.
30 XArA: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to regis-
ter transfers to provide a paraliel shift of the con-
tents of the Ar-register to the A-register.
35 XAfA: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to regis-
ter transfers to shift the contents of the Wbk-
counter flip-flops to the corresponding All, Al2,
40 and A13 flip-flops. The XArA clock pulses are
also applied to a register transfer to shift a 0-bit
to the A14 flip-flop.
XAwA: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
45 clock pulse driver and which are applied to regis-
ter transfers to provide a parallel shift of the con-
tents of the Aw-register to the A-register.
XJI: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
50 clock pulse driver and which are applied to regis-
ter transfers to provide a parallel shift of the con-
tents of the six least significant digit positions of
the J-register to the I-register.
- XMA: CP, Cent Proc; FIG. 108
55 The clock pulses which are delivered by a gated
clock pulse driver and which are applied to regis-
ter transfers to provide a parallel shift of the con-
tents of the M4-M1 digit positions of the M-regis-
ter to the A-register. Only the l-output signals
60 of the M4, M3, and M2 flip-flops are applied to
the corresponding A-register flip-flops; however,
both the 1-output signals of the M1 flip-flops and
corresponding inverted signals are applied to the
A1l flipflops.
XMI: CP, Cent Proc; FIG. 108
The clock pulses which are delivered by a gated
clock pulse driver and which are applied to regis-
ter transfers to provide a parallel shift of the con-
70 tents of the M-register to the J-register. Only the
‘1-output signals of the M7-M2 flip-flops are ap-
plied to the corresponding J-register flip-flops;
however, both the 1-output signals of the M1 flip-
flops and corresponding inverfed signals are ap-
75 plied to the J1 flip-flops.

65
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XMWhH: CP, Write-Buf; FIG. 158

The clock pulses which are delivered by a gated clock
pulse driver and which are applied to register
transfers to provide a parallel shift of the contents
of the M-rcgister to the Wh-register. Only the
I-output signals of the M-register flip-flops are
applied to the corresponding Wh-register flip-flops.

XNA: CP, Cent Proc; FIG. 108

The clock pulses which are delivered by a gated
clock pulse driver and which are applied to regis-
ter transfers to provide a parallel shift of the con-
tents of the N-register to the A-register.

Xr1, X»2: CP, Tape Con; FIG, 183

The clock pulses which are delivered by a pair of
gated clock pulse drivers and which are applied
to the clock pulse input terminals of the respec-
tive groups of Furl-Fur5 and Fur6-Firi0 read
amplifiers to preset the read amplifiers of the cor-
responding group to the 1-state.

XZI:. CP, Cent Proc; FIG, 108 .

The clock pulses which are delivered by a pated
clock pulse driver and which are applied to regis-
ter transfers to clear the J7-J2 flip-flops of the
J-register and to shift the contents of the J2 flip-
flops to the J1 flip-flops.

Y31, Y02: OS, Cent Proc; FIG. 106

The O-output signals of a pair of one-shots, which
control certain zudible indications that are de-
manded by the Central Processor.

Yo 08, Sort Con: FIG. 186

The 0-cutput signal of a one-skot, which is employed
to indicate the detection of the reference edge
of a document by the automatic reading appara-
tns of the Sorter. This one-shot remains in its
unstable state for a duration sufficient to enable
the triggering of the Ckp flip-flop and the Yor
one-shot.

Tep: 0S8, Sert Con: FIG. 186

The O-output signal of a one-shot, which remains
in ifs unstable state during the period when each
character is beina read from a document.

Yerr: 08, P-Ruf; FIG. 137

The O-output signal of a one-shot, which provides a

suspense period in the P-Buffer whenever an auto-

matic carriage return is executed by the Control 4

Typewriter, or when a Tab or Car Ret character
is transmitted to the Control Typewriter.
Yoo OS, P-Ruf; FIG. 136
The 0Q-output signal of a one-shot, which provides

delay at the end of an operation to allow the Con- ¢

trol Typewriter to return to its quiescent state,
Y7 08, P-Puf; FIG. 136
The 0-oufput signal of a one-shot, which indicates
that character signals are ready to be supplied by
the Control Typewriter,
Yor: 08, Sort Con; FIG, 186
The O-output signal of a one-shot, which controls
the period when the Sou-register may receive a
new pocket decision,
Ypr: OS, P-Buf; FIG. 136
The 0O-output signal of a one-shot, which indicates
that character signals are ready to be supplied by
the Photoreader.
Yru: OS, Sort Con; FIG. 186
The 0-output signal of a one-shot, which gates the
contents of the Sou-register to the Sorter.
Y7c: OS, P-Buf; FIG. 136
The 0-output signal of a one-shot, which gates the
character in the Cs flip-flops of the P-Buffer to the
Control Typewriter.
YI71, Yid2: 0S8, Read-Buf; FIG. 182
The Q-output signals of a pair of one-shots, which
control the amount of magnetic tape skew that is
tolerated by the data retiming circuit.
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Zal, Za2, Za3: Log, Cent Proc; F1G. 107

Signals which issue to propagate carrys from the re-
spective 1st, 2nd, and 3rd digit positions in the A-
register as the contents thereof are counted up.
The Zal signal issucs when the Al flip-flops con-
tain a 9, the Za2 signal issues when the A2, 1
flip-flops contain a 99, and the Za3 signal issues
when the A3, 2, 1 flip-flops contain a 999.

Zm: Log, Cent Proc; FIG. 107

A signal which issues during a multiplication opera-
tion when the multiplicand is to be multiplied by
a 0 digit of the multiplier, or when the multiplier
digit which is currently multiplying the multipli-
cand is about to become a 0. This signal causes
a shift-down through one digit position of the
accumulated product in the FULL register.

Zva: FF, Cent Proc; FIG. 97 ‘

The l-output signal of a control flip-flop which,
when set to the 1-state, normally directs that 0’s
be supplied by the Va input gates of the Arith-
metic Unit. However, when the Us flip-flop is
also set, the Zva signal directs that 9’s be supplied
by the Va input gates.

DEFINITIONS

The definition or explanation of certain terms employed
in this description follow:

Block—The unit and region of data storage on mag-
netic tape. A data block comprises 100 data words,

Blockette—A group of 20 data words, which are stored
in sequential memory locations, and which are transferred
to magnetic tape.

Block Marker—Information provided in an auxiliary
magnetic tape track for notifying control circuits of the
recion on the magnetic tape wherein a block of data is
to be written or of the region on magnetic tape wherein a
data block has been stored.

Contro! Function—That part of the address portion of
an instruction word that is utilized to coatrol a function
of the system, instead of denoting a location in Memory.

FULL—The combination of the L-register and the R-
register for storing and processing double-precision words.

Logic Level Signal—A signal which is provided by
closing a switch or button and which has the same logical
effect as the 0- or 1-output signals of a flip-flop.

LSD—The least significant digit of a data word. This
digit is the one first processed when the seven digits of a
word are processed in sequential order, If the word
represents a numerical quantity, the LSD is the digit of
least numerical significance.

LSH—The least significant half word of a double-
precision word. ’

Mod—A reference to a modulo-3 relationship. The
modulo-3 of a number is the remainder when that num-
ber is divided by 3. The mod-bits of a data word are
two bits which indicate the modulo-3 of the data word.

MSD—The most significant digit of a data word.
This digit is the one last processed when the seven digits
of a data word are processed in sequential order.

MSH-The most significant half word of a double-
precision word.

Operator—A notation expressing the logical relation-
ship between a pair of signals. For example, the plus
sign in the logical relationship Tp--Tgq indicates that the
logiczl operation of Inclusive-Or is performed on the
Tp and Tg signals.

Parallel Shift—The substantially simultaneous transfer
of a plurality of data bits from one location to another,
This expression is most often employed when the com-
plete contents of a register are transferred to another
register during a single clock period.

Preemptive Signal—A signal which is provided by the
closing of a switch or button and which directly and im-
mediately sets or resets a flip-flop.

Qmn—A notation identifying the flip-flop which stores
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the nth order bit in the m digit order of the Q-register.
For example, the J13 flip-flop stores the 3rd order bit of
the least significant digit of the J-register contents, This
notation also identifies the output signal of the corre-
sponding flip-flop.

The notation Qi identifies all the flip-flops in the ith
digit order of a register. For example, the J2 flip-flops
comprise the 124, 123, J22, and J21 flip-flops.

The notation Q(ij) identifies all flip-flops of the Q-
register.

Ring Shift-down—A function performed if the digit in
the LSD position of a register reenters in the MSD posi-
tion when the register contents are shifted-down.

Ring Shift-up—A function performed if the digit in
the MSD position of a register reenters in the LSD posi-
tion when the register contents are shifted-up.

Serinl Shift—An expression most often employed when
all the data in a register, or portion thereof, is shifted
through one digit position during a single clock period.

Shift-down—A function performed when the contents
of a register are serially shifted to successively lower
order digit positions.

Shift-up—A function performed when the contents of

. a register are serially shifted to successively higher order
digit positions.

Term-—The element of a logical expression or logical
schematic diagram that is related to the other elements
of the logical expression or logical schematic diagram by
the Inclusive-Or operator.

COMPONENT DETAILS AND OPERATION

The internal circuit structures of the components of
the syster, the circuit configurations interconnecting the
components, and a description of the operation of the
system follow hereinafter. The details of the circuit
structure of the components and of the circuit configura-
tions interconnecting the components are provided in
FIGS. 17, 19, 20, 24, 28, 29, 33, 36, 37, 42, 43, and 48~
187. These component structures and interconnecting
configurations comprise novel assemblages of the pre-
viously described clock pulse drivers, flip-flops, AND-
gates, OR-gates, inverters, emitter followers, register
transfers, and one-shots to perform the functions of the
Data Processing System. The connective relationship
between these circuit elements can usually be described
by logic expressions of the type illustrated in the forego-
ing sections “AND-gate,” “OR-gate,” and “Register
Transfer.”

The Logical Schematic Diagram

Generally, two or more output signals from flip-flops,
one-shots, inverters, and clock pulse drivers and the
signals provided by certain switches and push buttons are
combined logically by AND-gates, OR-gates, and register
transfer circuits to provide input signals to other flip-
flops, one-shots, and inverters and to provide gating
signals for clock pulse drivers. Thus, the two logic in-
put signals to a flip-flop (FIG. 4) are usually the output
signals of respective logical chains of AND-gates and
OR-gates, which receive output signals provided by other
flip-flops, and by one-shots, inverters, and certain switches
and push buttons, These logical chains may be described
and jllustrated by logical expressions, which are actually
logical schematic diagrams representing the logical and
structural interconnection of the chain providing these
two input signals to the flip-flop; i.e., see FIG. 48. Simi-
larly the two register transfer input signals to a flip-flop
are usually the signals provided by a tree of intercon-
nected register transfers and switches or push buttons,
wherein the register transfers receive output signals pro-
vided by other flip-flops and by clock pulse drivers. Thus,
the four circuits providing the logic and register transfer
input signals to a flip-flop may be illustrated by four logi-
cal schematic diagrams for each flip-flop, as shown in
FIG. 48. The remaining input signal, which is received
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directly from a <lock pulse driver, is also represented in
FIG. 48. (If no logic input signals are provided at the
flip-flop input terminals, no clock pulse driver is neces-
sary.) The flip-flop representations of FIG. 48 and the
associated logical schematic diagrams to the left of each
flip-flop symbol are termed “flipflop input” diagrams.

The one-shot receives an input logic signal from a
logical chain of AND-gates and OR-gates, which receive
output signals provided by other one-shots, and by flip-
flops, inverters, and certain switches and push buttons.
Therefore, the logical chain delivering the logical input
signal to a one-shot may also be illustrated by a logical
schematic diagram; i.e., see FIG, 106. The one-shot rep-
resentations of FIG. 106 and the associated logical sche-
matic diagrams to the left of each one-shot symbol are
termed “one-shot input” diagrams.

In a similar manner the logical circuits providing input
signals to inverters and gating signals to clock pulse
drivers may be illustrated by logical schematic diagrams.
The logical schematic diagrams of the logical circuits
providing input signals to inverters are illustrated in the
drawings under the headings “Inverter Signals”; i.e., see
FIG. 109. The logical schematic diagrams of the logical
circuits providing gating signals to clock pulse drivers are
illustrated in the drawings under the headings *“Clock
Pulse Driver Gating Signals”; i.e., see FIG. 108.

The four types of logical schematic diagrams; namely,
“fip-flop input” diagrams, “ome-shot input” diagrams,
“inverter signal” diagrams, and “clock pulse driver gat-
ing signal” diagrams, are employed in FIGS. 48-187 to
illustrate the internal circuit structure of the components
and the interconnecting circuit configurations between
the components.

In addition to the four types of logical schematic dia-
grams described above, a fifth type of logical schematic
diagram termed the “designated logical combination sig-
nal” diagram is employed in FIGS. 107, 121, 138, 158,
183, and 187. Designated logical combination signals are
generated within logical chains. Such signals are, there-
fore, the output signals of a first logical chain and are
employed as input signals to one or more additional logi-
cal chains, These signals are not usually employed di-
rectly as input signals to fiip-flops, one-shots, inverters,
or clock pulse drivers. For example, the Clu signal
(FIG. 107) is employed to increase the numeric value of
the L-register contents. The Clu signal is the output
signal of a logical chain, which receives input signals from
the C63, C51, Tb8, Tz, Us, Tb7, and Td flip-flops. The
Clu signal is applied as an input signal to a plurality of
logical chains whose output signals are applied to logic
input terminals of L-register flip-flops.

In the logical circuits illustrated by the following types
of logical schematic diagrams, the logical functions of
Conjunction are implemented by AND-gates and the
logical functions of Inclusive-Or are implemented by OR-
gates:

. One-shot input diagrams

. Inverter signal diagrams

. Clock pulse driver gating signal diagrams

., Designated logical combination signal diagrams

. Flip-flop input diagrams for logical circuits applying
signals to input logic terminals of flip-flops.

In the logical circuits illustrated by flip-flop input dia-
grams for logical circuits applying signals to register trans-
fer input terminals of flip-flops, the logical functions of
Conjunction are implemented by register transfers and
the logical functions of Inclusive-Or are implemented by
plural input connections, as described in the preceding
“Register Transfer” section.

The following example demonstrates the significance of
the logical schematic diagram and its employment to illus-
trate the interconnection of flip-flops, one-shots, inverters,
clock pulse drivers, switches and push buttons by AND-
gates, OR-gates, and register transfers. It particularly
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illustrates that this notation, couched in terms of signal
designations in associative and combinatorial arrange-
ments, completely defines the block and schematic circuit
element arrangements, once these basic building blocks
have been determined, as has been done in FIGS. 3-11.

FIGURE 13 is a block diagram of the circuits pro-
viding the five input signals of the L11 flip-flop. This
figure is the block diagram equivalent of the logical sche-
matic diagrams which provide the L11 input signals of
FIG. 79 and the Cld and Clu signals of FIG. 107.

The Cld signal is the output signal of AND-gate 251
(FIG. 13). AND-gate 251 receives the Td output signal
of the Td flip-flop, the Tb7 output signal of the Tb7 flip-
flop, and the Us output signal of the Us flip-flop. The
output signal of AND-gate 251 is represented by:

Cld=Tb7 Td Ts

where Th7 Td Us represents the logical operation of
Conjunction on the three input signals applied to AND-
gate 251, and is also a direct representation of the circuit
generating Cld. Therefore, the logical schematic dia-
gram Th7 Td Us may also be employed to illustrate the
logical circuit which generates the Cld signal.

The Clu signal is generated by the logical circuit com-
prising AND-gates 252 and 253 and OR-gate 254. AND-
gate 252 receives the Us output signal of the Us flip-flop,
the Th7 output signal of the Ts7 flip-flop and the Td
output signal of the Td flip-flop. The output signal of
AND-gate 252 is represented by

Tb7 Td Us

AND-gate 253 receives the C63 output signal of the C63
flip-flop, the C51 signal of the C51 flip-flop, the T8 signal
of the Th8 flip-flop, the Tz signal of the Tz flip-flop, and
the Us signal of the Us flip-flop. The output signal of
AND-gate 253 is represented by

C63 C51 TH8 Tz Us

The output signals of AND-gates 252 and 253 are applied
to OR-gate 254. The output signal of OR-gate 254 is
represented by

Clu=Tb7 Td Us4+C63 051 Th8 Tz Us

Therefore, the above logical schematic diagram also illus-
trates the logical circuit which generates the Clu signal.

The clock pulse signal received by the L11 flip-flop is
provided by the coatinuously operating clock pulse driver
B17. Clock pulse driver B17 receives input trigger sig-
nals synchronized by the master clock pulse driver illus-
trated in FIG. 17.

The logic input signal *L11 is generated by the logical
circuit comprising OR-gate 257, AND-gate 258, AND-
gate 259, and OR-gate 260. OR-gate 257 receives the
L12 output signal of the 112 flip-flop and the L13 output
signal of the L13 flip-flop. The output signal of OR-gate
257 is represented by

L134L12

AND-gate 258 receives the LIT output signal of the
L11 flip-flop, the output signal of OR-gate 257, and the
ClId output signal of AND-gate 251. The output signal
of AND-gate 258 is represented by

Ccld T11 (L13+L12)

AND-gate 259 receives the L3 output signal of the
L13 flipflop, the Clu output signal of OR-gate 254, and

the T11 output signal of the L11 flip-flop. The output
signal of AND-gate 259 is represented by

Cly L3 T

OR-gate 260 receives the output signals of AND-gate
258 and AND-gate 259, The output signal of OR-gate
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260, which is the *L11 input signal to the L11 fiip-flop,
is represented by

*L11=Cly T13 T114Cid TT1 (L134L12)

Therefore, the above logical schematic diagram also illus-
trates the logical circuit which generates the *L.11 signal.
In a similar manner the logical schematic diagram

*ILil=(Clu4-Cld)L11

illustrates the logical circuit which generates the *Lii
signal,

The register transfer input signals #L11 and #T7 are
received by the L11 flip-fiop from two of the eight regis-
ter transfers of register transfer circuit 265. Input sig-
nals to the register transfer circuit 265 are provided by
the eight output signals of the 124, 123, L22, and L21
flip-flops. The SL clock pulse driver, when gated on,
supplies clock pulses to register transfer circuit 265. The
SL clock pulse driver is gated on by the signal Gate-SL,
which is a signal generated by the logic circuit illustrated
in the corresponding logical schematic diagram of FIG.
108. The signals #L11 and #LI1 are represented re-
spectively by:

#L11=SL 121
#T11=FL I21

Therefore, the above two logical schematic diagrams also
illustrate the register transfer logical circuits which gen-
erate the #L11 and #LI1 signals.

The preceding example demonstrates how the logical
schematic diagrams of FIGS. 48-187 provide simple,
compact, and readily analyzed and related illustrations of
the circuit structures of the components and of the circuit
interconnection configurations between components. This
has been done by using signal designations in associations
and combinations serving not only to identify the signal
relationships, but also to define the circuit elements and
their circuit relationships,

Central Processor

The Central Processor exercises operational control
over the Data Processing System. The Central Processor
responds to a plurality of distinct instructions, which are
supplied thereto in the sequential order necessary to per-
form a particular data processing function. The data
which is processed in the Central Processor is primarily
supplied thereto from the Memory. This data is usually
transferred into and out of the Memory under control
of the Central Processor.

The Central Processor comprises registers for tempo-
rarily storing data, register transfer and logic circuits for
transferring data through and between registers, clock
pulse drivers for controlling the timing of the Central
Processor, counters, an Arithmetic Unit, and flip-flops
and one-shots employed as control signal sources. FIG-
URE 14 illustrates symbolically the elements of the Cen-
tral Processor which store data, the paths of data transfer
between these elements, and certain control elements.
The Central Processor comprises the following registers:
the Ar-register 268, the Aw-register 269, the B-register
270, the J-register 271, the I-register 272, the L-register
273, the N-register 274, and the R-register 275. The
Arithmetic Unit 276 is adapted to perform the operation
of addition or subtraction on a pair of words received
thereby.

The details of the circuit structure of the Central Proc-
essor are provided in FIG. 17, which illustrates the clock
circuit, FIGS. 48-105, which are the flip-flop input logical
schematic diagrams of Central Processor flip-flops em-
ployed in registers, in counters, as control signal sources,
and in the Arithmetic Unit; FIG. 106, which is a one-shot
input logical schematic diagram; FIG. 107, which is a
designated logical combination signal diagram; FIG. 108,



8,235,879

€3

which is a clock pulse driver gating signal diagram; and
FIG. 109, which is an inverter signal diagram.

As described in the preceding section “Data Processing
System—Details,” the instruction word which directs the
system operation is stored in the 6-digit I-register, which
comprises the 2-digit C-register for storing the command
portion of the instruction word and the 4-digit A-register
for storing the address portion of the instruction word.
The preceding section “Data Processing Operations” de-
scribed the command portion of the instruction word
as having any one of 52 bit configurations, each configura-
tion directing a fundamentally different data processing
operation of the system. These operations were described
generally in this preceding section, but are also described
in detail in a following section “Instructions.” In the
“Instructions” section, and in the sections immediately fol-
lowing thereafter, there is provided a detailed description
of the operation of the Central Processor in performing
each of its possible functions.

The logical schematic diagrams of the I-register are
given by FIGS. 48-51, 64, and 65. The contents of the
C-register may be shifted-down upon application of the
SC clock signal to register transfers connecting the digit
positions of the C-register. The SC signal also gates the
contents of the C5 flip-flops to the A4 flip-flops. The con-
tents of the A-register are shifted-down upon application
of the SA clock signal to register transfers connecting the
digit positions of the A-register. The contents of the Al
flip-flops are transferred to the C6 flip-flops upon appli-
cation of the SAC clock signal to the register transfers
which connect the output terminals of the Al {lip-flops to
corresponding input terminals of the C6 flip-flops. There-
fore, the entire contents of the I-register are ring shifted-
down by the simultaneous issuance of the clock signals
SAC, SC, and SA.

The I-register is adapted to receive, by parallel shift,
the contents of the corresponding 6 least significant digit
positions of the J-register upon application of the XJI
clock signal to the register transfers which connect the
output terminals of the J6-J1 flip-flops to corresponding
input terminals of the I-register flip-flops.

The A-register flip-flops are adapted to receive, by par-
allel shift, the contents of the corresponding flip-flops of
the Ar-register upon application of the XArA clock signal
to register transfers which connect the output terminals of
the Ar flip-flops to corresponding input terminals of the A
flip-flops. The A-register flip-flops are adapted to receive,
by parallel shift, the contents of the corresponding flip-
flops of the Aw-register upon application of the XAwA
clock signal to register transfers which connect the output
terminals of the Aw flip-flops to corresponding input ter-
minals of the A flip-flops. The A-register flip-flops are
adapted to receive, by parallel shift, the contents of the
corresponding M-register flip-flops of the Memory upon
application of the XMA clock signal to register transfers
which connect the output terminals of the M flip-flops lo
corresponding input terminals of the A flip-flops. In this
instance only the i-output signals of the M4, M3, and M2
flip-flops are applied to the corresponding A-register flip-
flops; however, both the 1 and 0-output signals of the Ml
flip-flops are applied to the corresponding A1l flip-flops.

The All, A12, and Al3 flip-flops are adapted to re-
ceive the contents of the corresponding Write Buffer Wbk1,
Whk2, and Wbk3 flip-flops upon application of the XArA
clock signal to register transfers which connect the output
terminals of the Wbk flip-flops to corresponding input ter-
minals of the All, A12, and A13 flip-flops. When the
XATfA signal transfers the Wbk-counter contents to the
All, A12, and A13 flipflops, a binary 0 is transferred to
A14, The A4 flip-flops are adapted to receive the output
signals delivered by the corresponding Arithmetic Unit V
output AND-gates and their respective inverters upon ap-
plication of the SVA logical combination signal to logical
gates which connect the Arithmetic Unit to the A-register.

The contents of the A-register may be transmitted to the
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Memory Controls 242 (FIG. 12) to indicate the memory
location of the data word to be received from or stored in
the Core Memory. The contents of the A-register may
also be transmitted to the N, Ar, and Aw-registers. The
0-output signals of the Al flip-Rops may be transmitted
to the Sorter Control Unit (FIG. 43) to store in the Sou
flip-flops thereof the Sorter pocket code necessary to di-
rect the storage of a document in a designated pocket.
The contents of the Al flip-flops are also adapted to be
transmitted to the Va input AND-gates of the Arithmetic
Unit,

The C6 flip-flops are adapted to receive the contents of
the corresponding P1 flip-flops of the P-register (FIGS.
12 and 14) upon application of the SPC clock signal to
register transfers which connect the output terminals of
the P1 flip-flops to corresponding input terminals of the
Cé6 flip-flops.

The N-register is a 4-digit register adapted to store a
memory address, which is usually the address of the next
instruction to be received from Memory by the Central
Processor. The logical schematic diagrams of the N-
register are given by FIGS. 80-83. The N-register con-
tents are ring shifted-down upon application of the SN
clock signal to register transfers which connect the digit
positions of the N-register. The N-register flip-flops are
adapted to receive, by parallel shift, the contents of the
corresponding A-register flip-flops upon application of the
XAN clock signal to register transfers which connect the
output terminals of the A flip-flops to corresponding input
terminals of the N flipflops. The contents of the N-
register may be transmitted to the A-register. The con-
tents of the N1 flip-flops may be transmitted to the B4
flip-flops of the B-register.

The B-register is adapted to store 4 digits which repre-
sent a memory address, and is primarily employed to
modify the address stored in the A-register. The logical
schematic diagrams of the B-register are given by FIGS.
60-63. The B-register contents are shifted-down upon
application of the SB clock signal to register transfers
which connect the digit positions of the B-register, In
addition, the contents of the B1 flip-flops are transferred
to the corresponding B4 flip-flops upon application of the
SBB clock signal to register transfers which connect the
output terminals of the B1 flip-flops to corresponding input
terminals of the B4 flip-flops. Therefore, the entire con-
tents of the B-register are ring shifted-down by the simul-
taneous issuance of the clock signals SBB and SB.

The B4 flip-flops are adapted to receive the contents of
the corresponding N1 flip-flops of the N-register upon ap-
plication of the SNB clock signal to register transfers
which connect the output terminals of the N1 flip-flops to
corresponding input terminals of the B4 flip-flops. The
B4 flip-flops are adapted to receive the contents of the
corresponding R1 flip-flops of the R-register upon appli-
cation of the SRXB clock signal to register transfers
which connect the output terminals of the R1 flip-flops to
corresponding input terminals of the B4 flip-flops. The B4
flip-flops are also adapted to receive the output signals
delivered by the corresponding Arithmetic Unit V output
AND-gates and their respective inverters upon application
of the SVB logical combination signal to logical pates
which connect the Arithmetic Unit to the B-register.

The contents of the Bl flip-flops may be transmitted to
the R7 flip-flops of the R-register and to the Vb input
AND-gates of the Arithmetic Unit.

The 7-digit J-register is the primary input register for
the Central Processor. The logical schematic diagrams
of the J-register are given by FIGS. 66-72. The contents
of the J-register are ring shifted-down upon application
of the ST clock signal to register transfers which connect
the digit positions of the J-register. The J-register flip-
flops are adapted to receive, by parallel shift, the contents
of the corresponding Memory M-register flip-flops upon
application of the XMIJ clock signal to register transfers
which connect the output terminals of the M flip-flops to
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corresponding input terminals of the J flip-flops. The
37-12 flip-flops, however, receive only the 1-output signals
of the corresponding M-register flip-flops. The 1 flip-
flops, however, receive both of the 1-output signals and the
0-output signals of the corresponding M1 flip-flops.

The XZJ clock signal clears the J7-J2 flip-flops of the
I-register and transfers the contents of the J2 flip-flops to
the corresponding J1 flip-flops through register transfers
which connect the output terminals of the J2 flip-flops to
corresponding input terminals of the J1 flip-flops. The
contents of the J6-J1 flip-flops may be transferred by
parallel shift to the corresponding flip-flops of the
I-register. The contents of the J1 flip-flops may be trans-
ferred to the L7 flip-flops of the L-register, to the R7
flip-flops of the R-register, and to the Va input AND-
gates of the Arithmetic Unit. The contents of the J1 flip-
flops may also be transmitted to the J-Mod-generator
277.

The J-Mod-generator 277 comprises the Jmg2 and Imgl
flip-flops (FIG. 99) and their corresponding input logical
circuits. The J-Mod-generator is adapted to accumulate
the modulo-3 of the words applied thereto, and its oper-
ation is described, for example, in the sections “Initial
Routine During Instruction,” “Instruction 21,” and “In-
struction 26.”

The 14-bit Ar-register is adapted to store a memory
address, and is primarily employed during Read Buffer
operations wherein data is transferred from magnetic tape
or Character Reader to Memory, The logical schematic
diagrams of the Ar-register are given by FIGS. 52-55.
The Ar-register flip-flops are adapted to receive, by par-
allel shift, the contents of the corresponding A-register
flip-flops upon application of the XArA clock signal to
register transfers which connect the output terminals of
the A flip-flops to corresponding input terminals of the
Ar flipflops. The contents of the Ar-register may be
transmitted to the A-register.

The 14-bit Aw-register is adapted to store a memory
address, and is primarily employed during Write Buffer
operations wherein data is transferred from Memory to
magnetic tape or the Printer. The logical schematic dia-
grams of the Aw-register are given by FIGS. 56-59. The
Aw-register flip-flops are adapted to receive, by parallel
shift, the contents of the corresponding A-register flip-
flops upon application of the XAAw clock signal to
register transfers which connect the output terminals of
the A flip-flops to corresponding input terminals of the
Aw flip-flops. The contents of the Aw-register may be
trapsmitted to the A-register.

The 7-digit R-register is the primary register employed
for storing the operands and the results of various opera-
tions performed by the Central Processor on single nu-
meric and alphapumeric words. The logical schematic
diagrams of the R-register are given by FIGS. 84-90.
The contents of the R6-R1 flip-flops of the R-register
are shifted-down upon application of the SR clock signal
to register transfers which connect the R6-R1 digit posi-
tions of the R-register, The contents of the R1 flip-flops
are transferred to the corresponding R7 flip-flops upon
application of the SRRm logical combination signal to
logical gates which connect the output terminals of the
R1 flip-flops to corresponding input terminals of the
R7 flip-flops. The contents of the R7 flip-flops are trans-
ferred to the corresponding Ré6 flip-flops upon applica-
tion of the SR76 clock signal to register transfers which
connect the output terminals of the R7 flip-flops to
corresponding input terminals of the R6 flip-flops.
Therefore, the entire contents of the R-register are
ring shifted-down by the simultaneous issuance of the
SRRm, SR76, and SR signals. The contentp of the R1
flip-flops are also adapted to be transferred to the corre-
sponding R6 flip-flops upon application of the SR16 clock
signal to register transfers which connect the output termi-
pals of the R1 flip-flops to corresponding input terminals
of the R6 flip-flops. Therefore, the numeric contents of
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the R-register are ring shifted-down by the simultaneous
issuance of the SR16 and SR clock signals.

The R7 flip-flops are adapted to receive the contents

of the corresponding J1 flip-flops of the J-register upon
application of the SIRm logical combination signal to
logical gates which connect the output terminals of the
J1 flipflops to corresponding input terminals of the R7
flip-flops. The R72 and R71 flip-flops are adapted to
receive the contents of the corresponding Jmg2 and Imgl
flip-flops of the J-Mod-generator upon application of the
SImgR logical combination signal to logical gates which
connect the output terminals of the J-Mod-generator flip-
flops to corresponding input terminals of the R7 flip-flops.
The R74 and R73 flip-flops are adapted to receive the
contents of the corresponding J14 and J13 flip-flops upon
application of the SImgR logical combination signal to
logical gates which connect the output terminals of the
J14 and J13 flip-flops to corresponding input terminals of
the R74 and R73 flip-flops. The R7 flip-flops are adapted
to receive the contents of the corresponding Bl flip-flops
of the B-register npon application of the SRXB clock
signal to register transfers which connect the output termi-
nals of the B1 flip-flops to corresponding input terminals
of the R7 flip-flops. The R7 flip-flops are also adapted
to receive the contents of the corresponding L1 flip-flops
of the L-register upon application of the SLR7 clock sig-
nal to register transfers which connect the output termi-
nals of the L1 flip-flops to corresponding input terminals
of the R7 flip-flops. The R7 flip-flops are adapted to
receive the contents of the corresponding P1 fiip-flops of
the P-register upon application of the SPR7 clock signal
to register transfers which connect the output terminals of
the P1 flip-flops to corresponding input terminals of the
R7 flipfiops. The R7 flip-flops are adapted to receive
the output signals delivered by the corresponding Arith-
metic Unit V output AND-gates and their respective in-
verters upon application of the SVR7 logical combina-
tion signal to logical gates which connect the Arithmetic
Unit to the R-register. The R72 and R71 flip-flops are
adapted to receive the contents of the corresponding
Vmg2 and Vmgl flip-flops of the Arithmetic Unit V-
Mod-generator upon application of the SVmgR logical
combination signal to logical gates which connect the
output terminals of the V-Mod-generator dip-flops to
corresponding input terminals of the R7 flip-flops. Addi-
tionally, the R6 flip-flops are adapted to receive the con-
tents of the corresponding L1 flip-flops of the L-register
upon application of the SLR6 clock signal to register
transfers which connect the output terminals of the L1
flip-flops to corresponding input terminals of the R&
flip-flops.
* The contents of the R-register may be transmitted by
parallel shift to the M-register. In this parallel shift
only the 1-output signals of the R flip-flops are applied
to the corresponding M flip-flops. The contents of the
R1 flip-flops may be tramsmitted to the L7 or L6 flip-
flops of the L-register, to the Vb input AND-gates of
the Arithmetic Unit, and to the B4 flip-flops of the
B-register.

The 7-digit L-register is most often employed for stor-
ing the most significant half of a double-precision word.
When the MSH of a double-precision word is stored in
the L-register, the MSH of the word is stored in the
R-register. The combination of the L and R-registers
for storing and processing double-precision words is iden-
tified as the FULL-register. The logical schematic dia-
grams-of the L-register are given by FIGS. 73-79. The
contents of the L6-L1 flip-flops are shifted-down upon
application of the SL clock signal to register transfers
which connect the L6-L1 digit positions of the L-regis-
ter. The contents of the L1 flip-flops are transferred to
the corresponding L7 flip-flops upon application of the
SLL7 clock signal to register transfers which connect
the output terminals of the L1 flip-flops to correspond-
ing input terminals of the L7 flip-flops. The contents
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of the L7 flip-flops are transferred to the corresponding
L6 flip-flops upon application of the SL76 clock signal
to register transfers which connect the output terminals
of the L7 flip-flops to corresponding input terminals of
the L6 fip-flops. Therefore, the entire contents of the
L-register are ring shifted-down by the simultaneous
issuance of the SLL7, SL76, and SL clock signals. The
contents of the L14 and L13 flip-flops are transferred
to the corresponding 174 and L73 flip-flops upon appli-
cation of the SLLs logical combination signal to logical
gates which connect the output terminals of the L14
and L13 flip-flops to corresponding input terminals of
the L.74 and L73 flip-flops.

The L74 and L73 flip-flops are adapted to receive the
contents of the corresponding J14 and J13 flip-flops
upon application of the SJLs logical combination signal
to logical gates which connect the output terminals of
the J14 and J13 flip-flops to corresponding input termi-
nals of the L74 and L73 flip-flops. The L72 and L71
flip-flops are adapted to receive the contents of the cor-
responding J12 and J11 flip-flops upon application of
the SILm logical combination signal to logical gates
which connect the output terminals of the J12 and J11
flip-flops to corresponding input terminals of the L72
and L71 flip-flops. The L72 and L71 flip-flops are also
adapted to receive the contents of the corresponding
Img2 and Jmgl flip-flops of the J-Mod-generator upon
application of the SImgL logical combination signal to
logical gates which connect the cutput terminals of the
Tmmg?2 and Imgl flip-flops to corresponding input termi-
nals of the L72 and L71 flip-flops.

The L7 flip-flops are adapted to receive the contents
of the corresponding R1 flip-flops upon application of the
SRL7 clock sipnal to register transfers which connect
the output terminals of the R1 flip-flops to correspond-
ing input terminals of the L7 flip-flops. Therefore, the
entire contents of FULL are ring shifted-down by the
simultaneous issuance of the SL76, SL, SLR7, SR76, SR,
and SRL7 clock signals. The L6 flip-flops are adapted
to receive the contents of the corresponding R1 flip-flops
upon application of the SRL6 clock signal to register
transfers which connect the output terminals of the Rl
flip-flops to corresponding input terminals of the L6 flip-
flops.

The L7 flip-flops are also adapted to receive the out-
put signals delivered by the corresponding Arithmetic
Unit V output AND-gates and their respective inverters
upon application of the SVL7 logical combination signal
to logical gates which connect the Arithmetic Unit to
the L-register. The 172 and L71 flip-flops are adapted
to receive the contents of the corresponding Vmg2 and
Vmgl flip-flops of the Arithmetic Unit V-Mod-generator
upon application of the SVmgL logical combination sig-
nal to logical gates which connect output terminals of
the V-Mod-generator flip-flops to corresponding input
terminals of the L7 flip-flops.

The contents of the L1 flip-flops may be transmitted
to the R7 or R6 flip-flops of the R-register.

A T-counter 278, which comprises the Tp, Tq, and
Ts flipflops (FIG. 91), and which repetitively counts
through 8 discrete states, is the basic source for timing
and control of the operations executed by the Central
Processor. A W-counter 279, which comprises the W3,
W2, and W1 flipflops (FIG. 103), is employed pri-
marily for counting the number of register digit posi-
tions through which data is shifted in certain operations,
but has additional control functions which are described
in the various instructions wherein the W-counter is em-
ployed.

Other Central Processor flip-flops are employed pri-
marily to perform control functions. The Ai, Amm,
Anpd, and Ate flip-flops (FIG. 105) function as alarms
to notify the Central Processor when a particular mal-
function or other unusual incident has occurred. The
At Rip-flop (FIG. 104) is set when the contents of
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the Memory M-register must be increased by 2. The
Bb flip-flop (FIG. 95) is set to direct a B-Subroutine,
wherein the contents of the B-register are added to the
address in the A-register. The Bik flip-flop (FIG. 104)
controls the transfer of blockettes of data from Memory
to the Multiplex Buffer following execution of an In-
struction 68, The Cfd flip-flop (FIG. 104) controls
the feeding of documents by the Sorter. The DI, D2,
and D3 flip-flops (FIG. 100) are decision fiip-flops, each
adapted to set when a respective event occurs, The Dt
flip-flop (FIG. 100) is set when a programmed instruc-
tion is not executed because a necessary system com-
ponent is busy or is not prepared. The Hsr flip-flop
(FIG. 101) functions during an instruction-interrupt op-
eration of the Multiplex Buffer. The Hf1 and Hz2 flip-
flops (FIG. 102) function to halt the operation of the
Data Processing System. The Jc flip-flop (FIG. 103)
controls the type of data comparison executed during
comparison operations. The Jm20 flip-flop (FIG. 101},
when on, directs a blockette variation of the Write Buffer
operation then being executed.

The Jmg1 and Jmg2 flip-flops (FIG. 99) accumulate the
modulo-3 of a data word applied to the J-Mod-generator.
The Jna flip-flop (FIG. 104) is employed during branch
and jump instructions to prevent the transfer of the next-
instruction address to the A-register. The Jr and Jw flip-
flops (FIG. 101) direct respective Multiplex Buffer read
and write operations, The M3g flip-flop (FIG. 95), when
set, directs that an operation be executed to generate mod-
bits for a designated data word. The Mscl and Msc2
flip-flops (FIG. 102) are employed when starting from
the halt mode to insure that only a single cycle of the
specified operation takes place. The T1, Ta, Ta3, Ta8,
Th, Tb1, Th7, Th8, Td, Ti, Tv, Ty, and Tz flip-flops
(FIGS. 92-95) are part of the timing circuit of the Cen-
tral Processor and aid in controlling the sequence of
execution of operations.

In addition to the control flip-flops above-described,
the Yb1 and Yb2 one-shots control the duration of cer-
tain audible indications that are demanded by the Cen-
tral Processor.

TIMING CIRCUIT

The timing circuit of the Central Processor controls
the sequential execution of the steps in the operations
performed by the system. Forty-eight different clock pe-
riods (FIG. 15) are defined by the timing circuit. Each
clock period exists for approximately 4 asec. and is ter-
minated by a clock pulse., Although the execution of
each instruction commences at ¢1 of the timing sequence,
all of the clock periods do not occur for most of the
instructions. Furthermore, the clock periods do not al-
ways occur in sequence.. For example, during some in-
structions, certain groups of clock periods of the timing
sequence are executed repetitively until a designated
event occurs. Generally, when the signal End issues, the
timing sequence returns to ¢1 and a new instruction com-
mences.

The timing circuit comprises the Tp, Tq, Ts, T1, Ta,
Ta3, Ta8, Th, Th1, Th7, TH8, Td, Ti, Tv, Ty, and Tz
flip-flops and their associated logical circuits. In addi-
tion, the timing circuit comprises the logical circuit
which generates the Ta2 designated logical combination
signal. The logical schematic diagrams of the timing
circuit flip-flops are shown in FIGS. 91-95, and the logi-
cal schematic diagram of the circuit for generating Ta2
is shown in FIG. 107.

The 48 clock periods of the timing sequence are de-
fined by the 48 different states of the combination com-
prising the Tp, Tq, Ts, Ta, Tb, Td, Ty, and Tz flip-flops.
The T1, Ta3, Ta8, Th1, Tb7, Th8, Ti, and Tv flip-flops
and the Ta2 signal are on during certain of the 48 states.
For example, the T1 flip-flop is on during the first clock
period of each instruction, whereas the Th1 flip-flop is

in the l-state whenever the logical combination Tp Tq
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Ts Ta Tbh exists. The Ta2 signal issues whenever Tp
Tqg T3 Ta exists.

The fundamental unit of the timing circuit is the T-
counter. The T-counter is a three stage binary counter
which, in effect, counts the 250 ke. clock signals delivered
by the gated clock pulse driver, CDA13. The T-counter,
which repetitively counts through 8 discrete states, com-
prises the Tp, Tg, and Ts flip-flops, and their associated
logical circuits. The logical schematic diagrams of the
T-counter are shown in FIG. 91. The block diagram
of FIG. 16 is another representation of the circuit illus-
trated by the logical schematic diagrams of FIG. 91. The
AND-gates and OR-gates of the logical schematic dia-
grams of FIG. 91 are shown as blocks in FIG. 16. For
example, the 1-logic input signal to the Tp flip-flop

*Tp=Tp Tq Ts+Zm

is provided by the logic chain comprising the AND-gate
297 and the OR-gate 298. The method of employing the
emitter followers of FIG. 8 is illustrated in F1G. 16 (i.e,
emitter followers 299 and 300).

The Ts flip-flop- represents the lowest order bit of the
T-counter and chahges its state for every clock pulse re-
ceived thereby. The Tq flip-flop represents the 2-bit
order of the counter. The Tp flip-flop is the highest
order flip-flop of the T-counter. The T-counter normally
counts from 001 (Tp Tq Ts), as shown in FIG. 15, to
111, returns to the 000 state and continues to count repct-
itively through its eight clock periods. The eight clock
periods of the T-counter from the 001 state to the 000
state are termed a “T-cycle” and are 32 gsec. in duration.

In addition to receiving the CDA13 clock signals, the
T-counter receives the Bb signal, the Zm signal, and the
Kce signal. The T-counter may be halted, and the Cen-
tral Processor assumes the halt mode. When halted, the
T-counter ceases counting with the Tp, Tg, Ts flip-flops
in the 011 state (see Instruction 53). This haiting of the
T-counter is accomplished by gating off the CDA13 clock
signals when both of the halt flip-flops H1 and Hs2 are
in the 1-state. ‘The 16 signal represents a binary 0 dur-
ing a B-Subroutine and alters the normal sequence of the
T-counter (see the succeeding section “B-Subroutine™)
by forcing the T-counter to the 3-state from the 7-state.
The Zm signal, when in the 1-state, also affects the se-
quence of the T-counter during an Instruction 42 (see the
section “Instruction 42") by forcing the T-counter to re-
turn to the 7-state from the O-state. The Kec signal pro-
vides initial conditions throughout the Central Processor
and sets the T-counter to the 011-state. The Kcc signal
issues upon depression of certain buttons on the Control
Console.

Six different T-cycles of the T-counter are defined to
provide the 48 different clock periods of the timing se-
quence, The six different T-cycles are distinguished by
the state of the combination comprising the Ta, Tb, Td,
Ty, and Tz flip-flops, as shown in FIG. 15. Thus, the
eight clock periods designated f1-f8 occur during the
T-cycle when Ta=1. The 19-r16 clock periods occur
during the T-cycle when Th Td Ty Tz. The 17-124
clock periods occur during the T-cycle when Th Td Ty
3. The 125-32 clock periods occur during the Tcycle
when Th Td Ty Tz. The £33-r40 clock periods occur
during the T-cycle when Tb Td Ty Tz. The r41-148
clock periods occur during the T-cycle when Tb Td
Ty Tz.

The Tv flip-flop (FIG. 94) is set only during instruc-
tions in the 90 group. In these instructions the contents
of a register are shifted therein through a predetermined
number of digit positions. The Tv flip-flop enables the
necessary shift signals to issue for a predetermined dura-
tion during these instructions.

The Ti flip-flop (FIG. 95) is in the l-state during
the fourth clock period of certain T-cycles, and thereby
notifies the system that the Memory will not be needed

10

20

25

30

40

650

66

60

85

70

76

70

either (a) during the remaining clock perivds of the
particular instruction or operation being executed, or (b)
during the next eight clock periods of the instruction or
operation. This notification by Ti permits the Memory
to transfer the next-instruction word to the M-register,
or to transmit a word to or to receive a word from the
Multiplex Buffer. The issuance of the Ti signal is not
illustrated in FIG. 15, since the clock period when Ti{
issues depends upon the particular instruction being ex-
ecuted.

The states that the timing circuit occupies during the
exccution of each instruction are shown in the timing
diagram accompanying the description of the instruc-
tion. The shortest instructions are executed during the
clock periods 71-78. Many instructions, however, con-
tinue beyond 8 and comprise various combinations of
the five remaining T-cycles or portions of these T-cycles.

CLOCK CIRCUIT

The clock circuit of the Central Processor, shown in
F1G. 17, provides clock pulse signals for application to
flip-flops and register transfers to control respectively the
entry of data inio flip-flops and the transfer of data be-
tween flip-flops. The clock pulse drivers of the Central
Processor clock circuit may be gated to provide single
clock pulses or clock pulses at the 250 kc. rate, or may
be operated continuously, A detailed description of the
clock pulse driver is given in a preceding section en-
titled “Clock Pulse Driver.” When gated on, the clock
pulse driver generates a clock pulse for each trigger sig-
nal received, but when gated off, no clock pulses are
generated. The logical schematic diagrams of the logi-
cal circuits providing gating signals for the clock pulse
drivers of FIG. 17 are illustrated in FIG. 108. This clock
circuit also provides clock pulses to control the trigger-
ing of one-shots.

The Central Processor clock circuit comprises a clock
pulse generator 301, which has been previously described
and is shown in FIG. 2. The clock pulse generator sup-
plies trigger signals at a 250 ke. repetition rate for the
clock pulse drivers. Continuous clock pulse driver 302
responds to the output signals of clock pulse generator
301 to provide continuous clock pulses at the 250 ke,
rate. The output signals of clock pulse driver 302 are
applied as trigger signals to the CDA clock pulse driver
303, the CDB clock pulse driver 304, and the CDC clock
pulse driver 305. The CDA, CDB, and CDC clock
pulse drivers operate continuously and deliver clock pulses
at the 250 ke. rate, Additionally, clock pulse driver 302
delivers clock pulses on a lead 306 for driving the clock
pulse drivers of the Multiplex Buffer, the Tape Control
Unit, and the P-Buffer.

The clock pulses delivered by the CDA clock pulse
driver are applied to the input terminals of the CDALl],
CDA12, CDAI13, CDAl14, SAC, SC, SPC, and XII
clock pulse drivers. All clock pulse drivers driven by
the CDA clock pulse driver are gated clock pulse drivers,
with the exception of the continuous clock pulse driver
CDA12. The output clock pulses of the CDALL,.
CDA12, CDA13, and CDA14 clock pulse drivers are
applied to the clock pulse input terminals of Central
Processor flip-flops. For example, the output clock pulses
of the CDA11 clock pulse driver are applied to the clock
pulse input terminals of the D1, D2, and D3 flip-flops.
Since the logical schematic diagram illustrating the cir-
cuit for gating the CDA11 clock pulse driver is (FIG,
108)

Gate-CDA11=HT1|+ A2

the CDA11 clock pulse driver supplies clock pulses con-
tinuously at the 250 kc. rate, except when the Central
Processor is in the halt mode; ie.,, when both the Hrl
and H#2 flip-flops are set.

The SAC, SC, SPC, and XJI clock pulse drivers sup-
ply clock pulses to the clock pulse input termipals of
register transfers. For example, the SC clock pulse driver
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supplies clock pulses to the register transfers which con-
nect the output terminals of the C6 flip-flops to the cor-
responding register transfer input terminals of the C5 flip-
flops. When the SC clock pulse driver is gated on, in
accordance with the corresponding logical sshematic di-
agram of FIG. 108; ie.,

. Gate-SC=Pi{Ppi

the contents of the C6 flip-flops are transmitted to the
corresponding C5 flip-flops. The related register trans-
fer circuits are illustrated by the logical schematic di-
agrams for the C51 flip-flops (FIG. 65); as follows:

#C5()y=5CC6(i)
#C5(i)=5C C6(i)

The clock pulses delivered by the CDB clock pulse
driver are applied to the input terminals of the B17, B27,
B28, SA, SL, SL76, SLL7, SN, SRL6, SRL7, XAAw,
XAN, XArA, XAwA, and XNA clock pulse drivers. All
clock pulse drivers driven by the CDB clock pulse driver
are gated clock pulse drivers, with the exception of the
continuous clock pulse drivers B17 and B27. The output
clock pulses of the B17, B27, and B28 clock pulse drivers
are applied to the clock pulse input terminals of Central
Processor flip-flops. The output clock pulses of the SA,
SL, SL76, SLL7, SN, SRL6, SRL7, XAAw, XAN, XArA,
XAwA, and XNA clock pulse drivers are applied to the
clock pulse input terminals of Central Processor register
transfers.

The clock pulses delivered by the CDC clock pulse
driver are applied to the input terminals of the SB, SBB,
SJ, SPR7, SNB, SR, SR16, SR76, SLR6, SLR7, SRXB,
XArA, XMA, XMJ, and XZJ clock pulse drivers. All
clock puise drivers driven by the CDC clock pulse driver
are gated clock pulse drivers, and supply clock pulses
for Central Processor register transfers.

J-MOD-GENERATOR

The J-Mod-generator 277 (FIG, 14) comprises the
Jmg2 and Ymgl flip-flops (FIG. 99) and their correspond-
ing input logic circuits. The primary function of the J-
Mod-generator is to accumulate the modulo-3 of a data
word, as the digits of the word are sampled in serial
order, LSD first. The accumulated modulo-3 is then em-
ployed to generate the mod-bits for the sampled data word,
or to check the total modulo-3 of the sampled word.

In accumulating the modulo-3 of a word, the Jmg2 and
Jmg1 flip-flops respond to their present contents and to
the Jmgd and Jmgu logical combination signals (FIG.
107). The Jmgd signal represents a binary 1 whenever
the digit sampled by the J-Mod-generator has a modulo-3
of 2 (—1). Thus, the digits 2, 5, and 8 cause issuance
of the Jmgd signal. Additionally, the numerical signifi-
cance of the ($) and (*) digits cause issuance of the
Ymgd signal. The Jmgu signal represents a binary 1
whenever the digit sampled by the J-Mod-generator has a
modulo-3 of 1 (—2). Thus, the numeric digits 1, 4,
and 7, and the non-numeric digits (&) and (.) cause is-
suance of the Jmgu signal.

Therefore, whenever the Jmgd signal issues to indicate
the sampling by the J-Mod-generator of a digit having a
modulo-3 of —1, the number stored in Jmg2, 1 is de-
creased by 1. Similarly, when the Jmgu signal issues
to indicate the sampling of a digit having a modulo-3
of 1, the contents of Jmg2, 1 is increased by 1. If neither
Imgd nor Ymgu issues, the digit sampled has a modulo-
3 of 0, and the contents of Jmgl and Jmg2 remain un-
changed.

The Jmgd and Ymgu signals issue in response to the
Mjl, Mj2, M3, and Mj4 logical combination signals and
their corresponding inverter signals TMji, TMJ2, IM73,
and TMj4. The Mj(i{) and IMj (i) signals represent the
digit sampled by the J-Mod-generator. The logical sche-
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matic dingrams of the circuits generating the Mj(7) sig-
nals are illustrated by FIG, 107; as follows:

Mij(i)=J1(i) M3G+L1(i) Mg

The corresponding inverter signals are genmerated in cir-
cuits illustrated by the logical schematic diagrams of FIG.
109; for example,

IMj(i) =Mj(i)

If the M3g flip-flop is off, the Jmg2, 1 flip-flops ac-
cumulate the modulo-3 of the contents of the J-register.
This occurs when a mod-check of the instruction or
operand is made as it enters the Central Processor from
Memory. If the M3g flip-flop is on, the Jmg2, 1 flip-
flops accumulate the modulo-3 of the contents of the L-
register, This occurs during execution of an Instruction
26, wherein new mod-bits are generated for the contents
of FULL.

The operation of the J-Mod-generator in accumulating
the modulo-3 of an instruction word, an operand, or a
data word in the L-register, is described in the respective
sections “Initial Routine during Imstruction,” “Instruc-
tion 21,” and “Instruction 26.” In certain operations the
J-Mod-generator is preset to prevent its triggering the
Amm alarm flip-flop as, for example, when an alpha-
numeric operand enters the J-register. The functioning
of the J-Mod-generator in these operations is set forth
in the sections describing these operations.

ARITHMETIC UNIT

The Arithmetic Unit is adapted to perform the opera-
tion of addition or subtraction on a pair of data words
received simultaneously from the J-register and the R-
register or on data received simultaneously from he A-
register and the B-register. FIGURE 18 illustrates sym-
bolically the elements of the Arithmetic Unit which store
data, the paths of data transfer into and out of these ele-
ments, and certain control elements. The Arithmetic Unit
comprises the Va input gates 309; the Vb input gates 310;
the inverters 312, 313, etc.; the sum and carry bit gen-
eration logic circuit 315; the Ve, Vs, Vs2, Vs3, Vsa, and
Vs4 flip-flops; the sum digit encoding logic circuit 317;
the V-mod-bit accumulation logic circuit 318; the Vmg2
and Vmgl flip-flops; and the control signal sources, in-
cluding the Aac, Mal, Ma2, Ov, Us, and Zva flip-flops.
The details of the circuit structure of the Arithmetic Unit
are provided in FIGS. 96-99, which are the flip-flop logical
schematic diagrams of Arithmetic Unit flip-flops; FIG.
107, which is a designated logical combination signal
diagram; and FIG. 109, which is an inverter signal dia-
gram,

The details of the operation of the Arithmetic Unit are
provided in the descriptions of the various arithmetic
instructions which employ the Arithmetic Unit, such as
in the sections entitled *Instruction 72,” “Instruction 73,”
“Instruction 82,” “Instruction 83,” “Instruction 87,” “In-
struction B88,” “Instruction 27,” “Instruction 28,” and “B-
Subroutine.”

When the Va input gates sample the contents of the J1
flip-lops and the Vb input gates sample the contents of
the R1 flip-flops, the Arithmetic Unit adds to or subtracts
from the contents of the R-register, the contents of the
J-register, digit-by-digit. The state of the Us flip-flop
determines the type of operation to be performed by the
Arithmetic Unit, If Us=0, an additive operation is per-
formed and the data word applied to the Va input gates is
added to the word transmitted to the Vb input gates. On
the other hand, if Us=1, a subtractive operation is per-
formed, and the magnitude of the numeric portion of the
word applied to the Va input gates (i.e., |J|) is subtracted
from the magnitude of the numeric portion of the word
transmitted to the Vb input gates (i.e., |R|). The subtrac-
tive operation is executed by causing the Va input gates to
deliver the complement of the word applied thereto,

Five classes of output signals are supplied by the Va
input gates, these output signals being represented by the
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logical combination signals Va4, Va3, Va2, and Val.
Most often, the Val—4 signals represent the digit in J1.
If Us=1 the Va4-1 signals represent the 9s complement
of the digit in JI. If Us=1 and Zva=1, the Vad-1 sig-
nals represent the digit 9. If Us=0 and Zva=1, the
Va4-1 signals represent the digit 0. If the Bb flip-flop is
set, the Vad—1 signals represent the digit in the Al flip-
flops of the A-register. The Zva flip-flop, when on, nor-
mally directs that O's be supplied by the Va input gates.
However, when the Us flip-flop is also on, the complement
of these 0's; i.e., 9's, are supplied by the Va input gates.

Three classes of output signals are supplied by the Vb
input gates, these output signals being represented by
logical combination signals Vb4, 3, 2, and 1. Most often,
the Vb4—1 signals represent the digit in R1. However dur-
ing a B-subroutine and during execution of Instruction 27,
the Vb4—1 signals represent the digit in Bl. If Tz=1, the
Vb4-1 signals represent the 9’s complement of the digit in
R1. This latter class of output signal is necessary follow-
ing an arithmetic operation wherein a number has been
subtracted from a smaller number, so that the result in R
must be complemented; i.e., see the description of Instruc-
tion 72.

The Va4, Va3, Va2, and Val signals are applied to the
respective IVad, TVa3, IVa2, and IVal inverters 312, 313,
etc. The Vb4, Vb3, Vb2, and Vb1 signals are applied
to the respective IVb4, IVb3, IVh2, and IVb1 inverters,
The output signals of the IVa4-IVel and IVH4-IVb1 in-
verters are applied to the sum and carry bit generation
logic circuit 318, Logic circuit 315 adds the two digits
represented respectively by the output signals of the
IVad4-IVal and IVb4-IVh1 inverters and the carry bit
stored in Vc and provides the output signals *Vsi, *Vs1,
*Vs52, *V32, ¥Vs3, *Ve3, *Vsa, *Vaa, *Vsd, and *Va4,
which represent the sum digit, and the signals *Ve and
*Vg, which represent the next carry bit. The output sig-
nals of logic circuit 315 set or reset the corresponding
flip-flops Vsl, Vs2, Vs3, Vsa, Vs4 and Ve each clock
period in accordance with the sum digits and carry bits
produced by logic circuit 315.

The following table “Input Signal Combinations Which
Set Vs(i) Flip-flops” illustrates how circuit 315 combines
the Vad—1, Vb4-1, and Vc signals to set the Vs flip-flops
to their respective 1-states.

INPUT SIGNAL COMBINATIONS WHICH S8ET
V(i) FLIP-FLOPS

V(i) (Value) | Ved | Vb4 | Va3 | Vb3 | Va2 | Vb2 | Val (Vi1 | Ve
Vsl 1 0 1 0
1 0 0
1 1 1
0 0 1
Va2 2 1 0
0 1
1 1
Vsa 2 1 1
1 1
1 1
1 1
Va3 4 1 1
1
1
Va4 & 1 0
0 1

The total of the values represented by the five Vs flip-
flops is the sum digit resulting from addition of the three
digits represented by the Va, Vb, and V¢ signals. If at
least one of the combinations illustrated in the table for
a given Vs flip-flop does not appear in any clock period,
the corresponding Vs flip-flop is set to its O-state, The
Vs4 flip-flop, which represents the quantity 5, is depend-
ent on only the 5-bits of the two input digits, and is set to
its 1-state if any one, but not both, of the 5-bit positions of
Va4-1 and Vb4-1 is 1. Thus, the Vs4 flip-flop is not set
to the l-state even though combinations of the Va3-1,
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Vbh3-1, and Ve signals provide a sum between the values
of 5 and 9. The Vsl flip-flop, which represents the value
1, is dependent only on the 1-bits of the two input digits,
and on the state of the carry flip-flop, Ve. Thus, Vsl is
set to the 1-state if any one or all three of the Val, Vbi,
and Ve signals represent 1. Vsl is unaffected by any of -
the higher order signals Va4, Vb4, Va3, Vb3, Va2, and
Vb2. Thus, the signal combination illustrated by the
above table provides for a simplified logical structure
wherein each Vs flip-flop must respond to but simple
logical combinations of only a few of the input signals
to logic circuit 3185.

At the same time that the Vs flip-flops are set or reset
in accordance with the sum of each pair of received
digits, the V¢ flip-flop is set or reset in accordance with
whether a carry should be held over for the next succeed-
ing digit pair.

In providing the sum digit in the Vs flip-flops and
the carry bit, the non-numeric digits are weighted ac-
cording to their respective bit values. For example,
the dollar sign ($) adds as a 5, the comma (,) adds as a
6, the ampersand (&) adds as a 7, the period (.) adds as
a 0, and the (*) adds as a 1.

The total value represented by the five bits stored
in the Vs flip-flops is encoded into the four bit 5, 4, 2, 1
digit code of the Central Processor by the sum digit
encoding logic circuit 317, Logic circuit 317 comprises
the circuits for generating the V4, V3, V2, and V1 sig-
nals and is illustrated by the logical schematic diagrams
for the V4-V1 signals of FIG. 107. The V4, V3, V2,
and V1 signals represent respectively the values 5, 4, 2,
and 1. The following table “V Output Signals of
Arithmetic Unit” illustrates the various configurations
which the V4-V1 signals take in response to the pos-
sible combinations of the Vs flip-flops.

V OUTFPUT SIGNALS OF ARITHMETIO UNIT

Va4 | Va3 | Vea | Va2 | Vsl

Vi 1 i ]
1 1 0

i 14 0

1 0 0 0

0 1 1
0 1 1

Q 1 1

0 1 1 1
v3 [ 1 1 0
1 1} 0 0
1 1 1 1

V2 0 a 1
1 0 1

0 1 0
1 1 1 0
0 1 1
Vi 1] 0 1
0 ) 1
1 1 14
1 1 [

Consider the following example: the signals Va4-Val
represent the digit 9 and the signals V£4-Vb1 represent
the digit 8. The carry flip-flop is in its O-state. Under
these circumstances the Vs flip-flops will be set to the
Vsd Vs3 Vez Vs2 Vsl configuration. For this combina-
tion the V4 and V2 signals issue to represent the digit 7.
The carry flip-flop Ve will be set to the 1-state.

The Ve flipflop generates the carry bit of the two
digits being added by logic circuit 315, providing also
for the previous state of the V¢ flip-flop, when enabled
by the Vet signal. The Vet signal is generated during
those instructions where an arithmetic operation is to
be performed.

The alarm flip-flop, Aac, is set to the 1-state if:

{a) The Arithmetic Unit output digits (from V-output
gates) are non-numeric, except if M3g=1, during
which time mod-bits are generated for the R con-
tents and the Arithmetic Unit output digits are not
employed;
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(b) Any input digit to the Arithmetic Unit is non-
numeric during execution of an operation when the
Arithmetic Unit is actually performing an arithmetic
operation, and its output signals are being used, except
that non-numerics to the Va input gates do not set the
Aac flip-flop during the “Hash-Add” variation of In-
struction 82;

.(¢) There is a non-numeric input digit to the Va input
gates during execution of Instruction 28, wherein the
contents of the designated memory location are trans-
mitted through the Arithmetic Unit to the B-register;
and

(d) The mod-comparator signal Mc issues during an
arithmetic operation to indicate that the mod-com-
parison has failed (see description of Instruction 72).

When the Aac flip-flop sets, it causes the Central Proces-
sor to halt following completion of the current instruc-
tion. :

Logic circuit 315 is also adapted to add together two
non-numeric digits or to add a numeric and a non-
pumeric digit, in accordance with the numerical equiv-
alent of the non-numeric digits. However, the result-
ing sum digit stored in the Vs flip-flops always represents
a quantity from 0-9. Therefore, only numeric digits
are supplied by the V4-V1 output signals of the Arith-
metic Unit during an arithmetic operation. Conse-
quently, when the Aac flip-flop is prevented from setting
during the Hash-Add variation of Instruction 82, non-
numeric double-precision words from Memory may be
added to numeric double-precision words in FULL and
pumeric words are delivered by the Arithmetic Unit.

The overflow flip-flop, Ov, is employed primarily in
arithmetic operations and indicates that the sum or dif-
ference of the two numbers applied to the Arithmetic
Unit is too great to be placed in the prescribed number
of digit positions. The Ov flip-flop also sets during
Instruction 43 if the quotient will be too large for the
allotted storage space.

The Vmg2 and Vmgl flip-flops (FIG. 99) and their
corresponding input logic circuits, as represented by logic
circuit 318 of FIG. 18, comprises the V-Mod-generator
shown in FIG. 14, The primary function of the V-Mod-
generator is to accumulate the modulo-3 of the six-digit
output number delivered by the Arithmetic Unit. The
accumulated modulo-3 is then employed to generate the
mod-bits for this output word and to check the correct-
ness of the operation performed by the Arithmetic Unit.

In accumulating the modculo-3 of the output digits of the
Arithmetic Unit, the Vmg2 and Vmgl flip-flops respond
to their present contents and to the Vmgd and Vmgu
logical combination signals (FIG. 107). The Vmgd and
Vmgu signals issue in response to the V4, V3, V2, and V1
signals and their corresponding inverter signals IV, TV2,
Iv3, and Iv4 (FIG. 109). The Vmgd signal repre-
sents a binary 1 whenever the digit applied to logic cir-
cuit 318 has a modulo-3 of 2 (—1). The Vmgu signal
represents a binary 1 whenever the digit applied to logic
circuit 318 has a modulo-3 of 1 (—2). The V-Mod-
generator is also adapted to respond to non-numeric digits,
inasmuch as the V4-V1 signals represent the contents of
R14-R11 during a mod-bit generation operation; ie.,
Instruction 25.

Therefore, whenever the Vmgd signal issues to indi-
cate the application to the V-Mod-generator of a digit
having a modulo-3 of —1, the number stored in Vmg2,
1, is decreased by 1. Similarly, when the Vmgu signal
issues to indicate the receipt of a digit having a modulo-3
of 1, the contents of the Vmg?2, 1 is increased by 1. If
neither Vmgd nor Vmgu issues, the digit applied to logic
circuit 318 has a modulo-3 of 0, and the contents of
Vmg2, 1 remain unchanged.

The operation of the V-Mod-generator in accumulating
the modulo-3 of a data word is described in the sections
“Instruction 25” and “Instruction 72.”
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The mod-adder flip-flops Ma2 and Mal (FIG. 98) pro-
vide the sum of the mod-bits of the two words added
or subtracted by the Arithmetic Unit, for comparison
with the contents of Vmg2, 1, in order to provide a test
of the correctness of the result. The Ma2, 1 flip-flops
respond to the logical combination signals Ja2, 1, and
Ra2, 1 (FIG. 107), as described in the “Modulo-3 Com-
parison” subsection of the Instruction 72 description.

Control Console

The Control Console provides an indicating and con-
trol station for the operator, whereby he has access to
the system for modification of the sequence of execution
of the instructions or for data revision. FIGURE 19 il-
lustrates those portions of the Control Console which are
related to this invention and includes the controls for
enabling the operator to modify the sequence of execu-
tion of the instructions and the controls for starting or
balting data processing in the system. The Control
Console primarily directs the Central Processor, which,
in turn, enables controlling the remainder of the Data
Processing System, Not shown in FIG. 19 are indicators
which may be employed to show the states of the various
register, alarm, and coatro] flip-flops of the system by
indicating with illuminated lamps those of the flip-flops
which are in their 1-states. Also not shown in FIG. 19
are a plurality of switches which may be employed to
selectively apply voltages directly to the register trans-
fer input terminals of system flip-flops in order to set or
reset various flip-flops.

Two types of signals are delivered by the Control
Console and may be termed respectively “logic level sig-
nals” and “preemptive signals.” Logic level signals are
intended to have the same effect as the 0 or l-output sig-
nals of a flip-flop and, therefore, are at similar voltage
levels. Thus, a logic level signal which represents a
binary 1 merely enables a flip-flop, when it is applied
to an input logic terminal thereof, and the flip-flop re-
quires the further application of a clock pulse to be set
or reset. For example, the output signal, Kbh, of the
BRANCH-HALT switch is coupled through a logical cir-
cuit to the 1-input logic terminal of the Hrl flip-flop of
FIG. 102; as follows:

*H1=(T8Z C61 TH4 Ta3)(U58 TGZ T51) Kbh

If the BRANCH-HALT switch is in its off position, the
Kbh signal is at the —7.5 v. level, and the above expres-
sion for the *Hrl signal cannot represent a binary 1 dur-
ing the course of data processing. However, if the
BRANCH-HALT switch is in its on position, the Kbh
signal is at the -+6 v. level, and enables the above ex-
pression for *Ht1. When so enabled, the *Htl signal
represents a binary 1 at ¢3 of Instruction 60 and the Hrl
flip-flop sets to the 1-state upon receipt of the next clock
pulse from the CDA12 clock pulse driver.

Preemptive signals in their 1-states set or reset flip-
flops directly, For example, the CONTROL TYPE-
WRITER CLEAR switch directs the level of the pre-
emptive Kpcc signal. When the CONTROL TYPE-
WRITER CLEAR switch is in its on position, the Kpce
signal is at the -}12 v, level, and resets the Mcl, Mc2,
and Mc3 flip-flops (FIG. 129) by its application to the
register transfer O-input terminals thereof.

CLBEAR CONTROLS

Selected components of the system, or the entire sys-
tem, may be cleared by closing the appropriate clear
button or clear switch. These buttons are usually closed
with the system in the halt mode (see succeeding section
“Operations from Halt Mode”). Accidental closure of
any one of these buttons while the system is processing
data by automatically executing instructions in sequence
would cause errors, and would seriously interfere with



3,235,879

77

the data processing operation. Therefore, a protective
swilch is provided, which must be unlocked, before these
clear controls are effective. This protective switch is
the KEY switch 325, which is normally locked in its
open position when the system is processing data. When
it is desired to enable one of the clear buttons, the KEY
switch is unlocked. Unlocking KEY switch 325 (FIG.
19) causes actuation of a relay 326. When relay 326
is actuated, arms 327 and 328 thereof contact their up-
per terminals, causing the Key output signal, which in
the locked state of the KEY switch represents a —7.5 v.
binary 0, to represent a 6 v, binary 1. Simultaneously,
the Key2 signal, which in the locked state of the KEY
swilch represents a binary 1, now represents a binary 0.
Arm 328, which in the locked state of the KEY switch
causes —7.5 v. to be applied to the upper terminals of
clear buttcns 329, 330, 331, 332, and 333, in the un-
locked state of the KEY switch contacts its upper termi-
nal and applies 412 v. to the upper terminals of the clear
buttons 329--333. Thus, each of buttons 329-333 is en-
abled, and when the movable arm thereof contacts the
respective upper terminal, the output signal delivered
thereby will represent a 412 v, binary 1.

With the KEY switch unlocked the clear buttons are
effective; as follows: the TOTAL CLEAR button 329,
when in its upper position, causes the Kree signal to issue,
which clears the entire data processing system, including
the Central Processor, P-Buffer, Multiplex Buffer, and
Tape Control Unit; the COMPUTER CLEAR button 330,
when in its upper position, causes the Kccc signal to issue
which clears the Central Processor; the CONTROL
TYPEWRITER CLEAR button 331, when in its upper
position, causes the Kpcc signal to issue, which clears
the P-Buffer; the EXTERNAL CLEAR button, when in
its upper position, causes the Kec signal to issue, which
clears the Muitiplex Buffer and Tape Control Unit; and,
the ALERT RESET button, when in its upper position,
causes the Kra signal to issue, which clears all alarm
and sub-alarm flip-flops in the system,

STARTING CONTROLS

The COMPUTE button 335, the SINGLE-CYCLE
button 336, and the RECYCLE button 337 will each
cause the Central Processor to execute one or more in-
structions, starting from the halt mode.

Closure of the COMPUTE button by moving the arm
thereof to contact the lower terminal, causes the Keb
signal, which is normally in the 1l-state, to enter the
O-state, and causes the Kbe signal, which is normally
in the O-state, to enter the l-state, This change of state
of the Kcb and Kbe signals is effective to reset the halt
flip-flops, Hr1 and He2, and to place the system in the
normal data processing mode (see section “Starting Sys-
tem From Halt Mode™).

Closure of the SINGLE-CYCLE button by moving the
arm thereof to contact the lower terminal, causes the
Ksh signal, which is normally in the I-state, to enter the
O-state, and causes the Kbc signal to enter the 1.state.
This change of state of the Ksb and Kbc signals is effec-
tive to cause the Central Processor to execute the instruc-
tion then in the I-register, and to halt immediately there-
after with the next sequential instruction in the I-tegister
(see section “Single-Cycle™).

Neither the COMPUTE button nor the SINGLE-
CYCLE button is effective if the KEY switch is locked,
inasmuch as the Key signal would be in the O-state, and
would prevent the Kbc signal from entering the 1-state.

Closure of the RECYCLE button by moving the arm
thereof to contact the upper terminal, causes the Kryl
signal, which is normally in the 0-state, to enter the 1-state,
and causes the Kry2 signal, which is normally in the I-
state, to enter the O-state. This change of state of the
Kryl and Kry2 signals is effective to cause the Central
Processor to repeatedly execute an instruction in the I-reg-
ister {see section “Recycle”). The RECYCLE button is
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ineffective if the KEY switch is locked, inasmuch as the
Key2 signal is in the 1-state, thereby preventing the Kry2
signal from entering the O-state.

HALT CONTROLS

The HALT button 339, the BRANCH HALT button
340, the SELECTIVE HALT button 341, and the AD-
DRESS HALT button 342 will each enable the Central
Processor to halt. HALT button 339, when closed by
moving the arm thereof to contact the lower terminal,
causes the Khb signal, which is normally in the O-state,
to enter the I-state. When the Khb signal enters its 1-
state, it sets the Hr1 flip-flop and initiates a halt sequence,
as described in a succeeding section “Manual Halt.” The
halt sequence can only be initiated by the HALT switch
if the KEY switch is unlocked, thereupon transferring
the Key signal to the 1-state. If the KEY switch is not
unlocked, the —7.5 v. Key signal clamps the Khb signal
in the O-state regardless of the condition of the HALT
button.

Closure of the BRANCH HALT switch by moving the
arm thereof to contact the upper terminal, causes the
Kbh signal to enter the 1-state, When the Kbl signal
is in the 1-state the Central Processor will halt if an In-
struction 60 is executed (see description of Instruction

? 60).

Closure of the SELECTIVE HALT switch by moving
the arm thereof to contact the upper terminal, causes the
Ksh signal to enter the 1-state. When the Ksh signal is
in the I-state, the Central Processor will halt if an in-
struction bearing a breakpoint bit is executed (see sec-
tion “Selective Halt").

Closure of the ADDRESS HALT switch by moving
the arm thereof to contact the upper terminal causes the
Ah signal to enter the 1-state. When the Ak signal is in
the 1-state the Central Processor will halt if an instruc-
tion word bearing the address to which the ADDRESS
HALT SELECTOR switches 344 are set enters the A-reg-
ister (see section “Address Halt™).

If the arm of the ALARM HALT OVERRIDE switch
345 is moved to contact the lower terminal, the Kho2
signal, which is normally in the 1-state, enters the O-state,
and the Khol signal enters the l-state. When the Kho2
signal is in the O-state the Central Processor will con-
tinue its normal instruction sequence without halting, al-
though an alarm flip-flop sets (see section “Alarm Halt”).
The ALARM HALT OVERRIDE switch is ineffective 1f
the KEY switch is locked, inasmuch as the Key2 signal
is in the I-state, thereby preventing the Kho2 signal from
entering the O-state.

SEQUENTIAL MEMORY LOCATION
OPERATION CONTROLS

With the system in the halt mode four different opera-
tions, each involving sequential memory locations, are
initiated by closing the respective CONTROL TYPE-
WRITER LOAD switch 350, the PHOTOREADER
LOAD switch 351, the MEMORY DUMP switch 352,
and the RECYCLE MANUAL switch 353. Each of
these switches is effective only if the KEY switch 32§
is unlocked. Details of the operation initiated by each
of these four switches is provided in the section “Manu-
ally-Controlled Operations Involving Sequential Memory
Locations.” The CONTROL TYPEWRITER LOAD
switch, when closed to its ON position, causes the
Memory to receive data words from the Control Type-
writer and to place them in sequential memory loca-
tions. The PHOTOREADER LOAD switch, when
closed to its ON position, causes the Memory to re-
ceive data words from the Photoreader and to place
them in sequential memory locations. When the
MEMORY DUMP switch is in its ON position, the
Memory transmits words from sequential memory loca-
tions to the Control Typewriter. When the RECYCLE
MANUAL switch is in its ON position, the instruction
in the I-register is repeatedly executed and the address
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portion thereof is increased by 1 following each exe-
cution.
MISCELLANTOUS SWITCHRS

Six DECISION switches 365, 366, 367, 368, 369, and
370 are provided for interrogation by the Central Proces-
sor. When a DECISION switch is closed, the correspond-
ing output signal thereof, Kds(i), is in the 1-state. If
the closed DECISION switch is then interrogated by an
Instruction 54, the D3 flip-flop will set. Thus, the manual
closing of a particular DECISION switch enables the
program to branch in a predetermined direction,

If the arm of the ALPHANUMERIC STORE switch
371 is moved to contact the upper terminal, the +6 v.
Kam signal which results causes additional characters
to function as putaway signals in the P-Buffer operation
described in the section “Control Typewriter or Photo-
reader Input to P-Register; Alphanumeric Word."”

The INHIBIT TYPE-OUT switch 372, when in the
ON position, causes the signal Knfl to be in the O-state
and the signal Kns2 to be in the 1-state. These two sig-
nals then function to prevent the P-register from being
empticd by an Instruction 29, as described in the P-Buffer
Operation section “Control Typewriter Output From
P-Register; Single Numeric or First Half Double-Pre-
cision Word.”

Memory

The Memory stores operand words which are to be
processed, data words which have resulted from proc-
essing, and instruction words to direct data processing.

The Memory comprises a storage element, a buffer
register for transferring words into and out of the stor-
age element of the Memory, appropriate addressing cir-
cuits for locating words in the storage element, control
circuits, etc. FIGURE 20 illustrates symbolically the
elements of the Memory, the paths of data transfer be-
tween these elements, and the paths of control signals.
The details of the circuit structure of the Memory are
provided in FIGS. 23, 24, 25, 26, 28, and 110-121.

The storage element of the Memory of F1G. 20 is the
coincident-current magnetic core type, which is well
known in the art, The structure and operation of such
a memory element is described, for example, in the pub-
lication by C. V. L. Smith, “Electronic Digital Com-
puters,” chapter 12, McGraw-Hill Book Co., Inc., New
York, 1959. Core Memory 401 is the storage element
of the Memory of FIG. 20. The Core Memory is adapted
to store 4,000 data words of 28 bits each, each bit being
stored in a corresponding magnetic core. The Core
Memory comprises 28 planes, each plane having 4,000
magnetic cores. Each plane stores the corresponding bit
for the 4,000 words. A core plane comprises a matrix
of magnetic cores arranged in 50 rows and 80 columns.
The location of a magnetic core in a matrix row and
column is the address of the core and is identified by a
number. Corresponding cores in all 28 planes are iden-
tified by the same number and store the 28 bits of a
data word. Therefore, Core Memory 401 contains 4,000
addressable locations (0000-3999) for storing 4,000 data
words.

One of the 50 X-line switch cores 402 and one of the
80 Y-line switch cores 403 are excited to address the
respective row and column in which data is to be stored
into or read from the Core Memory. The M-register
404 temporarily stores the data word that is to be stored
in the Core Memory, or temporarily stores the data
word that is read from the Core Memory. Twenty-eight
inhibit drivers 405, directed by the respective contents
of the M-register flip-flops, control the storage of the 28
bits of a word in the addressed memory location.
Twenty-eight core read amplifiers 406, when enabled by
the St signal, read out the 28 bits from the addressed
memory location and store the data word in the M-reg-
ister. M-register input gates 467 direct the storage in
the M-register of the data word read from the Core
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Memory or of an input data word from the P-register,
the Rb-register, or the R-register. The contents of the
M-register may be transferred to the Central Processor
or to the Write Bufler of the Multiplex Buffer.

A 2 adder 408 adds the number 2 to the contents of
the two least significant digits of the word in the M-reg-
ister as it is transferred to the Core Memory, if the sig-
nal Asm is delivered by the Central Processor. A mod-
bit adder 409 corrects the mod-bits of the word trans-
ferred from the M-register to the Core Memory when
the Arm signal is present.

An AM-register 410 stores the address of the Core
Memory location wherein data is to be stored or from
which data is to be read. The AM-register receives a
new address from the AM input gates 411 upon appli-
cation of the Mca signal of the Central Proczssor to
the AM input gates. The contents of the AM-register
control one of 5 switch core drivers 412 and.one of
10 address drivers 413, which, in turn, excite one of the
50 X-line switch cores 402. The AM-register also con-
trols one of 8 switch core drivers 414 and one of 10 ad-
dress drivers 415, which, in turn, excite one of the 80
Y-line switch cores 403.

Control circuit 416 directs the timing sequence of the
Memory for reading data from the Core Memory to other
components and for storing data in the Core Memory
from other components.

CORM MEMORY

The Core Memory 401 comprises 112,000 magnetic
cores, each adapted to store one bit of information.
These magnetic cores, FIG. 21, are characterized by sub-
stantially rectangular hysteresis loops, FIG. 22, being
composed of materials such as silicon steels and certain
ferrites; i.e., see the aforementioned C. V. L. Smith ref-
erence, section 4-14, Such magnetic cores are char-
acterized by very low coercive forces and high remanent
magnetism.

In the core hysteresis loop of FIG. 22 the abscissae
represent current, or magnetizing force, with positive cur-
rent to the right. The ordinate represents the magnetic
field induced In the core. If a magnetizing force pro-
vided by a positive current greater. than I, is impressed
upon the core, the core will saturate in a direction de-
noted as positive magnetic saturation. After removal
of the saturating current, the core will retain the +-Br
residual magnetic field. A core so magnetized is said
to be in the l-state. After a core is magnetized to sat-
uration in the negative direction by a negative current
greater in magnitude than I, and the magnetizing force
is removed, the core will retain a magnetic field of —Br,
which is designated as the O-state of magnetism in the
core.

Assume, first, that the core is in the O-state, and that
a positive current I, is applied thereto as a magnetizing
force. This current is not sufficient to transfer the mag-
netic field of the core beyond the negative knee of the
hysteresis loop, so that when the current I is removed,
the magnetic field in the core will remain at the —Br
value and the core will remain in the O-state. Assume,
now, that a current equal to 2/, is applied as a mag-
netizing force to the core, where 2/,>1I,,. This consti-
tutes a positive saturating current for the core, and it
will saturate in the positive direction, so that when the
magnetizing force is removed, the core will remain in
the 1-state. Therefore, by simultaneous application of
two currents, each equal to I, and each alone incapable
of changing the state of the core, but which together are
greater than I, the core is transferred from the O-state
to the l-state. Similarly, if the core is in the 1-state,
the simultaneous application of two currents, each equal
to —I;, will transfer the core to the 0-state.

Four one-turn windings thread each core: the X-line
winding 426, the Y-line winding 427, the read out wind-
ing 428, and the inhibit winding 429, When energized,
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the X-line winding and the Y-line winding each carry a
current having a magnitude equal to I;. Therefore, if
both the X-line winding and the Y-line winding of a
given core are energized with currents providing aiding
magnetizing forces, the core receives a saturating mag-
netizing field and will change state if it is not already in
the state directed by this field. The read out winding
responds to changes in state of the core to detect the bit
value that is stored therein. The inhibit winding, when
energized, prevents the transfer of the core from one
state to another, by providing a magnetizing force op-
posing that produced by the X and Y-line windings.

Four thousand cores arranged in a 50 x 80 matrix
comprise each memory plane. The cores in a memory
plane store the corresponding bit of the 4,000 data words
stored in the Memory. Each of 50 X-line windings
threads serially 80 cores and each of 80 Y-line windings
threads serially 50 cores. Therefore, there are 4,000
different combinations comprising one X-line winding and
one Y-line winding, each combination constituting an
address. The address of the data word to be stored in
or to be read from the Memory designates the combina-
tion of X and Y-line windings which is to be energized.
All 28 bits of the data word have the same address in
the 28 corresponding memory planes. Therefore, it is
only the 28 cores having the selected combination of X
and Y-lines which are adapted to have their states trans-
ferred, since only these cores are capable of receiving
a magnetizing force of |2I)]. Thus, for a given address,
the corresponding X-line windings and the correspond-
ing Y-line windings in all 28 memory planes are ener-
gized.

A data word is stored at the designated memory ad-
dress by transferring all 28 cores at that address to the
1-state except those which are prevented by a current in
their inhibit windings. Each of the 28 inhibit windings
threads serially all cores of a corresponding memory
plane. Each memory plane that is to have a 0-bit stored
in the addressed location is provided with an inhibit
current that is equal in magnitude, but opposite in po-
larity, to the current in the selected X-line winding.
Therefore, the addressed core in the inhibited plane only
receives a magnetizing force corresponding to one wind-
ing current; i.e,, I;. Thus, when & word is stored in
Memory, all addressed cores are transferred to the 1-
state except those which are prevented therefrom by cur-
rents through the corresponding inhibit windings.

A single read out winding threads serially all the cores
of a given memory plane. Each of the 28 read out
windings senses the bit stored at the addressed location
of the corresponding memory plane. During read out
of data from the selected memory address, currents of
—1; are provided in the selected X and Y-line windings
and transfer all cores at the selected address, which
were in the 1-state, to the O-state. The resulting changes
in magnetic field direction are sensed by the correspond-
ing read out windings. The 1's sensed by the read out
windings are amplified by the corresponding core read
amplifiers and are transferred to the corresponding flip-
flops of the M-register.

Thus, the Core Memory is adapted to store a data
word in each of 4,000 addressable word locations. A
data word is stored in an addressed word location by
transferring the 28 cores at that location to the 1-state,
except those cores which are to store (-bits. A data
word is read out of an addressed memory location by
transferring those cores at that location to the O-state,
which were not already in the O-state, and by sensing
each core which had its magnetic field so transferred.

) DATA STORAGE

The word to be stored in the addressed memory loca-
tion is held temporarily in the 28 flip-flops of the M-reg-
ister (FIGS. 114-120). The 1-output terminal of each
flip-flop of the M-register is connected either directly, or
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through a logical circuit, to the logic input terminal 432
of a corresponding inhibit driver (FIG. 23). These
connections of the M-register flip-flop output terminals to
the corresponding inhibit driver logic input terminals is
shown in the logical schematic diagrams of FIG. 121.
In FIG. 121, an inhibit driver is represented by the no-
tation HD(ij). For example, the diagram

HD62: M62

illustrates the direct connection of the 1-output terminal
of the M62 flip-flop to the logic input terminal of the
HD62 inhibit driver. The M3, M4, M5, and M6, Md
and Ms flip-flops have their 1-output terminals connected
directly to the logic input terminals 432 of a correspond-
ing inhibit driver. )

The 1-output terminals of the M1 and M2 flip-flops
are connected through logic circuits (designated as the
2 adder 408) to the logic input terminals of the corre-
sponding inhibit drivers, because if the Arm signal is in
its 1-state, the quantity 2 must be added to the two least
significant digits of a word transferred from the M-reg-
ister to the Core Memory. The logical schematic dia-
grams of FIG. 121 illustrate the logical circuits provided
between the M1 and M2 flip-flops and the correspond-
ing inhibit drivers for adding the number 2 io the two
least significant digits transferred from the M-register to
the inhibit drivers when the signal Asm is present. Any
overflow occurring when so adding 2 to the two least
significant digits of the word transferred to the Core
Memory is suppressed. For example, if the three least
significant digit positions of the M-register store the num-
ber 499, and the signal A#m is present when these M-reg-
ister contents are transferred to the Core Memory, the
number stored in the Core Memory in these two digit
positions will be 401. A logical combination signal Mof
is generated by the 2 adder when the overflow occurs to
notify the Central Processor and to modify the opera-
tion of the mod-bit adder 409. The logical schematic
diagram for generating the Mof signal is illustrated in
FIG. 121. Thus, the signal Mof is generated if the digit
contents of the M2 and M1 flip-flops are either 99 or
98, and the Arm signal is present when the word in the
M-register is transferred to the Core Memory. If the Atm
signal is not present, the contents of the M2 and M1
flip-flops are transferred directly to the corresponding in-
hibit drivers, and thus to the Core Memory.

The logic circuits (mod-bit adder 409) connecting the
1-output terminals of the Mm2 and Mm1 flip-flops to the
logic input terminals of the corresponding inhibit drivers
HDm2 and HDm1 alter the mod-bits if the Arm signal
is present as the word in the M-register is transferred to
the Core Memory, and to further alter these mod-bits if
the overflow signal occurs. The number in the M-reg-
ister, which would be transferred to the Core Memory
without alteration if the signal Arm did not occur, has
the mod-bit configuration required to make the modulo-3
of the entire 28 bits of the word equal to -1, If the
Arm signal occurs, the modulo-3 of the two least signifi-
cant digits of the word in the M-register is increased by
2, and, therefore, the mod-bits of the word transferred
to the Core Memory must be decreased by 2. The al-
teration of the mod-bits in such a transfer is shown in
the table below,

MOD-BIT ALTERATION IF Alm BIGNAL PREBENT

M.register word ‘Word to inhibit drivers

Mm2 i Mmi| Module-3 Modulo-3 | HDm2 | HDm)
of 28 bits of 26 bits
0 [} 1 0 0 1
0 1 0 2 1 o
1 ] 2 1 0 0

For example, if the mod-bits of the data word in the M-
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register are both 0, the modulo-3 thereof is --1. There-
fore, when 2 is added to this data word, the modulo-3 of
the data word, less the mod-bits, becomes 0, whereupon
the new mod-bits must be 0, 1.
If the overflow signal occurs, however, indicating that
a value of 100 has been dropped, the modulo-3 of 100
(which is +1) must be deducted from the modulo-3 al-
teration in the word. Thus, if the signal Arm and Mof
both occur, the modulo-3 of the bits of the word, less
the mod-bits, is only increased by 1, and, therefore, the
mod-bits must be decreased by 1. This is illustrated in
the table following.

MOD-BIT ALTERATION IF Aim AND M»of BOTH OCCUR

M-register word Word to fnlibit drivers
Mm2 | Mm1| Modulo-3 Modulo-3 | IIDm2 | IDm1
of 26 bits of 26 bits
Q [} 1 0
0 1 0 1 0 0
1 0 2 ] 0 1

1f the Arm signal does not occur, the contents of the
Mm2 and Mm1 flip-flops are transferred directly to the
corresponding inhibit drivers.

A second input terminal 433 of the inhibit drivers is
coupled to receive the gate-inhibit signal provided by the
control circuit 416. This is a —35 v. signal, representing
a binary 0, and is delivered when the word in the M-
register is to be transferred to the Core Memory. Only
when the gate-inhibit signal and the logic input signal
both represent binary 0’s, does the inhibit driver pro-
vide an output signal. Thus, the inhibit driver functions
to inhibit the change of state of the corresponding core
if the corresponding bit to be written is a 0. Normally,
the input transistor 434 and the output transistor 436 of
the inhibit driver of FIG. 23 are biased to be non-con-
ductive. Upon the simultaneous occurrence of a —5 v.
logic input signal and a —35 v. gate-inhibit signal, tran-
sistor 134 commences conducting and thereby enables the
conduction of output transistor 136. ‘Transistor 136,
when conducting, provides the inhibit current through
the inhibit winding of the corresponding core. If a core
is to store a 1, no output current is delivered by its cor-
responding inhibit driver.

CORE MEMORY ADDRESSING: STORE AND
READ OUT

When the data word is stored in the addressed Core
Memory location, the addressed core in each of the 28
planes is automatically set to the 1-state, unless the corre-
sponding inhibit driver provides a current through the in-
hibit winding thereof. When the data word is read out
from the addressed Core Memory location, the addressed
core in each plane is transferred to the O-state, if it is not
already in that state. The setting to the 1-state of the ad-
dressed cores during the store operation and the resetting
to the O-state of the addressed cores during the read out
operation is effected by the 50 X-line switch cores 402
and the 80 Y-line switch cores 403. Each X-line switch
core is adapted to energize the corresponding X-line
winding (FIG. 21) in all 28 memory planes. Corre-
spondingly, each Y-line switch core is adapted to energize
the corresponding Y-line winding in all 28 memory
planes. Thus, a particular X-line switch core and a
Y-line switch core combination identifies 28 magnetic
cores, one ip each memory plane, through which the corre-
sponding X-line and Y-line windings pass. The 4,000
possible combinations of X-line and Y-line switch core
pairs represent the 4,000 addresses at which data words
can be stored in the Core Memory.

The 50 X-line switch cores 450, 451, 452, 453, 454,
455, etc. are illustrated in the memory addressing circuit
of FIG. 24. The cores of FIG. 24 are arranged in an
array of 5 rows and 10 columns. Five switch core drivers
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457, 458, 459, 460, and 461 energize respectively the §
rows of X-line switch cores. These 5 switch core drivers
are designated respectively SCDO0, SCD1, SCD2, SCD3,
and SCD4. Switch core driver SCD0 is shown in detail in
FIG. 24a. Ten address drivers 464-473 energize respec-
tively the 10 columns of the X-line switch cores. These
10 address drivers are designated respectively as DRCO,
DRC1, ..., DRC9. Address driver DRCO is shown
in detail in FIG. 24.

When a particular switch core is addressed, the address
driver and the switch core driver connected thereto are
conducting. Thus, the output transistor amplifier 475
of an address driver conducts and delivers current at its
output terminal 476 and one of the two output transistors
477 or 478 of a switch core driver conducts and receives
current at the corresponding lead 479 or 480. The ad-
dressed address driver transmits a pulse of current from
its output terminal 476 through one of the windings 482
or 483 of the one of the corresponding five X-line switch
cores to which an addressed switch core driver is con-
nected. A switch core functions as a transformer and
couples the current pulse in the winding 482 or 483
thereof to an output winding 484 thereof. This output
winding is connected directly to the 28 corresponding
X-line windings of the Core Memory and delivers the
half-current, I, thereto. Similarly, the output windings
of the 80 Y-line switch cores provide the half-current,
1;, to the corresponding Y-lines of the Core Memory.

Windings 482 and 483 are wound in opposite direc-
tions on switch core 450 and thereby induce outpu: pulses
of opposite polarity in output winding 484. The one of
transistors 477 or 478, of the triggered switch core driver
which conducts determines the one of windings 482 or
483 which conducts to induce a current pulse in output
winding 484, and thereby determines whether the corre-
sponding Core Memory cores will be transferred to their
1-state or to their O-state. If transistor 477 conducts
cyrrent through winding 482, the corresponding Core
Memory cores will be transferred to their O-state, if they
are not already in the O-state. Therefore, transistor 477
enables the read out of data from the addressed memory
location., If transistor 478 conducts current through
winding 483, the corresponding Core Memory cores will
be transferred to their 1-state, if they are not inhibited by
current flowing through the corresponding inhibit wind-
ing. Therefore, transistor 478 enables the storing of
data in the addressed memory location.

When the address driver (FIG. 24) is not addressed, the
input transistor 488 thereof is back-biased and, there-
fore, non-conducting; transistor 489 is non-conducting;
and transistor 490 is conducting. Therefore, output
transistor 475 of the address driver is non-conducting
when the address driver is not addressed. If all four of
the AM-register input signals to the address driver are in
the O-state, the address driver is addressed. At this time
the base electrode of transistor 488 drops to the —5 v.
level, and transistor 488 commences conducting. The re-
sulting —5 v. output signal from the emitter electrode of
transistor 488 is coupled to the base electrodes of tran-
sistors 489 and 490, causing transistor 489 {o become
conductive and transistor 499 to become non-conductive.
Current thereupon flows from ground, through transistor
475 and transistor 489 to the —7 v. source. Output ter-
minal 476 is placed approximately at ground potential and
transistor 475 is enabled to supply current to the addressed
switch core driver. Therefore, the addressed address
driver is continuously enabled to supply current at the
output terminal thereof.

When the switch core driver (FIG. 24a) is not ad-
dressed, or does not have a “core reset” or “core set”
signal applied thereto, the emitter electrodes of transistors
492 and 493 are at approximately the ~—5 v, level, there-
by maintaining the respective transistors 494 and 495 in
the non-conducting state. The switch core driver is ad-
dressed if all three input signals from the AM-register are
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in the 1-state. However, even though the switch core
driver is addressed, causing the emitter electrode of tran-
sistor 496 to rise to the <45 v. level, transistors 492 and
493 remain non-conducting until the corresponding “core
reset” and “core set” signals are transferred to the 1-
state; i.c., the +6 v. level. The “core reset” or “core set”
signals are delivered by control circuit 416 (FIG. 20)
when a data word is to be respectively read from or stored
in the Core Memory. Thus, when the 4-6 v. “core reset”
signal is received on lead 497 of the addressed switch core
driver, the emitter electrode of transistor 492 rises to
approximately -6 v. and transistor 494 commences con-
ducting through the primary winding of transformer 499.
A voltage pulse is then coupled to the secondary winding
of transformer 499, enabling transistor 477 to receive a
pulse of current from output lead 479, thereby enabling
the resctting 10 1 of the 28 memory cores addressed.
Similarly, when the -}-6 v. “core set” signal is received
on lead 498 of the addressed switch core driver, the ad-
dressed memory cores in the non-inhibited memory planes
arc set to the 1-state. ’

The ten DRCO-DRC9 address drivers 413 are adapted
to energize respectively the ten columns of the 50 X-line
switch cores. The ten DRCI0-DRCI19 address drivers
415 are adapted to energize respectively the ten columns
of the 80 Y-line switch cores. The DRCO-DRCY ad-
dress drivers are addressed by the least significant digit
contents of the AM-register. The connections of the least
significant digit flip-flops of the AM-register to the input
terminals of the address drivers are illustrated in the
logical schematic diagrams of FIG. 121. For example,
the diagram

DRC3: AMI4 AM13 AM12 AM11

illustrates that the 1-output terminals of the AM14 and
AM13 flip-flops and the O-output terminals of the AM12
and AM11 flip-flops are coupled to the four input termi-
nals of the DRC3 address driver. Because of the inverse
input logic required to address the address driver, the
DRC3 address driver will provide an output signal when
the least significant digit in the AM-register is a 3.

Similarly, the second order digit in the AM-register
addresses the DRC10-DRC19 address drivers. The con-
nections of the AM2 flip-flops to the input terminals of
the DRC10-DRC19 address drivers are also illustrated in
FIG. 121.

The five SCDO-SCD4 switch core drivers 412 are
adapted to energize respectively the five rows of the 50
X-line switch cores. The eight SCD5-SCD12 switch core
drivers are adapted to encrgize respeciively the eight rows
of the 80 Y-line switch cores. The SCD0-SCD4 switch
core drivers are addressed by the contents of the AM33,
AM32, and AM31 flip-flops of the AM-register. The
connections of these three lip-flops to the AM-input ter-
minals of the switch core drivers are illustrated in FIG.
121. For example, the diagram

SCD2: AM33 AM32 AM31

illustrates that the O-output terminals of the AM33 and
AM31 flip-flops and the 1-output terminal of the AM32
flip-flop are connected to respective input terminals of the
SCD2 switch core driver. When the contents of AM33,
AM32, and AM31 are 0, 1, 0, the SCD2 switch core
driver is enabled.

Similarly, the contents of the AM42, AM41, and AM34
flip-flops address the SCD5-SCD12 switch core drivers.

The AM-register 418 (FIG. 20) stores a number from
0000-3999 to represent one of the 4,000 addressable
memory locations. The logical schematic diagrams for
the AM-register flip-flops are illustrated in FIGS. 110~
113. The AM-register is adapted to receive the numeri-
cal contents of the A-register of the Central Processor
upon application of the Mca signal to logical gates con-
necting the output terminals of the A-register flip-flops to
corresponding input terminals of the AM-register flip-
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flops. ‘Thus, the AM-register stores an address until is-
suance of the Mca signal, whereupon the AM-register
accepts the current address in the A-register. Inasmuch
as the Mca signal initiates a complete memory cycle, the
AM-register has its contents updated at the start of each
memory cycle.

CORE MEMORY DATA READ OUT

As described previously, a single read out winding 428
threads serially zll the cores of a memory plane. Each
read out winding delivers an output signal whenever a
core in its memory plane changes state. Since oanly the
addressed cores will change state, the output signal de-
livered by the read out winding is representative of the
bit stored in the addressed core in the corresponding
memory plane,

Each read out winding and the signal delivered there-
by is designated in accordance with the numerical order
of significance of the bits stored in the corresponding
memory plane. Thus, the read out signal from the
memory plane which stores the least significant bit of
the 3rd digit of a data word is designated as the MP31
signal.

The 28 read out windings are coupled to the respective
input terminals of 28 core read amplifiers (FIG. 25).
Each core read amplifier is gated so as to provide an out-
put signal only during the portion of the memory cycle
when data is to be read cut from the addressed memory
location. The output signals of the 28 core read ampli-
fiers are transmitted through appropriate logic circuits to
the 1 logic input terminals of the corresponding M-regis-
ter flip-flops.

In the absence of both an input signal from the corre-
sponding read out winding and a read strobe input sig-
nal, the core read amplifier delivers an output signal rep-
resenting a binary 0 on the output lead 505 thereof; i.e.,
a signal at the —5 v. level. In the absence of both of
these input signals, the normal bias level at the base of
transistor 506 is -6 v., as established by the voltage di-
vider comprising resistors 507 and-.508 and the diode
bridge 509. The St read strobe, which is applied to input
lead 510, is normally at the -6 v. level and biases tran-
sistor 511 into the non-conducting state. Transistor 512
is therefore in the conducting state and its emitter is
held at the —5 v. level, providing a binary 0 output sig-
nal on lead 505.

The circuit to the left of bridge 509 in FIG. 25 is essen-
tially a balanced amplifier, delivering no voltage differ-
ential between leads 513 and 514 in the absence of an
input signal to input transformer 515. When transformer
515 receives the MP(ij) read out signal, a balanced push-
pull input signal is applied to the base electrodes of tran-
sistors 516 and 517. The current flowing in transistor
5§16 then decreases and the current in transistor 517 in-
creases. The change in current flowing through transis-
tors 516 and 517 is coupled to the base electrodes of the
respective transistors 518 and 519, The current flowing
through transistor 518 then increases and that in tran-
sistor 519 correspondingly decreases. These ckanges in
current flow in transistors 518 and 519, in the senses indi-
cated, provide that lead 513, which is coupled to the col-
lector electrode of transistor 518, becomes positive with
respect to lead 514, which is coupled to the collector elec-
trode of transistor 5§19, This voltage differential between
leads 5§13 and 514 is conducted through the diode bridge
509, whereupon the base electrode of transistor 506 be-
comes more negative. If the strobe signal is at this time
transferred to the 0 v, level, the decrease in base electrode
voltage of transistor 506 is coupled to the base electrode
of transistor 511, which is thereupon rendered conduct-
ing. Transistor 511, when conducting, establishes a +5
v. level at the base electrode of transistor 512 thereby
causing the output signal on output lead 505 to rise to
approximately 4-5 v., representing a binary 1.

Therefore, the output signal of the core read amplifier
represents the logical combination (St MPij), inasmuch
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as the addressed core in the /jth memory plane must have
been reset from the I-stale when the Sf signal was applied
to the core read amplifier.

The strobe driver of FIG, 26 supplies a voltage of
approximately 0 v. on lead 510 to the core read amplifier
when data is to be read from the Core Memory., At
other times the signal delivered by the strobe driver is
at the 46 v, level. The strobe input signal applied to the
strobe driver on lead 523 is normally at the —35 v, level.
When data is to be read from the Core Memory by the
read amplifiers, this input signal transfers to the -6 v.
level. In the quiescent condition, the —5 v. input signal
to the strobe driver maintains transistor 524 non-conduct-
ing and ftransistor 525 conducting. The approximately
—5 v. signal at the emitter clectrode of transistor 525
maintzins transistor 526 non-conducting and transistor
527 conducting, With transistor 527 conducting and tran-
sistor 526 cut off, the autput signal on lead 510 is ap-
proximately -}-6 v. When the strobe input signal on lead
523 rises to the --6 v. level, transistor 525 is cut off and
transistor 524 commences conducting. As transistor 524
conducts, transistor 526 commences conducting and tran-
sistor 527 cuts off. Transistor 5§26 couples output lead
510 to approximately ground potential, so that the output
signal on lead 510 enables the core read amplifier of
FIG. 25.

Capacitors 528 and 529 function to speed the response
of the strobe driver and to maintain transistor 527 cut off
for the proper duration.

M-REGISTER

The M-register 404 provides temporary storage for the
new data words to be stored in the Core Memory, for
the data words to be restored in Memory after they have
been read therefrom, and for data words which have been
read out from the Core Memory and are to be transferred
to other components of the system. The M-register flip-
flop input diagrams are illustrated in FIGS, 114-120.
The M-register flip-flops receive as the logic input signals
thereof, the corresponding output signals delivered by
the M-register input gates 407 (FIG. 20}. The M-regis-
ter input gates comprise the logical circuits illustrated by
the logical schematic diagrams of FIGS. 114-120 and by
the logical schematic diagrams of the M-register input
inverters 1Q(ij), of FIG. 121, The M-register input in-
verlers provide input signals to the M-register flip-flops
when a new data word is to be stored in the addressed
memory location. This new data word is provided by
the P-register, the Rb-register, or the R-register. A typi-
cal logical circuit for applying signals to an M-register
input inverter is illustrated by:

1034=R34 €53 Jr-+-Rb34 Jr4+- P34 C53 Ir

Thus, the contents of the R-register will be gated by the
M-register input inverters into the M-register in the pres-
ence of the signal combination (C53 J7). Such a signal
combination occurs, for example, during Instruction 70,
when the entire contents (except mod-bits) of the R-
register are transferred to Memory. The Ir signal occurs
during a Read Buffer operation and transfers the entire
contents of the Rb-register to Memory. The signal
(C53 Jr) occurs, for example, during Instruction 24 and
serves to transfer the entire contents of the P-register to
Memory.

As was set forth in the previous section entitled “Mod-
bits,” the mod-bits of each numeric word in Memory and,
consequently, the mod-bits of cach word transferred into
the M-register must have the configuration required to
make the modulo-3 of the entire seven digits of the word
equal to +1. Inasmuch as the words stored on magnetic
tape have the reguired mod-bits for storage in Memory
and the words read from a document are provided with
the proper mod-bits when they are transferred into the
Rb-register, the word transferred frem the Read Buffer
has the proper mod-bits for insertion into Memory (see
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suceceding section entitled “Read Buffer Operations™).
Similarly, the words received from the Photoreader or
the Control Typewriter are provided with the proper mod-
bits when they are transferred into the P-register. There-
fore, the mod-bits of the words transferred from the
P-register or the Rb-register may be stored without altera-
tion in the Memory. This is illustrated in the logical
schematic diagrams for the inverter signals IQm2 and
1Qml.

On the other hand, the mod-bits of a word in the
R-register have the configuration of the total modulo-3
of the six least significant digits of the word in the
R-register. Therefore, these mod-bits must be converted
to the proper configuration for insertion in Memory. The
logical schematic diagrams for IQm1 and 1IQm2 ilustrate
the logical circuils of the M-register input gates 407 for
converting the mod-bits of Rm2 and Rm1i prior to their
insertion in the M-register. The proper mod-bits of the
word to be stored in M depends on the mod-bits of the
word in R and on the contents of the Rd and Rs flip-
flops. The following table “Mod-bit Generation: R to M"
illustrates the required mod-bits for insertion in the mod-
bit positions of the M-register, for the various configura-
tions of the condition digit in the R-register.

MOD-BIT GENERATION: R TO M

Modulo-3 Renulred
Rm2 | Rml | Rd | Re total — _—
{26 bits)
1gm2 | 1IQml

0 (1] 0 g Q 0 1
0 1 0 Q 1 0 0
1 (1] 0 (1] 2 1 0
0 0 0 1 1 4] 0
0 1 0 1 2 1 ]
i 0 o |1 0 4} 1
0 a 1 0 2 1 ]
0 1 3 0 4] 9 3
1 Q 1 Q 1 0 i}
0 (1] 1 1 (1] 1] 1
[¢] 1 1 1 1 ¢ 0
1 0 1 1 2 1 0
1 b S DU RPN S, 1 1

For example, if Rm2, 1 have the configuration 0, 1, the
total modulo-3 of the numeric contents of the R-register
is 41, If, in addition, Rd=0, and Rs=1, the modulo-3
of the six numeric digits in R and the Rd and Rs contents
is 2. Therefore, the mod-bits inserted in the M-register
flip-flops Mm2, 1 must have the configuration 1, 0, in
order that the total modulo-3 of the word in the M-regis-
ter be 4-1. If the word in R is alphanumeric, the mod-
bits inserted in the M-register are automatically 1, 1.

Therefore, each word inserted in the M-register has the
proper mod-bits included therein for storage in the Core
Memory.

The M-register is cleared by the signal Mca at the start
of each memory cycle. After clearing, the contents of
the addressed memory location are read out and are stored
in the M-register; for example:

*M61=5t MP61

This expression represents the output signal delivered by
the 28 core read amplifiers. If this word read from the
Core Memory is not to be restored therein, a new word
is gated into the M-register prior to the writing portion
of the memory cycle. This new word is gated into the

5 M-register from the M-register input inverters by the

“Memory Write” signal Mwi, which is delivered by the
Central Processor; for example: *M61=Mw: 1061;
*T01=Mwt TQ6L.

Therefore, prior to the portion of the memory cycle
during which the contents of the M-register are inserted
in the addressed Core Memory location, either the data
word which was previously read from this addressed
memory location is in the M-register, or a new data word
has been inserted in the M-register from the R-register,
the Rb-register, or the P-register.
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GENERAL OPERATION AND TIMING

The waveforms of FIG. 27 illustrate the timing se-
quence of the Memory of FIG. 20, The Memory oper-
ates in one of two cycles, illustrated in the Jower portion
of FIG. 27. During the 8 clock periods of the read
cycle, a data word is read out from the addressed Core
Memory location, transferred into the M-register, and
restored to. the same addressed Core Memory location.
The restoration of the word read out from the Core Mem-
ory is necessary, inasmuch as the read out process is a
destructive omne, all magnetic cores in the addressed loca-
tion being returned to the O-state. The write cycle com-
mences with the read out of the data word from the
addressed Core Memory location, an operation which
clears the addressed memory location so that a new word
can be written therein. The new word to be written in
the addressed location is then transferred into the M-regis-
ter and subsequently stored in the addressed memory loca-
tion.

A memory cycle is initiated by the issnance of the Mca
signal from the Central Processor. The Mca signal clears
the M-register and pates the address in the A-register
of the Central Prccessor into the AM-register of the
Memory, thereby designating the Core Memory location
which the succeeding memory cycle is to address. FIG-
URE 27 illusirates a typical timing sequence wherein
the signal Mca may occur. For example, the signal Mca
may occur during clock period ¢5 of the Central Proces-
sor, following the issuance of the shift signal XNA,
which transfers the address of the next-instruction to
the A-register, The signal Mca initiates the first half of
the memory cycle. The first half of the memory cycle
is designated “Memory cycle-A.” The “core reset” sig-
nal issues approximately 2 microseconds, or one-half
clock period, after the Mca signal enters the Memory,
and triggers the addressed X-line switch core driver and
the addressed Y-line switch core driver, whereupon all
28 magnetic cores at the addressed memory location,
which are not in the 0-state, are restored to their 0-state.
During the second clock period of the memory cycle, the
read strobe signal, Sr, issues and enables the 28 core
read amplifiers to sense the output signals of the memory
planes wherein the cores at the addressed memory loca-
tion are returned to the O-state. The output signals of
these core read amplifiers which sense a binary 1 there-
upon set the corresponding M-register flip-flops to the 1-
state, so that at the end of Memory cycle-A (the 4th
clock period of the memory cycle) the word in the ad-
dressed memory location is in the M-register, and the
addressed memory location has been cleared.

The signal Mcb then issues in the fifth clock period
of the memory cycle to initiate Memory cycle-B, the
designation for the second half of the memory cycle.
During Memory cycle-B the word read out from the Core
Memory may be restored to the addressed memory loca-
tion, or a new word from the R, Rb, or P-registers may
be inserted into the addressed memory location. If a
read cycle is occurring, the word read out from the Core
Memory remains in the M-register during the last half of
the memory cycle. The gate-inhibit signal then issues
in the sixth clock period of the memory cycle to apply
an inhibiting current to the memory planes in which the
bit to be stored is a binary 0. At the same time, the
“core set” signal issues and triggers the addressed X-line
switch core driver and the addressed Y-line switch core
driver, whereupon all non-inhibited cores in the addressed
memory location are set to the 1-state, The read cycle is
thereupon complete, and the word read out is once again
in the addressed memory location. On the other hand,
if a write cycle is occurring, the Memory write signal,
Mwt, issues during the 5th clock period of the memory
cyele, to transfer the contents of the R, the Rb, or the
P-register to the M-register. The gate-inhibit and core
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set signals then issue to store the new word in the ad-
dressed memory location.

If the quantity 2 is to be added to the two least signifi-
cant digits of the word in the M-register, the signal Arm
issues during Memory cycle-B, thereby enabling the 2
adder 408 and the mod-bit adder 409, so that as the word
in the M-register is transferred to the Core Memory, the
two least significant digits thereof are incremented by 2
and the mod-bits thereof are corrected.

CONTROL CIRCUIT

The timing sequence and control of the Memory is di-
rected by signals generated in the Central Processor and
by signals generated in control circuit 416, shown in de-
tail in FIG. 28. The control circuit of FIG. 28 com-
prises a plurality of interconnected one-shots, which may
be of the type previously described, and illustrated in
FIG. 11, or may be of any other type well-known in the
art; for example, as described in the publication by J.
Millman and H. Taub, “Pulse and Digital Circuits,” page
600, McGraw-Hill Book Co., Inc., New York, 1956. In
the event that the one-shot of FIG. 11 is employed, it
may be followed by the inverter of FIG. 7 to achieve the
positive signals shown in FIG. 27.

The Mca signal triggers a one-shot 536, which re-
mains in its unstable state for approximately 2 micro-
seconds and then returns to its stable state to trigger a
one-shot §37. One-shot 537 remains in its unstable state
for approximately 2 clock periods to provide the “core
reset” signals. The “core reset” signal is applied to the
switch core drivers to reset the magnetic cores in the ad-
dressed memory location. The Mca signal also triggers
a one-shot 538, which remains in its unstable state for
approximately 4 microseconds and then returns to its
stable state to trigger a one-shot 539, One-shot 539 re-
mains in its unstable state for approximately 1 clock
period, or 4 microseconds, to trigger the strobe driver
540 (FIG. 26). Strobe driver 540 provides the signal
required to enable the core read amplifiers of FIG. 25
during Memory-cycle A.

The Mch signal, which follows the Mca signal by 4
clock periods, triggers a one-shot 541, which remains
in its unstable state for approximately one clock period
and then returns to its stable state to trigger a one-shot
542. One-shot 542 remains in its unstable state for ap-
proximately 8 microseconds to provide the “core set”
signals. The “core set” signal is applied to the switch
core drivers to set the non-inhibited Core Memory cores
in the addressed memory location. The Mcb signal also
triggers one-shot 543, which remains in its unstable state
for one clock period and then returns to its stable state
to trigger a one-shot 544. One-shot 544 remains in its
unstable state for approximately 10 microseconds to pro-
vide the gate-inhibit signal. The gate-inhibit signal en-
ables the inhibit drivers to provide inhibit currents for
the magnetic cores in which 0s are to be stored.

Thers has thus been described a Memory providing
random access to 4,000 word locations therein. This
Memory is synchronized with the Central Processor, com-
pleting a cycle in 8 clock periods. During the memory
cycle the word in the memory location addressed by the
Central Processor is read out to the M-registe-, the ad-
dressed memory location is cleared, the contents of the
M-register may be transferred to the Central Processor
or to the Write Buffer, a new word may be inserted in the
M-register, and the contents of the M-register are stored
in the addressed memory location.

P-Buffer

The P-Buffer primarily provides temporary storage for
data words being transferred to the Memory from the
Control Typewriter or Photoreader and for data words
being transferred from the Memory to the Control Type-
writer. The P-Buffer temporarily stores data words dur-
ing these transfers to accommodate the relatively slow
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rate of the Control Typewriter and Photorcader action
to the relatively fast rate of the Central Processor action.
The P-Buffer performs these storage functions either under
direct control of the Central Processor, as the Central
Processor executes an instruction, or independently of the
Central Processor after the preparation of the P-Buffer
by the Central Processor executing an instruction. How-
ever, with the Central Processor in the halt mode the P-
Buffer exccutes certain operations (register type-in and
register type-out) under control of the Control Type-
writer. The P-Buffer also cooperates in loading or dump-
ing Memory contents in sequential memeory locations,
under direction of the Control Consale, if the Central
Processor is in the halt mode. The succeeding sections
“P-Buffer Operations” and “Manually-Controlled Opera-
tions Involving Sequential Memory Locations” provide de-
tails of the operation of the P-Buffer in effecting the above-
mentioned operations.

The P-Buffer comprises the P-register for temporarily
storing the data being transferred through the P-Buffer,
register transfer and logic circuits for transferring data
into and through the P-register, clock pulse drivers for
controlling the timing of the P-Buffer, counters, and flip-
flops and one-shots employed as control signal sources.
FIGURE 29 illustrates symbolically the elements of the
P-Buffer which store data, the paths of data transfer be-
tween these elements, and certain control elements. The
details of the circuit structure of the P-Buffer are pro-
vided in FIGS. 122-135, which are flip-flop input logical
schematic diagrams; FIGS. 136 and 137, which are one-
shot input logical schematic diagrams; and FIG. 138,
which includes designated logical combination signal
diagrams, clock pulse driver gating signal diagrams, and
inverter signal diagrams.

The 7-digit P-register 550 temporarily stores the data
being transferred through the P-Buffer. The logical sche-
matic diagrams of the P-register are given by FIGS, 122
128. The contents of the P5-P1 flip-flops of the P-
register are shifted-down upon application of the Sp clock
signal to register transfers which connect the P5-P1 digit
positions of the P-register. The contents of the P7 flip-
flops are transfcrred to the corresponding P6 flip-flops
upon application of the Sp clock signal to register trans-
fers which connect the output terminals of the P7 flip-
flops to corresponding input terminals of the P6 flip-
flops. The contents of the P6 flip-flops are transferred to
the corresponding P5 flip-flops upon application of the
Pig2 logical combination signal to logical gates which
connect the output terminals of the P6 flip-flops to cor-
responding input terminals of the P5 flip-flops. The con-
tents of the P1 flip-flops are transferred to the correspond-
ing P7 flip-flops upon application of the Spp logical com-
bination signal to logical gates which connect the output
terminals of the P flip-flops to input terminals of the
corresponding P7 input inverters 551. Therefore, the
entire contents of the P-register are ring shifted-down by
simultaneous issuance of the Sp, Pig2, and Spp signals.

The P7 flip-flops are adapted to receive the contents of
the J1, R1, L1, Al, Bl, or N1 flip-flops of the Central
Processor registers upon application of a corresponding
logical combination signal to logical gates which connect
the output terminals of these flip-flops of the Central
Processor to input terminals of the corresponding P7 in-
put inverters 551. The P7 flip-flops are also adapted
to receive the digit contents of the Cs flip-flops 552 upon
application of logical combination signals to logical gates
which connect the output terminals of the Cs flip-flops to
input tcrminals of the P7 input inverters 551.

The P1 flip-flops are adapted to receive the most sig-
nificant digit of an alphanumeric character in the Cs flip-
flops upon application of the Ripa logical combination
signal to the alphanumeric input logic circuit 554, which
couples the output terminals of the Cs5 and Cs6 flip-flops
to input terminals of the P11 and P12 flip-flops.

The contents of the P-register may be transmitted by

[

10

30

[
(3

40

60

70

92

parallel shift to the M-register. The contents of the F1
flip-flops may be transmitted to the C6 flip-flops of the C-
register or to the R7 flip-flops of the R-register. The con-
tents of the P1 flip-flops may also be transmitted to the
P-Mod-generator 555 and to the alphanumeric output
logic circuit §56. The contents of the P7 flip-flops may
be transferred to the Cs input inverters and logic circuit
557.

The seven Cs flip-flops 552 comprise a single character
register for providing temporary storage for each char-~
acter transferred from the Control Typewriter or Photo-
reader to the P-register or for each character transferred
from the P-register to the Control Typewriter. Each
character handled by the Control Typewriter or Photo-
reader comprises six data bits and a parity bit (see the
“Control Typewriter” section). Cs1-Cs6 hold the six
data bits of the character being transferred in the com-
mon Control Typewriter-Photoreader code. The Csp
flip-flop hoids the parity bit for the data bits in Cs1-Cs6.
The Cs flip-flops are adapted to receive the contents of
the P7 flipflops upon application of the Cinr logical
combination signal to logical gates which connect the out-
put terminals of the P7 flip-flops to input terminals of the
corresponding Cs input inverters, when any character is
to be transferred from the P-register to the Control Type-
writer, The Cs5 and Cs6 flip-flops are adapted to receive
the contents of the P11 and P12 flip-flops upon applica-
tion of a corresponding logical combination signal to
logical gates 556, which connect the output terminals of
the P11 and P12 flip-flops to input terminals of the cor-
responding Cs input inverters when an alphanumeric char-
acter is to be transferred from the P-register to the Con-
trol Typewriter. The Cs flip-flops are adapted to receive
the corresponding Kp1-Kp6, Kpp signals provided by the
Photoreader upon application of the Cinp logical combi-
nation signal to logical gates which apply these Photo-
reader signals to the Cs input inverters. The Cs flip-flops
are adapted to receive the corresponding Kf1-6, Kfp sig-
nals provided by the Control Typewriter upon applica-
tion of the Cinf logical combination signal to logical
gates which apply these Control Typewritcr signals to the
Cs input inverters. )

The contents of the Cs flip-flops may be transmitted
to the P7 flip-flops when a numeric character is in Cs.
A portion of the contents of the Cs flip-flops are trans-
mitted to the P7 flip-flops and the remaining portion to
the P1 flip-flops through the logic circuit 5§54 when an
alphanumeric character is in Cs. In this latter inttance,
the least significant digit of the alphanumeric character
is transferred to P7 and the most significant digit to P1.
The contents of the Cs flip-flops may also be transmitted
by parallel shift to the Control Typewriter.

A parity generation and check circuit 558 samples the
contents of the Cs flip-flops to generate a parity bit for
the character stored therein, prior to transfer of the char-
acter to the Control Typewriter, and to check the contents
thereof to determine if an odd number of 0's exist in the 7
bits, when a character is received from the Photoreader
or Control Typewriter. In the event that a parity error is
detected, the Efp flip-flop 559 is set (FIG. 132).

A Ts-counter 560, which comprises the Tsa, Tsh, and
Tsc flip-flops (FIG, 132) and which operates in eight dis-
crete states, is the source for fine timing and control of
the shifting operations executed in the P-Buffer. A Te-
counter 561, which comprises the Tea, Tch, Tec flip-flops
(FIG. 133) and operates in eight discrete states, directs
the sequence of the steps which the P-Buffer executes in
performing an operation.

Other P-Buffer flip-flops are employed primarily to per-
form control functions. The Brf and Rec flip-flops (FIG.
135) control those operations performed when the Cen-
tral Processor is in the halt mode, wherein the contents
of various Central Processor registers are typed out; ie.,
transferred to the Control Typewriter. The Eod flip-flop
(FIG. 133} is set at the conclusion of a P-Buffer opera-
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tion to provide proper delay for the Control Typewriter
mechanism o return to its idle state. The Mcl, Mc2,
Mc3, and Med flip-flops (FIG. 129) determine and direct
ithe particular type of operation being performed by the
P-Buffer. The Mil and Mi2 flip-flops (FIG. 135) con-
trol operations wherein data is transferred to the P-register,
ihe l-register, or to Memory with the Central Processor
in the halt mode. The Rdl and Rd2 flip-flops (FIG. 134)
synchronize the speed of operation of the Control Type-
writer and Photoreader with that of the P-Buffer and
Central Processor, These two flip-flops indicate when a
character is to be transferred to the P-Buffer from the
Control Typewriter or Photoreader, or when a character
is to be transferred to the Control Typewriter from the
P-Buffer.

The Yecrt one-shot (FIG. 137) is triggered to provide a
suspense period in the P-Buffer whenever an automatic
carriage return is execnted by the Control Typewriter, or
whenever a Tab or Car Ret character is transmitted to
the Control Typewriter. The Yeo one-shot (F1G. 136)
provides delay at the end of an operation to allow the
Control Typewriter to return to its quiescent state. The
Yfr and Ypr one-shots (FIG. 136) are triggered on re-
ceipt of the timing signals from the respective Control
Typewriter and Photoreader to indicate that character sig-
nals are ready to be supplied therefrom. The Yic one-
shot (FIG. 136) functions to gate the character in the Cs
flip-flops into the Control Typewriter.

CLOCK CIRCUIT, P-BUFFER

The clock circuit of the P-Buffer, also shown in FIG.
29, provides clock pulse signals for application to flip-
flops and register transfers to control respectively the
entry of data into flip-flops and the transfer of data
between flip-flops. The clock pulse drivers of the P-
Buffer clock circuit may be gated to provide single clock
pulses or clock pulses at the 250 kc. rate, or may be
operated continuously, The logical schematic diagrams
of the logical circuits providing gating signals to the
clock pulse drivers of FIG. 29 are illustrated in FIG,
138. This clock circuit also provides clock pulses to
control the triggering of one-shots,

The P-Buffer clock circuit comprises a continuous
clock pulse driver 365 connected by lead 306 to receive
continuous clock pulses at the 250 ke. rate from master
clock pulse driver 302 of the Central Processor (FIG.
17). The clock pulses provided by clock pulse driver
365 are applied to continnous clock pulse driver CD4
and to gated clock pulse drivers Sp, Cap, and Cyic,

P-MOD-GENERATOR

The P-Mod-gencrator 555 (FIG. 29) comprises the
Gm2 and Gml flip-flops (FIG. 134) and their corre-
sponding logic circuits. The primary function of the
P-Mod-generator is to accumulate the modulo-3 of a
data word as the digits of the word are sampled thereby
in serial order, LSD first. Detailed operation of the
P-Mod-generator is described in the following sections
“Modulo-3 Generation for Numeric Inputs to P-Register,”
and “Register Type-In." The modulo-3 accumulated by
the P-Mod-generator is employed to generate the mod-
bits for the word in the P-register. In accumulating the
modulo-3 of a word, the Gm2 and Gm1 flip-flops respond
to their present contents and to the Gm3 and Gm4 logical
combination signals (FIG. 138). The Gm3 signal rep-
resents a binary 1 whenever the digit in P1, which is
sampled by the P-Mod-generator, has a modulo-3 of
+1. The Gm4 signal represents a binary 1 whenever
the digit in Pl has a modulo-3 of —1. Therefore,
whenever the Gm3 signal issues, the number stored in
Gm?2, 1 is increased by 1. Similarly, when the Gm4
signal issues, the contents of Gm2, 1 is decreased by 1.
If peither Gm3 nor Gm4 issues, the digit sampled by
the P-Mod-generator has a modulo-3 of 0, and the con-
tents of Gm1 and Gm?2 remain unchanged. After the
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P-Mod-generator has sampled the appropriate number
of digits in the P-register, the contents of Gm2, 1 ure
encoded and transferred to the mod-bit flip-flops of the
register which at that time contains the word whose
modulo-3 was accumulated in Gm2, 1. .

Other uses for the Gm2 and Gm1 flip-flops, such as
for suppressing the most significant 0's during type-out
operations, are described in the “P-Buffer Operations”
section.

Control Typewriter

The Control Typewriter 14 (FIG. 1) receives data
words from the P-Buffer and types a visible representa-
tion of these words or punches on paper tape an encoded
representation of these words. The Control Typewriter
also transfers data words to the P-Buffer by reading en-
coded punched paper tape or upon depression of Con-
trol Typewriter keys in proper sequence. The Control
Typewriter is primarily adapted to cooperate with the
P-Buffer to transfer words into or receive wprds from
the Memory. However, the Control Typewriter also
cooperates with the P-Buffer to transfer data directly into
the I-register or the R-register of the Central Processor
or to type out the contents of any one of the B, I, L, N,
or R registers. Additionally, the Central Processor may
be controlled by the Control Typewriter, rather than by
the Control Console.

The Control Typewriter, the structure of which is not
shown, may be any one of several kinds commonly em-
ployed in data processing operations. Generally, the
Control Typewriter is an electric typewriter which trans-
mits encoded electrical signals upon the depression of
the keys thereof, or types on a printed form in response
to encoded signals received thereby. Such an electric
typewriter may be also adapted to transmit similarly en-
coded signals by reading punched paper tape, or to punch
paper tape in response to receipt of encoded signals. It
is only necessary to an understanding of this invention
to describé the signals which are transmitted by the Con-
trol Typewriter. Each of these signals is delivered on
a separate lead, the signal on each lead representing a
binary 0 or a binary 1, in accordance with the system
requirements. Thus, if a signal transmitted by the Con-
trol Typewriter is to represent a binary 0, it normally
will have a —5 v. level, and if it is to represent a binary
1, it normally will have a 46 v. level. Similarly, the
Control Typewriter is adapted to receive signals having
either the 46 v. or —5 v. level.

The Control Typewriter comprises a plurality of char-
acter keys, many of which perform two functions. A
character key is provided for each letter of the alphabet,
for each of the numerals 0-9, and for each of the non-
numeric digits shown in Table I in the section “Data
Representation.” In its normal function, a character key,
when depressed, transmits a corresponding character en-
coded in a seven bit configuration to the P-Buffer. Addi-
tionally, several of the character keys provide special
functions. If a key, identified as the “Enable” key is first
depressed, and then a character key providing one of the
special functions is depressed, a signal is delivered on a
corresponding special lead, rather than the seven bit
character configuration. The special signals are control
signals, which direct operations by the P-Buffer, by the
Central Processor, or by both.

DATA INPUT FROM CONTROL TYPEWRITER

When data is transferred from the Control Typewriter
to the P-Buffer (for example, after a previous Instruction
59 has been executed by the Central Processor to prepare
the P-Buffer), the following signals, which are transmitted
by the Control Typewriter to the P-Buffer, are employed.

Kf1-Kf6: These six signals, shown entering the Cs
input inverters 557 of FIG, 29, represent the six data bits
of the encoded character transmitted by the Control Type-
writer when a corresponding character key is depressed.
These six signals may represent a single digit, as shown
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in the aforementioned Table 1, or they may represent the
two digits of an alphanumeric character, as shown in
Table I of the section “Data Representation.”

K{fp: This signal represents the 7th bit transmitted from
the Control Typewriter to the Cs input inverters when a
character key is depressed. This signal represents the
parity bit for the six data bits represented by the signals
Kf1-6. The value of Kfp accommodates the requirement
for an odd number of 0’s in Kf1-6, p.

Kfc: This sprocket, or timing, signal is transmitted
from the Control Typewriter to the P-Buffer Control cir-
cuits when the seven bits of a character are fully repre-
sented by the signals Kf1-6, p and are ready for insertion
in the P-register. The Kfc signal is normally in the 1-
state, but when a character is ready for transmittal, the
signal transfers to the O-state,

The employment of the above signals during operations
involving the Control Typewriter and the P-Buffer is de-
scribed in the Control Typewriter input subsections of the
“P-Buffer Operations” section.

The following table illustrates the configurations of the
Kf1-6, p signals when the Control Typewriter transmits
characters to the P-register. ‘This same code is employed
when the P-register transmits data to the Control Type-
writer. This code corresponds with the two digit
alphapumeric code employed in the system and illustrated
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signals in order to provide for the character received to
be typed out or punched out.

Kacr: This signal is provided when a carriage return
is to be executed by the Control Typewriter, following
receipt of a character from the P-Buffer, to isolate the
Control Typewriter for a predetermined time in order to
allow the carriage return operation to be completed.

The employment of the above signals during operations
involving the P-Buffer and the Control Typewriter is de-
scribed in the Contro] Typewriter output subsections of
the “P-Buffer Operations™ section.

REGISTER TYPE-IN

With the Central Processor halted, data may be trans-
ferred from the Control Typewriter to the P, I, or R-
registers. In these operations the following signals,
which are transmitted by the Control Typewriter to the
P-Buffer, are employed.

Kfi: This signal denotes that the Control Typewriter
is ready to transmit or to receive information,

Kew: This is a special signal which issues when either
the E key or the W key is depressed,-after the Enable
key has been depressed. If the signal occurs due to the
E key being depressed, data is first transferred to the
P-register and then from the P-register to the I-register.
If this signal occurs due to the W key being depressed,
data is first transferred to the P-register and then to the

in the aforementioned Table IL. R-register.
CONTROL TYPEWRITER TWO-DIGIT CHARACTER CODES
Code 012345“7&93,& *ialBio|D
oflojrlolofa]afofajritiolojofrjrlo]1
plafafafafaatagafjefafeafrjafaja
o|lolojojololojoloto]jolofojofijifi]n
ojlojolof1]a|1ftj1|o]ofo|1j1jofolo]o
alelofr|ojojolelrjilelsfa|1jofjo]ol1
olili]ofojofiiilofolijrfotrioli|1]o
1loltlo|ofr]jefrlofafojrl1iof1io|1]|0
Code E|FiaiE|1|I|K|L|M|N|o]P|Q|R|8|T|{U|V|W
1jofoly|efrfrfo|afrioloji|efo]r|o]o]1
tjal1f1j1t{ecjof{ojolelojolo|afolo|n]o]|e
difr|ifarfilofjofolojefoeio]|o|alrltfiji|1
Jalafafafrfolofojotajtfafei|afefotaf1]1
Jo{o|loloelilofojof1lotof{o]lofl1]|ojoli]o]o
dolo|alrjolojr|1folofjo]a{a|al1l1i]olo]o
o|l1|of1jo]z]oj1|o]efijo|1|ajalrje]o]z
Code |X|Y!2z|opace| shitt | Norm |Carret] Tab | EOI | Stop |+ | — | Ignore
1jolt| o 1 0 0 1 0 0 |o|2] 1
plo|ol 1 0 Q 1 0 1 ¢ [ofo] 1
Jifr|1f 1 0 1 1 1 1 1 {o]of 1
qif1f1] o 1 1 0 0 ¢ o |olt] o
Joloj1} o 1 1 1 1 1 1 11| 1
Jilrjol o 0 0 0 0 i 1 {11 1
o|1je] o 1 1 1 1 0 1 |olo| 1

The bits
prise the LSD of the alphanumeric character. The bits
represented by the Cs5 and Cs6 signals comprise the two
least significant bits of the MSD of the alphanumeric
character, although the Cs6 signal provides an inverted

represented by the signals Csl, 2, 3, 4, com-

bit. Thus, if Cs6 represents 1, the corresponding MSD
bit is a 0, and vice versa. For example, the MSD of the
character “J” is the numeric 2. The normal system code
for the numeral 2 is 0010. Therefore the control type-
writer code for this character is 00, wherein the first 0
is translated to represent a 1.
DATA OUTPUT TO CONTROL TYPEWRITER

When data is received by the Control Typewriter from
the P-Buffer (for example, afier a previous Instruction 59
has been executed by the Central Processor to prepare
the P-Buffer) the following signals, which are transmitted
by the Control Typewriter to the P-Buffer, are employed.

Krf: This signal follows the receipt of a character by
the Control Typewriter to isolate the Control Typewriter

65

Kgw: This is a special signal which issues when either
the Q key or the W key is depressed, after the Enable
key has been depressed. If this signal occurs due to the
Q key having been depressed, data is transferred to the
P-register and retained therein.

The employment of the above signals during opera-
tions involving the Control Typewriter and the P-Buffer
is described in the “Register Type-In Subsection of the
P-Buffer Operations” section.

REGISTER TYPE-OUT

With the Central Processor halted, the contents of the
B, I, L, N, P, or R registers may be transferred to the
Control Typewriter for typeout thereby. In these opera-
tions the following signals, which are transmitted by the
Control Typewriter to the P-Buffer, are employed.

Krc: This is a common type-out control signal which
initiates the type-out sequence. This signal is normally
in its 1-state, but is transferred to the 0-state when one
of the special type-out signals Kb, Ki, K/, Kn, Kr or K¢

for a predetermined time from the receipt of further 75 jssues.
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Kb: This special signal issues when the B key is de-
pressed, after the Enable key has been depressed. This
signal causes the B-register contents to be typed-out.

Ki: This special signal issues when the 1 key is de-
pressed, after the Fnable key has been depressed. This
signal causes the I-register contents to be typed-out.

K!: This special signal issues when the L key is de-
pressed, after the Enable key has been depressed. This
signal causes the L-register contents to be typed-out.

Kn: This special signal issues when the N key is de-
pressed, after the Enable key has been depressed. This
signal causes the N-register contents to be typed-out.

Kr: This special signal issues when the P key is de-
pressed, after the Enable key has been depressed. This
signal causes the R-register contents to be typed-out.

Kr: This special signal issues when the T key is de-
pressed, after the Enable key has been depressed. This
signal causes the P-register contents to be typed-out.

Kenl, 2: The Kenl signal is normally in the O-state
and the Ken2 signal is normally in the 1-state. When
the Enable key is depressed the Kenl signal is trans-
ferred to the 1-state and the Ken2 signal is transferred
to the O-state,

The employment of the above signals during opera-
tions involving the Control Typewriter and the P-Buffer
is described in the “Register Type-Out” subsection of the
“P-Buffer Operations” section.

CENTRAL PROCESSOR CONTROL

The Central Processor is controlled when certain keys
of the Control Typewriter are depressed. The following
signals, which are transmitted by the Control Typewriter
to the Central Processor, are employed.

Ka: This special signal issues when the A key is de-
pressed, after the Enable key has been depressed. If
the system is in the halt mode, the issuance of this signal
will place the system in the normal data processing mode.
The function of this signal in causing the Central Proc-
essor to initiate the normal processing of data is de-
scribed in the subsection “Starting System From Halt
Mode” of the section “Operations From Halt Mode.”
This signal is normally in the 1-state, but is transferred
to the O-state when the A key is depressed.

Kh: This special signal issues when the H key is de-
pressed, after the Enable key has been depressed. When
this signal issues the Ceniral Processor will halt. The
function of this signal in initiating a system halt opera-
tion is described in the subsection “Manual Halt” of the
“Halts” section.

Ks: This special signal issues when the S key is de-
pressed, after the Enable key has been depressed. If
the system is in the halt mode, the issuance of this sig-
nal causes the Central Processor to execute a single-
cycle operation. The function of thig signal in initiating
a single-cycle operation is described in the “Single-Cycle”
subsection of the “Operations From Halt Mode” section.
This signal is normally in the I-state, but is transferred
to the O-state when the S key is depressed.

Kz: This special signal issues when the Z key is de-
pressed, after the Enable key has been depressed. If
the system is in the halt mode, the issuance of this signal
causes the Central Processor to execute a zingle-cycle
operation, The function of this signal in initiating a
zingle-cycle operation is described in the “Zingle-Cycle”
subsection of the “Operations From Halt Mode” section.
This signal is normally in the 1-state, but is transferred
to the O-state when the Z key is depressed.

Kcf: This common signal issues' whenever any one of
the Ka, Ks, or Kz signals goes to 0. This signal insures
that only one compute, single-cycle, or zingle-cycle op-
eration takes place for each depression of the correspond-
ing A, S, or Z key. The function of the Kcf signal is
described in the aforementioned “Starting System From
Halt Mode” subsection,
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Photoreader

The Photoreader 15 (FIG. 1) photoelectrically reads
punched encoded paper tapes and transfers electrical
representations of the data thereon to the P-Buffer. The
Photoreader, the structure of which is not shown, may be
any one of several kinds commonly employed in data
processing operations. Generally, the Photoreader is a
device which reads a sequence of characters encoded
respectively as a row of holes on punched paper tape and
transmits electrical signals representative of the presence
or absence of the punched holes. It is only necessary to
an understanding of this invention to describe the signals
which are transmitted by the Photoreader. Each of these
signals is delivered on a separate lead, the signal on each
lead representing a binary 0 or a binary 1, in accordance
with the system requirements, Thus, if a signal trans-
mitted by the Photoreader is to represent a binary O it
normally will have a —5 v. level, and if it is to represent
a binary 1, it normally will have a 46 v. level.

When data is transferred from the Photoreader to the
P-Buffer (for example, after a previous Instruction 59
has been executed by the Central Processor to prepare the
P-Buffer), the following signals, which are transmitted
by the Photoreader to the P-Buffer, are employed.

Kpl1-Kp6: These six signals, shown entering the Cs
input inverters 557 of FIG, 29, represent the six data bits
of the encoded character transmitted by the Photoreader
when a row of punched holes is read from the tape
thereof. These six signals may represent a single digit,
as shown in the aforementioned Table 1, or they may rep-
resent the two digits of an alphanumeric character, as
shown in the aforementioned Table II.

Kpp: This signal represents the 7th bit transmitted from
the Photoreader to the Cs input inverters when a row of
punched holes is read. This signal represents the parity
bit for the gix data bits represented by the signals Kp1-6.
The value of Kpp accommodates the requirement for an
odd number of 0's in Kpl-6, p.

Kpc: This sprocket, or timing, signal is transmitted from
the Photoreader to the P-Buffer control circuits when the
seven bits of a character are fully represented by the sig-
nals Kpi-6, p and are ready for insertion in the P-register.

Kpi: This signal denotes that the Photoreader is ready
o transmit input signals to the P-Buffer.

The employment of the above signals during operations
involving the Photoreader and the P-Buffer is described in
the Photoreader input subsections of the “P-Buffer Op-
erations” section,

The configurations of the Kp1-6, p signals when the
Photorzader transmits characters to the P-register are
identical to those employed for transmittal of characters
between Control Typewriter and P-Buffer, and are, there-
fore, illustrated by the preceding table “Control Type-
writer Two-Digit Character Codes.” In this table, the
signals Kp1-6, p may be substituted for the correspond-
ing signals Kf1-6, p.

Muliiplex Buffer

The Multiplex Buffer provides an intermediate storage
function for data words being transferred from Memory
to a Tape Handler for storage on magnetic tape or to the
Printer, and for data being transferred from a Tape
Handler or from the Character Reader to Memory. The
Multiplex Buffer temporarily stores data during these
transfers to accommodate the relatively slow rate of the
Tape Handler, Printer, and Character Reader action to
the relatively fast rate of the Memory and its controlling
Central Processor.

The Multiplex Buffer comprises a Write Buffer, a Read
Buffer, and a clock circuit, each of which will be described
separately in succeeding sections.

Write Buffer

The Write Buffer temporarily stores data words being .
transferred from Memory to a Tape Handler for storage



3,235,870

99

on magnetic tape or to the Printer. A succeeding section
“Write Buffer Operations™ provides details of the opera-
tion of the Write Buffer in effecting the following types
of data transfer:

(a) The writing of one block of 100 data words on
magnetic tape from consecutive memory locations;

(b) the printing of one block of 100 data words by
the Printer from consecutive memory locations;

{c) the writing on magnetic tape of one block of 100
data words comprising five blockettes of 20 words,
wherein the five blockettes are taken from five respective
groups of memory locations, each group comprising 20
consecutive memory locations; and

(d) the printing by the Printer of one block of 100
data words comprising five blockettes of 20 words, where-
in the five blockettes are taken from five respective groups
of memory locations, each group comprising 20 consecu-
tive memory locations.

Each of these types of data transfer is initiated by an
appropriate programmed instruction (66 or 68) executed
in the Central Processor, but continued and carried to
completion under control of the Write Buffer.

The Write Buffer comprises a register for temporarily
storing the data being transferred through the Write
Buffer, register transfer and logic circuits for transferring
data into and through the register, clock pulse drivers
for controlling the timing of the Write Buffer, counters,
and flip-flops employed as control signal sources. FIG-
URE 32 illustrates symbolically the elements of the
Write Buffer which store data, the paths of data trans-
fer between these elements, and certain control elements.
The details of the circuit structure of the Write Buffer
are provided in FIGS. 139156, which illustrate flip-flop
input logical schematic diagrams, and FIG. 158, which
illustrates designated logical combination signal diagrams
and clock pulse driver gating signal diagrams.

The 7-digit Wh-register 601 and the 3-digit Wa-register
602 temporarily store the data being transferred through
the Write Buffer. The logical schematic diagrams of
the Wh-register are illustrated in FIGS. 142-148 and those
of the Wa-register are illustrated in FIGS. 139-141,

The contents of the Wh3-Wh1 flip-flops of the Wh-
register are shifted-up upon application of the SWb1/4
clock signal to register transfers which connect the Wh1-
Wb3 digit positions of the Wh-register. The contents
of the Wb3 flip-flops are transferred to the correspond-
ing Wb4 flip-flops upon application of the SW5b1/4 clock
signal to register transfers which connect the output ter-
minals of the Wb3 flip-flops to corresponding input ter-
minals of the Wb4 flip-flops. The contents of the Wh7-
Wh4 flip-flops are shifted-up upon application of the
SWb5/7 clock signal to register transfers which connect
the Wb7-Wb4 digit positions of the Wh-register. There-
fore, the entire contents of the Wh-register are shifted-up
by the simultaneous issuance of the SWb1/4 and SW5b5/7
signals, ‘

The contents of the Wb7 flip-flops are transferred to
the corresponding Wb4 flip-flops upon application of the
SWb7-4 clock signal to register transfers which connect
the output terminals of the W57 flip-flops to correspond-
ing input terminals of the Wb4 flip-flops. Therefore, the
contents of the Wb7-Wbh4 digit positions are ring shifted-
up by the simultaneous issuance of the SWb5/7 and
SWbH7-4 signals.

The Wh-register flip-flops are adapted to receive, by
parallel shift, the contents of the corresponding Memory
M-register flip-flops upon application of the XMWb5 clock
signal to register transfers which connect output terminals
of the M flip-flops to corresponding input terminals of
the Wb flip-flops. The Wb flip-flops, however, receive
only the 1-output signals of the corresponding M-register
flip-flops, since the Wh-register is cleared before each
transfer of a data word thereto from Memory.

The contents of the Wb7 flip-flops may be transferred
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to the corresponding Wal flip-flops of the Wa-register
and to the row parity generator circuit 603.

The contents of the Wa3-Wal flip-flops of the Wa-
register are shifted-up upon application of the SWal
clock signal to register transfers which connect the Wa3—
Wal digit positions of the Wa-register., The Wal flip-
flops are adapted to receive the contents of the correspond-
ing Wb7 flip-flops upon application of the SWal clock
signal to register transfers which connect the output ter-
minals of the Wb7 flip-llops to corresponding input ter-
minals of the Wal flip-flops. The contents of the Wa3
flip-fops may be transferred to the Wo6-Wo9 flip-flops,
for subsequent transfer to magnetic tape or to the Printer.
The contents of the We3 flip-flops may also be transferred
to the Pwr flip-flops for subsequent transfer to magnetic
tape or to the Printer,

The Wol-Wol0 flip-flops hold two digits and their
corresponding column parity bits for energizing corre-
sponding write drivers for storage of data in a single
transverse recording position on magnetic tape. The con-
tents of the Wol-Woe4 flip-flops and the Wo6-Wo9 flip-
flops may also be transferred to the Printer. The col-
umn parity bit for the digit in the Wo4-Wol flip-flops is
stored in the Wo5 flip-flop. The column parity bit for
the digit in the Wo9-Wo6 flip-flops is stored in the Wol0
flip-flop. The logical schematic diagrams for the Weol—
Wo10 flip-flops are illustrated in FIGS. 149-151.

Only 0’s are written on magnetic tape. A 0 is written
whenever the corresponding Wo flip-flop changes state.
Therefore, whenever data is to be transferred from the
Write Buffer to magnetic tape, the write zeroes circuits
605 and 606 provide the input signals to the correspond-
ing Wol-4 and Wo6-9 flip-flops. The write zeroes cir-
cuit 605 comprises the circuits illustrated by the logical
schematic diagrams for the logic input terminals of the
Wol—4 flip-flops in FIG. 149. Whenever a digit is to
be transferred from the Pwr flip-flops to the correspond-
ing Wol-4 flip-flops, for storage on magnetic tape, the
write zeroes circuit 605 samples the contents of Pwr flip-
flops and the contents of the corresponding Wol—4 flip-
flops and changes the state of those Wol—4 flip-flops for
which the corresponding Pwr flip-flops store a binary 0.
Similarly, when data is to be written on magnetic tape, the
write zero circuit 606 changes the state of those Wo6-9
ﬂx;p-ﬂops for which the corresponding Wa3 flip-flops store
a 0. The write zeroes circuit 606 comprises the circuits
illustrated by the logical schematic diagrams for the logic
input terminals of the Wo6-9 flip-flops of FIG. 150.

Additionally, when data is to be written on magnetic
tape, the Wo5 and Wol0 flip-flops have their correspond-
ing states changed whenever the column parity bit to
be transmitted thereby represents a 0. Column parity
generator 607 samples the bits in Pwr to determine wheth-
er the bit to be inserted into Wo5 should be a 0
and, therefore, that the state of WoS5 should be changed.
If an even number of 0’s is stored in Pwr, column parity
generator 607 issues a signal to change the state of the
WoS flip-flop. Column parity generator 607 comprises
the circuits illustrated by the logical schematic diagrams
for generating the Pwcl and Pwc2 signals in FIG. 158
and the circuits illustrated by the logical schematic dia-
grams for the logic input terminals of the Wo35 flip-flop
of FIG. 151. Similarly, column parity generator 608
samples the contents of the Wa3 flip-flops to determine
whether the Wo10 flip-flop should have the state thereof
changed. Column parity generator 608 comprises the
circuits illustrated by the logical schematic diagrams for
generating the Pwc3 and Pwe4 signals of FIG. 158 and
the circuits illustrated by the logical schematic diagrams

70 for the logic input terminals of the Wol0 flip-flop of
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FIG. 151,

When data is to be transferred from the Write Buffer
to the Printer, the digit contents of the Pwr flip-flops and
the Wa3 flip-flops are transferred directly to the respec-
tive Wol-Wo4 and Wo6-Wo9 flip-flops by application of
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the SWop clock signal to register transfers which connect
the output terminals of the Pwr flip-flops to correspond-
ing input terminals of the Wo4-Wol flip-flops and to
register transfers which connect the output terminals of
the Wa3 flip-flops to corresponding input terminals of
the Wo9-Wob flip-flops.

The Pwr flip-flops 610 (FIG. 156) comprise a single
digit register for providing temporary storage of certain
digits to be transferred from the Wa3-register to magnetic
tape or to the Printer, and for accumulating the row par-
ity bits of the word stored in the Wb-register. The Pwr
flip-flops are adapted to receive the contents of the corre-
sponding Wa3 flip-flops upon application of the SWa2
clock sipnal to register transfers which connect the output
terminals of the Wa3 flip-flops to corresponding input
terminals of the Pwr flip-flops. Row parity generator
603 samples the bits in the Wa7 flip-flops in order to
accumulate row parity for the word in the Wh-register.
Row parity gencrator 603 comprises those portions of the
circuits illustrated by the logical schematic diagrams for
the register transfer input terminals of the Pwr flip-flops
of FIG. 156, which are enabled by the SPwr clock signal.
The function of the Pwr flip-flops in accumulating the row
parity bits is described in detail in a following section
“Write Buffer Data Transfer for Magnetic Tape Writing.”

A Tw-counter 611, which comprises the Twil-Twé
flip-flops (FIGS. 152 and 153) and which operates in 64
discrete states, is the source for fine timing and control of
the shifting operations executed in the Write Buffer.
The sequence of operations directed by the Tw-counter is
illustrated in the timing diagram of FIG. 242, A Wbk-
counter 612, which comprises the Wbkl, Wbk2, and
Whi3 flip-flops (FIG. 154), and which operates in 8
discrete states, directs the number of data words trans-
ferred during a Write Buffer operation.

Other Write Buffer flip-flops are employed primarily
to perform control functions. The Bbf flip-flop (FIG.
154) signals that the first word of a block of data has
been transferred to the Write Buffer and that the Write
Buffer should commence its sequence of operations to
write this first word and the remainder of the block onto
magnetic tape or transfer the block to the Printer., The
Bbf flip-Aop is also employed for terminating the transfer
of a block of data words to the Printer. The Ews flip-flop
(FIG. 151) functions as an alarm to notify the Central
Processor that a particular malfunction in transferring
data from Memory to the Write Buffer has taken place.
The Lw flip-flop (FIG. 155), when set, demands that the
Central Processor perform an operation to transfer a
word from Memory to the Write Buffer, The Pr¢ flip-
flop (F1G. 155) aids in controlling the Write Buffer when
data is being transferred to the Printer. The Wb flip-flop
(FIG. 155), when on, indicates that one of the Tape Han-
dlers is presently engaged in receiving a block of data
from Memory through the Write Buffer. (The W4 flip-
flop is actually located in the Tape Control Unit, but is
illustrated in FIG. 32 for purposes of clarity of the
description, inasmuch as the Tape Control Unit will not
be described in detail.) The Wbf flip-flop (FIG. 151)
is turned on when the Write Buffer receives a data word
from Memory, to indicate that the Write Buffer is loaded
and that the contents thereof are ready to be transferred
to magnetic tape or to the Printer. The Web flip-flop
(FIG. 155), when on, indicates that the Write Buffer is
busy transferring data from Memory to magnetic tape or
to the Printer.

CLOCK CIRCUIT, WRITE BUFFLER

The clock circuit of the Write Buffer (FIG. 33) pro-
vides clock pulse signals for application to flip-flops and
register transfers to control respectively the entry of data
into flip-flops and the transfer of data between flip-flops.
The clock pulse drivers of the Write Buffer clock circuit
may be gated to provide single clock pulses or clock pulses
at the 250 kc. rate, or may be operated continuously.

10

15

20

30

40

50

GO

70

75

102

The logical schematic diagrams of the logical circuits
providing gating signals to the Write Buffer clock pulse
drivers of F1G. 33 are illustrated in FIG, 158.

The Write Buffer clock circuit comprises a continuous
clock pulse driver 625 connected by lead 306 to receive
continuous clock pulses at the 250 kec. rate from master
clock pulse driver 382 of the Central Processor (FIG.
17). The clock pulses provided by clock pulse driver
625 are applied to continuous clock pulse drivers CD1
and CD2 and to the SPwr, SWal, SWa2, SWbh1/4,
SWb5/7, SWh7-4, SWor, SWop, and XMWb gated clock
pulse drivers. ‘

Tape Handler

The Tape Handler is adapted to write on magaetic
tape the data received from the Write Buffer or to read
the data stored on magnetic tape and to deliver this data
to the Multiplex Buffer. The Tape Handler is also adapt-
ed to erase the data stored on the magnetic tape thereof.
The Tapc Handler is also adapted to drive the magnetic
tape in the forward direction for reading or writing and
in the backward direction for rewinding. The Tape Han-
dler will also erase a certain portion of the information
stored on the magnetic tape. Tape Handlers are well-
known in the art and, therefore, will not be described in
detail. Only those Tape Handler clements necessary to
explain the operation of this invention will be described.

FIGURES 34 and 35 illustrate the scheme for storing
data on magnetic tape and for reading the data therefrom.
Data is stored on magnctic tape 640 in groups of data
words, which are designated as data blocks 641. Each
data block comprises 100 data words wherein each duta
word comprises eight tape digits. Each tape digit com-
prises five bits, four bits being the system code for a digit
to be processcd, as shown in Table I of the “Data Repre-
sentation” section. The fifth bit of the tape digit is the
column parity bit for the tape digit. Seven of the eight
tape digits of each tape data word include the seven digits
of the data word to be processed in the svstem and the
seven corresponding column parity bits. The eight tape
digit contains the five row parity bits for the tape data
word.

Data is stored on the magnetic tape in 10 parallel
tracks spaced across the tape, and extending parallel to
the length of the tape. Ten bits are stored on a line sub-
stantially perpendicular to the length of the tape in the
10 tape tracks, which are numbered 1-10. The line on
which the ten bits are stored perpendicularly to the
length of the tape is termed a transverse recording posi-
tion. The four data bits of one digit are stored in tracks
1—4 and the corresponding column parity bit in track 5.
The four data bits of another digit are stored in tracks
6-9 and the corresponding column parity bit in track 10,
Thercfore, two tape digits are stored side-by-side in a
transverse recording position.

A full tape data word is stored in four adjacent trans-
verse recording positions, so that a data block of 100
words comprises 400 transverse recording positions. As
shown in FIG. 35, the row parity digit and the 6th, 4th,
and 2nd tape dipits of the tape data word are stored in
tracks 1-5 and the 7th, 5th, 3rd, and 1st tape digits are
stored in tracks 6-10. The spacing between transverse
recording positions and the speed of the tape are ad-
justed so that a transverse recording position is recorded
or read approximately once during each 16 clock periods.
Therefore, the reading or writing of a complete data
word occurs in approximately 64 clock periods.

A plurality of writing heads 642, one opposite each
track, are adapted to write data on the magnetic tape
in the corresponding track. During the writing process,
current is passed continuously through the write head in
a direction to magnetize to saturation the corresponding
track in a direction parallel to the length of the tape.
The direction of this write head current depends on the
data to be written. Only 0-bits are stored on magnetic
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tape. A 0-bit is denoted by a reversal in the direction
of saturation in a track. Therefore, whenever a writing
head is to write a 0, the current in the winding thereof
is reversed. A 1-bit is represented by the absence of any
change of magnetic field direction in a transverse record-
ing position,

A plurality of reading heads 643, one opposite each
track, are adapted to sense the magnetic field provided
by the corresponding track and to deliver an output pulse
wherever a 0-bit is sensed. Where a 1-bit is represented,
no output signal is delivered by the corresponding read
head.

The individual data bits and the representation in
which they are stored are illustrated in FIG. 35. The
arrows indicate the magnetic saturation of a track in
the direction indicated. Thus, at the transverse recording
position for the 4th digit, the Ist, 3rd, and 4th tracks
have the saturation direction therein reversed, whereas
the 2nd, and 5th tracks have the saturation direction un-
changed. Consequently, the column parity bit for the
4th digit is a | and the four data bits in tracks 4-1 are
respectively 0010, The table below illustrates the data
word represented in FIG, 35,

DATA DIGITS ON MAGNETIC TAPE (FIQ. 35)

Row
parlty

digit Tth  6th  5th  4th  3rd 2nd  1st
0 1 1 0 1 0 0 1
1 0 0 0 Q 0 1] 0
0 0 1 0 0 [¢] 4] 0
1 1 0 1 1 1 0 0
0 0 0 1 4} 1 Li] 1

The bits below the horizontal ruled line and to the right
of the vertical ruled line are the data bits. The top row
of bits are the column parity bits for the corresponding
digits. The bits in the 2nd, 3rd, 4th, and 5th rows of the
left-hand column are the row parity bits for the corre-
sponding rows. The bit in the first row of the left-hand
column is the column parity bit for that digit. No row
parity bit is provided for the first row.

A block marker track provides indicia thereon for
notifying the Write Buffer of the area on the magnetic
tape wherein a data block is to be written and for notify-
ing the Read Buffer of the location of the data block.
Three block markers are employed, designated respec-
tively as the a-block marker, 8-block marker, and y-block
markers. Each different block marker comprises a dif-
ferent number of recorded 0's. A block marker analyzer
644 (FIG, 35) receives the signals provided by the read
head 643", which detects the magnetic field of the block
marker track. In response to the signals received, the
block marker analyzer provides a plurality of output
signals identifying the respective block markers. Thus,
if data is to be read from tape, the g-block marker, when
sensed, will cause the block marker analyzer to deliver
the synchronizing Rsy signal and the ~-block marker,
when sensed, will cause the block marker analyzer to
deliver the Red signal, Similarly, if data is to be writ-
ten on the tape, when the block marker analyzer senses
the «-block marker, the Wsy signal will be delivered and
when the analyzer senses the y-block marker signal, the
Wed signal will be delivered. The « and g signals are
used to denote the beginning of the block for the re-
spective write and read operations, The v-block marker
is used to denote the end of the block in order to termi-
nate a read or write operation.

Only one Tape Handler may be reading and one Tape
Handler writing at any given time, inasmuch as the Read
Buffer can only receive data from one Tape Handler
and the Write Buffer can only deliver data to one Tape
Handler. The address of the Tape Handler which is
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writing data is stored in the Wt flip-flops (FIG. 157) of
the Tape Control Unit. In response to the Tape Han-
dler address stored in the W¢ flip-flops, the correspond-
ing Na(i) signal (FIG. 158) issues to actuate one of the
relays shown in FIG. 36, to couple the 10 write drivers
{o the corresponding write heads 642 of the addressed
Tape Handler. Thus, if Tape Handler #2 is addressed
by the Wr flip-flops, the signal Na2 will issue and couple
the 10 write drivers to the 10 write heads 642 of the
second Tape Handler.

The address of the Tape Handler which is reading
data is stored in the Rr flip-flops (FIG. 178). In re-
sponse to the Tape Handler address stored in the Ry
flip-flops, the corresponding Nr{i) signal (FIG. 183)
issues to enable the output gates of the read preampli-
fiers (FIG. 37) of the addressed Tape Handler. Thus, if
Tape Handler #4 is addressed by the Rr flip-flops, the
signal Nr4 will issue and enable the 10 read preampli-
fiers, corresponding to the 10 data tracks of the fourth
Tape Handler.

Each of the 10 write heads 642 of the addressed Tape
Handler is coupled to a respective one of 10 write drivers
(FIG. 36) through appropriate relays 653, 654, etc. ac-
tuated by the corresponding Na(i) signals. Ten read
preamplifiers 660, 661, 662, etc., corresponding to data
tracks 1-10, are provided for each Tape Handler and are
coupled to the corresponding read heads 643, 643°, 643",
etc., thereof (FIG. 37). The read preamplifiers of a
particular Tape Handler are enabled by the correspond-
ing Nr(i) signal only when that Tape Handler is ad-
dressed. The read preamplifiers of all the Tape Han-
dlers for a given track number are coupled to a common
read amplifier 663, by connecting to an input OR-gate
of the read amplifier.

A read preamplifier (FIG, 38) is permanently con-
nected to the output winding of each read head in a
Tape Handler. Input terminals 665 and 666 are con-
nected directly to the output winding of a read bead
643, The signal applied to terminals 665 and 666 is
coupled to the respective base electrodes of transistors
667 and 668. Transistors 667 and 668 and their asso-
ciated circuits comprise a difference amplifier. The out-
put signal of the difference amplifier is taken from the
collector electrode 670 of transistor 668, As described
previously, only 0’s are recorded as magnetic changes in
the tape track. Therefore, successive 0’s will induce volt-
ages of opposite polarity in the output winding of the
corresponding read head, These voltages will appear as
pulses of opposite polarity at input terminals 665 and
666 and, consequently, will be amplified and appear as
pulses of opposite polarity at collector electrode 670.
Thus, the output signal of the difference amplifier de-
livered at collector electrode 670 will be a series of
alternately positive and negative pulses, each pulse occur-
ring when a 0 is read by the corresponding read head.

The output signal of the difference amplifier is coupled
through an emitter follower comprising transistor 671
to a variable gain amplifier circuit comprising transistors
672 and 673 and their associated circuits. A potentiom-
eter 674 is provided to adjust the gain of the variable gain
amplifier to compensate for variations in read head out-
put levels and for variations in the overall gain of the
amplifier chain, The output signal of the variable gain
amplifier is taken from the emitter electrode 675 of tran-
sistor 673. The alternately positive and negative polarity
pulses at emitter electrode 675 each has an amplitude of
approximately 1 v.

The output signal of transistor 673 is applied to one
input terminal 676 of an AND-gate 677. Normally,
AND-gate 677 is disabled by a —5 v, signal applied to
its other input terminal 678. However, when a Tape
Handler is addressed to read data, the corresponding
Nr(i) signal is transferred to its 1-state and enables the
corresponding read preamplifier output AND-gate 677.
For example, the read preamplifier illustrated in FIG. 38
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is in Tape Handler #4, so that when Tape Handler #4
- 18 addressed to read a block of data from its magnetic
tape, the signal Nr4 enters the 1-state, thereby enabling
AND-gate 677. With AND-gate 677 enabled, the signal
delivered by transistor 673 is coupled to the preamplifier
output terminal 679.

The output signal delivered by a read preamplifier is
designated as the signal DRO(i). For example, the
output signal DRO9 of FIG. 38 designates the output
signal of a read preamplifier connected to read the data
stored in track 9 of a Tape Handler. The output termi-
nals of all read preamplifiers which read data from like-
numbered data tracks are connected to the jnput OR-
gate of a single read amplifier (FIG. 37). However,
only the read preamplifiers of the addressed Tape Handler
will deliver signals to the corresponding read amplifier.

Tape Control Unit

The Tape Control Unit 17 (FIG. 1) is adapted to
direct one of the Tape Handlers to read data from the
magnetic tape thereof and to deliver this data to the Read
Buffer; to direct one of the Tape Handlers to write data
provided by the Write Buffer on the magnetic tape there-
of; and to direct one of the Tape Handlers to back the
magnetic tape thereof one block, to back the tape one
block and erase cne set of block markers, or to rewind
the tape completely. Only those elements of the Tape
Control Unit necessary to an understanding of this in-
vention are illustrated and described herein. These ele-
ments are illustrated in various figures and their opera-
tion in cooperation with other components of the sys-
tem is provided in the instruction descriptions. These
elements of the Tape Control Unit are: the Re-register;
the Wr-register; the S-register; the Rb and Wb flip-flops;
the CD3, Xrl1, and Xr2 clock pulse drivers; logic circuits
for generating the Nrb and Nwb signals; logic circuits for
generating the Na and Nr signals; logic circuits for gen-
erating the NBd(i) signals; the write drivers; and the
Ftr read amplifiers. Additionally, the Rwd signal issues
when a Tape Handler is rewinding the tape thereof. This
signal may be interrogated by an Instruction 54.

The four-bit Re-register (FIG. 178) stores the identi-
fication of the Tape Handler that is to transfer one block
of data from the magnetic tape thereof to the Read
Buffer. This identification is transferred into the Rs-
register during execution of an Instruction 65.

The four-bit Wr-register (FIG. 157) stores the identi-
fication of the Tape Handler that is to receive and to
record on the magnetic tape thereof one block of data
from the Write Buffer. This identification is transferred
into the Wr-register during execution of an Instruction
66 or an Instruction 68, The Wr-register also stores the
identification of the Tape Handler which is to have the
magnetic tape thereof backed one block, or backed one
block and the corresponding block markers erased. This
identification is transferred into the Wt-register during
execution of a corresponding Instruction 67.

The S-register (FIGS. 179-181) comprises one flip-
flop for each Tape Handler., The S-register, when set,
controls the rewinding of the magnetic tape of the cor-
responding Tape Handler. Thus, the S(i) flip-flop, when
set, causes the rewinding of the ith Tape Handler. An
S flip-flop is sct during execution of an Instruction 67
that identifies the Tape Handler to be rewound.

The Rb flip-flop (FIG. 175), when on, indicates that
one of the Tape Handlers is presently engaged in trans-
mitting a block of data to Memory through the Read
Buffer, and also controls the gating of the selected Tape
Handler read preamplifier output signals to the Frr(i)
read amplifiers.

The Wb flip-flop (FIG. 155), when on, indicates that
one of the Tape Handlers is presently engaged in re-
ceiving a block of data from the Memory through the
Write Buffer, and also coatrols the application of the
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write driver output signals to the write heads of the
selected Tape Handier.

The Tape Control Unit clock pulse drivers CD3, Xrl,
and Xr2 provide clock pulse signals for application to
flip-flops of the Tape Control Unit to control the entry
of data into these flip-flops. The CD3 clock pulse driver
operates continuously at the 250 kc. rate. The Xrl and
Xr2 clock pulse drivers are gated to provide single clock
pulses or clock pulses at the 250 kc. rate. The logical
schematic diagrams of the logical circuits providing gating
signals to the Xr1 and Xr2 clock pulse drivers are illus-
trated in FIG. 183. These logical schematic diagrams are
included with those of the Read Buffer for simplicity.
The Tape Control Unit clock circuit, which includes the
clock pulse drivers CD3, Xr1, and Xr2 is illustrated in
FIG. 33. The Tape Control Unit clock circuit comprises
a continuous clock pulse driver 629 connected by lead
306 to receive comtinuous clock pulses at the 250 ke.
rate from master clock pulse driver 302 of the Central
Processor (FIG. 17). The clock pulses provided by clock
pulse driver 629 are applied to the input terminals of
the CD3, Xr1, and Xr2 clock pulse drivers.

The Nrb logical combination signal issues during exe-
cution of an Instruction 65 to control the transfer of the
designated Tape Handler address from the LSD position
of the A-register to the Re-register in the Tape Control
Unit. Although the logical schematic diagram of the
circuit for generating the Nrb signal is not illustrated in
the drawings, it may be here illustrated as follows:

Nrb=Rebd TH

The Nwb logical combination signal issues during exe-
cution of an Instruction 66, 67, or 68 to control the trans-
fer of the designatled Tape Handler address from the LSD
position of the A-register to the We-register in the Tape
Control Unit. Although the logical schematic diagram
of the circuit for generating the Nwb signal is not illus-
trated in the drawings, it may be here illustrated as
follows;

Nwb=Webd Wb

The Na(i) logical combination signal issues, in re-
sponse to the state of the We-register, to energize 10 write
head relays (FIG. 36) to connect the 10 write drivers
of the Tape Contrel Unit to the corresponding write
heads of the addressed Tape Handler. The logical
schematic diagrams for generating the Na(i) signals are
illustrated, for convenience, in FIG. 158.

The Nr(i) logical combination signal issues, in response
to the state of the Rrregister, to enable the read pre-
amplifiers connected to the read heads of the addressed
Tape Handler. The logical schematic diagrams for gen-
erating the Nr(i) signals are illustrated, for convenience,
in F1G. 183,

The NBtd(i) logical combination signal is generated
by the ith Tape Handler and the Tape Control Unit to
reset the corresponding S(i) flip-flop when the Tape
Handler addressed thereby has been completely rewound.

A write driver (FIG. 36) is provided for each of the
Wo flipflops of the Write Buffer. The write driver
couples the Wo flip-flops to the corresponding write heads,
of the Tape Handler that is presently writing data on
magnetic tape. The exemplary write driver of FIG. 36
responds to the state of the Wo3 flip-flop to record corre-
sponding data on track 3 of the magnetic tape of the
addressed Tape Handler. The write driver transmits
sufficient current through the winding of the correspond-
ing write head to saturate track 3 of the magnetic tape
in a direction determined by the Wo3 flip-flop.

Assume that the Wo3 flip-flop is in the l-state, A
~6 v. signal is applied to the base electrode of transisior
649 and a —5 v, signal to the base electrode of transistor
650. Transistors 649 and 650 function as emitter fol-
lowers and therefore provide at the corresponding emit-
ter electrodes thereof the respective 4-6 v. and —35 v.
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signals. Transistors 651 and 652 have the emitier elcc-
trodes thereof grounded. Therefore, the +6 v. coupled
through a resistor to the base electrode of transistor 651
causes this transistor to be cut off, and the —5 v. coupled
through a resistor to the base electrode of transistor 652
causes this transistor to conduct. Therefore, the collector
electrode of transistor 651 will be negative with respect
to that of transistor 652 and current will flow from
junction 657 through the connected write head winding
to junction 656.

Conversely, if the Wo3 flip-flop is in the Q-state, cur-
rent will flow from junction 656 through the connected
write head winding to junction 657.

The Tape Handler address stored in the Wrregister
directs the issuance of the corresponding Na(i) signal,
which actuates the corresponding one of relays 653, 654,
etc. When one of relays 653, 654, etc. is actuated, the
winding of the corresponding read hecad 642, 642, etc.
receives the current provided by the write driver and
magnetizes to saturation the adjacent tape track in a
direction controlled by the state of the corresponding Wo
flip-flop.

The Fir read amplifier receives the output signals de-
livered by the enabled read preamplifier connected there-
to (FIG. 37) and converts these signals into form suit-
able for transmission to the Ra-register of the Read
Buffer (FIG. 40).

The read amplifiers are denoted by the inclusive sym-
bols Frr1-10, and are adapted to receive the data read
from the correspondingly numbered tape tracks of the
Tape Handler reading data. A single read amplifier is
provided in the Tape Control Unit for like numbered
tape tracks of all the Tape Handlers, Thus, as shown
in FIG. 37, each read preamplifier coupled to receive
the data read from track 9 of the corresponding Tape
Handler is connected to the single Frr9 read amplifier.
However, only the read preamplifier of the Tape Handler
then reading data, is enabled by the corresponding Nr(i)
logical combination signal, as directed by the Re-register.

In the Frr read amplifier, shown in detail in FIG. 39,
an input OR-gate 701 is connected to receive the output
signals of the corresponding read preamplifiers. The
output terminals 679 (FIG. 38) of approximately one-
half of the corresponding read preamplifiers are con-
nc.cted directly to input terminal 702 and the output ter-
‘minals of the remaining corresponding read preamplifiers
are connected directly to input terminal 703.

The signal received by the read amplifier has pulses,
due to binary 0's recorded on tape, which are approxi-
mately 1 volt in amplitude and either positive or nega-
tive in polarity. It is the function of the read amplifier
to convert each of these pulses to the .conventional volt-
age level for data processing. Additionally, the read
amplifier will reject spurious and other noise signals re-
ceived thereby which do not satisfy predetermined criteria
of amplitude and duration. The circuits of the read
amplifier following OR-gate 701 are adapted to sense
the received signal to determine if the signal contains a
pulse whose amplitude is greater than a predetermined
value and whose length is greater than a predetermined
duration. If the received signal satisfies these criteria,
the read amplifier will deliver an output signal represent-
ing a binary 0. If such a signal is not received, the
read amplifier delivers a signal representing a binary 1.

The input signal is first applied to the base electrode
of a transistor 705 of a feedback amplifier, designed for
stable pgain. The feedback amplifier comprises tran-
sistors 705 and 706 and their associated circuitry. In the
feedback amplifier output signal, taken from the emitter
electrode of transistor 706G, the pulses representing binary
0’'s have an amplitude of approximately 7.5 v. This
output signal is applied to the base electrode of a tran-
sistor 708, which, with transistor 709 and associated cir-
cuitry, comprises a threshold detector circuit. This thresh-
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old detector provides an output signal only when the input
signal applied thereto exceeds a predetermined positive
voltage level. Conversely, transistors 710 and 711 and
their associated circuitry comprise a threshold detector
which provides an output signal only when the signal
applied thereto is less than a predetermined negative
voltage level,

The output signals of both threshold detectors are ap-
plied to the base electrode of transistor 714 of a transis-
tor amplifier. The output signal of transistor 714 is
applied to a following amplifier comprising transistor
715. The output signal delivered by transistor 715 is
applied to a pulse duration detector circuit, comprising
transistor 716. The pulse duration detector provides an
output signal only when the signal applied thereto ex-
ceeds a predetermined duration. The output signal of
the pulse duration detector is applied to the base electrode
of a transistor 717 of a flip-flop 718.

Flip-flop 718 comprises the transistors 717 and 719
and associated circuitry. This flip-fiop is similar to that
described previously and illustrated in FIG. 4. The out-
put signals delivered by flip-flop 718 represent the data
read by the corresponding read head. If nmo 0-bit has
been read from tape, the flip-flop 718 delivers a 1-output
signal at its output terminal 721. If, however, a 0-bit
has been read from tape, flip-flop 718 delivers a 0-output
signal at its terminal 722. Transistors 723 and 724 am-
plify the flip-flop output signals and provide the corre-
sponding output signals of terminals 721 and 722.
Whenever all five bits of a complete tape digit have been
transferred from five read amplifiers to the Read Buf-
fer, the flip-flops 718 of these five read amplifiers are
preset to the 1-state by the clock signal Xr1 or Xr2, ap-
plied to input terminal 725. The clock signal Xr1 pre-
sets the Fer1-Fir5 read amplifiers and the clock signal
Xr2 presets the Ftr6-Fer10 read amplifiers, Thus, im-
mediately following receipt of a tape digit by the Read
Buffer from a group of five read amplifiers, the flip-flops
of these read amplifiers are set to the 1-state, and re-
main in the l-state, unless a O-bit is read from the cor-
responding tape tracks.

The response of the read amplifier to the signals de-
livered by transistor 706 will now be described. The cir-
cuits will first be analyzed under quiescent conditions;
that is, in the absence of any pulses delivered by tran-
sistor 706. The base electrode of transistor 708 is at
ground potential (0 v.); and transistor 708 is enabled to
conduct by current flowing through a resistor 727. There-
fore, the emitter electrode of transistor 709, which is con-
nected to the emitter electrode of transistor 708, is ap-
proximately at 0 v. The base electrode of transistor 709
is maintained at approximately 41.4 v. by current flow
through diodes 728 and 729, so that transistor 709 is held
non-conducting. Thus, the output transistor 709 of
the positive threshold detector is non-conducting in the
quiescent state. 'Transistor 711 is normally conducting
and the base electrode thereof is maintained at the —1.4
v. level by current flow through diodes 730 and 731.
Therefore, the emitter electrode of transistor 710, which
is connected to the emitter electrode of transistor 711,
is held at —1.4 v. Trensistor 710 is consequently cut
off due to the 0 v, potential applied to the base electrode
thereof from the emitter electrode of transistor 708,
Thus, the output transistor 710 of the negative thresh-
old detector is non-conducting in the quiescent state.

Transistor 714 is normally cut off and transistor 718
is normally conducting heavily because of the corre-
sponding bias voltages applied thereto. With transistor
715 conducting heavily, the —5 v. signal delivered by the
collector electrode thereof is applied to the base elec-
trode of the transistor 716. Since the emitter electrode
of transistor 716 is grounded, this transistor is held cut
off in the quiescent state. The presetting of flip-flop 718
to the 1-state, renders transistor 717 normally conduct-
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ing and transistor 719 normally cut off, The level of
the emitter electrode of transistor 717 is maintained
at 48 v.

Consider now the application of a pulse to the base
electrode of transistor 708, If the pulse is positive, the
voltage thereof will be coupled through the emitter elec-
trode of transistor 708 to the emitter electrode of transis-
tor 709. Transistor 709 will thereupon commence con-
ducting if this pulse exceeds 1.4 v. When transistor
709 conducts, the emitter electrode thereof is clamped to
+1.4 v, so that transistor 708 is forced into non-con-
duction., If the pulse applied to transisior 708 is nega-
tive, the voltage thereof is ¢oupled through the emitter
electrode of transistor 708 to the base electrode of tran-
sistor 710. Transistor 710 will thereupon commence
conducting if this pulse is more negative than —1.4 v,,
and will, in turn, cut off transistor 711, whose base elec-
trode is maintained at —1.4 v, Therefore, if the input
pulse exceeds 1.4 v, in amplitude one of the two thresh-
old detector output transistors 709 or 710 commences
conducting.

The conduction of transistors 709 or 710 provides a
voltage at the collector electrodes thereof which is suf-
ficiently positive with respect to the —7.5 v. bias on the
emitter electrode of transistor 714 to cause transistor
714 to commence conducting. The conduction of tran-
sistor 714 causes application of an approximately —7.5
v. signal to the base electrode of transistor 715, which
thereupon ceases conduction.

When transistor 715 ceases conduction, the —5 v. out-
put signal thereof is removed from the collector electrode
of transistor 716, and capacitor 733 commences charging
positively through resistor 734, Capacitor 733 will charge
positively from —S5 v. until it reaches 0 volt, whereupon
transistor 716 commences conducting. The time required
for capacitor 733 to charge to 0 volt from its original —35
v. level is approximately 4 psec. If the amplitude of the
input pulse does not exceed 1.4 v, for 4 usec., or greater,
transistor 715 commences conducting once again before
the capacitor 733 can charge to the 0 v. level. Conduc-
tion of tramsistor 715 discharges capacitor 733, so that
transistor 716 does not become conducting. Therefore,
capacitor 733, resistor 734, and transistor 716 constitute
a pulse duration detector, providing an output signal only
if the input signal applied thereto exceeds 4 usec. in dura-
tion. Therefore, the read amplifier will not respond to
extremely short duration pulses even though they be of
high level of amplitude, but will respond to pulses pro-
vided by a binary 0 on the magnetic tape, since the binary
0 produces a pulse of about 25 usec. duration,

When transistor 716 conducts, the collector electrode
thereof is established at approximately 0 v., and capaci-
tor 735 charges to -}-6 v. When the read amplifier input
pulse decreases and transistor 715 once again commences
conducting, transistor 716 cuts off. The collector elec-
trode of transistor 716 thereupon rises to the -8 v. level,
causing a signal having a 414 v, level to be coupled to
the base electrode of transistor 717. This 14 v. signal
cuts off transistor 717, and flip-flop 718 transfers to the
0-state, where it remains until once again preset to the
1-state by the clock signal Xr1 or Xr2.

Thus, the flip-flop of the Frr read amplifier is preset
to the 1-state after each digit has been read from tape
and is transferred to the O-state only if an input pulse of
satisfactory amplitude and duration is received by the
read amplifier.

Read Buffer

The Read Buffer temporarily stores data being trans-
ferred from a Tape Handler or the Character Reader to
Memory. A succeeding section “Read Buffer Operations™
provides details of the operation of the Read Buffer in
effecting the following types of data transfer:

(a) The storing in consecutive memory locations of
one block of 100 data words from magnoetic tape, and
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(b) the storing in consecutive memory locations of
one line of data read from a document by the Character
Reader.

Each of these types of data transfer is initiated by an
appropriate programmed instruction (65), executed in
the Central Processor, but continued and carried to com-
pletion under control of the Read Buffer.

The Read Buffer comprises a register for temporarily
storing the data being transferred through the Read Buffer,
register transfer and logic circuits for transferring data
into and through the register, clock pulse drivers for con-
trolling the timing of the Read Buffer, a counter, and
flip-flops employed as control signal sources. FIGURE 40
illustrates symbolically the elements of the Read Buffer
which store data, the paths of data transfer between these
clements, and certain control elements, The details of the
circuit structure of the Read Buffer are provided in FIGS.
159-177, which illustrate flip-flop input logical schematic
diagrams; FIG. 182, which illustrates one-shot input logi-
cal schematic diagrams; and FIG. 183, which illustrates
designated logical combination signal diagrams and clock
pulse driver gating signal diagrams.

The 4-digit Ra-register 740 and the 7-digit Rb-register
741 temporarily store the data being transferred through
the Read Buffer. The logical schematic diagrams of the
Ra-register are illustrated in FIGS. 159-162 and those of
the Rb-register are illustrated in FIGS. 163-169,

The contents of the Rad—Ral flip-flops of the Ra-regis-
ter are shifted-up upon application of the SRa clock signal
to register transfers which connect the Ral-Ra4 digit
positions of the Ra-register. The Rgl flip-flops are
adapted to reccive the contents of the corresponding
Rinl-Rin4 flip-flops upon application of the SRa clock
signal to register transfers which connect the output
terminals of the Rirl-Rin4 flip-flops to corresponding
input terminals of the Ral flip-flops. The Ra4 flip-flops
are adapted to receive the corresponding Crd4-Crdl out-
put signals of the Sorter Control Unit (FIG. 43) upon
application of the (Tr1 Tr8 Cha) signal to logical gates
which connect output terminals of the Sorter Control Unit
to corresponding input terminals of the Ra4 flip-flops.
The contents of the Ra4 flip-flops may be transmitted to
the Rb1 or Rb7 flip-flops of the Rb-register.

The contents of the Rb6-Rb1 flip-flops of the Rb-reg-
ister are shifted-up upon application of the SR& clock
signal to register transfers which connect the Rb6-Rb1
digit positions of the Rb-register. The contents of the
Rb6 flip-flops are transferred to the corresponding Rb7
flip-flops upon application of the (Tr2 Tri T¥5 Tha)
signal to logical gates which connect the output terminals
of the Rb6 flip-flops to corresponding input terminals of
the Rb7 flip-flops. The Rb1 flip-flops are adapted to
receive the contents of the corresponding Rad flip-flops
upon application of the SR& clock signal to register
transfers which connect the output terminals of the Ra4
flip-flops to corresponding input terminals of the Rbl
flip-flops. The Rb7 flip-flops are adapted to receive the
contents of the corresponding Ra4 flip-flops upon ap-
plication of the Rpl logical combination signal to logical
gates which connect the output terminals of the Ra4
flip-flops to corresponding input terminals of the Rb7
flip-flops. The contents of the Rb-register may be trans-
mitted by parallel shift to the M-register. In this par-
allel shift only the l-output signals of the Rb flip-flops
are applied to the corresponding M flip-flops. The con-
tents of the Rb7 flip-flops may be transmitted to the row
parity check circuit 743.

The Rin6-Rin10 flip-flops comprise one tape digit in-
put register for the Read Buffer and receive the tape
digits read from tracks 6-10 of the magnetic tape of
the Tape Handler reading data. The Rin6-Rinl0 flip-
flops are adapted to receive the contents of the flip-flops
of the corresponding Ftr6—Ftr10 read amplifiers upon ap-
plication of the (Rds2 Dsy2) signal to logical gates which
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connect the output terminals of the Frr6-Fir10 amplifiers
to corresponding input terminals of the Rin6-Rin10 flip-
flops. The contents of the Rin6-10 flip-flops are adapted
to be transferred to the corresponding Rinl1-5 flip-flops.

The Rinl-Rin5 flip-flops comprise the other tape digit
input register for the Read Buffer and are adapted to
receive the tape digits read from tracks 1-5 of the mag-
netic tape of the Tape Handler reading data. The Rinl—
Rin5 flip-flops are adapted to receive the contents of
the flip-flops of the corresponding Frr1-F1r5 read ampli-
fiers upon application of the (Rdsl Dsyl) signal to
logical gates which connect the output terminals of the
Firl1-Ftr5 amplifiers to corresponding input terminals of
the Rinl-Rin5 flip-flops. The Rinl-Rin5 flip-flops are
also adapted to receive the contents of the correspond-
ing Rin6-Rin10 flip-flops upon application of the SRin
clock signal to register transfers which connect the output
terminals of the Rin6-Rin10 flip-flops to corresponding
input terminals of the Rinl-Rin5 flip-flops. The con-
tents of the Rinl-Rin4 flip-flops may be transmitted to
the Ral flip-flops of the Ra-register. The contents of
the Rin1-RinS flip-flops may be transferred to the column
parity check circuit 744.

The row parity check circuit 743 samples the contents
of the Rb7 flip-flops to determine if each set of eight
bits of like bit order in the word received from tape
contains an odd number of 0's. The column parity
check circuit 744 samples the contents of the Rinl-Rin5
flip-flops to determine if the five bits of each tape digit
received has an odd number of 0’s. If a parity error
is detected by the row parity check circuit 743 or the
column parity check circuit 744, the Ers flip-flop 745
is set (FIG. 174). H

A Tr-counter 746, which comprises the Tr1-Tr5 flip-
flops (FIGS. 173 and 174) and which operates in 17
discrete states, is the source for fine timing and control
of the shifting operations executed in the Read Buffer.

Other Read Buffer flip-flops are employed primarily
to perform control functions. The Cfs flip-flop (FIG.
177) directs the Read Buffer to read a line of data from
but one document. The Cha flip-flop (FIG. 175) aids
in controlling the Read Buffer when data is being trans-
ferred thereto from the Character Reader. The Csu
flip-flop (FIG. 177) denotes the failure to read any data
from a tape block during a Read Buffer operation, and
is employed when the Character Reader is transferring
data to the Read Buffer to aid in controlling the Tr-
counter. The Dsyl, 2, Haf, and Rdsl, 2 flip-flops (FIGS.
174 and 176) are employed in the data retiming cir-
cuit, illustrated in FIG. 41, to gate the digits received
by the read amplifiers from each tape half to the cor-
responding one of the Read Buffer digit input registers
Rin1-5 and Rin6-10. (The data retiming circuit is de-
scribed in the “Read Buffer Operations” section to fol-
low.) The Eoc flip-flop (FIG. 177) is employed when
the Character Reader is supplying data to the Read
Buffer to signal that the end of the line of data has been
reached by the Character Reader. The Rb flip-flop
(FIG. 175), when on, indicates that one of the Tape
Handlers is presently engaged in transferring a block of
data to the Memory through the Read Buffer. (The Rb
flip-flop is actually in the Tape Control Unit, but is il-
lustrated in FIG. 40 for purposes of clarity of the de-
scription, inasmuch as the Tape Control Unit is not de-
scribed in detail.) The Rebd flip-flop (FIG. 175), when
on, indicates that the Read Buffer is busy receiving data
from a Tape Handler or from the Character Reader.
The Ur flip-flop (FIG. 175), when set, demands that
the Central Processor perform an operation to transfer
the word in the Rb-register to Memory.'

The Ytdl and Yid2 one-shots (FIG. 182) function in
the data retiming circuit to control the amount of mag-
netic tape skew which will be tolerated,
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CLOCK CIRCUIT, READ BUYFER

The clock circuit of the Read Buffer (FIG. 33) pro-
vides clock pulse signals for application to flip-flops and
register transfers to control respectively the entry of
data into flip-flops and transfer of data between flip-
flops. This clock circuit also provides clock pulses to
control the triggering of one-shots. The clock pulse
drivers of the Read Buffer clock circuit may be gated
to provide single clock pulses or clock pulses at the 250
kc. rate, or may be operated continuously. The logical
schematic diagrams of the logical circuits providing gat-
ing signals to the Read Buffer clock pulse drivers of
FIG. 33 are illustrated in FIG. 183.

The Read Buffer clock circuit comprises the continuous
clock pulse driver 625, previously described in the “Write
Buffer” section. The clock pulses provided by clock
pulse driver 625 are applied to continuous clock puise
drivers CD1 and CD2 and to the SRa, SRb, Sinl, Sin2,
SRin gated clock pulse drivers.

Printer

The Printer 23 of FIG. 1 receives data words from the
Write Buffer and prints a visible representation of these
words. Many types of printers are known in the art and
no specific type will be described here. A useful printer
for employment with this invention is the printer iden-
tified as the “on-the-fly” printer, employing a type wheel
which revolves continuously and has accurately timed
hammers to strike the paper when the correct type char-
acter is opposite the line of type to be printed.

The Printer receives data, one digit at a time, from
the Write Buffer and stores this data until a full line
is to be printed, at which time the line is reproduced
on the paper. The operation of the Printer in coopera-
tion with the Write Buffer is described in a succeeding
section “Write Buffer Data Transfer for Printer.” Only
those signals which are employed in the description of
this invention will be described in this section. The
Printer receives the following signals from the Write
Buffer or Central Processor:

Prt: This signal issues during an operation wherein the
Printer is to receive a block of 100 data words from the
Write Buffer. This operation is initiated by execution
of an Instruction 66 or 68.

Bbs: This signal issues when Tw=2 in the first Tw-
cycle of the Write Buffer (FIG. 242) to notify the Printer
that the first word is ready to be transferred thereto,
Wol-4 and Wo6-9: These signals constitute the two
output digits that are simultanecously made available in
the output flip-flops of the Write Buffer. These signals
are interpreted by the Printer and are employed to set
up the line to be printed.

Wos: This signal issues when Tw=10, 26, 42, and 58
to notify the Printer that two digits are available in the
Wo flipflops. The Printer then accepts these digits,
one at a time.

The Printer transmits the signal Lpr following receipt
thereby of the signal Pre, to notify the Write Buffer that
the Printer has been turned on and is ready to receive
data.

Sorter and Character Reader

Sorter 21 and Character Reader 22 provide for the
automatic reading of data borne by documents, such as
bank checks, the delivery of this data to the Sorter Con-
trol Unit 20, and the sorting of these documents into
Sorter pockets under control of signals received from
the Sorter Control Unit. The Sorter stores a stack of
documents to be read by the Character Reader and to be
subsequently sorted; delivers the documents, one at a
time, to apparatus for automatically reading the data
thereon, this data being imprinted in magnetic ink; and
then sorts these documents into Sorter pockets, as directed
by signals received from the Sorter Control Unit. The
Character Reader responds to the signals read by the
automatic reading apparatus to deliver an encoded rep-
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resentation of the data on the documents to the Sorter
Control Unit. A Sorter useful in the embodiment of
this invention is described in the copending United States
patent application by N. R. Crain et al., filed September
12, 1959, Serial No. 839,836, for a Sorter Control, which
is assigned to the same assignee as the instant invention.
A Character Reader and automatic reading apparatus
useful in the embodiment of this invention is described
in the two copending United States patent applications
by P. E. Merritt and C. M. Steele, one filed Orctober 31,
1957, Serial No. 693,773, now Patent No. 2,924,812, for
an Automatic Reading System, and the other filed Decem-
ber 29, 1958, Serial No, 783,350, now Patent No. 3,092,
809, for Spurious Signal Suppression in Automatic Symbol
Reader, both of which are assigned to the same assignee
as the instant invention.

The Sorter, which is illustrated schematically in FIG.
42, is driven by a motor 801. Motor 801 is energized
upon closure of the START SORTER switch 802 and
provides mechanical power by the linkages illustrated
schematically for the various belt-driving pulleys, drums,
and timer discs of the Sorter. When the START SORT-
ER switch is closed, a relay 803 is energized to deliver
a signal representing a binary 1, and denoted as the Rsr
signal, to the Central Processor to indicate that Sorter
power is on and that the Sorter is running. Although
closure of the START SORTER switch 802 prepares the
Sorter to feed documents for automatic reading and
sorting, the Sorter must receive an additional signal be-
fore the documents are actually processed thereby.

A stack 805 of the documents to be read are held
against a base plate 866 by a spring-loaded pressure plate,
which is not shown. A continuously rotating cam 887
is provided to feed the bottom document of the stack
into the transport mechanism of the Sorter, when this
bottom document rests against the cam. However, in the
absence of the Cof signal provided by the Sorter Control
Unit, a lever 808 maintains the bottom document of the
stack spaced from cam 867. Upon receipt of the Cof
signal from the Sorter Control Unit (see the following
description of Instruction 58) solenoids 809 and 309’
are energized, thereby causing lever 808 to pivot into a
depression provided in cam 807, and allowing the bottom
document of the stack to come into contact with cam 807.
The Cof signal also actuates a valve 810, which provides
vacuum at orifice 811. Cam 807 forces the bottom docu-
ment into the region between the oppositely-moving belts
812 and 813. When apertures 814 in belt 812 are oppo-
site orifice 811, the document between belts 812 and 813
is attracted to belt 812 and moves therewith. Belt 813,
which moves in a direction opposite the direction of
motion of the bottom document, insures that only one
document is fed by the document transport mechanism.
Therefore, when the Cof signal is present, the document
is moved by belt 812 to the periphery of a drum 816,
which, im turn, transports the document to the automatic
reading apparatus. The automatic reading apparatus
comprises a lamp 817, a photocell 818, a magnet 819,
and a transducer 820. Lamp 817 directs a beam of light
on photocell 818. Photocell 818 delivers a significant
output signal when the reference (leading) edge of a
document interrupts the beam of light. Magnet B19
magnetizes the line of information on the document which
is to be read, this line of information being imprinted on
the document with magnetizable material. Transducer
820 responds to the magnetic field of the magnetized in-
formation on the document and delivers corresponding
signals to Character Reader 22. The document is then
transported to the right in FIG. 42 by the transport
mechanism and enters a Sorter pocket in accordance with
signals received from the Sorter Control Unit. The signals
received from the Sorter Control Unit are delivered there-
to by the Central Processor, after the Central Processor
has processed the information borne on the document.

The bank check of FIG. 45 exemplifies documents
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bearing data imprinted in magnetizable material, from
which the automatic reading apparatus, FIG. 42, extracts
information. The reference edge of the document is
that which first interrupts the light beam between lamp
817 and photocell 818. The reference edge of the docu-
ment of FIG. 45, which is scanned from right to left, is
denoted as edge 893. A portion of the check necar the
lower edge thereof is allotted to the printing of magnetic
symbols. This portion is termed the field 890 and com-
prises a plurality of symbols printed in ink capable of
being magnetized. Information which may appear in
field 890 includes the amount of the check, represented
in FIG. 45 by the eight numerals in the extreme right
portion of the field; the transaction code number, repre-
sented by the single numeral immediately to the left of
the amount; the account number, represented by the five
numerals immediately to the left of the transaction code
number; and the bank branch number, represented by the
three numerals in the extreme left portion of the field.

Information is extracted from the field by first mag-
netizing the magnetic material thereon and then by scan-
ning the field from the right to the left with transducer
820 of the Sorter, as the document moves to the right
across the transducer. In scanning the magnetized sym-
bols, the transducer senses the induced magnetic fields of
the symbols, and generates electrical waveshapes char-
acteristic of each different symbol. The Character
Reader 22 identifies these characteristic waveshapes and
provides output signals indicative of the symbols scanned.
Thus, whenever one of the numerals 0-9 is scanned, the
corresponding one of output signals Cd0-Cd9 is delivered
at one of the Character Reader output terminals.

In addition to the numerals bearing the data to be read,
cue characters are provided to distinguish the various
portions of the document field. Thus, the cue character
891 signals the start of the data borne by the check, and
also that the next eight numerals read by the Character
Reader represent the amount of the check. The cue
character 892 signals that the three digits immediately
following constitute the bank branch number. In the
documents to be read by the automatic reading apparatus
of FIG. 42, four différent cue charaoters are provided.
Therefore, the Character Reader identifies the character-
isticﬁvaveshape obtained by scanning one of the cue char-
acters and delivers a corresponding one of output signals
Cul-Cud.

In addition to providing output signals representing the
ten numerals and four cue characters recognizable by the
Character Reader, an error signal, Cer, is provided
thereby when the transducer scans an improper character
(one that the Character Reader is not designed to recog-
nize), or a character that is so poorly printed that the
Character Reader cannot recognize it.

As the automatic reading apparatus scans the docu-
ment, the Csyl, Csy2, and Csy3 signals are delivered by
the Sorter in response to detection of the reference edge
893 of the document by photocell 818. These three sig- -
nals, which are shown in FIG. 46, are delivered by the
tandem-connected one-shots 822, 823, and 824. These
one-shots may be of the type described for employment
in the Memory, and referred to in the “Control Circuit”
subsection of the Memory section. One-shot 822 is
triggered into its unstable state by the signal delivered
when the light beam from lamp 817 to photocell 818 is
interrupted by the reference edge of the document. Thus,
the signal delivered to one-shot 822 denotes the arrival
of the document at the automatic reading apparatus,
One-shot 822 remains in its unstable state for approxi-
mately 10 msec. whereupon it returns to its stable state.
The 10 msec. pulse delivered by one-shot 822 is differenti-
ated by differentiating .circuit 825. The positive-going
output pulse from differentiating circuit 125, which is
delivered when one-shot 822 returns to its stable state, is
transmitted as the Csyl signal to the Sorter Control Unit
(FIG. 46) and is also applied to trigger the one-shot 823.
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Similarly, one-shot 823 remains in its unstable state for 70
msec., and upon return to its stable state causes issuance
of the Csy2 signal, which triggers one-shot 824. One-
shot 824 remains in its unstable state for 62 msec., there-
upon returning to its stable state and delivering the
Csy3 signal. Therefore, the signals Csyl, Csy2, and
Csyd occur respectively 10 msec.,, 80 msec., and }42
msec. after the reference edge of the document arrives
at photocell 818.

The output signal of photocell 818 is also applied to
the Character Reader 22 to allow for activation of the
circuits thereof when the document field is opposite trans-
ducer 820.

Prior to the arrival of the document at the first Sorter
pocket, the Central Processor has determined in which
pocket the document is to be entered and transmitted a
corresponding signal to the Sorter Control Unit. (Docu-
ments are usually sorted in accordance with the numeral
in a predetermined position in the field. For example,
a group of checks may be sorted according to the least
significant digit of the account number.) The Sorter
Control Unit, in turn, transmits this pocket identifica-
tion to the Sorter on one of 11 lines, which carry the
corresponding signals Dec—ss, and Dec0O-Dec9. Each of
the signals Dec—ss and Dec0-Dec9 is amplified and in-
verted by a corresponding Sorter amplifier 828, 829, 830,
etc. Twelve pockets are provided in the Sorter for ac-
cepting the documents,. The first pocket, designated as
the Special Sort pocket, receives documents which are
not to be sorted according to one of the numeric char-
acters thereon. Thus, a check in the stack which did
not belong to the bank branch whose checks were then
being sorted by account number, may be entered into the
Special Sort pocket. The Zero-Nine pockets accept those
documents having the corresponding numeral in the field
digit position on which the document is being sorted.
For example, if the documents are being sorted on the
least significant digit of the account number, the check
in FIG. 45 will enter the Nine pocket. The last (Reject)
pocket is provided to receive those checks for which an
error signal is delivered by the Character Reader, or for
which no decision is provided by the Central Processor
in adequate time to actuate the proper numbered pocket.

The Central Processor provides a pocket decision signal
for a document within 62 msec. after the data has been
read from the document and transferred to the Central
Processor. If the document is to be entered in the
Special Sort pocket, the Dec—ss signal is delivered to the
Sorter, and amplifier 828 directly energizes solenoid 831.
When solenoid 831 is energized, deflector 832 lifts and
causes the document just read to enter the Special Sort
pocket. Inasmuch as the Central Processor provides a
pocket decision for all documents before they reach the
first deflector; i.c., the Special Sort pocket, means is pro-
vided to store this decision until immediately prior to the
time when the document arrives at the deflector of the
decision pocket. Hence, several documents may be
traveling along the transport mechanism between the
automatic reading apparatus and the reject pocket. Each
document will pass over closed deflectors until it reaches
the deflector of the pocket wherein it is to be entered.
However, if no pocket is selected for a document, no de-
flector is lifted, and the document enters the Reject pocket.
Thus, if a document is to be sorted into pocket Nine, the
corresponding deflector will not be lifted until the docu-
ment is immediately ahead of the deflector. The storage
of pocket decisions, and consequent delay in deflector
actuation is provided by a timer 833.

Timer 833 comprises 10 timer discs, 834, each of which
corresponds to one of the Zero-Nine pockets. The timer
discs are mounted on a common shaft and driven at a
speed which provides one complete revolution of the timer
disc during the time required for a document to travel the
length of the pocket assembly. Each disc is provided
with 12 apertures 835 about the periphery thereof, each
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aperture containing a pin 836 which normally projects
outwardly on the right side of the disc, as shown in the
drawing. Cooperating with each disc is a corresponding
plunger 837, which is driven by a respective solenoid 838.
The 10 solenoids 838 are connected to the output ter-
minals of the respective amplifiers 829, 830, etc., which
receive the corresponding Dec0-Dec9 input signals.
Upon the occurrence of a signal at the output terminal
of any one of amplifiers 829, 830, etc., the corresponding
solenoid 838 is energized, thereby driving its plunger B37
to the left, which moves the pin 836 opposite thereto to-
ward the left through its disc support, so that it projects
outwardly on the left-hand side of the disc.

As the discs 834 rotate, the pins projecting outwardly
on the lefi-hand side thereof, engage and close correspond-
ing contacts 839. The closure of contacts 839 provides
current to energize a corresponding one of solenoids 840,
841, etc., which lifts the deflector for the respective Zero-
Nine pockets. For example, energizing solenoid 843
causes the deflector 842 to be lifted at the proper time to
admit the check having the numeral 0 in the selected field
position into the Zero pocket. Means is provided to reset
each pin 836 after it passes the corresponding contacts
839.

If the numeral 9 occurs in the selected field position of
one check and the numeral 0 in this field position of the
immediately following check, the first check must travel
the entire length of the pocket assembly before it is de-
posited in pocket Nine, whereas the immediately follow-
ing check must be deposited in the Zero pocket. Thus,
this second check must be deposited in its pocket before
the first check arrives at deflector 844. Therefore, the
contacts 839, adjacent the timer discs which correspond
respectively to pockets 0-9, are spaced at progressively
greater angles about the periphery of the discs from the
corresponding plunger 837, The angular spacing between
the plunger 837 and the contacts 839 about the periphery
of a disc provides that a pin 836 is moved to the left by
the plunger when the pocket decision for a document is
generated, and closes the contacts as the document arrives
at the corresponding deflector.

The Sorter and Character Reader of FIG, 42, therefore,
transport documents individually from a stack, auto-
matically read a line of information thereon, transmit sig-
nals providing this information to the Central Processor,
receive signals denoting the pockets of the Sorter, and in
accordance with these signals enter the documents into
corresponding pockets.

Sorter Control Unit

The Sorter Control Unit controls the reading of in-
formation on documents by the Sorter and Character
Reader and transmits this information to the Central
Processor. The Central Processor then determines from
this information the particular Sorter pockets to which
the documents are to be directed and notifies the Sorter
Control Unit, which, in turn, directs the transfer of these
documents into the corresponding Sorter pockets, The
Sorter Control Unit receives the information digit-by-
digit as it is read from a document by the Character
Reader, encodes the digits of information into Central
Processor code, and delivers the digits to the Read Buffer.
Subsequently, the Sorter Control Unit receives a digit
for each document from the Central Processor, the digit
corresponding to the pocket into which the document is
to be sorted; decodes this digit; and transmits a signal to
actuate the corresponding Sorter pocket in order that the
document may be entered therein.

FIGURE 43 illustrates symbolically the elements of the
Sorter Control Unit which store data, the elements which
encode and decode data, the paths of data transfer be-
tween these elements, and certain control elements. The
details of the circuit structure of the Sorter Control Unit
are provided by FIGS. 184 and 185, which illustrate the
flip-flop input logical schematic diagrams; FIG. 186,
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which illustrates the onc-shot input logical schematic
diagrams; and FIG. 187, which illustrates designated
logical combination signal diagrams and inverter signal
diagrams. '

As each digit on a document is read by the Character
Reader, the Sorter Control Unit receives a corresponding
signal on a respective one of 14 lines, these signals being
designated Cd0--9, if a numeral has been read, and Cu1-4,
if a cue character has been read. Additionally, the
Sorter Control Unit receives the Cer signal on a separate
line, if an error has been detected by the Character
Reader.

Thus, each character read by the Character Reader is
designated by only a single signal on a corresponding lead.
These single signals, which represent digits or cue charac-
ters, must be converted into a four bit code useful by
the Central Processor. Therefore, each of the signals
Cd0-9, Cul-4 and Cer is encoded into a four bit digit
which comprises a code complementary to that normally
employed by the Central Processor. This complementary
code is illustrated in the following table “Sorter Control
Unit Digits,” wherein it may be seen that the four bit
Sorter Control Unit complementary code for each charac-
ter is an inverted binary form from the corresponding
digits in Central Processor code.

SORTER CONTROL UNIT DIGITS

Character 8.C.U., eomple- Cent, proc.
mentary code cade
1] 1111 0000
1 1110 000t
2 1101 6010
3 1100 0011
4 1011 0100
5 0111 1000
[} 0110 1001
7 0101 1010
8 0100 1011
9 0011 1160
Cul 0010 1n
Cu2 1010 0101
Cu3 0001 1110
Cut 1001 0110
Error 1000 0111
Forbldden 0000 1

The four bits of the complementary code are trans-
mitted from Sorter Control Unit to Central Processor

as the respective output signals Crd4, Crd3, Crd2, and

Crdl, This complementary code enables the ready detec-
tion of a reading failure. For example, if no character
is read or if a failure occurs in the Character Reader, all
lines from Character Reader to the Sorter Control Unit
will have no signal thereon. Therefore, all four bits
transmitted to the Central Processor will be 0, and this
0000 code will be converted by the Read Buffer to the
forbidden 1111 code. Therefore, the Central Processor
does not interpret the failure of the Character Reader
to provide a character signal to the Sorter Control Unit
as a 0 numeral, but, instead, will respond to the forbid-
den digit combination which i3 transmitted thereto.
Digit encoder 850 of the Sorter Control Unit provides
tl_le logical circuits for receiving any one of the numeral
signals Cd0-Cd9 and for encoding this signal into the
corresponding four bit complementary Sorter Control
Unit code, in accordance with the preceding table. Digit
encoder 880 is illustrated in FI1G. 187 by the four logical
schematic diagrams which penerate the four signals,
Cod4, Cod3, Cod2, and Codl. If s numeral has been
properly read by the Character Reader, the Err error
signal (FIG. 187) is absent, and the corresponding sig-
nals Cod4-Codl are transmitted directly through OR-
gate 851 and AND-gates 852, 853, and 854 as the Sorter
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Control Unit output signals Crd4, Crd3, Crd2, and Crdl.
It a cue character is read by the Character Reader, the
corresponding signal Cul-Cu4 is encoded through OR-
gates 851, 855, 856 into the complementary four bit
code and delivered as corresponding Crd4-1 output sig-
nals. If an error is detected by the Character Reader,
the Err signal causes the transmittal of the binary com-
bination 1000 by the Sorter Control Unit.

The characters in the line of data read from a docu- °
ment are transmitted in the complementary code of the
Sorter Control Unit to the Read Buffer, where they are
converted to Central Processor code and stored in the
Memory. (See the section “Read Buffer Data Transfer
for Document Reading.”) The Central Processor there-
upon analyzes the data provided by the document, in
accordance with a prearranged program, and in response
to this data provides output signals representing the
Sorter pocket into which the document is to be inserted.
The four logical combination signals Ps(i) issue from
the Central Processor in response to the bits in the Al
flip-flops of the A-register. The signals Ps4-Psl repre-
sent four bits, each being the inveried binary form of the
corresponding bit in Al. Therefore, the Ps4—Ps1 signals
represent in the complementary code of the Sorter Con-
trol Unit the pocket into which the document is to be
sorted. (See the description of Instruction 57.)

The Ps4-Psl signals are applied to the 0-input logic
terminals of the respective Soud-Soul flip-flops of the
Sorter Control Unit output register. The Sou(i) flip-
flops are thereby transferred to the same bit configura-
tion as that originally provided by the Al flip-flops. The
Sou-register 858 is illustrated in FIG. 184.

Digit decoder B39 responds to the output signals de-
livered by the Sou-register and the Yro one-shot, to pro-
vide a significant output signal Dec-ss and Dec0-Dec9
on only one of the respective Sorter Control Unit output
lines to the Sorter. The signal on each of these output
lines represents a binary 1, except on that line which
commands a pocket decision. For example, if the Sou-
register is in the 0001 state, a significant output signal,
representing a binary 0, is available on only the Decl line.
If no pocket designation has arrived at the Sow-register
when the read out signal! Yro transfers to the O-state, no
pocket decision line is actuated; instead, the Npd signal
is transmitted to the Central Processor to set the Anpd
sub-alarm flip-flop. Digit decoder 889 is illustrated in
FIG. 187 by the logical schematic diagrams which gen-
erate the output signals Dec-ss, DecO-Dec9, and Npd.

The output lines from digit decoder 859 are connected
to the input terminals of respective emitter followers 860,
861, 862, etc. The output terminals of these emitter
followers are connected to respective amplifiers 828, 829,
830, etc., in the Sorter (FIG. 42).

The significant output signal delivered by digit decoder
859 is a binary 0 on one of the lines therefrom. When
this binary O issues on a pocket decision line; i.e., the
Dec~ss and Dec0-Dec9 lines, it is transmitted through
the corresponding emitter follower to a corresponding
Sorter amplifier 828, 829, 830, ectc. FIGURE 44 illus-
trates the typical connection of one of the Sorter Control
Unit emitter followers 861 to the corresponding Sorter
amplifier 829 of the Sorter of FIG. 42. Normally, the
input signal to emitter follower 861 represents a binary
1, and the conducting transistor 871 thereof couples the
46 v, input signal to the base electrode of transistor 872
of amplifier 829. Transistor 872 is thereupon back-
biased and no collector current is drawn thereby. How-
ever, when the DecQ signal issues by transferring to the
O-state, the output voltage delivered by the emitter fol-
lower 861 transfers to approximately the 0 v. level and
transistor 872 conducts current through the correspond-
ing Sorter solenoid 843. Solenoid 843 thereupon sets
the adjacent pin 836 of the respective timer disc, and
the corresponding document will enter the Zero pocket
when it arrives at deflector 842,
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Other Sorter Control Unit flip-flops are employed pri-
marily to perform control functions. The Ckp flip-flop
(FIG. 185) indicates the presence of the field of a docu-
ment under the transducer 820 of the Sorter and Charac-
ter Reader. The Cof flip-flop (FIG. 185) directs the
feeding of documents by the Sorter., The Dcc flip-flop
(FIG. 185) indicates the arrival of a character signal
from the Character Reader.

The Yck one-shot (FIG. 186) is triggered when the
Csy1 signal arrives from the Sorter Control Unit to indi-
cate the presence of the reference edge of the document.
This one-shot remains in its unstable state for a duration
sufficient to enable the triggering of the Ckp flip-flop and
the Yor one-shot. The Ycp one-shot (FIG. 186) is
triggered and remains in its unstable state when a char-
acter is being read from the document. The Yor one-
shot (FIG. 186) controls the period when the Sou-reg-
ister may receive new data. The Yro one-shot (FIG.
186) enables the read out of the contents of the Sou-
register to the Sorter.

CLOCK CIRCUIT, SORTER CONTROL UNIT

The clock circuit of the Sorter Control Unit, also shown
in FIG. 43, provides clock pulse signals for application
to flip-flops to control the entry of data into the flip-flops.
This clock circuit also provides clock pulses to control the
triggering of one-shots. The clock pulse drivers of the
Sorter Control Unit provide continuous clock pulses at the
250 kc. rate.

The Sorter Control Unit clock circuit comprises a con-
tinuous clock pulse generator 866, operating at the 250 kc.
rate, and illustrated in FIG. 2. The clock pulses pro-
vided by clock pulse generator 866 are applied to continu-
ous clock pulse drivers Cscl and Csc2.

INSTRUCTIONS

The Central Processor responds to 52 different com-
mands to execute 52 fundamentally different operations.
These operations may be executed solely within the Cen-
tral Processor, by the Central Processor in cooperation
with the Memory, or by the Central Processor in coopera-
tion with one or more of the peripheral equipments.
Each operation is initiated by the command number, when
it is stored in the C-register, and consists of a sequence
of steps controlled and directed by the Clock Circujt and
the C-register contents. Each operation is identifled by
the instruction word for which it is initiated. For exam-
ple, the operation executed when the contents of the C-
register are 27, is identified as “Instruction 27.” In addi-
tion to the command number, each instruction word con-
tains an address portion, which is either the Memory loca-
tion of the operand or a control function for comple-
menting the Clock Circuit and the C-register contents in
directing execution of this command.

Forty nine of the commands may be executed as indi-
vidual instructions in the program. In addition to being
programmable, two of these 49 commands (commands 25
and 26) are initiated by the Central Processor to follow
certain arithmetic operations for correcting the mod-bits
of a word. Commands 51, 55 and 56 are initiated and
executed independently by the Central Processor when
it performs certain other programmed commands. Com-
mands 51, 55 and 56 cannot be programmed, but are exe-
cuted during Read-Interrupt or Write-Interrupt opera-
tions.

In the description to follow, the sequence of execution
of each command is described in detail. The detailed de-
scription is accompanied by a timing diagram to aid in
visualizing the steps in the operational sequence. The
commands 51, 55 and 56 are described in the Multiplex
Buffer Operations section. The descriptions of the 52 dif-
ferent commands and the descriptions of the Wired Sub-
routines comprise a substantially complete functional de-
scription of the Central Processor operation and its con-
trol of and operation with the Memory and peripheral
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equipments, The order of presentation of the command
descriptions has been chosen to provide an orderly and
progressive picture of the Central Processor operation.
Certain other operations not executed in the normal course
of data processing, such as halts, starts, single-cycles, etc.,
complete the functional description of the Central Proc-
€850r,
Initial Routine During Instruction

During the first eight clock periods of an instruction
(the Ta-cycle) certain signals (FIG. 237) normally oc-
cur. These normal signals effect the transfer of a new
instruction to the I-register, the mod-checking of this in-
struction, the addition of 1 to the next-instruction address
in the A-register, the transfer of this modified address to
the N-register, and the transfer of an operand from the
memory location designated by the new instruction to the
M-register. The sequence of occurrence of the normal
signals in this initial routine is given by the timing dia-
gram of FIG. 237,

MEMORY CYCLB

Prior to the occurrence of £1 a memory cycle-A has oc-
curred and the new instruction is available in the M-
register. Memory cycle-A is initiated by the signal Mca,
which occurs at t5 of every Ta-cycle, except for Instruc-
tions 90, 94 and 97, and in the fifth clock period of every
Thbh-cycle; except during a B-subroutine. The purpose of
the memory cycle-A is to transfer data from Memory to
the M-register. The M-register flip-flops are set shortly
after, or near the end of the sixth clock period of the T-
cycle in which Mca occurs; therefore, by the eighth clock
period of that T-cycle, the word from Memory is avail-
able in the M-register.

Memory cycle-B is initiated by the signal Mcbh, which
occurs at every t1. Mch also occurs in the first clock
period of every Tb-cycle, except for Instructions 90-94
and 97. During memory cycle-B, the word which was
transferred from Memory to the M-register during mem-
ory cycle-A is restored to Memory, or a new word is
stored in Memory. By the fourth clock period of the
T-cycle in which Mcb occurs, the storing or restoring
process is complete.

DETAILS OF INITIAL ROUTINH

At t1, three signals occur; namely, Mcb, XMJ and
Cau. XM]J functions to transfer the new instruction from
XM]J always occurs at
t1, unless Jr=1, wherein the Memory is accepting data
from the Read Buffer or Character Reader. XMJ is in-
hibited by Jr to prevent the old word in the memory lo-
cation in which a new data word is to be inserted during
a Read-Interrupt operation from giving a faulty modulo
check and halting the Central Processor. (See Read-
Interrupt Operation.) XMIJ effects a parallel shift of
data from the M-register to the J-register. At ¢2 the
new instruction is in the J-register. Mcb occurs uncon-
ditionally at r1 and initiates the restoration of the new
instruction to its original location in Memory. Cau
causes 1 to be added to the instruction address in the
A-register, unless Hrl=1, which occurs when the Cen-
tral Processor is preparing to halt, but is waiting for com-
pletion of a Read or Write operation of the type initiated
by Instructions 65, 66 or 68. At ¢2 the address present
in the A-register has been increased by 1 and will be used
to locate the next instruction in Memory.

Three signals occur at r2; namely, XJI, XAN and SJ.
XJI causes the transfer of the new instruction from the
J-register to the I-register by a paralle]l shift. At ¢3 the
new instruction is present in the I-register. XJI always
occurs at £2 if a Read-Interrupt or Write-Interrupt opera-
tion is not occurring (i.e., Jr Jw Jm20), if the “Load
Memory” switch on the Control Console is off, and if
the Central Processor is not preparing to halt. XAN
scrves to transfer the address of the instruction, which
has been increased by 1, by parallel shift to the N-reg-
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ister. XAN always occurs at 12, unless a Re-cycle order
is received from the Control Console, unless Jr Jw Jm20
does not exist, or unless the last instruction was improper
(Ai=1). At 13 this next-instruction address has been
stored in the N-register. SJ effects a ring shift-down of
the J-register contents in order to mod-check the contents
thereof, in this instance, to mod-check the new instruc-
tion. SJ occurs during the Ta<cycle, except during the
presence of XMJ or XZJ, and if the Central Processor
is not preparing to halt (ie., if HI1+4+H72). Therefore,
SJ is present from £2-46, and the first shift of the J-reg-
ister contents has taken place at 13.

At 15, Mca occurs. This signal prepares to obtain an
operand from the memory location addressed by the new
instruction, or prepares to clear the address location for
receipt of a new word. Mca occurs at £S5, except during
conditions previously described.

At 17, the only signal which occurs is XZI. This signal
transfers 0's by parallel shift to J2-J7 and shifts the con-
tents of J2 to J1. At 17, the MSD of the instruction is
present in J2, whereupon at 18 this digit appears in J1.
XZJ always occurs at ¢7 for Instructions 42, 43 and 74.
If Jr BD, XZJ occurs for the remaining instructions, ex-
cept for Instructions 24, 50, 54, 60, 64, 70, 80, 90, 94 and
97. The purpose of XZJ is to clear most of the J-register,
since only the 1-output terminals of the M-register flip-
flops M2-M7 are coupled to the corresponding J-register
flip-flops. However, the 1-output terminals of Mi and
their inverted equivalents are coupled to J1, because time
is not available to clear J1. It is necessary that the MSD
of the new instruction be present in J1 at 18 to complete
the mod-checking, and, therefore, XZJ effects the trans-
fer of this digit to J1.

The following table illustrates the arrangement of data
in the J-register during this Initial Routine. The nota-
tion I-k is an instruction digit. The notation O-k is an
operand digit.
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(Img2, Imgl) is set equal to —1. As a result of this
initial setting of the J-Mod-generator, its contents should
be 0 at the end of the mod-checking interval if the new
instruction is correct. The above table illustrates how
the contents of the J-Mod-generator are altered by the
digits of the new instruction as they are successively
shifted into J1, starting at 3. At /3 the contents of the
J-Mod-generator are increased by the modulo-3 of the
LSD of the new instruction, the LSD having been stored
in J1 at 2. Since the MSD of the new instruction en-
ters J1 at 8, the J-Mod-generator reflects the modulo-3
of the entire new instruction at 9. Therefore, at 19 a
signal *Amm is generated if the J-Mod-generator con-
tenits are not 0. This signal sets the Amm flip-flop at
£10, an alarm which indicates that the modulo-3 of this
new instruction was efroneous.

Instruction 21: Exchange R and M (XRM)

This instruction (FIG. 188) effects the exchange of the
entire contents (except mod-bits) of the R-register with
those of a specified memory location. The address of the
operand from Memory is specified in the address portion
of the instruction.

The operand address is: 0000-39%9 Memory.

The Initial Routine is unaltered.

At 19 the operand is in the J-register. At this time the
Memory receives two control signals; namely, Mwt and
Mcb. Mwt, “Memory Write,” issues unconditionally and
gates the entry of new information into the M-register.
The command 21 (C58) directs the parallel shift of the

~ contents of RI-R6, Rs and Rd to M. During this shift

35

to M, logic circuits generate new mod-bits for the condi-
tion digit, 80 that the sum of all seven digits of the word
stored in M has a modulo-3 of -+1. Mw¢ controls the
generation of a Write pulse in the Memory. The Write
pulse, in turn, gates new information into the M-register,
whereas 58 provides this mew information from R.

8hitt

J7 38 15 J4 J8 Jr 1 signsis Img contents

(1) ] 0 0 0 1] 0 0 XMJ

2 -7 16 -5 4 I8 2 I -

3 I-1 I-7 16 I8 I4 13 I2 ~14+Mod I-1

4 -2 I 7 4 -5 -4 I8} BJ —14Mod I-1, I-2

3 I3 1-2 111 17 4 I-8 I4 ~14-Mod I-1, 2,8

13 I4 113 12 11 7 I8 1B ~14-Mod I-1to 4

7 -5 I-4 13 12 i1 17 I8 XZJ —~14+Mod I-1t0 3
XMJ 18 0 0 0 0 o 0 I-7 XMJ —~14Mod I-1 to 8

9 0-7 06 05 0-4 0-3 02 O-1 ~14Mod I-3 to 7

At 8 the signal XMJ occurs. This signal effects the
transfer of the operand to the J-register. XMJ occurs at
8 under the same conditions that XZJ occurred at (7.
Therefore, at 19, the operand is present in the J-register.

MODULO-3 CHECK

As part of the initial routine, the modulo of the new
mstroction is checked. Every word stored in Memory

55

Mcb then cycles the data in the M-register into the loca-
tion in Memory designated in the instruction.
Four signals effect the shifting of J into R and com-
mence at 79, These signals are 8], SR, SR76 and SJRm.
The signal SJ issues uhconditionally from ¢9-114 and
is then inhibited by XZJ. SJ ring shifts-down the operand
for mod-checking and for transfer to the R-register.

a0 Table A illustrates the shifting of data in the J-register

has a modulo-3 of +1. At ¢2 the J-Mod-generator  during #9416,
TABLE A
Img2,1

J7 J8 ¥ ¥4 J3 X2 I Img2, 1{numeric) (alpha-

numeric)
9 0-7 06 05 04 03 02 O-1 00 00
10 0-1 Q-7 08 08 0-4 0-3 0-2 Mod O0-1 11
111 0-2 01 0-7 08 05 04 O3 11
112 03 0-2 0-1 0-7 0-8 0-5 0O-4 Mod O-1to3 11
113 O-4 08 02 0-1 O-7 0-6 0O-5 11
! t14 0-5 O-¢ 03 0-2 O-1 O-7 0-6 ModO-1to8 11
us 06 O-8 O~4 O0-3 0-2 0-1 0-7 Mod (numeric part) 1
{16 0 0 [ 0 0 8 0O-1 0,1,ifcorrect 11
(1Y 6 0 © ¢ 0 0 0 00 e—Reset—n 00
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XZJ walch issues at r15 clears the entire J-register
except for J1. XZJ which issues at r16 not only main-
tains J2-J7 cleared, but shifts a 0 digit from J2 to J1.
The Jmg2, 1 contents are equal to 0, 0 at 19, provided the
previous instruction gave a correct mod-check. If the
operand is not alphanumeric Jmg2, 1 commences ac-
cumulating the modulo-3 of the operand at #10. By 15,
Img2, 1 represents the modulo-3 of the numeric portion
of the operand. By 116, Jmg2, 1 should be 0, 1, if the
modulo-3 of the operand was correct. If not correct
(i. -e., if Jmgl) *Amm is generated at r16, and at r17
Amm is set to 1 to indicate an alarm. If the operand is
alphanumeric at 19, Jmg2, 1 sense the bits stored in Im2, 1
and are set to 1, 1 at r/10. Withthe Jmg2, linthe 1, 1
state, they are disabled from responding to the signals
provided by Ymgu, Imgd and thus remain at 1, 1 through
t16. The alarm Amm i3 not set since Jmgl=1.

At 117 Jmg2, 1 are reset to 0, 0,

The signals SR and SR76 issue unconditionally during
the first Th-cycle, if Th=1 (i.e., from 9-115). Thus,
SR and SR76 are present for seven successive clock
periods and allow the R-register to complete seven full
shifts. SR shifts-down the data from R6. SR76 shifts
the contents of R7 to R6.

SJRum issues unconditionally from ¢9-r14, being in-
hibited by Tb7 and serially shifts the contents of J1 to R7.
However, SJRm issues at 715 only under the conditions
indicated below. Thus, from ¢10-14 the operand is trans-
ferred from the J-register to the R-register. The original
contents of the R-register are destroyed during this shift-
ing process, azlthough they previously have been trans-
ferred to Memory by the Mw¢ signal. Table B illustrates
the shifting of data into the R-register.

TABLE B
o B? BS Rs R4 B3 R2 R
9| 87 88 88 B84 83 82 81
ng | 011 87 86 85 B4 83 Ba |
B |02 O1 87 88 86 84 B3 SR SIRm
12 | 03 0-2 O-1 B7 66 88 84  BR®
13 | 04 03 02 O-1 87 86 B8
ti4 | 06 04 03 02 O1 87 B4
5 | 06 08 04 03 02 O BT p————
8JRm If 11112
: 8YmgR if (124711
46 | X 06 08 04 03 0g oq—0 o UL

NoTE,~X=0-d, -3, mod-bits of numerie portion or 1, 1.

The notation S-k is a digit of the original word stored
in the R-register.

At r15, the contents of J11 and J12 are sampled for a
decision. At this time, the condition digit of the operand
is in J1. If the operand is alphanumeric, STRm issues
during 15 and shifts the entire condition digit to R7, but
if either J11 or J12 is 0, the operand is not alphanumeric,
and the signal SImgR issues at ¢15. ‘This signal SImgR
ehifts the contents of Jmg2, 1, which at this time repre-
sents the modulo-3 of the numeric portion of the operand,
to Rm2, 1. The following summary illustrates the shift
of the condition digit to R7 under control of either SIrm
or SImgR:

8JRm 8ImgR
4—Rd J14—Rd
J13—Rs J13—Rs
J12—Rm2 Jmp2—Rm3
J11--Rm1 Imgl—Rml
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Thus, at #16 the operand is stored in the R-register. If
the operand is alphanumeric, the mod-bits continue as
1, 1. However, if the operand is not alphanumeric, the
new mod-bits represent the actual modulo-3 of the nu-
meric portion of the operand.

At 12 the flip-flop Ti is set unconditionally. It is
turned off in the next clock period. Ti effects the is-
suance of the signal XNA, which provides a parallel shift
of the contents of the N-register to the A-register at ¢13.
Thus, at t14 the address of the next-instruction is present
in the A-register.

At 713, the signal Mca issues and directs the Memory
to obtain the next-instruction, whose address is now in
the A-register.

At 15, the signal XZJ issues, conditioned on Jr EJ.

At t16, the signal End occurs unconditionally, which
effects the issuance of the signal XZJ, conditioned on
Jr M3g. Time: 16 clock periods.

Instruction 70; Transfer R to M (TRM)

This instruction (F1G. 216) effects the transfer of the
entire contents (except mod-bits) of the R-register to
a specified Memory location.

The location address is: 0000-3999 Memory.

The description of Instruction 21, coupled with the
description to follow, is a complete description of In-
struction 70.

The Initial Routine is altered by the deletion of the
signals XZJ and XM]J, at ¢8, inasmuch as no operand
is received from Memory. Since XZJ does not occur at
17 and XMJ does not occur at (8, the signal SJ is not
inhibited at these two clock periods, and, therefore, con-
tinues through 78. ‘

Therefore, at ¢9, after SJ has occurred seven times, a
complete ring shift-down of the instruction in the J-reg-
ister has taken place.

At 19, the signal Mwr issues and initiates the gating
of data from the R-register to the M-register, as de-
scribed in Instruction 21. When this occurs, the object
of Instruction 70 has been completed. However, cer-
tain other non-essential actions take place as follows.

The signal SJ occurs from r9-115 and effects another
ring shift-down of the instruction in the J-register, so
that at 716 the instruction again occupies ils sequential
position in J. Thus, the instruction is mod-checked
once again. Since the contents of Jmg2, 1 were 0, 0
at 19, these contents will be 0, 1 at (16, so that *Amm
is suppressed (provided that the modulo-3 of the instruc-
tion was correct). The signals SR, SR76 and SRRm
occur from (9 through 715 and cause a complete ring
shift-down of the contents of the R-register. No essen-
tial function is accomplished by this action, but the Cen-
tral Processor logic is simplified by not inhibiting these
ring shifts,

The signal End occurs unconditionally at £16 and ef-
fects the issuance of the signal XZJ. Although the sig-
nal XMJ does not issue at f16, its issuance at the next
t1 insures that the next-instruction will have a proper
Initial Routine. Time: 16 clock periods.

Instruction 75: Transfer M to R (TMR)

This instruction (FIG. 221) effects the transfer of the
contents of a memory location to the R-register.

The operand address is: 0000-3999 Memory.

The description of Imstruction 21, coupled with the
description to follow, is a complete description of In-
struction 75.

The Initial Routine is unaltered.

The scquence of signals during the Th-cycle is the
same as that of Instruction 21, except that the signal
Mwt does not issue at (9, so that the contents of R are
not transferred to M.,

Therefore, the sequence of Instruction 75 is the same
as Instruction 21, except that the signal Mwt does not
oceur.
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The signal End occurs unconditionally at £16. Time:
16 clock periods.

Instruction 85: Transfer M to FULL (TMF)

This instruction (FIG. 227) effects the transfer of the
contents of two successive Memory locations (a double-
precision word) to the L and R-registers (FULL). The
address of the most significant half (MSH) of the op-
erand is specified in the address portion of the instruc-
tion. The MSH of the operand is stored in the L-reg-
ister and the least significant half (LSH) of the operand
is stored in the R-register. The former contents of the
L and R-registers are destroyed.

The operand address specified in the instruction is:
0000-3998 Memory (MSH addressed).

The description of Instruction 21, coupled with the
description to follow, is a complete description of In-
struction 85.

The Initial Routine is unaltered.

The address portion of the instruction is first increased
by 1, the LSH of the operand is received in J, and the
LSH is then transferred from J to L. Next, the address
portion of the instruction is decreased by 1, the MSH
is received in J, and the MSH is then transferred from
J to L as the LSH is simultaneously being transferred
from L to R.

Since the MSH is originally addressed in the instruce
tion, but the LSH must be transferred through L to R,
the operand address must be increased by 1 before any
portion of the operand is obtained from Memory. There-
fore, at 3, the signal Cau issues, which causes the op-
erand address to be increased by 1 at r4. The operand
address becomes that of the LSH. At ¢9, the LSH por-
tion of the operand is present in the J-register, At this
time the signal Cad issues. Cad causes the operand
address to be reduced by 1 at ¢10. The operand ad-
dress now becomes the original address, that of the MSH.
At 117, the MSH portion of the operand is in J.

The signals SJ, SJLm and SJLs issue for six clock periods
(19-114) and transfer the contents of the numeric portion
of the LSH in J to the L-register. SJLs transfers the
contents of J13 and Ji4 to L73 and L74 respectively.
SJLm transfers the contents of J11 and J12 to L71 and
L72 respectively. The signals SL and SL76 effect the
serial shift-down of the data entering the L-register. At
15, the most significant digit of the LSH is sampled in
J1; if the LSH is alphanumeric, the mod-bits are trans-
ferred directly to the L-register at f16 by SJLm, but if
LSH is numeric, SImgL transfers the contents of Jmg2, 1
to the L-register. This testing of the condition digit is
described in more detail in Instruction 21. SILs also
issues at r15 to transfer the contents of J13 and J14 to
the L-register. (The contents of J1 are transferred to
L7 by the use of two shift signals, as contrasted to
the transfer of the contents of J1 to R7 by the use of
one shift signal; see Instruction 21.)

At £16, the entire LSH is in the L-register.

XZJ issues at #15 to clear the J-register from J2-J7.
XMJ issues at 716 to transfer the MSH to J.

The MSH of the operand is transferred from J to L
during t18-124 in the same manner as the LSH was
transferred to L during r10-r16. Simultaneously with
the transfer of the MSH to L, the signals SLR7, SR76
and SR effect the transfer of the contents of L to R.
At r18, the LSD of the LSH is in R7, and the LSD of
the MSH is in L7. Six clock periods later (¢£24) the
entire MSH is in L and the entire LSH is in R, The J-
Mod-generator, Jmg2, 1, generates mod-bits for the nu-
meric portions of both the LSH and the MSH. Thus,
both words in FULL bear their own mod-bits.

The signals SLR7, SR76 and SR have no significance
from 19-115.
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The J-mod-check is similar to that of Instruction 21
during the first two T-cycles. At 19, the J-Mod-generator,
which had been set to 1, 0 at 11, is 0, 0 for a correct in-
struction. The J-Mod-generator then accumulates the
modulo-3 of the LSH. Therefore, at ¢16, the proper
contents in Jmg2, 1 are 0, 1. At each Th8 the J-
Mod-generator is set to 0, 0 so that by 124 the modulo-3
of the MSH will again set the J-Mod-generator to O, 1.

The signal End occurs unconditionally at 124, Time:
24 clock periods.

Instruction 80: Transfer FULL to M (TFM)

This instruction (FIG. 223) effects the transfer of the
entire contents (except mod-bits) of the L and R-regis-
ters (FULL) to two successive Memory locations.

The location address specified in the instruction is:
0000-3998 Memory.

The description of Instructions 70, 85 and 21, cou-
pled with the description to follow, is a complete de- -
scription of Instruction 80.

The Initial Routine is altered by the deletion of the
signals XZJ and XM]J at 8, inasmuch as no operand is
received from Memory. Sincé XZJ does not occur at £7,
and XMJ does not occur at (8, the signal SJ is not in-
hibited at these two clock periods, and, therefore, con-
tinues through 8.

The M, address portion of the instruction is first in-
creased by 1, the LSH contents of R are transferred
to My+1, and the entire contents of FULL are ring
shifted-down. Next, the address portion of the instruc-
tion is decreased by 1, the MSH contents of R are trans-
ferred to M,, and FULL is again ring shifted-down.
Therefore, the original contents of FULL remain un-
altered at the end of the instruction.

Since the memory location of the MSH is provided in
the instruction, but the LSH, which is in R, must be
transferred to Memory first, the location address specified
in the instruction must first be increased by 1. This is
accomplished at 14, by the signal Cau. At 9, Mwr
occurs, and gates the LSH from R to M in the manner
described in Instruction 21. From 9-¢15, SL76, SL,
SLR7, SR76, SR and SRL7 occur, causing a ring shift-
down of the contents of FULL, so that by 16, the MSH
is in R and the LSH is in L.

At 17, Mwt occurs again, gating the MSH from R to
M. Once again, the contents of FULL are ring shifted-
down, so that by 24 the original contents of L and R
have been restored, with the MSH in L and the LSH -
in R.

As in Instruction 70, the instruction is ring shifted-
down in J through the two Th-cycles in order to suppress
the issuance of the signal *Amm.

The signal End occurs unconditionally at £24. Time:
24 clock periods.

Instruction 94: Exchange R and B (XRB)

This instruction (FIG. 235) effects the exchange of
the entire contents of the B-register with the contents of
the four least significant digit positions of the R-register.

The A-register contents have no significance.

The descriptions of Instructions 21 and 70, coupled
with the description to follow, is a complete description
of Instruction 94.

The Initial Routine is altered by the deletion of the
signals XZJ and XMJ at ¢8, and Mca at 15, inasmuch as
no operand is received from Memory. Since XZJ does
not occur at 17 and XMJ does not occur at 78, the signal
S} is not inhibited in these clock periods, and, therefore,
continues through 8, Therefore, at 19, after SJ has oc-
curred seven times, a complete ring shift-down of the
instruction in the J-register has taken place.

The signal *Tv issues at 13 and sets Tv at #4. Tv re-
mains set for seven clock periods (r4-r10) and is reset at
t11. Tv causes the issuance of the four shift signals
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which effect the exchange between the B and R-registers;
namely, SR, SR76, SRXB and SB. SR and SR76 issue
for the full seven clock periods of Tv. SRXB and SB
issue for the first four clock periods of Tv. The signal
SRXB gates digits from Bl to R7 and from R1 to B4.
SRXB and SB are generated by the logic (94) Tp Tv.

The exchange of data is shown in the following table,

R7 R8s RS R4 R3 RI RI B4 B3 B2 Bl

“u 87 B-6 885 84 83 82 81 Q4 QI3 Q2 1
] -1 &7 B86 B8 B84 83 B2 8-1 8—4 -3 2
] -2 Q-1 87 B4 88 84 83 82 B-1 QG4 -3
a -3 G2 Q-1 87 846 88 84 B3 82 1 -4
38 4 Q3 Q-2 Q1 87 846 88 54 B3 B2 1
] -4 Q3 Q-2 Q1 87 84

1o 8-6 Q4 Q-3 Q-2 8-1 8-7

[} B-7 B8 85 Q4 Q3 Q2 Q-1

At the end of the first four clock periods of Tv (ie.,
at 18) the four least significant digits of R have been
transferred in sequential order to B, and the contents of
B have been transferred in sequential order to the four
most significant digit positions of R. From 810, the
logical gating signal SRRm issues, effecting the cyclic
shift of the contents of R, SRRm is generated by the
logic (94) Tp Tv. Therefore, at t11, the R-register
contains in its three most significant digit positions, the
original three digits located therein, and in its four least
significant digit positions, the original contents of the
B-register.

Since the numeric contents of the R-register have been
changed, the modulo-3 of the new numeric portion may
be different than that of the original numeric portion.
Therefore, new mod-bits must be generated for this new
word in R prior to the issuance of the next instruction.
The signal *M3g oocurs unconditionally at f15 and sets
M3g at t16. M3g alters the succeeding sequence. The
signal End occurs unconditionally at #16, but both XZJ
and *T1 are inhibited by M3g, and do not occur. There-
fore, the Ta-cycle is not entered at the next clock period,
but instead another Th-cycle is entered, due to the *Tb
and *Th1 logic, which includes the term Tb8 M3g. (The
signal End prevents setting of Ty.) M3g sets the C-reg-
ister to 25 at £17. For the next eight clock periods the
Central Processor executes Instruction 25, “Mod-3 Gen-
eration on R.” The signal M3g sets all four bits of C6
and the three most significant bits of C5. C51 remains
unchanged, and, therefore, remains in the 0-state.

M3g is reset unconditionally at the next TbH8.

See Instruction 25 for details.

The instruction is once again mod-checked during the
Th-cycle to prevent the issuance of *Amm. Time: 24
clock periods.

Instruction 97: Exchange L and R (XLR)

This instruction (FIG. 236) cffects the exchange of
the entire contents of the L-register with the entire con-
tents of the R-register.

The A-register contents have no significance.

The descriptions of Instructions 21 and 70, coupled
with the description to follow, is a complete description
of Instruction 97.

The Initial Routine is altered by the deletion of the
signals XZJ and XM]J at /8, and Mca at 15, inasmuch as
no operand is received from Memory, Since XZJ does
not occur at 7 and XMJ does not occur at ¢8, the signal
SJ is not inhibited in these clock periods, and, therefore,
continues through f8. Therefore, at 9, after SJ has
occurred seven times, a complete ring shift-down of the
instruction in the J-register has taken place.

The signal *Tv issues at 3 and sets Tv at 4. Ty re-
mains set for seven clock periods (14-¢10) and is reset at
s11. Tv causes the issuance of the six shift signals which
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effect a ring shift-down of the L and R-register combina-
tion (FULL); namely SL76, SL, SLR7, SR76, SR and
SRL7. Therefore, at ¢11, the former contents of R are in
L and vice-versa.

The instruction i3 once again mod-checked during the
Th-cycle to prevent the issuance of *Amm.

The signal End occurs unconditionally at #16. Time:
16 clock periods.

Instruction 90: Shift R Right (N) (SHR)

This instruction (FIG. 231) causes the numeric con-
tents of the R-register to shift-down N digit positions,
and replaces the N most significant numeric positions of
R with 0's.

The A-register contents are: 0001-0006. The LSD,
N, of the A-register contents denotes the number of digit
positions through which the contents of R must shift.

The descriptions of Instructions 21 and 70, coupled
with the description to follow, is a complete description
of Instruction 90.

The Initial Routine is altered by the deletion of the
signals XZJ and XMJ at /8, and Mca at ¢5, inasmuch as
no operand is received from Memory. Since XZJ does
not occur at 7 and XMJ does not occur at 8, the signal
SJ is not inhibited in these clock periods, and, therefore,
continues through 18, Therefore, at 19, after SJ has oc-
cwrred seven times, a complete ring shift-down of the
instruction in the J-register has taken place.

The signal *Tv issues at f3 and sets Tv at 4. Tv re-
mains set for N clock periods, starting at and including 14.
Tv causes the issuance of the two shift signals SR and
SZR6, and the signal Cad. SR shifts-down the numeric
contents of R, and SZRé6 inserts 0's in R6. The signal
Cad reduces the numeric contents of Al by 1 in each
clock period. During the clock period when the contents
of Al become equal 1, *Tv issues and Tv Is reset to 0 in
the next succeeding clock period. At the same time, the
numeric contents of Al have been reduced to 0. There-
fore, an SR and SZR6 signal issues in each clock period
when Tv is on and when the contents of Al are non-zero.
For example, if the A-register contents are initially 0004,
the shift signals will issue for four clock periods; so that
the two digits originally in the 5th and 6th digit positions
of R will terminate in the 1st and 2nd digit positions
respectively, and the 3rd-6th digit positions of R will
contain 0's. The condition digit in R is not affected.
For example:

R (initial ) =C123456 R (final)=C000012

The signals *W3 and *W2 also issue at 73 to set W3
and W2 to 1. It is necessary that these two flip-flops be
in the 1-state in order that Tv be reset when the Al con-
tents reach 1. The logic is *To=(90) W2 W3 A2T A4
A73 A12. The W-counter performs no other function
during this instruction, and is reset in the clock period
next following 116.

If the initial contents of A1l are 0, Tv is not set, since
*Tv is inhibited by the signal Itv. Itv is generated when
the contents of Al are 0, and no shift occurs.

Since the numeric contents of the R-register have been
changed when this instruction is completed, the modulo-3
of the final numeric portion may be different from that
of the initial numeric portion. Therefore, M3g is set at
t16, the contents of the C-register are changed to 25 in
the next clock period, and for the next 8 clock periods the
Central Processor executes the “Mod-3 generation on R”
instruction. (See Instruction 25 for details.)

The instruction is again mod-checked during the Tb-
cycle to prevent the issuance of *Amm.

The signal End occurs unconditionally at t16. The sig-
nals XZJ and *T1 are inhibited by M3g, so that the next
T-cycle is a Thcycle. Time: 24 clock periods,

Instruction 91: Ring Shift R (N) (RSR)
This instruction (FIG. 232) effects a ring shift-down
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by N digit positions of the numeric contents of the R-
register,

The A-register contents are: 0001-0006. The LSD,
N, of the A-register contents denotes the number of digit
positions through which the numeric contents of R must
ring shift.

The descriptions of Instructions 90 and 21, coupled with

the description to follow, is a complete description of
Instruction 91.
- The primary difference between this instruction and
Instruction 90, is that the contents of R are ring shifted-
down N digit positions, instead of merely shifting-down,
Therefore, this instruction is not described in detail; in-
stead, the distinction between this instruction and Instruc-
tion 90 is described. Instead of the signal SZR6, which
shifts 0’s into R6 as the contents of R are shifted-down
in Instruction 90, the signal SR16 issues. The signal
SR 16 transfers the contents of R1 to R6. Therefore, no
digits of the numeric contents of R are lost, but instead,
they are merely ring shifted-down N digit positions. At
the end of the requisite N shifts, all original digits re-
main in R.

As in Instruction 90, the only function of W3 and W2
is to permit the resetting of Tv when the contents of Al
have been reduced to 1.

The condition digit in R is not affected.

The signal End occurs unconditionally at ¢16.

Inasmuch as the original six numeric digits are still
present in R, the modulo-3 of the numeric contents of R
remain unchanged, so that M3g does issue at the end of
this instruction. (This is the only shift instruction not
followed by a Mod-3 generation instruction.) Time: 16
clock periods.

Instruction 92: Shift FULL Right (N) (SHF)

This instruction (FIG. 233) causes the numeric con-
tents of FULL (taken as a twelve-digit register) to shift-
down N digits, and replaces the N most significant nu-
meric positions of FULL with 0's.

The A-register contents are: 0001-0012. The LSD,
N, of the A-register contents denotes the number of digit
positions through which the contents of FULL must shift.

The descriptions of Instructions 90 and 21, coupled
with the description to follow, is a complete description
of Instruction 92,

The Initial Routine is altered by the deletion of the
signals XZJ and XM]J at 18, and Mca at #5, inasmuch as
no operand is received from Memory. Since XZJ does
not occur at 7 and XMJ does not occur at 18, the signal
SJ is not inhibited in these clock periods, and, therefore,
continues through f8. Therefore, at 19, after SJ has oc-
curred seven times, a complete ring shift-down of the
instruction in the J-register has taken place.

‘The signal *Tv issues at {3 and sets Ty at 14, Tv re-
mains set for N clock periods, starting at and including
14, Tv causes the issuance of the four shift signals SZL6,
SL, SLR6, and SR and the signals Cad or Cwy. The last
three of the shift signals shift-down the numeric con-
tents of FULL, and SZL6 inserts O’s in L6. For example,
if N=10, FULL (initial)=C123456 C789064; FULL
(final) =C000000 CO00012. The signal Cad reduces
the numeric contents of Al (the address) by 1 in each
clock period. Cad exists only through ¢11, provided that
at least 8 shift signals are denoted by N. If N eguals
1-9, Al is reduced to 1, at the latest, by ¢£12. This reduc-
tion of A to ! causes the occurrence of *Tw, thereby
terminating these shift signals.

At 112, the signal XNA occurs and destroys the exist-
ing contents of A at 713, Therefore, any information
remaining in A is transferred to the W-counter at 13 and
the shift count is continued under the control of the W-
counter.

The W-counter can only count up, under the control
of Cwu, The signal Cwu is enabled by Tv{W2-+W3).
Therefore, the complement of the information in A must
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be transferred to W at £13. Since the greatest value of
N is 12, the largest value in A st r12 is four, and only
A13, A12 and A11 will have significant data at 112, The
complement of this data is that which is to be transferred
to the W-counter. The simplest complement is one in
which each binary digit is inverted. For three binary
digits, such a complement is the 7's complement. Thus,
at 112, the 7’s complement of the count of A is trans-
ferred to W and sets the W-counter at r13. Until 713
the W-counter has the pumber 6 stored therein, and
thereby inhibits the counting signal Cww. Therefore, at
113, the signal Cwu commences and W-counts up, as
may be scen in the analysis following., If the last shift
signal occurs when W reaches S, N shift signals will have
issued. Therefore, W reaching § is equivalent to A
having been counted down to 1. Therefore, when either
W reaches 5 or A reaches 1, *T% issues and the last of
the N shift signals occurs.

If N is 9, or less, all shift signals are controlled by A,
and W never has any other state than 6. If N is 10, or
greater, W controls the issuance of 1-3 shift signals.

The functioning of the A and W-registers to provide
N shift signals is illustrated in the following tables A-E.

TABLE A
8hift
A Count W Ty  signals
1 12 Cad [ 1 1
ti1 3 Cod 1 i 8
3} ] 4 J, a 1 ]
13 Next instr, Cwu 3 1 10
address
14 . Owu 4 1 11
118 Owy 5 1 12
3T PR [} ) -
Explansiion of table
Cad requives Tv(Tp+ Ta)—last Cad st ti1. g

Cwy requires W(W;+7W—!’)—-dm not operate i W=,
*T7 ocours if Am] or We$,

8hift signels require Tv.
TABLE B
8hift
A Count W Ty signals
“ 1n Cad ] 1 1
tt 1 Cd & i 8
112 3 ... ] 1 g
{13 | Next instr, Cuws 4 1 10
address
e . Owy [ ] 1 1
1313 ' ——— [} [] .
TABLE C
Bhife
A Count W T» pignals
4 10 Cad [} 1 1
ti1 3 Cod 6 i [
12 - I s [] 1 9
$13 | Next lnstr, Own 8 1 10
4 s eceea [} 0 -
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TABLE D
Shift
A Count W To¢ sigoals

H 9 Cad [} 1 1

. . . N .

.. . . . 4
41 2 Cd & i s
2|l 1 eeeen L4 1 ]
13 Next instr, ... ] 0 -

ad
TABLE E
Shift
A Count W Ty sigoals
“ ] Cad [ ] 1 1
ti1 i Cad & 1 8
12 0 - ] ]

As in Instruction 90, the W-counter is set to the 6-state
at 14 to enable the issuance of *Tv if A reaches 1.

If the initial contents of A1l are 0, Tv is not set since
*Ty is inhibited by the signal Itv, which is generated
when the contents of Al are 0, and no shift occurs.

The instruction is again mod-checked during the Tb-
cycle to prevent the issuance of *Amm.

Since the numeric contents of both the L and R-regis-
ters have been changed, the modulo-3 of these new nu-
meric portions may be different from those of the original
numeric portions. Therefore, M3g is set at 116, the con-
tents of the C-register are changed to 26 in the next clock
period, and for 8 additional clock periods the Central
Processor executes the “Mod-3 generation on L and R”
instruction. (See Instruction 26 for details.)

The sign and designator bits of both the R and L-regis-
ter contents are unaffected by this instruction. )

The signal End occurs unconditionally at 116. The yig-
nals XZJ and *T1 are inhibited by M3g so that the next
T-cycle is a Th<cycle. Time: 24 clock periods.

ANALYSIS OF JOINT USE OF A AND W TO
CONTROL SHIFT COUNT

As complementary data must be transferred from A to
W, the simplest such transfer is one where each binary
digit is merely inverted. Since only the three least signif-
icant digits of A contain data at r12, a 7’s complement
shift is used to transfer this data 1o the three W flip-flops.

Let:

A, be the contents of A at r12.
W, be the contents of W at 713.

The contents of A are transferred to W as: Wy=7—A,.

Total shifts necessary: N.

Total shifts through #12=9=N—A+1, if N=9, or
greater.

Total shifts necessary following £12; Ay—1=6—W,.
If the last shift signal issues when W reaches 5, 6—W,
shift signals occur. Hence, if last shift occurs when W
reaches S, the total shifts are N.

Check:

N—Agt146—W=N—A;+1+4+6—74+A=N
Therefore, W stops counting when it reaches 6. Hence,
W=6 is also a useful control to trigger *Tv prior to

t13, if A reaches 1.
If Apis 1 at 712, N was 9, and 9 shift signals have is-

sucd. ngnettondnofurtheuhifuimlsremain. 7

20 and Instruction 92 is described.
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It A, reaches 1 before r12, *T% accurs, and no A to
W transfer takes place at 712.

Instruction 93: Ring Shift FULL (N) (RSF)

s This instruction (FIG. 234) causes the numeric con-

tents of FULL (taken as a 12-digit register) to ring shift-
down N digits.

The A-register contents are: 0001-0012, ‘The LSD, N,
of the A-register contents denotes the number of digit

10 positions through which the contents of FULL must ring

shift.

The descriptions of Instructions 92 and 21, coupled
with the description to follow, is a complete description
of Instruction 93.

15 The primary difference between this instruction and

Instruction 92, is that the numeric contents of FULL are
ring shifted-down N digits, instead of merely shifting-
down. Therefore, this instruction is not described in de-
tail; instead, only the distinction between this instruction
Instead of the signal
SZ1.6, which shifts 0's into L6, as the contents of FULL
are shifted-down in Instruction 92, the signal SRL6 issues.
The signal SRL6 transfers the contents of Rl to L6.
Therefore, no digits of the numeric contents of FULL are

25 lost, but instead, they are merely ring shifted-down by

N digit positions. At the end of the requisite N shifts, all
original digits remain in FULL. For example, if N=10,

FULL (initial)=C123456 C789064
FULL (final) =C345678 C906412

The functions of Cad, the W-register, and Cwu are the
same as in Instruction 92.

The sign and designator bits of both the R and L-regis-
ter contents are unaffected by this instruction.

30

35 The signal End occurs unconditionally at ¢16.

Since the numeric contents of both the L and R-registers
have been changed, the modulo-3 of these new numeric
portions may be different from those of the original nu-
meric portions. Therefore, M3g is set at 716, the contents

40 of the C-register are changed to 26 in the next clock

period, and for 8 additional clock periods the Central
Processor executes the “Mod-3 generation on L and R” in-
struction. (See Instruction 26 for details.) Time: 24
clock periods.

45 Instruction 25: Mod-3 Generation on R (GMR)

This instruction (FIG. 190) effects the generation of
the mod-bits for the numeric contents of R. The instruc-
tion is employed either as a “wired” instruction, which is

50 executed by the Central Processor without direction by

the program, following a programmed instruction which
may alter the modulo-3 of the R-register contents (for ex-
ample, Instruction 94); or as a “programmed” instruction.

The descriptions of Instructions 21 and 94, coupled with

s the description to follow, is a complete description of

Instruction 25.

When Instruction 25 is employed as a wired instruc-
tion, it is entered at time 19, because of generation of
the signal M3g in the immediately preceding clock period,

60 which was the last clock period of a preceding instruc-

tion that may have changed the modulo-3 of the con-
tents of R. However, Ty is inhibited by the previous
signal End. When Instruction 25 is employed as a pro-
grammed instruction, it has an Initial Routine, as any

5 other conventional instruction.

When Instruction 25 is programmed, the Initial Rou-
tine is unaltered, the A-register contents have no sig-
nificance, and the signal M3g issues at /9.

For both wired and programmed employment, the
actual mod-bit generation occurs following the issuance
of M3g and upon the setting of Th. For both types of
employment, £9-r16 in the timing diagram are common.
The signals SR and SR76 issue unconditionally during
the presence of Th. SRRm also issues unconditionally

s from 79-t14. SR76, SR and SRRm effect a ring shift-
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down of the contents of R, so that by ¢#15 the conditipn
digit of these contents is in R1, and the six least sig-
nificant digits are in sequential order in the other six
digit positions of R. ) )
M3g also directs the contents of R1 to the Arithmetic
Unit output decoding gates V (i), the output of these gates
being directed to the V-Mod-generator, Vimgl, 2. There-
fore, the V-Mod-generator accumulates the modulo-3 of
the contents of R as they are shifted. The signal M3g
enables Vmgl and Vmg2 to receive input signals for
the total duration of Th. At (9, *Vmgl, *Vmg2 are re-

sponsive to the LSD in R and, consequently, at 10,

Vmg2, 1 reflect the modulo-3 of this LSD. Therefore,
at 715, the V-Mod-generator has accumulated the
modulo-3 of the numeric portion of R. At 115, the old
mod-bits are in R1, which is now sampled. If the R
contents are numeric, SVmgR issues to direct the con-
tents of Vgm2, 1 to R72 and R71, while simultaneously
placing the contents of R14 and R13 in R74 and R73.
However, if the old mod-bits indicate an alphanumeric,
SRRm issues, and the entire contents of Rl are trans-
ferred to R7. This alternative generation of the comdi-
tion digit occurs at 716, at which time the original six
least significant digits of R have been returned to
R6-R1 and the new condition digit is in R7.

The signal XMJ occurs at {8 when Instruction 25 is
employed as a programmed instruction. This serves to
place a new operand, which is not used, in J. The signal
M3g directs the contents of L1 to the V-Mod-generator,
but this function is not used. JImgl is set to 1 at #16 by
the logic Tb7 M3g. With Jmgl at 1 at this time, *Amm
will not occur. This is necessary, because the full
modulo-3 of a number in L is not necessarily 41, as is
that of an operand.

M3g is reset unconditionally at ¢16 (at the end of the
first T-cycle in which it exists).

End occurs unconditionally at t16. Time: 16 clock
periods; if programmed employment. 8 clock periods; if
wired employment. :

Instruction 26: Mod-3 Generation on L and R (GMF)

This instruction (FIG. 191) effects the generation of
the mod-bits for the numeric contents of both L and R.
The instruction is employed as either a “wired™ instruc-
tion, which is executed by the Central Processor without
direction by the program, following a programmed in-
struction which may alter the modulo-3 of the contents
of one or both words in FULL (for example, Instruc-
tion 92); or as a “programmed” instruction.

The descriptions of Instructions 25, 92 and 21, cou-
pled with the description to follow, is 8 complete descrip-
tion of Instruction 26.

When Instruction 26 is employed as a wired instruc-
tion, it is entered at time 19, because of generation of
signal M3g in the immediately preceding clock period,
which was the last clock period of & preceding instruc-
tion that may have changed the modulo-3 of the con-
tents of L or R, or both. 'However, Ty is inhibited by
the previous signal End., When Instruction 26 is em-
ployed as a programmed instruction, it has an Initial
Routine; as any other conventional instruction.

When Instruction 26 is programmed, the Initial Rou-
tine is unaltered, the A-register contents have mo sig-
nificance, and the signal M3g issues at 9.

For both wired and programmed employment, the
actual mod-bit generation occurs following the issuance
of M3g and upon the setting of Th. For both types of
employment, 1916 in the timing diagram are common.
The mod-bits of L and R are generated simultaneously
during 19116, by parallel operations. The mod-bits of
L are generated by the J-Mod-generator and those of R
by the V-Mod-generator.

SL76, SL, SLLs, SR76 and SR issue unconditionally
during the presence of Té. SLL7 and SRRm also issue
unconditionally from r9-r14, SLL7, SL76 and SL effect
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a ring shift-down of the contents of L, so that by 715 the
condition digit of these contents is in L1, and the six
least significant digits are in sequential order in the other
six digit positions of L. SRRm, SR76 and SR effect a
ring shift-down of the contents of R, so that by 715 the
condition digit of these contents is in R1, and the six
least significant digits are in sequential order in the other
six digit positions of R.

M3g directs the contents of L1 to Mj(i), which are
input gates to the J-Mod-generator. Similarly, the con-
tents of R1 are directed to the V-Mod-generator. The
mod-bits of the numeric contents of R are generated in
the same manner as in Instruction 25. At 9, Jmg2, 1
is set to 00, if the instruction is employed as a wired
instruction. On the other hand, if the instruction is a
programmed one, Img2, 1 reach 00 at 9 if the modulo-
3 of the instruction i3 correct. Consequently, at 110,
Jmg2, 1 reflect the modulo-3 of the LSD in L. By 115,
the J-Mod-generator has accumulated the modulo-3 of
the numeric portion of L. At 15, the old mod-bits are
in L1, which is now sampled. If the L contents are nu-
meric, SImgL issues to direct the contents of Jmg2, 1 to
L72 and L71. Simultaneously, SLLy places the con-
tents of L14 and L13 in L74 and L73. However, if the
old mod-bits indicate an alphanumeric, SLL7 issues, and
the entire contents of L1 are transferred to L7. This
alternative generation of the coadition digit occurs at
t16, at which time the original six least significant digits
of L bave been returned to L6-L1, and the new condi-
tion digit is in L7.

The signal XMJ occurs at 8. when Instruction 26 is
employed as a programmed instruction. This serves to
place a new operand, which is not used, in J. ‘The sig-
sal M3g directs the contents of L1 to the V-Mod-gen-
erator, instead of this operand. Jmgl is set to 1 at 216
by the logic Th7 M3g. With Imgl at 1 at this time,
*Amm will not occur. This is necessary, because the
full modulo-3 of a number in L is not pecessarily +1,
as is that of an operand.

M3g is reset unconditionally at 116 (at the end of
the first T-cycle in which it exists).

End occurs unconditionally at 16, Time: 16 clock
periods; if programmed employment. 8 clock periods;
if wired employment.

Instruction 53: Halt (HLT)

This instruction (FIG. 202) is a programmed halt,
which causes the Central Processor to halt at 3 follow-
ing the completion of this instruction.

The A-register contents have no significance.

The description of Instruction 21, coupled with the
description te follow, is a complete description of In-
struction 53.

The Initial Routine is unaltered,

The halt sequence is initiated by the issnance of *Hrl
at 13, and the Central Processor stops when both Hrl
and Hr2 are on.

*Hrl issues uncomditionally at 13. At 4, Hrl is turned
off by the issuance of *HI1 and Hr2 is turned on, pro-
viding certain conditions are met. Thus,

*H2=*Hi1=Tp Htl Feb Web Bb

If *HeZ issues at 14, H2 stays on following the end of
this instruction. With Hr2 on, *Hrl will issue at £2 of the
next following instruction, and H¢1 comes on at 13, Since
Hr2 is also on, the Central Processor ceases programmed
processing by inhibiting the output signals of clock driv-
ers CDAll, CDA13, CDA14 and SJ. These clock driv-
ers control the setting of the timing flip-flops, the mod-
bit check circuitry and the shifting of data in the J-regis-
ter. The Ta3 flip-flop is prevented from setting at this
next succeeding f2, but except for this flip-flop, the Cen-
tral Processor stops in the 3 mode; i.e.,

Tp Tqg Ts and Ta=1.



3,430,879

135

The signal End occurs at 18 of this instruction, but the
Central Processor continues through its halting process
as the next-instruction is received. Since Cau occurs at
¢1, and XAN and XJI occur at 72, following End, when
the Central Processor finally halts, the new instruction
to be executed is in the I-register, and the address of the
next-instruction following this new instruction is stored
in the N-register. The signal XAAw issues at 71, fol-
lowing End, and transfers the address of the new
instruction to the Aw-register. Thus, when the Central
Processor stops, the new instruction is in both the J and
I-registers, the address portion of this new instruction is in
the Aw-register, and the address of the next-instruction is
in the N-register. The instruction portion stored in Aw
is used for Zingle cycle operation. The clock driver
CDA12 continues to function, so that clock pulses are
available to reset H#1 and Hr2, when the appropriate
logic is applied thereto, and to set Ta3 when Hr2 is re-
set to 0. When the Central Processor is restarted follow-
ing this instruction, it will start in the normal 3 mode
for the instruction in the instruction register.

The two signals *HZ1 and *Hr2 will not issue if a
tape is reading, a tape is writing, or a B-subroutine is
being performed. When the B-subroutine is completed,
*Ti71 and *Hr2 will issue at the following 4, and the
Central Processor will halt, as shown in the timing di-
agram. If either Reb or Web=1, Hrl stays on. At
the next ¢1 the C-register contents are altered to 51, and
Tape Interrupt Sequence 51 occurs. When Reb or Web
or both are restored to 0, the halt sequence is completed.

Instruction 63: Jump Unconditionally (JUN)

This instruction (FIG. 210) is an unconditional Jump,
wherein the execution of instructions in sequential order
in Memory is interrupted and a new sequence of instruc-
tions commences from the memory location specified in
this instruction.

The location address specified in the instruction is:
0000-3999 Memory.

The description of Instruction 21, coupled with the
description to follow, is a complete description of In-
struction 63.

The Initial Routine is unaltered.

Both Ti and Ina issue unconditionally at #4. The sig-
nal Jag inhibits the issuance of the signal XNA, so that
the next sequential instruction location is not transferred
from N to A, Thus, when the next-instruction is brought
from Memory, its address is that specified in the address
portion of this Instruction 63. Subsequent instructions
are taken in sequential order from this new memory
location.

Tna is reset at ¢8 if I Jw Tm20.

The signal End occurs unconditionally at /8. Time: 8
clock periods.

Instruction 61: Jump Unconditionally,
Transfer N to B (JNB)

This instruction (FIG. 208) is an unconditional Jump,
wherein the execution of instructions in sequential order
in Memory is interrupted and a new sequence of in-
structions commences from the memory location speci-
fied in this instruction. In addition, the contents of the
N-register are placed in the B-register where they may
be reached later in the program.

The location address is: 0000-3999 Memory.

The description of Instruction 63, coupled with the
description to follow, is a complete description of In-
struction 61.

The Initial Routine is unaltered.

Both Ti and Jna issue unconditionally at /4. The
signal Jna inhibits the issuance of the signal XNA, so
that the next sequential instruction location is not trans-
ferred from N to A. Thus, when the next instruction
is brought from Memory, its address is that specified in
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the address portion of this Instruction 61. Subsequent
instructions are taken in sequential order from this new
memory location.

The shift signals SN, SNB and SB issue uncondition-
ally from t4—7 and transfer the contents of N to B,
Thess shift signals are controlled by the signal Jna.
Therefore, at (8, the address of the next-instruction in
the old sequence is stored in B.

The first instruction in the new sequence transfers to
J in the clock period following 8.

Ina is reset at 8 if Jr Jw Jm20.

The signal End occurs unconditionally at /8. Time:
8 clock periods.

Instruction 60: Branch if DI (BDI1)

This instruction (FIG. 207) is 2 Jump, conditioned on
the state of the D1 decision flip-flop.

The location of the branch address specified in the
instruction is: 0000-3999 Memory.

The description of Instruction 63, coupled with the
description to follow, is a complete description of In-
struction 60.

The Initial Routine is altered by the deletion of the
signal XZJ at ¢7 and XMIJ at 18. Since XZJ does not
occur at f7, SJ is not then inhibited, and, therefore, con-
tinues through ¢7.

This instruction tests the condition of D1. DI will
be set before this instruction commences if certain con-
ditions were met during a preceding comparison instruc-
tion; i.e., Instructions 71, 76, 81 or 86.

The actuval Jump is accomplished by inhibiting the
N to A transfer, thereby leaving the A-register contents
unchanged at the time when the Memory is addressed
to obtain the next-instruction. If D1 has been on, this
N to A transfer is inhibited by the setting of Ina at 14,
which in turn inhibits the issuance of the signal XNA.
Inhibiting XNA prevents the execution of the instruc-
tion in the next sequential location in Memory; instead,
the next-instruction is obtained from the address in the
address portion of this Instruction 60, and subsequent
instructions will be taken sequentially from this new ad-
dress. It D1 has not been on, XNA occurs, and the
normal instruction sequence continues.

The same signal which caused Jna to set also causes
D1 to reset, if it has been on at the beginning of this
instruction; as follows:

*Jna=*D1==(60) Ta3 DI

The flip-flop Ti sets unconditionally at ¢4 and enables
the conditional issuance of XNA.

Jna is reset at /8 if Jr T Jm20.

The signal End occurs unconditionally at 8. Time:
8 clock periods.

HALT OPTION

If the Control Console BRANCH HALT switch is
on at the beginning of this instruction, the signal Kbh
issues, and the Central Processor will halt at the next
13 following the end of this instruction. The bhalting
process is initiated by the setting of Hrl; ie.,

*Hr1==(60) Ta3 Kbh

85 The effect of the issuance of Hrl is to superpose Instruc-

70

76

tion 53 on Instruction 60, and the operations of both
instructions will be executed. The sequence of the Halt
operation which is superposed on Instruction 60, is de-
scribed in the preceding section for Instruction 53. As
in Instruction 53, the presence of a tape reading or writ-
ing or a B-subroutine takes precedence over the halting
process. If D1 is on, XNA is inhibited, and the halt
occurs with the branch instruction address in the I-reg-

1ster.
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Instruction 62: Branch if D2 (BD2)

This instruction (FIG. 209) is a Jump, conditioned
on the state of the D2 decision flip-flop.

The location of the branch address specified in the
instruction is: 0000-3999 Memory.

The description of Instruction 60, coupled with the
description to follow, is a complete description of Instruc-
tion 62.

The Initial Routine is unaltered.

This instruction tests the condition of D2. D2 will
be set before this instruction commences if (a) an over»
flow on the addition to the B-register had occurred in
a preceding Instruction 27, or (b) during the preceding
instruction, the numeric contents of the word read from
Memory was incremented by 2 by the signal Atm and
a carry to the 100's digit did not occur (the signal Am
issues whenever the designator bit or the augmentor bit
of an instruction is equal to 1).

The actual Jump is accomplished by inhibiting the N
to A transfer, thereby leaving the A-register contents un-
changed at the time when the Memory is addressed to ob-
tain the next-instruction, If D2 has been on, this N to
A transfer is inhibited by the setting of Jna at #4, which
in turn inhibits the issuance of the signal XNA. Inhibit-
ing XNA prevents the execution of the instruction in
the next sequential location in Memory; instead, the next-
instruction is obtained from the address in the address
portion of this Instruction 62, and subsequent instruc-
tions will be taken sequentially from this new address.
If D2 has not been on, XNA occurs, and the normal
instruction sequence continues.

The same signal which caused Jna to set also causes
D2 to reset, if it has been on at the beginning of this
instruction; as follows:

*Jng—*D3=(62) Tal D2

The flip-flop TV sets unconditionally at #4 and enables
the conditional issuance of XNA.

Ina is reset at 18 if Jr Jwo Jm20.

The signal End occurs unconditionally at
8 clock periods.

Instruction 64: Branch if D3 (BD3)

This instruction (FIG. 211) is a Jump, conditioned
on the state of the D3 decision flip-flop.

The location of the branch address specified in the in-
struction is: 0000-3999 Memory.

The description of Imstruction 60, coupled with the
description to follow, is a complete description of In-
struction 64.

The Initial Routine is altered by the deletion of the
signal XZJ at 7 and XMJ at 18. Since XZJ does not
occur at 77, SJ is not then inhibited, and, therefore, con-
tinues through ¢7.

This instruction tests the condition of D3, D3 will
be set before this instruction commences if an affirma-
tive response has been received to the interrogation in a
preceding Instruction 54.

The actual Jump is accomplished by inhibiting the N
to A transfer, thereby leaving the A-register contents
unchanged at the time when the Memory is addressed
to obtain the next-instruction. If D3 has been on, this
N to A transfer is inhibited by the setting of Jna at 14,
which in turn inhibits the issuance of XNA. Inhibit-
ing XNA prevents the execution of the instruction in the
next sequential location in Memory; instead, the next in-
struction is obtained from the address in the address
portion of this Instruction 64, and subsequent instruc-
tions will be taken sequentially from this new address.
If D3 has not been on, XNA occurs, and the normal
instruction sequence continues.

8. Time:

The same signal which caused Jna to set also causes 75 reget at ¢4, if they are
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D3 to reset, if it had been on at the beginning of this
instruction; as follows:

*Jna="D3=(64) Ta3 D3

The flip-flop Ti sets unconditionally at 14, and enables
the conditional issuance of XNA.

Ina is reset at 8 if Jr Jw Im20.

The signal End occurs unconditionally at (8. Time:
8 clock periods.

Instruction 54: Does Condition X Exist? (DSW)

This instruction (FIG. 203) functions to interrogate
the system to determine whether a particular situation
exists, If the situation exists, the D3 flip-flop will be
set and remain set at the end of this instruction. A suc-
ceeding Instruction 64 may then be used to determine
the course of the Central Processor as a result of this
interrogation.

The A-register contents are: X. The contents X con-
stitute a control function to designate the particular in-
Ecrmgation, or interrogations, to be performed by this
instruction.

The description of Instruction 21, coupled with the de-
s.cripgi:n to follow, is a complete description of Instruc-
tion 54.

The Initial Routine is altered by the deletion of the
signal XZJ at ¢7 and XMJ at £8. Since XZJ does not
occur at ¢7, SJ is not then inhibited, and, therefore, con-
tinues through 7.

The presence of a particular additional signal in the
system, when a given control function X is present, causes
the signal D3¢ to issue continuously. (Thus, whenever
the proper combination of flip-flops in A are set, and the
particular additional signal is present in the system, D3g
issues.) If D3g is present at 73, *D3 issues and sets D3
at 14, D3 remains set at the end of this instruction to in-
dicate an affirmative result ta the interrogation.

. The table below illustrates the various combinations of
logic which will produce the signal D3g for a particular
control function,

Anpd Adt AZ3

For example, if X is 0410, and the flip-flop Ov has been
set at the beginning of this instruction, D3g will be present

70 during this instruction, so long as Ov remains in the 1-

state.

During five of these interrogations, an interrogated fli
fiop is reset.ifithasbeensctuthzbeginningofthisig:
struction. Thus, Ov, Dt and Anpd are uoconditionally
interrogated by this instruction, and
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if they have been on. The flip-flops Ers and Ews are
reset in a slightly different manner.  If Brs is interrogated,
the signal Ersd issues conditionally (if the Read Buffer
is not busy). This is indicated by:

Ersd=(54) A41 A21 A13 Ers Teb Tal

The signal Ersd resets Ers.

If Ews is interrogated, the signal Ewsd issues condition-
ally (if the Write Buffer is not busy). This is indicated
by:

Ewsd=(54) A41 424 A12 Ews TWeb Ta3

The signal Ewsd resets Ews.

More than one interrogation may be performed during
this instruction. This is accomplished by combining con-
trol functions. For example, to combine the interroga-
tions, “Has there been an overflow?”, or, “Is there a ‘read-
tape’ subalarm?”, the digital elements of the correspond-
ing control functions are combined. The resulting con-
trol function X for this joint interrogation is 1414. The
joint control function, therefore, must have a bit equal
to 1 for each bit which must be equal to 1 in each jndi-
vidual interrogation. Other examples of joint interroga-
tions are “Is a tape-reading, writing or rewinding?”, for
which the control function is 1008; and “Is a tape reading,
or is there a read-tape subalarm?” for which the control
function is 1018$.

One exception to the general method of interrogation
by this instruction is the interrogation “Are the last two
digits of Bs4<0?", The control function for this instruc-
tion sets D3 at 74, unconditionally. However, the logic
for D3 provides that it will be reset for this particular in-
terrogation if the last two digits of B are equal to 0, i.e,,

*T3=(54) A23 (B2=0) (B1=0) Ti

Thus, if the last two digits of B are equal to 0, D3 will be
reset at 15, but if either of these last two digits is not equal
to 0, D3 will be on at the end of this instruction.

Ti issues unconditionally at 74 and causes the issuance
of XNA. XNA transmits the next-instruction address to
the A-register, in order that the next memory cycle-A will
make this next-instruction available in the M-register
at 18.

The signal End issues unconditionally at 8. Time:
8 clock periods.

Instruction 50: Change State of Sign or Designator of R,
or Change Jc (CHR)

This instruction (FIG. 200) sets a particular flip-flop
to a predetermined state, or changes the state of the flip-
flop. The instruction also causes the issuance of a sig-
nal to reset the Rebd flip-flop.

The A-register contents are: XXXX. Any non-zero
digits of these contents constitute a control function to
alter the state of a designated flip-flop.

‘The description of Instruction 21, coupled with the de-
scription to follow, is a complete description of Instruc-
tion 50.

The Initial Routine is altered by the deletion of the
signal XZJ at 17 and XMTJ at (8. Since XZJ does not
occur at 77, SJ is not then inhibited and, therefore, con-
tinues through 77,

Each digit in the control function affects the setting of
a particular flip-flop by controlling a set or reset signal

at Ta3. For example, if A12=1, the sign bit of the R 8

register is changed to the I-state, if it is not already in
that state, by the issuance of *Rs at Ta3; i.e. *Rs=(50)
Ta3 B s A12. The following list illustrates the flip-
flops which are altered by the presence of the denoted
bit in the A-register:

Al11: *RE A31l: *Je
A12: *Rs A32: *Je
A21: *Rd A41: Cfsd

A22: *Rd
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If both set and reset control functions are present for a
particular flip-flop, the flip-flop will be changed from the
state which it occupies to its other state. For example,
if A2=23, Rd will be transferred to its other state at Tad.
Any one, or all, of the control function bits may be pres-
ent in a particular instruction word bearing the 50 com-
mand.

The presence of the digit A41 causes the issuance of
the signal Cfsd, which, in turn, causes the reseiting of
the Read Busy flip-flop Reb. Cfsd is designated as the
“Reset, Read Busy” signal. The equation for the is-
suance of this signal is:

Cfsd=(50) Tal Bb A4l

The signal End occurs unconditionally at 18, Time: 8
clock periods.

Instruction 76: Is R Greater Than M? (RGM)

This instruction (FIG. 222) effects a comparison be-
tween the contents of the R-register and a word in Mem-
ory to determine whether the contents of R are greater
than the word in Memory.

The operand address is: 0000-3999 Memory.

The description of Instruction 21, coupled with the
description to follow, is a complete description of In-
struction 76.

The Initial Routine is unaltered.

At 19, the word in the specified memory location is in the
J-register, for comparison with the word in the R-register.

From 19-¢15, the shift signals SR, SR76 and SRRm
issue to effect a complete ring shift-down of the con-
tents of R. Simultaneously, the signal SJ issues from
19-t14, and the signal XZJ issues at r15, to effect a shift-
down of all seven digits of J to the least significant digit
position J1.

The signal Cpg also issues unconditionally during
19115 to enable various logic inputs to D1 in order that
D1 may reflect the result of a “greater than” comparison.

If R is:

Greater than J—D1 turned on.
Equal to J—D1 unchanged.
Less than J—D1 turned off.

From 19-115, the contents of R1 and J1 are fed into
the Rgm and IRem logic chain. Generally, the Rgm sig-
nal will equal 1 if the R1 digit is greater than the J1
digit. The IRem signal will equal 1 if the R1 digit is
equal to the J1 digit, or if either R1 or J1 contains an
asterisk (*). From ¢9-t14, the corresponding digits of
the numeric contents of R and J are compared by Rgm
and IRem, and the Rgm and IRém signals are employed
to control the state of the D1 flip-flop. During these six
clock periods, D1 sets or resets as follows:

(1) If R1>J1, *D1 issues.

(2) If R1<J1, *D1 issues.

(3) If R1=J1, there is no change in D1.

(4) If there is an asterisk in either R1 or J1, the equality
is indicated, and there is no change in D1. In this in-
stance, TRem=0 and inhibits any signal provided by
Rgm.

If, during the comparison of the contents of R1 and J1,
one or both of the digits is non-numeric, the numeric
equivalent of the non-numeric digit is employed in deter-
mining whether the digit content of R1 is greater than
that of J1.

In the comparison of non-numerics, a period compares
greater than any other digit, except the asterisk, to which
it is equal.

Thus, by £15, the numeric contents of R and J have
been compared, and if D1=1, [R|>|J|. If D1=0, after
comparing these numeric contents of R and J, either
|R|=\/| or |[R|<|J|. At 115, the condition digits of R and
¥ are in R1 and J1 respectively, and several altcrnative
courses are available.
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When (his instruction was initiated, the flip-flop Je
could have been in either one of its two states. Jc can
only be set, or reset, by Instruction 50. The state of Jc
will influence the course of the comparison at 715.

The result of the comparison at 715 is also determined
by the state of the two flip-flops W1 and W2. During 19—
r14, *WI issues so that W1 is set to 1 and stays set, if
TItem occurred during this time. Thus, at ¢15, if Wi=1,
the numeric contents of R and J were not alike, whereas
if W1=0, the numeric contents of R and J are equal.
During /9-t14, *W2 issues, so that W2 is set to 1 and
stays set, if at any time R1 or J1 contained an asterisk.

At 115, if W2=1, the condition digits of R and J have
no influence on the final state of D1, and it remains in
the state that it was in at r15. Thus, if an asterisk were
present in the numeric portion of either R or J; if D1=1
at the end of this instruction, the absolute value of the
numeric portion of R is greater than the absolute value
of the numeric portion of J, whereas if D1=0, the ab-
solute value of the numeric portion of R is less than or
equal to that of J.

If W2=0 at r15, the state of Jc determines the influ-
ence of the condition digits of R and J on the compari-
son. If Je=1, the absolute values of the 4 position bit
and the 5 position bit of the condition digits of R and J
are compared at 715, and if the absolute value of the com-
bination of the 4 position bit and the 5 position bit of
the condition digit of R is greater than the corresponding
value of J, *D1 will issue. Thus, with Je=1 and W2=-0,
if DI=1 at the end of this instruction, |R|>|J|; where
the digits compared included the numeric portions and
the 4 position bit and 5 position bit of the condition
digits. 3

If Jce=0, and W2=0, the algebraic values of R and J
are compared. In this instance, at 115, only the sign bits
of the condition digits are sampled to determine the in-
puts to the D1 flip-flops. The following Table A illus-
trates the influence of the sign bits on changing the state
of D1 at r15. The body of the table illustrates the state
of D1 at 716, provided it had the indicated state at ¢15.
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have minus signs, the state of D1 at #15 may have to be
inverted to correctly represent the relationship between
R and J. If the signs arc unlike, the state of D1 has to
reflect that R is greater than J, only if R has the positive
sign.

Had D1 been on at the beginning of the instruction,
and the portions of J and R compared equal, D1 would
have remained on.

W1 and W2 are reset to 0 in the clock period next fol-
lowing r16.

The asterisk is 8 programming tool. Whenever an
asterisk is present as n digit in the numeric portion of
either R or J, when R and J are compared, the compari-
son for that digit will always be equality. Furthermore,
the presence of an asterisk will always prevent the com-
parison of the two condition digits. This effect of the
asterisk is employed in all comparison instructions.

The signal End occurs unconditionally at 116, Time:
16 clock periods.

Instruction 86: Is L—R Greater Than M, and
My-+-1? (FGM)

This instruction (FIG. 228) effects a comparison be-
tween the entire contents of the L and R registers (FULL)
and a double-precision word in Memory to determine
whether the contents of FULL are greater than the dou-
ble-precision word in Memory.

The operand address, M,, is: 0000-3998,

The description of Instruction 76, coupled with the
description to follow, is a complete description of Instruc-
tion 86.

The Initial Routine is unaltered.

From 79-t15, the shift signals SL76, SL, SLR7, SR76,
SR, and SRL7 issue to effect a half ring shift-dovin of the
contents of L—R. Simultaneously, the signal SJ issues
from 19—114, and the signal XZJ issues at 715 to effect a
shift-down of all seven digits of ¥ (o the least significant
digit position 1. Thus, from 19115, the least significant
half words (LSH) of the two double-precision words are
compared. In a similar manner from r17-#23, the MSH
portions of the two double-precision words are compared.

The LSH in Memory at memory location M, -1 is ob-
tained by increasing the instruction word address portion

TABLE A: STATE OF D1 at t18

‘.Lc?:oo Btate of D1 at {15
Bign of— b1 51 &1 5T W1 Comments
R J (RI>3) (R{=1T]) (RI<IT])
+ | + D1 bt b1 If both signs (+), never changs D1,
+ - D1 D1 D1 If R Is (+) and J 13 (—), R s always larger than J (even §f magnitudes are equal).
- |+ D1 DI D1 I'R (s {(~) and J is {+), R always less than J (even 1f magnitades are equal).
-] - bi Di D1 If both signs (—), must reverse resulta of magnitude comparison, unless |R|=}J|.
W21 D1 B B Asterisk In Ror J. No comparison at £15.
W2=0
{{7- >1" D1 m D1 It RT>T7, RDI.
Jrzeo i 51 Bi HRI<IT, ISR
R7<IT ) "
W2=0 — '
Jac;-ln D1 Di biJy It R7=J7, no change from (15,

Generally, the table indicates that if the signs of R
and J are both positive, the state of D1 at #15 correctly

by 1 at t4, so that the LSH is in J at 19. At ¢10, the in-
struction word address portion is decreased by 1. Thus,

represents the relationship of R to J. If both R and J 75 at 17, the MSH is in J from M,.



3,235,879

143
The signal Cpg also issues unconditionally during
£9-t15 and during t17-123 to enable various logical in-
puts to D1 in order that D1 may reflect the result of a
“greater than” comparison.
If FULL is:

Greater than My, M1, D1 turned on.
Equal to M,, Ma+1, D1 unchanged.
Less than My, Ma41, D1 turned off.

The conditions on the comparison according to whether
Je=1, whether an asterisk is present in the word com-
pared, and whether D1=1 at the commencement of this
instruction are identical for each half word comparison
and are identical to the comparison described in detail
in Instruction 76. Thus, in effect, this instruction is
two successive Instructions 76 performed in sequence on
the LSH and MSH portions of the two double-precision
words compared. The state of D1 at the start of the
MSH comparison is its state at the conclusion of the LSH
comparison. The W1 and W2 flip-flops are reset be-
tween the two comparisons, i.e., at f17.

The signal End occurs unconditionally at £24. Time:
24 clock periods.

Instruyction 71: Is R Unequal to M? (RUM)

This instruction (FIG. 217) effects a comparison be-
tween the contents of the R-register and a word in
Memory to determine whether the contents of R are
unequal to the word in Memory.

The operand address is: 0000-3999 Memory.

The description of Instruction 76, coupled with the
description to follow, is a complete description of In-
struction 71.

The Initial Routine is unaltered.

At 19, the word in the specified memory location is in
the J-register, for comparison with the word in the R-
register. .

From 19-115, the shift signals SR, SR76, and SRRm
issue to effect a complete ring shift-down of the contents
of R. Simultancously, the signal SJ issues from 19-¢14,
and the signal XZJ issues at #15 to effect a shift-down
of all seven digits of J to the least significant digit J1.

If R is:

Unequal to J—D1 turned on.
Equal to J—D1 unchanged.

From r9-t15, the contents of R1 and J1 are fed into
the IRem logic chain. From 19-r14, the IRem signal
will equal 1 if the R1 digit is equal to the J1 digit, or
if either R1 or J1 contains an asterisk. If at any time
during this period IRem=0, *D1 issues. At any time
the asterisk appears in R1 or J1, *W2 issues. At t15,
the comparison ends if W2 has been set. However, if
W2 is still equal to 0, indicating that no asterisks have
appeared in the numeric portions of R and J, the 4
position bit and 5 position bit of the condition digits are
compared by IRem for inequality, and if inequality is
indicated, *D1 issues.

Therefore, if D1 is set before beginning the instruc-
tion, or is set at any time during the instruction, it re-
mains set at the end of the instruction., D1 is set in the
event of any inequality during /9114 and an inequality
during f15, if W2 had not been previously set.

The signal End occurs unconditionally at 116, Time:
16 clock periods.

Instruction 81: Is L—R Unequal to
My and My+-17 (FUM)

This instruction (FIG. 224) effects a comparison be-
tween the entire contents of the L and R registers (FULL)
and a double-precision word in Memory to determine
whether the contents of FULL are unequal to the double-
precision word in Memory.

The operand address, My, is: 0000-3998 Memory.

The descriptions of Instructions 71 and 76, coupled
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with the description to follow, is a complete description
of Instruction 81.

The Initial Routine is unaltered.

From 9-r15, the shift signals SL76, SL, SLR7, SR76,
SR and SRL7 issue to effect a half ring shift-down of
the contents of L—R. Simultaneously, the signal SJ
issues from 9-r14, and the signal XZJ issues at ?15
to effect a shift-down of all seven digits of J to the
least significant digit position J1. Thus, from 19-115,
the least significant half words (LSH) of the two double-
precision words are compared. In a similar manner,
from r17-123, the MSH portions of the two double-
precision words are compared.

The LSH in Memory at memory location M,+1 is
obtained by increasing the instruction word address por-
tion by 1 at ¢4, so that LSH is in J at r9. At ¢10, the
instruction word address portion is decreased by 1. Thus,
at 717, the MSH is in J from M,. During 9-f15 and
£17-123, the contents of R1 and J1 are fed into the IRem
logic chain to enable various logical inputs to D1 in
order that D1 may reflect the result of an *“inequality”
comparison.

If FULL is:

Unequal to M, My4-1, D1 turned on.
Equal to My, M,+1, D1 unchanged.

If D1 is set before the beginning of the instruction,
or is set at any time during the instruction, it remains
set at the end of the instruction. The presence of an
asterisk in the numeric portion of either half word of
L—R or M, M,+1 prevents comparison of the condi-
tion digits of the respective half word.

In effect, this instruction is two successive Instructions
71 performed in sequence on the LSH and MSH por-
tions of the two double-precision words compared. The
W2 flip-flop is reset between these comparisons, i.e., at
7.

The signal End occurs unconditionally at £24. Time:
24 clock periods.

Instruction 31: Find Word in Memory Equal to L—R
(FND)

This instruction (FIG. 195) effects a search of the
Memory to locate a double-precision word that is equal
to the contents of FULL. When the word is found, an
indication of its location is stored in the B-register.

The operand address is: 0000-3998 Memory.

The descriptions of Instructions 71 and 81, coupled
with the description to follow, is a complete description
of Instruction 31.

The Initial Routine is unaltered.

Following the first T-cycle, a series of comparisons is
performed between a double-precision word from Mem-
ory and the contents of FULL. Each comparison re-
quires two T-cycles. During the first T-cycle of each
comparison, Ty is off and the LSH’s are compared. Dur-
ing the second T-cycle, Ty is on and the MSH's are com-
pared. The first and second T-cycles of each comparison
occur during 79-124 of the timing sequence. At 124, a
decision is made: if the double-precision word in Memory
is unequal to the contents of FULL, the timing circuit is
reset to /9, and another comparison is made; but, if
equality was found, Tz is set and the Central Processor
enters an instruction-closing T-cycle (£25-£32).

The original operand address, My, is increased by 1
at r4, and at 19 the LSH from M, +1is in J. From 19~
t15, the shift signals SL76, SL, SLR7, SR76, SR and
SRL7 issue to effect a half ring shift-down of the contents
of L—R (FULL). Simultaneously, the signal SJ issues
from 19-114 and the signal XZJ issues at ¢15 to effect a
sequential shift of all seven digits of J to J1. Thus, from
19-115, the LSH portions of the two doubie-precision
words are compared. The contents of R1 and J1 are fed
into the IRem logic chain to enable various inputs to D1
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in order that D1 may reflect the result of the comparison.
So long as IRem==1, indicating that the digits compared
are alike, the state of D! is unchanged from 0. If
IRem=0, indicating an inequality in the contents of Rl
and J1, *D1 occurs and DI is set to the 1-state, where it
remains until 124, whereupon a D1 resetting signal auto-
matically occurs. During this comparison an asterisk
(*) in either R1 or J1 compares as an equality, and im-
mediately sets W2 to the 1-state, where it remains until
116, at which time *W2 issues. At 115, if W2=0, the
4 position bit and 5 position bit of the condition digits of
the LSH’s are compared for equality, However, if an
asterisk was in the numeric portion of either LSH,
W2=1 at t15, and the condition digits of the LSH’s are
ignored in the comparison. This procedure is similar
to that of Instructions 71 and 81.

At 19, Cad issues, so that the original operand address
M, is restored to the A-register. At r17, the MSH from
M, is in J. *Ty issues at 116, so that the next clock
period is 17 of the timing sequence; i.e. (Td Ty). From
t17-123, a comparisoen similar to that described above is
performed on the MSH’s. Since W2 was reset to 0 at
t17, an asterisk in the numeric portions of the MSH’s
will prevent comparing the condition digits thereof at
123, Thus, by 124, two double-precision words have been
compared for equality, If any two corresponding digits
compared were unequal, D1 was set to the l-state and
is in that state at 24, If either half of either double-
precision word contained an asterisk, the corresponding
condition digits were not compared. From ¢1-r23 this
instruction is similar to Instruction 81, except for the is-
suance of three Cau signals during 117-119.

At 124, the succeeding course of action will depend on
the state of D1, If D1=1, indicating that the two double-
precision words compared were unequal, the search
criterion of this instruction has not been satisfied, so
that the search must be continued. The timing sequence
is thereupon returned to (9 by issuing *Ty. Simultane-
ously, DI and W2 are restored to the O-state, and the 19—
124 sequence is repeated on the next sequential double-
precision word in Memory, Since the A contents had
been counted up by 3 during r17-119, the word at M,+3
is in the M-register at 124 and is then compared with the
LSH of FULL starting at the new r9. The address M,+3
locates the LSH of the double-precision word in Memory
next following the one originally addressed. When 124
is again reached, the state of D1 again influences the suc-
ceeding course of the Central Proessor. So long as
D1=1 at 24, the word sought has not been found, the
timing sequence is again returned to 79, and the next
double-precision word in Memory i8 compared with
FULL,

If, however, D1==0 at 124, a word equal to FULL has
been found, Tz is set to 1, and the instruction-closing T-
cycle is entered; i.e., the Th Tz-subsequence.

Whether the timing sequence is returned to 9, or con-
tinued to 25, depends on whether *Tz issues or not at
124; as follows:

*T7z=(31) Ty D1 Tb8 TEnd

Since *Ty occurs at 124, the T-cycle starting with 19 is
denoted as the Ty Tz subsequence and that at £25 as the
Ty Tz subsequence. The T-cycle starting at ¢17 is de-
noted as the Ty Tz subsequence. Thus, during the re-
petitive searching process, Ty goes on and off during alter-
nate T-cycles.

During the instruction-closing T-cycle, the next LSH
enters J, but is never employed. At 125, Cad issues for
the last time and reduces the address in the A-register to
a number which is greater by 2 than the address of the
“equal” word found; i.e, M,+2. The following table
illustrates the sequential addresses in A, assuming that
the search starts at M,=1000, and that the MSH of the
“equal” word is 1004,
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““‘L’éﬁfu‘ reute c]rﬁ'kl 'ngﬁm cluAcli‘}):;:‘od Dt!z: ¢
of T-cycle | of T-cycle

Ta 1001
T Ty Tz 1001 1000
Tb Ty Tz 1000 1003 1
Ts Ty Tz 1003 1002
T Ty Tz 1002 1085 1
T6 Ty Tz 1005 1004
Tb Ty Tz 1004 1007 0
T6 Ty Tz 1007 1008

NoTE,—1008 trausferred to B, but 1004 {s the location (M,) of ““found”
word.

The signal *Jna issues at 125. Jna enables the issuance
of XAN and XNA at 127. Thus, at 128, the address of
the next instruction is in A, and M.+2 is in N. XNA
does not issue when Ti issues at 128, because Ti does not
control XNA for this instruction, Jna also enables the
issuance of the shift signals SN, SNB, and SB from
£28-131:

SN, SNB, SB=(31) Jna Tp
Thus, from 128-¢31, the contents of N, which are M,+2,
are transferred to B. At r32 this address is in B. *Jna
issues at 31 and *Tz at 132.

NoTte.—Although SI does not occur in the Ty Tz sub-
sequence, so that Jmg2, 1 stays at 0, O throughout the
subsequence, the mod alert does not occur since *Amm
is inhibited by Tz; i.e.,

sAmm=Tmgl Tb8 Tz

The signal End occurs unconditionally at 32; as fol-
lows:
End=(31) Th8 Tz

Time: 32 clock periods, plus 16 clock periods for each
unsuccessful search.

HALT SEARCH OR TUMBLE VARIATION

The above analysis was based on the assumption that
a prior Multiplex Buffer Instruction (i.e., 65, 66 or 68)
is not incomplete when this instruction is started. If
such an instruction was incomplete, the Central Processor
must be prepared to accept or transmit data at intervals
not exceeding 64 clock periods. Therefore, means is
provided for interrupting Instruction 31.

The primary flip-flop in initiating the variation is Hast,
where *Hst=(31) Tz T1 W3 (Jr{4-Jw). Jris a flip-flop
which is set whenever the Central Processor must inter-
rupt its program to accept data from the Read Buffer.
Similarly, Jw orders the Central Processor to interrupt
its program to fill the Write Buffer. *Jr and *Jw can only
occur at T4, if the respective “Unload, Read,” Ur, or
“Load, Write,” Lw, signals are present. Thus,

*Jr=Ti Ur Jm20 and *Jw=Ti Lw Ur

For Instruction 31, Ti can only occur at the 4th clock
period of a Ty or Tz cycle. Therefore, this instruction
can only be interrupted at the end of a FULL compari-
son, i.e., at 124, since except for the instruction-closing
T-cycle, Ti only occurs at each 20. With the issuance
of Ti, *Jr or *Jw can occur, at 120, if the corresponding
Read or Write Buffers are ready. Then, in accordance
with the above logic, *Hst occurs at 721, It should be
noted that Hsr is inhibited during the instruction-closing
T-cycle by Tz.

If Hst is on at 124, the C-register is set to 51, with
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timing returning to r1; ie, *T1=Th8 Hst, and a Read-
Interrupt or Write-Interrupt subsequence occurs. (See
section on Multiplex Buffer Operations.) However, Hst
does not effect the setting of Tz at 124, so that if D1=0,
*Tz occurs. Neither the setting of Tz nor the address in
the A-register at 724 are altered by the Interrupt-sub-
sequence. Consequently, following the Interrupt-sub-
sequence, the sequence of Instruction 31 continves from
the precise point where it was interrupted; i.e., the Cen-
tral Processor returns to 19, if 7Tz has not been set at 124,
and to ¢25 if Tz has been set, and C is reset to 31, *Hsf
occurs at Th1, which is the first clock period following
the Interrupt-subsequence. Thus, if an Interrupt-subse-
quence occurs, *IT#Z occurs either at 19 or 125, depending
on whether the search had been completed.

If Jr=1, XZJ and XMJ are inhibited during r23 and
124, respectively.

Instruction 36: Find Word in Memory Equal to or Greater
Than FULL (FGR)

This instruction (FIG. 197) effects a search of the
Memory to locate a double-precision word that is equal
to or greater than the contents of FULL. When the
word is found, an indication of its location is stored in
the B-register.

The operand address is: 0000-3998 Memory.

The descriptions of Instructions 31, 76 and 86, coupled
with the description to follow, is a complete description
of Instruction 36.

The Initial Routine is unaltered.

Following the first T-cycle, a series of comparisons is
performed between a double-precision word from Mem-
ory and the contents of FULL. Each comparison re-
quires two T-cycles. During the first T-cycle of each
comparison, Ty is off and the LSH’s are compared, Dur-
ing the second T-cycle, Ty is on and the MSH’s are com-
pared. The first and second T-cycles of each comparison
occur during 19-124 of the timing sequence. At 24 a
decision is made: if the double-precision word in Memory
is less than the contents of FULL, the timing circuit is
reset to 19, and another comparison is made; but if the
double-precision word in Memory is equal to or greater
than the contents of FULL, Tz is set and the Central
Processor enters an instruction-closing T-cycle (£25-132).

The sequence for obtaining words from Memory and
for executing successive comparisons is similar to that
of Instruction 31. The comparison to determine if FULL
is greater than the double-precision word in Memory is
similar to that of Instruction 86. The comparison in-
cludes the conditions that an asterisk in R or J sets W2
and precludes a comparison of the corresponding condi-
tion digits; but if no asterisk is present, Jc=0 causes an
algebraic comparison of the contents of R and I, and
Je=1 causes an absolute comparison of the numeric por-
tions and the 4 position bits and 5 position hits of the con-
dition digits of the words in R and J. As in Instruction
86, the state of DI continues from the LSH comparison
to the MSH comparison. Unlike Instruction 86, how-
ever, Dl is reset to O at 124 to prepare for the next
comparison.

If D1 isequal to 1 at £24, FULL is greater than the dou-
ble-precision word from Memory, or conversely, the Mem-
mory double-precision word is less than FULL, so that the
search criterion has not been satisfied, and the timing se-
quence returns to r9. If DI is equal to 0 at 24, FULL
is equal to or less than the word in Memory, or con-
versely, the word in Memory is equal to or greater than
FULL, whereby the search criterion is satisfied and the
timing sequence continues to 725, the beginning of the
instruction-closing T-cycle.

At the end of this instruction, the address M4-2, where
M, is the address of the Memory double-precision word
equal or greater than the contents of FULL, is stored
in B,
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The signal End occurs unconditionally at (32; as fol-
fows:
End=(36) T8 Tz

Time: 32 clock periods, plus 16 clock periods for each
unsuccessful search.

NoTe.-——When this instruction is used for sorting, it is
followed by an Instruction 35 (Tumble), with an operand
address of 3998.

JTALT SEARCH OR TUMBLE VARIATION

The preceding analysis is based on the assumption that
a prior Multiplex Buffer Instruction (i.e., 65, 66 or 68) not
incomplete when this instruction is started. If such an
instruction was incomplete, the Central Processor must
be prepared to accept or transmit data at intervals not
excecding 64 clock periods. Therefore, means is provided
for interrupting Instruction 36. The Halt Search or
Tumble Variation is similar to that described for Instruc-
tion 31, except that the C-register is sct to §6. The inter-
ruption can only occur at 124, and at its conclusion, the
sequence of Instruction 36 is continued from the precise
point where it was interrupted, C being restored to 36.

Instruction 35: Tumble (TUM)

This instruction (FIG. 196) effects the insertion of a
double-precision word into a predetermined position with-
in a sequential set of double-precision words in Memory.
When this instruction is used for sorting by inscrtion, it
is preceded by Instruction 36. Instruction 36 de'ermines
the address of the double-precision word in the sequential
set that is equal {o or greater than the contents of FULL,
which contents remain unchanged as this instruction is
entered. Thereupon, this instruction inserts these contents
of FULL at the memory location found in the preceding
Instruction 36 and translates, or “tumbles™ each of the
remaining double-precision words in the set to the next
successive double word location. When a double-precision
word is reached that has a period (.) in the least significant
digit position, it is tumbled and the instruction terminated.

The operand address is: 0000-3998, or 9998 Memory.

The descriptions of Instructions 31, 36, 80 and 85,
coupled with the description to follow, is a complete de-
scription of Imstruction 35.

The Initial Routine is unaltered, except that in the
sorting mode a B-subroutine is usually performed during
the Initial Routine.

During the sorting mode, the instruction word bears
the address 9998 and has its sign bit equal to 1, With
this instruction word, a B-subroutine is performed before
the instruction is executed. The address stored in the B-
register during the preceding Instruction 36 is added to
9998 and placed in the A-register. Since the 9998 ad-
dress in A, when increased by the contents of B, provides
a number 2 less than the contents of B, the new address
in A, following the B-subroutine, is the address of the
previously located double-precision word “equal 1o or
greater than” the contents of FULL.

During the first T-cycle, the operand address, M,, is
increased by 1 to the address of the LSH of the double-
precision word in Memory originally addressed. At 19,
the LSH from M,+1 is in J. Simultancously, Mwt
issues and initiates the storing of the contents of R in
My+1.

The instruction then precedes through a series of 19—
124 sequences, the second half of each sequence being
distinguished from the first by the presence of the Ty
signal. When Ty is turned off at 124, the timing sequence
returns to ¢9, if W3==0. From ¢9-¢16, the LSH from the
Memory double word location addressed is placed in L,
the MSH of FULL that is in L is shifted to R, and the
LSH of FULL in R is transferred to the location in
Memory to replace the LSH brought into L. From ¢17-
124, the MSH from the addressed Memory double word
location is placed in L, the LSH of the addressed Memory
double word is shifted from L to R, and the MSH of
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FULL in R is transferred to the location in Memory to
replace the MSH brought into L. Thus, during each
period 9124, the contents of FULL are exchanged with
the contents of a double word location in Memory. The
address of this double word location is increased by 2
each r9-724 sequence, since during 717-t19 Can issues
three times,

Therefore, each double-precision word read from
Memory is transferred to the next sequential double word
location in Memory. The instruction enters its last 9-
124 cycle when a double-precision word containing a
period (.) in the LSD position is in FULL at 19. The
presence of a period in R1 at 19 causes the issuance of
*W3, thereby setting W3 to 1, where it remains until reset
by the signal End. Whenever W3 is set at 110, End will
occur at 124, If End does not occur at 124 (W3=0),
the timing sequence is reset to /9.

The shifting of data in FULL is accomplished by the
signals SL76, SL, SLR7, SR76 and SR. The signal SJLs
transfers data from J13 and J14 to L73 and 1.74. The sig-
nal SILm issues from r9-¢14 and from ¢17—-£22 to transfer
the contents of J11 and J12 to the corresponding mod
positions of L7. At ¢1S and 123, the contents of the
J-Mod generators are transferred by the signal S¥mgL
to the mod-bit positions of L7, if the contents of J are
numeric. If the contents of J are alphanumeric, SJLm
issues again at ¢15 and 722..

The following example will iflustrate the operation of
this instruction. Assume that the contents of FULL are
234567 890123 from the preceding Instruction 36. The
double word memory.location at which a double-precision
word was found that is equal to or greater than the
contents of FULL is 2002; therefore, the B-register now
contains the address 2004. The following data is stored
in the corresponding memory locations prior to execution
of this Instruction 35.

L—R: 23(567 890123
D-register contents: 2004 (2002 was > L— R}

Memory loca- Data
tions

2000, 2001 123456 7RDO12

2002, 2003 345678 901234

2004, 2005 456789 012345

2008, 2007 000000 00000,

2008, 2009 135700 246801

The instruction word placed in the I-register in the
instant operation is 359998. Following a B-subroutine,
this instruction word is changed to 352002, Thus, the
initial memory location addressed is 2002. The original
contents of FULL are now stored in 2002, 2003, and
the tumble process proceeds until the double-precision
word originally stored in 2006, 2007 is placed in FULL.
This word has a period in the LSD position and causes
the instruction to conclude. The following data is stored
in the corresponding memory locations at the termina-
tion of this instruction.

Memory loca- Data
tions
2000, 2001 123456 7R9012
2002, 2003 234567 800123
2004, 2005 45678 001234
2008, 2007 456788 012345
2008, 2008 000000 00000,
2010, 2011 Unchanged

Norg—L—R: 135780 246801
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At the end of this instruction, FULL contains the
double-precision word originally stored in the memory
location where the double-precision word containing the
period is now stored.

The signal Ti issues at each £20, but XNA does not
occur unless W3=1,

The signal End occurs at 124, provided W3=1; as
follows:

End=(35) Tt8 Ty W3

Time: 24 clock periods, plus 16 clock periods for each
double-precision word tumbied.

HALT SBEARCH OR TUMBLE VARIATION

The above analysis is based on the assumption that
a prior Multiplex Buffer Instruction (i.e., 65, 66 or 68)
is not incomplete when this imstruction started. If such
an instruction was incomplete, the Central Processor must
be prepared to accept or transmit data at intervals not
exceeding 64 clock periods. Therefore, a means is pro-
vided for interrupting Instruction 35. The Halt Search
or Tumble Variation is similar to that described for In-
struction 31, except that the C-register is set to 55. The
interruption can only occur at 124, and at its conclusion,
the sequence of Instruction 35 continues at 19, C being
restored to 35. However, *Hss cannot issue if In-
struction 35 is beginning to halt; ie., if W3=1. Thus,
*Hst=(35) (Jr+Jw)Tz W3 T1.

Instruction 72: Add M to R (AMR)

This instruction (FIG. 218) effects the algebraic add-
ing of a word in Memory to the word in R, The sum
appears in R at the conclusion of the instruction. If
the sum exceeds 6 digits, the overflow is lost, but the
overflow flip-flop is turned on.

The operand address is 0000-3999 Memory.

The description of Instruction 21, coupled with the
description to follow, is a complete description of In.
struction 72.

The Initial Routine is unaltered.

One of three courses is taken during this instruction:

A. If the signs of the R and M contents are alike, |R]
is added to |M| and the sign of R is affixed to the
result,

B. If the signs of the R and M contents are unlike and
|R|>|M], |M| is deducted from |R| and the sign of R
is affixed to the result,

C. If the signs of the R and M contents are unlike and
[M]>|R}, |R] is deducted from |[M| and a sign opposite
to that of R is affixed to the result.

The course taken during this instruction is determined
by several criteria. During the Inmitial Routine, the
signs of the contents of R and M are examined. If they
are alike, course A is entered at 19. If they are unlike,
simultaneous courses B and C are entered at 79 by setting
Us and Ve. Us dictates a subtractive operation starting
at 9, and Vc provides for a 10’s complement type of
subtraction. Both courses B and C are alike from 79—
716. At 716, courses A and B terminate, with the proper
answer in R. However, if common courses B and C were
taken, the carry flip-flop Ve is sampled at r16, and if
Ve is off the signal End does not occur, but instead,
course C is found to be the one necessary, so that this
instruction continues in 733-£40,

Consider, now, the operation in detail. At 8, if the
signs of R and M are unlike, *Us and *Vc¢ occur. The
signal 8J occurs from r9-r14 and shifts the numeric con-
tents of J to the Va input AND-gates of the Arithmetic
Unit. From 79-r16, the signals SR76 and SR occur and
shift-down the entire contents of R. As the contents of
R shift-down, they are applied to the Vb input AND-
gates of the Arithmetic Unit, Therefore, from 79114,
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the corresponding six numeric digits of R and J are ap-
plied sequentially to the Arithmetic Unit. Since a one
clock period delay is present in the Arithmetic Unit, the
sum digital outputs appear at the V output AND-gates
one clock period later. Therefore, from £10-r15 the
six digits of the sum of the two numbers applied to the
Va and Vb input AND-gates appear from the V output
AND-gates. From r9-r14, the signal Vet issues to en-
able the numeric inputs to the carry flip-flop Ve. Dur-
ing 110715, the Vc flip-flop is set for each pair of digits
combined whose total, with the carry value represented
by Ve, is 10 or greater.

1f U3, the true contents of R and J are applied to the
Arithmetic Unit from 19-114, so that the output of the
Arithmetic Unit reflects the addition of these numeric con-
tents. However, if Us=1, the 9’s complement of J is ap-
plied to the Vg input AND-gates. This complementary
input, combined with the initial setting of Vc, effects the
adding of the 10's complement of the contents of J to
the contents of R. The signal SVR7 occurs from ¢10-
r15 and transfers the contents of the V output AND-
gates to the MSD position of R. Thus, at t11, the LSD
of the Arithmetic Unit output appears in R7. By r16,
the last numeric digit of the Arithmetic Unit output is
inR7.

However, the Arithmetic Unit has completed the sum
of the numeric contents at ¢15. Therefore, at t15, the
contents of V¢ are sampled. If Ve is on at this time, and
the operation was one of addition, the overflow flip-flop,
Ov, is set; as follows:

*Ov=(72) Ts Ve THT Ty

Thus, during an addition, the carry digit is lost, but the
overflow flip-flop is turned on if a carry occurred during
the MSD summation. The sctting of Ov does not affect
the operation of this instruction. It is the function of
the program to test the state of Ov. (See Instruc-
tion 54.)

At 116, the signal SVmgR occurs and transfers the con-
tents of the V-Mod-generator to the mod-bit positions
of R7 and transfers the sign and designator bits in R1
to R7. Thus, at £33, or at ¢1, depending on the course,
the proper sign and mod-bits are in R7 and the numeric
portion of the result is in R6-R 1.

*Zva issues at #15, so that Zva is set to 1 at £16. At
116, End occurs if Us or if Us Ve; ie, if an additive
operation had occurred, or if a subtractive operation had
occurred and |R|>|J|. If the J|>|R|, ¥c=0 at 116 for
the subtractive operation and End does not occur. Addi-
tionally, at r16, the Us flip-flop is reset unconditionally,
If End does not occur at (16, Zva continues in its set con-
dition and *Ty and *Tz occur. The issuance of *Ty
and *Tz causes the timing sequence to jump to £33 in
course C,

At 133, Ve is set to 1 to provide for a 10’s complement
of the contents of R. *Ve=(72)Th8. From 13338,
Vet issues to enable the numeric inputs to the carry flip-
flop. SR76 and SR issue from #33-140 to shift-down the
contents of R. SVR7Y issues from #34—39 and transfers
the output of the Arithmetic Unit to the R-register. The
signal Zva causes the entry of 0's into the Va input AND-
gates, The signal Tz causes the application of the 9's
complement of the contents of R to the Vb input AND-
gates. Thus, a 10’s complement of the contents of R is
effected from £33-240. At 140, SVmgR occurs and trans-
fers the contents of the V-Mod-generator to the mod-bit
positions of R7 and transfers the designator bit in R1
to R7. SVmgR does not affect the contents of R73 dur-
ing a Ty-cycle. Instead, at 140, the sign of R is inverted
from its value at 717; as follows:

*Rs=(72) Th8 Ty K13 and *R3=(72) Th8 Ty R13

The following table illustrates the transfer of data in
the R-register during the two Th-cycles of this instruction,
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The signal End occurs unconditionally at £40. Time:
16 clock periods if the signs of R and M are alike, or if
these signs are unlike |R|>|M|. 24 clock periods if
the signs of R and M are unlike and |R|<|M]|.

MATHEMATICAL ANALYSIS OF RESULTS OF
COMPLEMENTATION

The following analysis is employed to illustrate courses
B and C of this instruction, which are taken when the
signs of M and R are unlike. To arrive at a correct an-
swer, a subtraction must be effected of the magnitudes of
J and R, and the correct sign attached to the result.

The first (¢£9-116) step is to deduct {J| from |R| by
adding the 10's complement of |J] to [R]. Actually, 1
is first inserted in the Arithmetic Unit and the 9's com-
plement of [J| is added to |R|. 10 is substracted from
the result, provided |R|>{J|. (In the following exemplary
equations it will be assumed that |A| and |B] are both less
than 10.)

If the [R|>|V], it is desired to provide:

A=[RI—]
This is accomplished by:
A=|R]+(9—[I) +1—10 (2)
Ve is set to 1 before the complementing operation starts
in order to add the 1 of Equation 10. The quantity 10
is deducted from the result by ignoring the 10’s carry,
Ve. However, the answer can only truly reflect |R|—{M]|

if Ve is present at the end of the additive process, Ve
is present under the following conditions: ie., if

IR[+(9—}I]) +1==10

1)

3
IR|—7|=0 (4)

[RI>{T] s)

Therefore, if |R|>|J|, the addition of the 9’s comple-
ment of |J| to [R], after first setting Ve, gives the magni-
tude of the correct answer. The sign which is then affixed
to this magnitude is the original sign of R, and the answer
is complete,

If, however, |R|<3], it is desired to obtain {J|—|R].
After performing the left-hand side of inequality (3), the
result is the 10’s complement of the desired answer, since
10 has not been deducted from the result because V¢ did
not occur; i.e.,

or

or

A=10—(J|—|R]) (6)

Consequently, if Ve does not occur following the per-

formance of the left-hand side of inequality (3), |J|>[R],

and the preceding answer is complemented by 10; ie.,

by first setting V¢ and then by adding the 9’s comple-
ment of the new contents of R to 0's.

R’=9—[R]+ (9D +11+1

R"=|J|—[R|

™)
(@)
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To these new contents, R’ is affixed a sign opposite that
originally in R, and the answer is complete.

The following table illustrates the courses taken by
this instruction for all four possible combinations of the
contents of R and M with unlike signs.

I II I v

{Course B) {Course B) {Course C) {Course C)
R -$200000 — 200000 - 100000 +4-100000
J —100000 +10¢000 +200000 -~ 200000

At 9, Us and Ve are sot. . The 9s complement of J Is added to R, The

origina) sign of R 15 affixed to the new sum in R.

— 200000
89999;)

—100000
79999‘19

-+300000

R +200000
J (comp.) 890800 7908999
Ve 1 1

R’ 41000004+ Ve  —100000-+Ve —900000+Ve --000000+Ve

8ince Ve=1, Knd occurs, and Bince Ye=0, continue to (33.
Ve dropped. fet Ve to 1, and add 0's to
the 9's complement of R.
The sign of R 1s changed on
the finel answer in R.
R’ (comp.) — (09609 4098900
Zra 000000 000000

Ve 1 1
+100000 100000

End ocours

MODULO-3 COMPARISON

In addition to the normal mod-checking of the contents
of J, and the mod-generation for the numeric contents
of the sum output of the Arithmetic Unit by Vmg2, 1,
the mod-bits are employed to make a check on the re-
suits of the additive process employed in this instruc-
tion. The mod-check is based on the fact that the modulo-
3 of the sum of two numbers (Mod ) is equal the sum
of the mod-bits of the numbers (£ Mod). Therefore, fol-
lowing an addition, the modulo-3 of the sum is checked
against the sum of the mod-bits of the addend and augend.

In supplying the mod-bits of the addend or augend for

the mod-check, care must be taken to insure that the ,

mod-bits of the corresponding contents of R or J are
correctly altered if the complement has been employed in
the addition. Thus, the following inputs are supplied to
the Arithmetic Unit in this instruction:

Va Vb
Addttion (T T2). - el 3 R.
Bubtraction (Us T2} eeevencmccaromaaeenen I (comp.)...| R.
Tz-cycle following subtraction (T2 T2)a.o] Oceceourane- R {comp.),

The modulo-3 of a complemented number is the com-
plement of the original modulo-3. For example, if the
modulo-3 of J is Jmgl=1, the modulo-3 of the comple-
ment of J is Jmg2=1; if the modulo-3 of J is Jmg2=1,
the modulo-3 of the complement of ¥ is Jmgli=1. How-
ever, if the modulo-3 of J is Jmg2 Jmygi, this is also
the modulo-3 of the complement of J.

Referring once again to Iastruction 21, it is seen that
the mod-bits of the numeric contents of J are in Jmg2, 1,
at 7115. Referring to the preceding table illustrating the
contents of R, it is seen that the mod-bits of R are in
R1 at t15. Therefore, at £15, the sum of the mod-bits of
R and J may be generated. The AND-gates Ra2, 1 sam-
ple the contents of R12 and R11 at 15 and apply these
contents directly to the mod-adder fiip-flops Ma2, 1.
The AND-gates Ja2, 1, at #15, apply the contents of
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Img2, 1 directly to the mod-adder flip-flops, if Us; and
the complement of the contents of Img2, 1 to the mod-
adder flip-flops, if Us (since, when Us=1, the comple-
ment of J is applied to the Arithmetic Unit). However,
if Us=1 from 9-116, Vc had been set at /9 and an addi-
tional 1 had been inserted in the Arithmetic Unit, a 1
which does not appear in either input number applied to
the Arithmetic Unit. Therefore, this 1 must be added
to the contents of Ma2, 1 before the mod-bits are ap-
plied thereto at ¢15 for addition. This is accomplished
by setting Mal to 1 at /9. Thus, at 16, the contents of
Ma2, 1, the mod-adder, represents the sum of the mod-
bits (£ Mod) of the two numbers applied to the Arith-
metic Unit.

Since the output of the Arithmetic Unit is only first
available at 710, the Arithmetic Unit mod-generator
Vmg2, 1 first reflects the modulo-3 of the least significant
digit of the output of the Arithmetic Unit at z11. There-
fore, at 116, Vmg2, 1 reflects the modulo-3 of the 6-digit
sum delivered by the Arithmetic Unit. Consequently, at
16, the mod-comparator AND-gate, Mc, samples the
contents of Ma2, 1 and Vmg2, 1. If Vc is on at 16,
an additional 1 not reflected in Vmg2, 1 must be sam-
pled with the contents of Vmg2, 1 to determine if the
modulo-3 of the sum equals the sum of the mod-bits.
A table illustrating the inputs to the mod-comparator,
Mc, follows.

Mc=1 if:

Mol Ma2 Vo

(Vmgl14-Vmg2)
Mal Ve Vmgl
Ma2 Ve Vmyg2
Mal Ma2 Ve Vmg2

= Mod=0; Mod 2=1,2

> Mod=1; Mod £=0,2
2 Mod=2; Mod =0, 1
= Mod=0; Mod 2=1,2
Mal Ve (Vmgl4+Vmg2) ZMod=1;Mod 2=0,2
Ma2 Ve Vmgl £ Mod=2; Mod 2=0, 1

If the output of the mod-comparator equals 1, a com-
parison was not obtained and the signal *Aac issues at
t16 to set the “Alert, Arithmetic® fip-flop, Aac, which
stops the Central Processor.

In a similar manner, a mod-check is made at #40.
Although, during this period the next-instruction is in
the J-register, the signal Zva inhibits all inputs to Jmg2,
1 so that Jmg2, 1 reflect 0, O at TH7, which is the mod
of the 0's applied to the Va input AND-gates of the
Arithmetic Unit. At Tb7, IJmgl is set to 1 whenever
Zva=1 to prevent the issuance of *Amm.

All of Ma2, 1 Img2, 1 and Vmg2, 1 are set to 0, O at
the first clock period of each T-cycle.

Instruction 73: Subtract M From R (SMR)

This instruction (FIG. 219) effects the algebraic sub-
tracting of a word in Memory from the word in R. The
difference appears in R at the conclusion of the instruc-
tion. If the difference exceeds 6 digits, the overflow is
lost, but the overflow flip-flop is turned on.

The operand address is: 0000-3999 Memory.

The description of Instruction 72, coupled with the
description to follow, is a complete description of In-
struction 73.

The Initial Routine is unaltered.

One of three courses is taken during this instruction:

A. If the signs of the R and M contents are unlike, {R|
is added to |[M] and the sign of R is affixed to the
result,

B. If the signs of the R and M contents are alike and
[R|>|M], |M] is deducted from |R| and the sign of R
is affixed to the result.

C. If the signs of the R and M contents are alike and
IM|>|R|, |R| is deducted from [M| and a sign opposite
to that of R is affixed to the result.

This instruction is similar to Instruction 72, except that
Us is turned on if the signs of M and R are alike, That
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is, for subtraction, an additive operation (U3) is em-
ployed if the signs are unlike, and a subtractive operation
(Us) is employed only if the signs are alike. Therefore,
the operative details of this instruction will not be given
since, they are identical, except for the one noted differ-
ence, to those of Instruction 72.

If the signs of R and M are unlike, course A is en-
tered at 19. If the signs of R and M are alike, simul-
taneous courses B and C are entered at r9 by setting
Us and Ve. Us dictates a subtractive operation starting
at 19 and Vc provides for a 10's complement type of sub-
traction. Both courses B and C are alike from 19-t16.
At 16, courses A and B terminate, with the proper
answer in R. However, if common courses B and C
were taken, the carry flip-flop Vc is sampled at 16, and
if Vc is off, the signal End does not occur, but instead,
course C is found to be the one necessary, so that this
instruction continues in ¢33-140. Courses A, B and C
are identical to those of Instruction 72 and only differ
in the criteria by which they are selected.

The signal End occurs unconditionally at #40.

Time: 16 clock periods if the signs of R and M are
unlike, or if the signs are alike and [R|>IM|. 24
clock periods if the signs of R and M are alike and
[R|<|M].

EXAMPLES

The following table illustrates the courses taken by
this instruction for all four possible combinations of the
contents of R and M with like signs.

I 1I III v
{Course B) (Course B) {Course C) (Courge C)
R 4200000 — 200000 100000 ~ 100004
J +4-100000 -~ 100000 ~+200000 ~— 200000

At 19, Us and Ve are set. The 9's comnplement of J s added to B. The

original sign of R 1s affixed to the new s kn R,

— 200000
89901)?

~+100000
7%99;)

~100000

R 200000
T (comp) 869999 709990
Ve 1 1

4100000+Ve —1000004Ve -9000004Ve —900000+Ve

8ince Vea=1, End occurs, and Sinee Ve=0, contjnue to £33.
V¢ dropped. Bet Ve=1, and add 0's to
the 9's complement of R.
T'he sign of R is changed on
the final answer In R,

R’ (comp.) 000008 — 008969

Zra 006000

Ve 1 1

—100000 100000

End occurs

.5

Instruction 82: Add M to FULL (AMF)

This instruction (FIG. 225) effects the algebraic adding
of a double-precision word in Memory to the double-
precision word in FULL. The sum appears in FULL at
the conclusion of the instruction. If the sum exceeds 12
digits, the overflow is lost, but the overflow flip-flop is
turned on.

The operand address is: 0000-3998 Memory.

The description of Instruction 72, coupled with the de-
scription to follow, is:a complete description of Instruc-
tion 82.

The Initial Routine is unaltered.

One of three courses is taken by this instruction:

A. If the signs of the word initially in R and the word
in Ms+1 are alike, [FULL]| is added to |M,, Ma+1|
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and the sign of the word initially in R is affixed to
the result.

B. If the signs of the word initially in R and the word
in My+1 are unlike and [FULL|>M,, M,-1],
|Ma, Mp-+-1| is deducted from |FULL| and the sign
of the word initially in R is affixed to the result.

C. If the signs of the word initially in R and the word
in Ma-+1 are unlike and |M,, M,4-1|>|FULL],
JFULL) is deducted from [Ma, M4-+1{ and a sign oppo-
site to that of the word initially in R is affixed to the
result,

The course taken during this instruction is determinew
by several criteria. During the Initial Routine, the signs
of the contents of R and M,+1 are examined. If they
are alike, course A is entered at 9. If they are unlike,
simultaneous courses B and C are entered at #9 by setting
Us and Ve. Us dictates a subtractive operation starting
at 19, and Ve provides for a 10's complement type of sub-
traction. Both courses B and C are alike from 19-124.
At 124, courses A and B terminate, with the proper
answer in FULL. However, if common courses B and C
were taken, the carry flip-flop Vc is sampled at 24, and if
Vc is off, the signal End does not occur, but instead,
course C is found to be the one necessary, so that this
instruction continues from £25-140.

Consider, now, the operation in detail. At 8, the con-
tents of the sign bit position in R are sampled and the
sign bit in L is set to the same value; as follows:

*Ls=(82) Ta8 Rs and *Ts=(82) Ta8 Rs

Thus, both words in FULL are given the same sign, this
sign being that of the word initially in R. At 8, if the
signs of R and M,-1 are unlike, *Us and *Ve¢ occur.
Thus, the algebraic addition is controlled by only the
sign of the word initially in R and the sign of M,-+1.

The signal Cau issues at f3 to increase the original
operand address, My, by 1, so that the LSH of the double-
precision word in Memory may be transferred to J at 9.
The signal SJ occurs from f9-r14 and shifts the numeric
contents of J to the Va input AND-gates of the Arithmetic
Unit. From 9-¢16, the signals SL76 and SL occur and
shift-down the entire contents of L. As the contents of L
shift-down, they are applied to the MSD position of R
by the signal SLR7, which issues from r9-r15. Also
issuing from ¢9-115, are the signals SR76 and SR, which
enable the transfer of the contents of L to R from 19-116,
and which apply the contents of R to the V& input AND-
gates of the Arithmetic Unit. Therefore, from 79114,
the six corresponding numeric digits of R and J are
applied sequentially to the Arithmetic Unit. Since a one
clock period delay is present in the Arithmetic Unit, the
sum digital outputs appear at the V output AND-gates
one clock period later.

Therefore, from £10-115, the six digits of the sum of
the two numbers applied to the Va and Vb input AND-
gates appear from the V output AND-gates. From
19-114, the signal Vet issues to enable the numeric inputs
to the carry flip-flop Ve. During #10-115, the Ve flip-
flop is set for each pair of digits combined whose total,
with the carry value represented by Ve, is 10 or greater.

If Us, the true contents of R and J are applied to the
Arithmetic Unit from 19-114, so that the output of the
Arithmetic Unit reflects the addition of these numeric
contents. However, if Us=1, the 9s complement of ¥
is applied to the Va input AND-gates. This comple-
mentary input, combined with the initial setting of Ve,
effects the adding of the 10°s complement of the contents
of J to the contents of R, The signal SVL7 occurs from
£10-¢15, and transfers the contents of the V output
AND-gates to the MSD position of L. Thus, at 711, the
LSD of the Arithmetic Unit output appears in L7. By
16, the last numeric digit of the Arithmetic Unit output
is in L7. (This shifting and adding process is shown
graphically in the following table.)
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L7 L6 L5 14 13 L2 L1 R? RS RS Rt R3 R2 RI n v
(addition)
] %Ga a8 G5 G4 a3 G2 G4 ng F4 F5 F4 F3 F-2 ¥F1 {041
1 i
9 %FG a6 G5 04 G3 02 G &FF F68 F5 F4 F3 F3 F-1 |01
1o %{G Ev!fo G6 G5 G4 G-3 G2 G-l g{rr F6 P56 F4 Fa F2 |08 |[V-1=(O-D4(F-1)
1 v-i %{F‘G %{FG G868 G5 G4 G38 G2 G-1 1;}!? F4 F5 F4 F3 |03 |V-2=(0-D4H(F-2)
nz|ve v §4Fa %FG G6 G5 04 G3 G2 G-l g{F F-6 F5 F4 |04 |V-3=(0-3)4(F-8)
3| v-3  v-2  y-1 &FG ngG G¢ G5 G4 G-3 G2 G- ?MFF F6 F-5 |08 |[V-da=(O-4)+(F-9)
te|v4  v-3 V-2 Vi1 %/Fa "ﬂfg g4 G5 G4 G3 G2 Gl g{FF F8 | 08 | V-5={0O-B)+(F-5)
115 | V-5 V-4 V-3 V-2 V-i %{G %41?0 G868 G5 G4 G3 G2 G-l %{F O0-M | V-6=(0-6)4(F-6)
t6/ve V-5 V4 V3 V2 Vi1 BF B8F G8 G5 G4 G3 G2 G1 |O-M
Ma Ma
a7 'S»f\m V4 V-6 V4 V3 V-2 V- RIFG G4 G5 G4 G4 G2 G1 | Q-
s | P F V8 V5 V4 V3 V-2 V-1 BF G6 O35 G4 G3 02 [Q2 |V-I=(Q-D4(G-D
MVA MVA MG
19 | V-7 Js\;‘m LR'A V8 V-5 V4 V3 V2 VA g{FG G4 G5 G4 03 |Q3 |V-8=(Q2+(GD
20| V-8 V-7 §{F‘VA g}r“ Ve V-5 V-4 V3 V2 Vi x};;a a5 G4 | Q4 | V9=(QB+(G-3)
21| v-9 V-8 V-7 F F v-4 V5 V4 V3 V-2 V-1 BF G4 Q-5 Q-8 V-10=(Q4)4+(G)
MVA MVA MG
22|v-10 V9 V-8 V7 BSF BSF V4 V-5 V4 V8 V-2 Vi 8F 04 | Qe | V-Um(QG-5(G-H)
MVA MVA MG
23 |v-11 V0 V¢ V8 V-1 SF B8F V8 V£ V4 V-3 V-2 Vi 8F Q-M | V-12=(Q-6)+(G-8)
MVA MVA MG
24 V12 V-1 V-0 V9 V-8 V-7 BF F V8 V-5 V4 V3 V-2 Vi1 |QM
MVA MVA
a | sP Va2 V-l V-0 V9 V8 V-7 B8F V8 V-5 V4 V-3 V-2 V-l
MVB MVA
125 | SF V-12 V-l V-10 V49 V-8 V-1 BF V6 V-5 V4 V-3 V2 Vi
MVB MVA
26| 9F V-2 V- V-0 V9 V8 V7 BF Ve V5§ V4 VI V3
MVB MVB MVA
27 | Vi1 F FV-12 Va1l V-10 V9 V8 V7 B8F V4 V-5 V4 V3
MVB MVB MVA
281 V-2 V-1 8P F_ V12 V-l V-0 V-9 V8 V7 BF V4 V5 V+4
MVB MVB MVA
20| v-3 v-2 V-1 8F P V-2 V-1 V-0 V9 V8 V-7 BF V4 V3§
MVB MVB MVA
30} v-4 V-3 V-2 V-1 8F F V12 V-II V-10 V9 V8 V-7 F V-8
MVB MVB MVA
B{Vv-s V-4 V3 V-2 V- B8F F_ V12 V-l V-0 V9 V-8 V-7 BF
MVB MVB MVA
32{ v-6 ‘5 V-4 V-3 V-2 V-1 8F B8F V-12 V-1 V-0 V-0 V-8 VI
MVB MVB
3{8F V-4 V-5 V4 V-3 V-2 V-1 8F V-2 V-1 V-10 V4 V8 V-7
MVC MVB
B34 8F BF V-6 V-5 V4 V-8 V-2 V-1 8F V-2 V-1 V-0 V¢ V-4
MVC MVC .MVB
35| v-7 BF B8F V-8 V-5 V4 V-3 V-2 V-1 8&F V-13 V-1 V-0 V-9
MVC MVC MVB
36| V' V-7 8F 8F V4 V-5 V4 V-3 V-2 V-1 BF V-2 V-iI V-0
MVC MVC MVB
3{v-e V-8 V-1 8F S8SFF V4 V-5 V4 V-8 V-3 V-1 8F V-2 V-i1
MVC MVC MVB
¢8| V-0 V-9 V-8 V-1 BF FFV-e V-5 V4 V-3 V-3 V-1 8F V-2
MVC MVC MVB
3] vl V-0 V-9 V-8 V-7 BF BFF V-8 V-5 V-4 V-3 V-2 V-1 BPF
MVC MVC MVB
40| vi-i2 V-1l V-0 Vg V8 V-1 BFY BF V-6 V-5 V4 V-3 V-2 V-l
MVC MVC
tf 8P V-2 V-1 V-0 V49 V-8 V-1 BFY V-8 V-5 V4 V-8 V-2 VAL
MVD MVC
wherein double-precision word in FULL, to Ls and Ld respec-
s [ i . i tl'a i =
SF represents the original sign of the R contents, :‘:;_:g'm gt;;%nall lTy ;:3’“ at 116, so that 717 is o
SG represents the original sign of the L conten X1 CIOCK Perioc.
P g gn 5, 60  The numeric digits in both halves of FULL, are treated

SF’ represents the inverted sign,

MF represents the mod-bits of the R contents,

MG represents the mod-bits of the L contents,

MVA represents the mod-bits of the original LSD of the

sum, . 65

MYVB represents the mod-bits of the original MSD of the
sum,

MVC represents the mod-bits of the complemented R
contents,

MVD represents the mod-bits of the complemented L 70

contents.

At 116, the signals SVmgl and SLLs issue. SVmgL
transfers the contents of the V-Mod-generator to Lm2, 1.
SLLs transfers the contents of L13 and L14, which con-

as a single twelve digit word in this instruction. In a
similar manner, the numeric contents of M, and M,+1
are treated as a single twelve digit word. Therefore, if
a carry is present at 715, this carry must be transmitted
to 17 when the addition of the MSH words takes place.
This transmission of the carry from times t15-717 is ac-
complished by the following signals:

*Ve=(87) Tb7 Vc+(87) Th8 Ve

The signal Cad issues at 19, to decrease the operand
address by 1 to M,, so that the MSH of the double-pre-
cision word in Memory may be transferred to J at ¢17.
By 117, the MSH of FULL has been transferred into R.
Therefore, from £17-£22, the numeric contents of R and

tain respectively the sign and designator bits of the 75 J are combined in the Arithmetic Unit by an operation
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similar to that executed during 19-¢14. The continuing
state of Us determines whether another additive or sub-
tractive operation is to be performed. By r24, the last
numeric digit of the Arithmetic Unit output appears
in L7.

The Arithmetic Unit has completed the sum of the nu-
meric portions at 715. Therefore, at 715, the contents
of Ve are sampled. If Vc is on at this time, and the
operation was one of addition, the overflow flip-flop Ov
is set; as follows:

*Ov==(82)Us Vc TbT Ty T2

Thus, during an addition, the carry digit is lost, but
the overflow flip-flop is turned on if a carry occurred dur-
ing the MSD summation.

At 724, the signals SVmgL and SLLs again issue to
transfer the contents of the V-Mod-generator and the
sign and designator bits of the double-precision words in
FULL to L7. Thus, at £25, or at 1, depending on the
course, the proper sign, designator, and mod-bits are in
L7 and R7, and the twelve digit sum js in L6-L1 and
R6-R1.

*Zva issues at 123, so that Zvg is set to 1 at 124. At
124, Bnd occurs, if Us or if Us Ve, ie., if an additive
operation had occurred, or if a subtractive operation had
occurred and

|[FULL|>| My, Mp+1]

If My, My+1|>|FULL|, Ve=0 at 124 for the sub-
tractive operation and End does not occur. Addition-
ally, at 24, the Us flip-flop is reset unconditionally. 1f
End does not occur at 124, Zva continues in its set con-
dition and *Tz occurs. The issuance of *Tz causes the
timing sequence to proceed to 25 in course C.

At 125, Vc is set to 1, to provide for a 10's complement
of the contents of R. From 125-£30, Vet issues to enable
the numeric inputs to the carry flip-flop Ve. SL76, SL,
SLR7, SR76 and SR issue from £25-131 to shift-down the
contents of FULL. SL76 and SL also issue at 132 to
allow for the insertion of the sign, designator, and mod-
bits in L7. SVL7 issues from #26—31 and transfers the
output of the Arithmetic Unit to the L-register. The
signal Zva causes the entry of 0’s into the Va input AND-
gates. The signal Tz causes the application of the 9's
complement of the contents of R to the Vb input AND-
gates. Thus, a 10’s complement of the contents of R is
effected from £25-132 and the result is stored in L. At
124, SVmgL and SLLs issue to transfer the contents of
the V-Mod-generator and the designator bit to L7. SLLs
does not affect the contents of L73 during a Ty Tz-cycle.
Instead, at #32, the sign of L is inverted from its value at
125; as follows:

*Ls—(82) Th8 Ty Tz L3
and
*Ts=(82) Th8 Ty Tz L13

In a similar manner, the complement of the contents
of the MSH of FULL is effected from #33-140. The only
basic difference between the operation from £33-#40 as
contrasted to that occurring from 725-£32, is that Ty is
also on, so that SLLs is now effective to transfer the
sign bit of L1 to L7 at #40.

The mathematical analysis of this instruction is sub-
stantially identical to that of Instruction 72 and will not
be repeated here. The only difference is the substitution
of a 12 digit for a 6 digit number.

A mod-comparison is made during each of the four
Tb-cycles and *Aac issues if the mod-check fails, except
for the conditions noted in the Hash-Add description fol-
lowing. Again, as in Instruction 72, the signal Zva in-
hibits all inputs to Jmg2, 1 so that Img2, 1 reflect 0, 0 at
each Th7 in the Tz-cycles.

It will be noted that T7 is suppressed at ¢12, since it is
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necessary to have the address of the MSH word of M,
in the A-register at ¢16.

The signal End occurs unconditionally at 140, Time:
24 clock periods if the signs of the word initially in R
and the word in M1 are alike, or if these signs are
unlike and JFULL{>[MA, Ma+-1f. 40 clock periods if
the signs of the word initially in R and the word in
Ma+1 are unlike and [FULL|<|M,, Mj+1|.

HASH-ADD

The Hash-Add instruction is a variation of Instruction
82, and permits a non-numeric or alphanumeric double-
precision word in My, M,+-1 to be “added” to a numeric
word in FULL. To perform such an addition, both the
D1 and D3 flip-flops must be on. The effect of executing
this instruction is to place a numeric word in FULL,

It is essential that FULL be numeric at the start of
this instruction. Normally, in an add or subtract in-
struction, the alarm *Aac issues if there is a non-numeric
digit from either the Va or Vb input AND-gates to the
Arithmetic Unit at Tb T87, or if there is a non-numeric
sum digit from the Arithmetic Unit at any time. How-
ever, if D1 and D3 both equal 1, *Aac is inhibited for
Instruction 82 if a non-numeric digit issues from the Va
input AND-gates. Since the contents of J pass through
these Va input AND-gates, it is only the double-precision
word in Memory that may be non-numeric during this
instruction. The logic for the output digits supplied by
the Arithmetic Unit provides that only numeric digits
can issue therefrom. Therefore, the result of this in-
struction is a numeric quantity in FULL.

By analyzing the specific logic equations, it may be
noted that the digit ($) adds as a S, the digit (,) as a 6,
the digit (&) as a 7, the digit (.) as a 10 and the digit
(*)asanll.

Inasmuch as the J-Mod-generator does not accumulate
the modulo-3 of an alphanumeric word, but instead is
immediately set to 11 when an alphanumeric word enters
J, no mod-comparison can be made during Hash-Add.
(See Instruction 21.) Therefore, if D1 and D3 are both
set to 1, *Aac is inhibited for Instruction 82, even though
the mod-check fails,

Therefore, by setting D1 and D3 for Instruction 82,
the instruction may be executed as the Memory supplies
non-numeric or alphanumeric words, without triggering
the alarm Aac due to a non-numeric input to the Arith-
metic Unit or due to the failure of the mod-check.

Hash-Add is employed for the purpose of verifying
blocks of information by taking a block sum, even though
all of the data in the block is not numeric,

Normally, D1 and D3 are set to 1 prior to this in-
struction by programming techniques. For example, a
compare instruction, such as Instruction 71, may be per-
formed where it is known that the result will set D1,
Similarly, an interrogation Instruction 54 may be em-
ployed wherein a flip-flop is interrogated that is known
to be in a predetermined condition so that D3 will be set.

Instruction 83: Subtract M From FULL (SMF)

This instruction (FIG. 226) effects the algebraic sub-
tracting of a double-precision word in Memory from the
double-precision word in FULL. The difference appears
in FULL at the conclusion of the instruction. If the dif-
ference exceeds 12 digits, the overflow is lost, but the
overflow flip-flop is turned on.

The operand address is: 0000-3998 Memory.

The descriptions of Instructions 72, 73 and 82, cou-
pled with the description to follow, is a complete descrip-
tion of Instruction 83.

The Initial Routine is unaltered.

One of three courses is taken by this instruction:

A. If the signs of the word initially in R and the word in
My+1 are unlike, [FULL is added to |M,, M,+1| and

the sign of the word initially in R is affixed to the re-
sult,
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B. If the signs of the word initially in R and the word in
Ma+1 are alike, and [FULL|>|Ms, Ma+1], [Ma,
My+4-1] is deducted from |FULL| and the sign of the
word initially in R is affixed to the result.

C. If the signs of the word initially in R and the word in
Ma+1 are alike and |M,, My+1|>|FULL|, JFULL] is
deducted from |M,, M,-+1} and a sign opposite to that
of the word initially in R i3 affixed to the result.

The course taken during this instruction is determined
by several criteria. During the Initial Routine, the signs
of the contents of R and M,-1 are examined. If they
are unlike, course A is entered at 9. If they are alike,
simultaneous courses B and C are entered at 19 by setting
Us and Ve. Us dictates a subtractive operation starting
at 19, and V¢ provides for a 10’s complement type of sub-
traction. Both courses B and C are alike from 9-124.
At 124, courses A and B terminate, with the proper answer
in FULL., However, if common courses B and C were
taken, the carry flip-flop Ve is sampled at 724, and if Ve
is off, the signal End does not occur, but instead, course
C is found to be the one necessary, so that this instruc-
tion continues from 725240,

Thus, this instruction is similar to Instruction 82, ex-
cept that Us is turned on if the signs of the word initially
in R and the word in M,--1 are alike. That is, for sub-
traction, an additive operation (Us) is employed if the
signs are unlike, and a subtractive operation (Us) is em-
ployed only if the signs are alike. Therefore, the opera-
tive details of this instruction will not be given, since they
are identical, except for the one noted difference, to those
of Instruction 82.

The examples of the courses taken by Instruction 73
are equally applicable to this instruction, except that 12
digit numbers are employed rather than 6 digit numbers,

The signal End occurs unconditionally at 140. Time:
24 clock periods if the signs of the word initially in R and
the word in M .41 are unlike, or if these signs are alike
and [FULL!>|M,, M,--1]. 40 clock periods if the signs
of the word initially in R and the word in M,4-1 are alike
and [FULL|<|Ma, My+1]|.

Instruction 87: Add M to R and Carry (ARC)

This instruction (FIG. 229) effects the algebraic add-
ing of a single word in Memory to the double-precision
word in FULL. The sum appears in FULL at the con-
clusion of the instruction. If the sum exceeds 12 digits,
the overflow is lost, but the overflow flip-flop is turned on.

The operand address is: ¢000-3999 Memory.

The description of Instruction 82, coupled with the de-
scription to follow, is a complete description of Instruc-
tion 87.

The Initial Routine is unaltered.

This instruction is similar to Instruction 82, except
that only a single word in M is added to FULL, Any
carry from the most significant digit of R goes to L. As
in Instruction 82, the sign of R determines the sign of
FULL. However, since only a single word is to be
added to the word in FULL, during ¢17-23 0’s are sup-
plied to the Arithmetic Unit by the action of Zva if Us=0
(additive operation), and 9's are supplied to the Arith-
metic Unit by the action of Zvae if Us=1 (subtractive
complementation). Thus, the MSH of FULL is affected
only by any carry which may occur by the addition to its
LSH. The selection between courses of action B and C
in this instruction is determined by the relationship be-
tween |FULL| and [M|. Only if the MSH of FULL com-
prises all 0's can course C take place.

The signal End occurs unconditionally at £40. Time:
24 clock periods if the signs of the word initially in R and
the word in M are alike, or if these signs are unlike and
[FULL|>|M|. 40 clock periods if the signs of the word
initially in R and the word in M are unlike and
[FULL|<|M|.
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Instruction 88: Subtract M From R and Carry (SRC)

This instruction (FIG. 230) effects the algebraic sub-
tracting of a single word in Memory from the double-
precision word in FULL. The difference appears in
FULL at the conclusion of the instruction. If the differ-
ence exceeds 12 digits, the overflow is lost, but the over-
flow flip-flop is turned on.

The operand address is: 0000-3999 Memory.

The description of Instruction 83, coupled with the
description to follow, is a complete description of Instruc-
tion 88.

The Initial Routine is unaltered.

This instruction is similar to Instruction 83, except that
only a single word in M is subtracted from FULL. Any
borrow from the most significant digit of R goes to L.
As in Instruction 83, the sign of R determines the sign
of FULL. However, since only a single word is to be
added to the word in FULL, during 117123, 0's are sup-
plied to the Arithmetic Unit by the action of Zva if Us=0
(additive operation), and 9’s are supplied to the Arithme-
tic Unit by the action of Zva if Us=1 (subtractive com-
plementation). Thus, the MSH of FULL is affected only
by any borrow which may occur by the subtraction from
its LSH. The selection between courses of action B and
C in this instruction is determined by the relationship be-
tween |FULL| and |M|. Only if the MSH of FULL
comprises all 0's can course C take place.

The signal End occurs unconditionally at 40, Time:
24 clock periods if the signs of the word initially in R and
the word in M are unlike, or if these signs are alike and
|[FULL|>!M|. 40 clock periods if the signs of the word
initially in R and the word in M are alike and

|FULL|<|M]|
Instruction 27: Add M to B (AMB)

This instruction (FIG. 192) effects the adding of the
four least significant digits of a word in Memory to the
word in B, The sum appears in B at the conclusion of
the instruction. If the sum exceeds four digits, the over-
fiow is lost, but the D2 flip-flop is turned on,

The operand address is: 0000-3999 Memory.

The description of Instruction 72, coupled with the
description to follow, is a complete description of In-
struction 27.

The initial routine is unaltered.

The four digits from Memory are transferred from the
J-register through the Va input AND-gates to the Arithme-
tic Unit. The four digits from B are transferred through
the V) input AND-gates to the Arithmetic Unit. Be-
cause of the one clock period delay in the Arithmetic
Unit, five clock periods are necessary to perform the
addition.

At 19, the operand is in the J-register. At this time
the shift signals SJ, SVB and SB issue. SVB and SB issue
unconditionally from ¢9-r13, SJ transfers the digits in J
sequentially to the Va input AND-gates, and SVB trans-
fers the B digits sequentially to the Vb input AND-gates.
The Arithmetic Unit output signals, which are available
from the V-output AND-gates, are delivered one clock
period after the entry of the corresponding digits at Va
and Vb. The signal Vet enables the numeric inputs to
the carry flip-flop Ve.

The signal SVB gates the signals provided by the V-
output AND-gates to B4. Therefore, in this instruction,
the former contents of the B-register are destroyed as the
new number is transferred thereto. The least significant
sum digit of J and B is in the Vs flip-flops at £10, and in B4
at 111, At £13, the V-output AND-gates reflect the last
sum digit to be transferred to B4, At this time, Ve is
sampled, and if an overflow has occurred, *D2 issues and
D2 is set at t14; as follows:

*D2=(27) Tb Tp Tq Ts Vc
D2 may be later interrogated by an Instruction 62. At
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114, the new number is completely in the B-register, and
the shifting thereof terminates.
The table below illustrates the operation and the trans-
fer of the resulting sum to the B-register.

164
Instruction 29: Extract M Into R by L (EXT)

This instruction (FIG. 194) effects the replacement of
digits of a word in R with the corresponding digits of a
word in Memory, under control of a word in L.

J4 J3 Jz2 3 \2 B4 B3 B2 Bl
9 |04 03 02 O-1 | .__._..... 8-4 B8-3 8-2 8-1
101 0-5 O-¢ 0-3 0-2 | 0-148-1 i B4 £8-3 B8~2
1] 08 O-85 0-4 0-3 | 0-248-2 0-14-8- J—— B8-4 8-3
2| o0-7 06 0-3 04| 0-3+8-3 0-24-8-2  O-148-1 J 84
3 o1 07 06 O-5 | O0-4+8+4 0-3+8-3 0-248-2 0-14-8-1 I
14 | 0-2 O-1 O0-7 06| ccocaooan. 0-44-8-4 0-3+8-3 0-248-2 O-148-1
5 1 0-3 02 01 O-7 | ______.... 0-41-8-4 -34+8-3 O0-248-2 0O-148-1
{10 0 ¢ O-1 ] .. 0-4+84 0-3+48-3 0-248-2 O-148-1

Although no Arithmetic Unit mod-check is made, *Aac
issues if the Va or Vb inputs are non-numeric during
19112, or if the Arithmetic Unit output is non-numeric
at any time.

The signal End occurs unconditionally at ¢16. Time:
16 clock periods.

Instruction 28: Transfer M to B (TMB)

This instruction (FIG, 193) effects the transfer of the
four least significant digits of a word in Memory to the
B-register.

The operand address is; 0000-3999 Memory.

The description of Instruction 27, coupled with the de-
scription to follow, is a complete description of Instruc-
tion 28.

The Initial Routine is unaltered.

This instruction is similar to Instruction 27, except that
0’s, instead of the contents of B, are added to the four
digits from Memory. No overflow can occur.

The four digits from Memory are transferred from the
J-register through the Arithmetic Unit to the B-register.
Because of the one clock period delay in the Arithmetic
Unit, five clock periods are necessary to transfer these
four digits,

At 19, the operand is in the J-register. At this time the
shift signals SJ, SVB and SB issue. SVB and SB issue
unconditionally from (9 through r13. SJ transfers the
digits in J sequentially to the Va input AND-gates of the
Arithmetic Unit. Simultanecously 0's are transferred to
the Vb input AND-gates. Therefore, the Arithmetic Unit
adds 0's to the four digits of J transferred thereto, The
Arithmetic Unit output signals, which are available from
the V output AND-gates, are delivered one clock period
after their entry at Va.

The signal SVB gates the signals provided by the V
output AND-gates to B4. The signal SB shifts-down the
contents of the B-register. Therefore, in this instruction,
the former contents of the B-register are destroyed as the
new number is transferred thereto. The least significant
digit of the operand enters the Vs flip-flops at #10 and B4
at r11. At 114, the new number is in the B-register, and
the shifting thereof terminates. The table below illus-
trates the transfer of the data to the B-register,

J4 T3 2 J1 v B4 B3 B2 B1

m | 0-4 03 0-2 0-1 |.... 84 83 82 81

1o 1 0-6 Oo-4 0-3 0-2 |0-1 ... B4 83 B2
11 | 0-8 0-6 04 0O-3 |0-2 0-1 .. 84 B8-3
02 1 0-7 06 06 04 |0-3 02 O-1 _.._ B4
13 | 0-1 07 08 O56 |04 0-3 02 O-1 ___
14 | 0-2 0-1 0O-7 048 |05 0-4 03 02 0-1
t16 | 0-3 0-2 01 0-7 |08 0-4 08¢ 0-2 O0-1
t18 0 0 0 O-1 | O-7 0-4 03 0-2 0-1

Although no adder mod-check is made, *Aac issues if the
Va or Vb inputs are non-numeric during 19-¢12, or if an
Arithmetic Unit output is non-numeric at any time.

The signal End occurs unconditionally at 116, Time:
16 clock periods.
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The operand address is: 0000-3999 Memory.

The description of Instruction 21, coupled with the
description to follow, is a complete description of In-
struction 29.

The Initial Routine is unaltered.

From ¢9-t15, the contents of J shift-down, the contents
of L completely ring shift-down, and certain digits of R
completely ring shift-down. The signals SL76, SL and
SLL7, effect a complete ring shift-down of the L-register
contents as the signals SJ and XZJ shift-down the entire
contents of the J-register. The signals SR76 and SR
shift-down the entire contents of R, and the signal SRRm,
which is conditional, effects a complete ring shift-down of
specified digits of R, as directed by corresponding digits
of L. For each digit of R which is not ring shifted, a
corresponding digit of J is inserted in R. If the bit in
L14 is equal to 0, the digit in R1 is transferred to R7,
but if the L14 bit is equal to 1, the digit in J1 is trans-
ferred to R7. The logic directing this extract opera-
tion is:

SRRm=(29) Tb T3 and SJRm=(29) Tb L14

The condition digit in R is transferred in the same manner
as the six numeric digits during 19-116.

The following table illustrates the operation of this
instruction. In this table, the terms C; Cgr and Cy,
represent respectively the condition digits in J, R and L.

Inittal Final
J=(;121212 J =000000C
R=Cgr989898 R=C,020202
L= Cp050505 L=C1050505

where the designator bit of Cy,is 1.

Since the numeric contents of the word in R are nor-
mally changed by this operation, new mod-bits for the
numeric portion must be generated. Therefore, M3g set
at 116, the contents of the C-register are changed to 25
in the next clock period, and for the next 8 clock periods,
the Central Processor executes the “Mod-3 generation on
R” instruction.  (See Instruction 25.)

The final condition digit of the word in R is affected as
follows:

(1) If the designator bit in L is equal to 0, the sign and
designator bits and the alphabetic nature of R remain
unchanged.

(2) If the designator bit of the word in L is equal to 1;

a. the sign and designator bits of R become those
of the word in J, and

b. if the word in J is alphanumeric, the mod-bits in
R indicate an alphanumeric; whereas if the word
in J is numeric, the mod-bits in R indicate a
numeric.

The signal End occurs unconditionally at r16. The
signals XZJ and *Ti are inhibited by M3g, so that the
next T-cycle is a Th-cycle. Time: 24 clock periods.
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Instruction 42: Multiply M by R (MPY)

This instruction (FIiG. 198) effccts the algebraic multi-
plication of a word in Memory by the word in R. The
product appears in FULL at the termination of the in-
struction, with the MSH word in R and the LSH word
in L.

The operand address is: 0000-3999 Memory.

The descriptions of Instructions 21, 72 and 73, coupled
with the description to follow, is a complete description
of Instruction 42.

The Initial Routine is unaltered.

From t1-t16, the instruction and the multiplicand are
mod-checked, and at 16 the multiplicand from Memory
isin J. During 19113, the signals SR76, SR, SRL7, SL76,
SL and SZR7 issue to cause all 7 digits of the multiplier
in R to transfer to L, and to clear the contents of R.
The original contents of L are destroyed. The multiplier
remains in L for the remainder of this instruction, grad-
ually shifting to the right and being destroyed as it is
replaced by the LSH word of the product. At 716, *Ty
issues, and Ty remains on for the remainder of this in-
struction.

During the remainder of this instruction, the multi-
plication is accomplished by operating in but two differ-
ent subsequences. One of these subsequences is identi-
fied as the Tz subsequence. The Tz subsequence is en-
tered when the T-counter is set to 111, Tz is on, and Td
is off, this state of the timing circuit being identified as
139. The other of the two subsequences is identified as
the Td subsequence. The Td subsequence is entered
when the T-counter is set to 001, Td is on, and Tz off,
the state of the timing circuit being identified as r41. The
Tz subsequence terminates at r40, being only 2 clock
periods in duration. The Td subsequence terminates at
148, being 8 clock periods in duration. At the end of
each of the Tz and Td subsequences, namely at 140 and
148, the contents of L1 are tested to determine whether
the existing subsequence should be repeated, or whether
the other of these two subsequences should be entered.

Generally, it is the function of the Tz subsequence to
shift-down by one digit position the accumulated product
in L and R, following each multiplication by a digit of
the multiplier, in order that the next multiplier digit may
add to the accumulated product in the next higher order
group of digits. The Tz subsequence is also employed if
the next multiplier digit is 0, when only a digit shift of
the accumulated product is necessary.

Generally, it is the function of the Td subsequence to
multiply the multiplicand by the digit of the multiplier
then in L1, and to add the resulting partial product to
the accumulated product portion in R.  After each multi-
plication by a digit of the multiplier is completed, the
LSD in R is transferred to L6 and the remaining five
digits in R are shifted-down one digit position. There-
fore, the accumulated product is stored in R and a portion
of L until the product is complete, whereupon the product
occupies the entire contents of FULL.,

At 116, the first test of the contents of L1 is made. At
116, the digit in L1 is the sole factor determining whether
a Tz or Td subsequence will be next entered. If L1=0,
indicating that the multiplicand should be multiplied by 0,
the Tz subsequence is entered. If L1940, the Td subse-
quence is entered. If L14=0, the Td subsequence will
be additive. If L14=1, *Us issues, and the Td subse-
quence will be subtractive,

The number of multiplier digits which have multiplied
the multiplicand determines when the instruction is com-
pleted. After each multiplier partial product has been
added to the accumulated product, the W-counter is
counted up by 1 in the next occurring Tz subsequence.
The instruction terminates when W=6, although the
termination test is made immediately following multi-
plication by the last digit of the multiplier, when W is
still equal to 5.
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Ta BUBSEQUENCE

At 116, at 140 of a Tz subsequence, and at 48 of a Td
subsequence, 1.1 is sampled and, generally, if L1=0,
Zm and *Tz issue. Zm forces the T-counter to 111 and
sets Th and Th7. Therefore, the next clock period is
139. At 139, the signal Cwu issues to count up the W-
counter. The signals SR, SR76, SRL7 and SL issue to
shift-down the accumulated product one digit position,
and, therefore, transfer the LSD in R to L6. If Us,
SZR7 also issues at 139 to transfer a 0 to the MSD posi-
tion of R. If Us=1, indicating a complementing process
has just been completed, SOR7 issues to transfer a 9 to
the MSD position of R. If Us and W=35, *M3g issues at
139 to terminate the instruction in the next clock period.
Since W=S35, it is being changed to 6 in this next clock
period, indicating the completion of multiplication by all
6 digits of the multiplier. However, if Us=1 at 39, the
preceding subtractive process is not complete, so that even
though W=35 at 139, a single Td subsequence must follow
this Tz subsequence before the instruction can terminate.
If, at #40, Us=1 the previous subtractive process still re-
mains to be complemented by the addition of (10X multi-
plicand) to the accumulated product. Therefore, at
t40, the LSD of L is increased by 1 by the signal Clu,
indicating that one additional multiplicand must be added
to the accumulated product in the next Td subsequence.
‘The reason for this procedure will be described later. If
L1==0, Us=0, and the instruction is not terminating, *Zm,
at 140, issues to provide another Tz subsequence in order
to shift the accumulated product one digit to the right,
which gives the effect of multiplying by a 0 multiplier.
If L1=9 and Us=1, provided W6, *Zm also issues,
since the effect of Clu is to increase the contents of L1
to 10, requiring an immediate shift of the accumulated
product, followed by counting the next multiplier digit
up 1. If Zm does not issue at 140 and the instruction is
not terminating, *Td issues, and the next subsequence is
a Td subsequence. *Us also issues at 140 if L14=1 and
W46, *%Tz occurs if Zm does not issue,

If *M3g had issued at 39, indicating the instruction
was to terminate, End occurs at 40 and Instruction 26 is
initiated for 8 additional clock periods to generate new
mod-bits for L and R. (See Instruction 26 for details.)
At the time End issues, the designator bits and proper
signs for L and R are generated. If the signs of the
multiplier and multiplicand, which are stored respectively
in L7 and J7, are alike, the new signs inserted in L7 and
R7 are positive. If the signs of the multiplier and multi-
plicand are unlike, the new signs are negative. This gen-
eration of the new signs is given by;

*Rs=(42) End (Js Is+Js Ls)
*Rs=(42) End (Js Ts-+Js Ls)
*Ls=(42) End Js I3
*Ts=(42) End Js Ls

The designator bits of L and R are set to zero when End
occurs; i.e.,

*T.d=(42) End and *Rd=(42) End
Td SUBSEQUENCE

At 116, at 140 of a Tz subsequence, and at ¢48 of & Td
subsequence, L1 is sampled and, generally, if L1520, *Td
issues. Therefore, the next clock period is 141,

A time saving feature is employed in this instruction.
The number of additions required for multiplication is
dependent upon the magnitudes of the multiplier digits.
The maximum number of additions for any digit is nor-
mally equal to the largest possible multiplier digit. How-
ever, the maximum number of additions for any digit and
the average number of additions per digit is reduced one-
half by counting the multiplier digit down and adding
the multiplicand when a multiplier digit is 4 or less, and
by counting the multiplier up and subtracting the multi-
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plicand when a multiplier digit is 5 or greater. The de-
cision of whether addition or subtraction is to be per-
formed during the Td-cycle occurs at 16 for the LSD
of the multiplier and at 140 for each of the remaining
multiplier digits. Generally, if L14=0, a series of addi-
tive processes take place during a succession of Td sub-
sequences until L1 is reduced to 0. On the other hand,
if L14==1, a series of subtractive processes take place dur-
ing a succession of Td subsequences until L1 is increased
to 0. Thus, if Us==0 at 141, the multiplicand is added to
the accumulated product and the contents of L1 are re-
duced by 1 during each Td subsequence. At the end of
each Td subsequence, L1 is sampled, and if L1540, a suc-
ceeding Td subsequence is entered. The Td subsequences
continue until L1 is reduced to 0, at which time the mul-
tiplicand has been added to the accumulated product a
number of times equal to the original value of L1. If
Us=1 at t41, the multiplicand is subtracted from the ac-
cumulated product and the contents of L1 are increased
by 1 during each Td subsequence. The Td subsequences
continue until L1 is increased to 0, at which time the mul-
tiplicand has been subtracted from the accumulated prod-
uct a number of times equal to (10—original value of
L1),

The signals SVR7, SR76 and SR transfer the contents
of the Arithmetic Unit to the R-register and apply the
contents of the R-register to the Vb input AND-gates of
the Arithmetic Unit during the Td subsequence. The
signal SJ functions to apply the multiplicand, if Us=0,
or the complement of the multiplicand, if Us=1, to the
Va input AND-gates of the Arithmetic Unit during 41~
t46. The signal Zva issues during 147 and 148 and ap-
plies 0’s to the Va input AND-gates of the Arithmetic
Unit, if Us. If Us=1, Zva transfers 9's to the Va input

AND-gates of the Arithmetic Unit during 47 and ¢48, 3

At 147, the signal CId issues to count down L1, if Us.
If Us=1, Clu issues to count up L1.

At r48, the contents of L1 is sampled. If the instruc-
tion is not ending and L1=0, Zm issues and a Tz subse-
quence is entered in the next succeeding clock period.
If L1540, another similar Td subsequence immediately
follows.

If W==6 during the Td subsequence, *M3g issues at 147
and the instruction terminates at t48. SVR?7 is inhibited
if End occurs at #48, in order to allow for the generation
of the sign bits of the product, as previously described,

MISCELLANEOUS LOGIC RELATIONSHIPS

Extracts from the logical relationships provided in the
drawings, which are applicable here, will be given. The
Tz subsequence is entered when the Zm signal occurs:

*Trz=Zm=(42)[(W2+W3)Th8 Tz Us L13 L14]
+(42) (37 Th8 (L1=0)TZ-+H35 TH8(L1=0)T3]

The first term in the expression for Zm indicates that
during a Tz subsequence, another Tz subsequence is en-
tered if Us=1 and L1=9, provided the instruction is not
ending. The second term in the expression for Zm indi-
cates that a Tz subsequence will be entered following ¢16,
or following 148 of a Td subsequence, if L1=0. The
third term for Zm indicates that another Tz subsequence
will be entered if Us and L1=0 at 140 of a Tz subse-
quence.
The subtraction flip-flop is set to 1; as follows:

*Us==(42)Th8 T2 L14 (W24 W3)

i.e., if the instruction is not ending, Us is set to 1 at 16,
or at t40 of a Tz subsequence, if L14=1. Us is reset to
0; as follows:

*T5=(42)Th8 Td (W2 W3+L14)

or Us is reset to 0 at ¢40 if W=6, or T1d.
The signal Clu is described by:

Clu=Tb7 Td Us+Th8 Tz Us
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or L1 is counted up during a Td-cycle if Us=1, or during
a Tz-cycle if Us=1. The latter function is necessary to
provide the complementing action following a subtractive
Td subsequence. The signal Cld issues; as follows:

Cld=Tb7 Td Us

or L1 is counted down during a Td subsequence if Us=0.
The W-counter is counted up; as follows:

Cwu=TbT Ty Tz

or the W-counter contents are increased by 1 during each
Tz subsequence.

The carry flip-flop is set to 1 under the following spe-
cial conditions;

We=*Us+Td Th8 Us

Each of these terms is necessary because a complemen-
tary operation will be performed if the next succeeding
subsequence is a Td subsequence, and because Vcr does
not enable Ve at Tb8 Td. The carry flip-flop also re-
sponds in normal operation to the numerical inputs to the
Arithmetic Unit, when enabled by Vet during t41-147.

The signal End immediately follows the setting of
Ma3g; ie.,

End=M3g Tb8

Therefore, the issuance of M3g determines when the in-
struction terminates. M3g occurs; as follows:
*M3g=(42) [(W=S5) Tz4+(W=6)] Ts Tb7

Thus, the instruction terminates during a Tz subsequence
if W=5 and U3. Since Cwu issues at the same time as
M3g, W is set to 6 in the next succeeding clock period
and the instruction terminates. At this time, all 6 digits
of the multiplier have added their corresponding partial
products to the accumulated product. If, however,
Us=1 when W=5, M3g will not issue, but, instead,
W==6 will inhibit Zm, and another Td subsequence will
be entered. This is an additive subsequence since *Us,
as indicated previously, issues when W reaches 6. There-
fore, at 148 of the first Td subsequence following W=S6,
M3g issues and the instruction terminates.

TAPE INTERRUPT VARIATION NOT NECESBARY
Since the Memory is not used following 18, except to
obtain the next instruction, data may be exchanged be-

tween the Memory and the Multiplex Buffer without in-
terrupting this instruction.

MOD CHECK

No mod-check is performed on the results of the addi-
tions or subtractions executed during this instruction.
However, *Aac sets at all times in the Td subsequence if
the Vb output signals are non-numeric; at all times in the
Td subsequence, except at Th7, if the Va output signals
are non-numeric; and at any time, if M3yp, if the Arith-
metic Unit output signals are non-numeric.

MATHEMATICAL ANALYSIS OF THE SUBTRACTIVE

Td SUBSEQUENCE

If Us=0, the multiplicand is added to the portion of
the accumulated product in R L1 times. When L1 has
been reduced to 0, the new accumulated product is shifted-
down 1 digit during the Tz subsequence. An equation

expressing this is,
A'=A+LIxJ 1)

where A represents the accumulated product and J repre-
sents the multiplicand. If Us=1, the multiplicand is sub-
tracted from the portion of the accumulated product in
R (10—L1) times; ie.,

A'=A—(10—-L1)J (2)
Equation 2 will be the equivalent to Equation 1, provided
107 is added thereto. Therefore, after L1 has been

counted up to 0, and a Tz subsequence is entered, Ciu
issues in order that the multiplicand may be added to the
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the Central Processor during this instruction, a numerical
example is illustrated in detail in the table following.

169

accumulated product an additional time during the next

The
In this example, the

The product —198163372406 ap-

entry N in the table, illustrates that the contents of the
particular digit position has no significance at that time

and does not affect the final result.
number —200003 in Memory is multiplied by the num-

ber 4990802 in R.
pears in R and L at the conclusion of the instruction.

5

Inas-

This technique of multiply-

ing by subtraction is described in R. K. Richards “Arith-
metic Operations in Digital Computers,” pp. 251-252,
D. Van Nostrand Co., Inc., Princeton, N.J., 1955,

much as the accumulated product is shifted-down one
digit position before this next Td subsequence, the effect
of this action is to add the desired 10XJ to the accu-

occurring Td subsequence.

MULTIPLICATION EXAMPLE

Bigs.

v
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the multiplier has been shifted to L,
, and the multiplicand is stored in J.

At 1, the multiplier is in R and the multiplicand is in
By 116,

Memory.

EXAMPLE

To illustrate the various alternative courses taken by 76 R has been cleared

mulated product.
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During each Td subsequence, the contents of ] are
ring shifted in order to present each digit therein to the
Va input AND-gates of the Arithmetic Unit. During
each Td subsequcnce the contents of R are shifted to the
right in order to present each digit therein to the Vb
input AND-gates of the Arithmetic Unit. During each
Tz subsequence, the combined contents of R and LI-L6
are shifted-down one digit position. The sign of the
mualtiplier remains in L7 from {16 to the conclusion of
the instruction, at which time it is changed, if necessary,
to provide the product with a proper sign.

At r16, L1 is sampled. Since Ll=2, *Td occurs,
but Us is not set. Additive Td subsequence I is en-
tered. From r41-148, the contents of J are added to
the contents of R and the sum is placed in R. 1t is
seen that by shifting R for 8 clock periods, the digit
position which contains no significant data is destroyed.
At 147, Cld issues to decrease the contents of L1 to
1. During 47 and #48, Zva issues and inserts 0's
into the Va input AND-gates of the Arithmetic Unit. At
48, L1 is again sampled. Since L1 is not 0, another ad-
ditive Td subsequence II is entered. Again in subse-
quence II, Us=0. In subsequence II, the contents of J
are again added to the accumulated product in R. At
#47 of subsequence 11, CId issues again, so that by r48
L1 has been reduced to 0. Therefore, when L1 is sampled
at 148 of subsequence II, Zm issues to cause entry into
Tz subsequence 111,

In subsequence III, the LSD in R1 is transferred to L6
and the remaining numeric contents of L and R are
shifted-down one digit position. At r40, the W-register
is counted up to 1, and a 0 is inserted into the MSD posi-
tion of R. At 140 of subsequence III, L1 is sampled.
Since the next multiplier digit is found to be 0, Zm issucs
once again and subsequence 1V is entered.

In subsequence 1V, the numeric contents of L and R
are again shifted-down one digit position, which has the
effect of multiplying the multiplicand by 0. W is now
counted up to 2, indicating that the accumulated product
reflects the multiplication by the two least significant
digits of the multiplier; namely, 2 and 0.

At 140 of subsequence IV, L1 is again sampled. Since
L1=8, *Us, *Ve and *Td issue and subtractive Td sub-

sequence V is entered. During subsequence V, the 9’3;.
complement of the contents of J are added to the accu-

mulated product in R, and the sum is placed in R, At
148 of subsequence V, the digit in L1 is increased to 9.
Inasmuch as Ls40 at 148 of subsequence V, another sub-
tractive Td subsequence is entered. At 47 of this new
subtractive subsequence VI, Clu again issues to increase
the contents of L1 to 0. At r48 of subsequence VI, L1
is equal to O and, therefore, Zm issues.

Tz subsequence VII is entered and the numeric contents
of L and R are shifted-down one digit position. At #40,
Us is still equal to 1, so that Clu issues to complete the
previous subtractive process by causing 10XJ to be added
to the accumulated product. Inasmuch as Us=1 at 140
of subsequence VII, Zm is inhibited, and *Td issues.
However, at 140 *TUs occurs, so that the next subsequence
is additive. A single additive Td subsequence VIII fol-
lows, in which L1 is again reduced to 0. Tz subsequence
IX follows.

Since L1=9 at 40 of subsequence IX, a single sub-
tractive Td subsequence X follows, and is immediately
followed by Tz subsequence XI.

At 140 of subsequence XI, Us is still equal to 1 so that
Clu issues. Inasmuch as L1=9, Zm issues and, in effect,
L1 is changed to 10. Therefore, another Tz subsequence
XII occurs. At r39 of subsequence XII, W=35, but M3g
is inhibited since Us=1. The digit in L1 is increased by
1 to account for the fact that the last multiplier digit be-
came 10 and a single completion Td subsequence XIII

is entered. *UF issues at r40 of subsequence XII since
W=6. During subsequence XIII, the multiplicand is
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once more added to the accumulated product. At 147 of
subsequence XIIH, L1 is reduced to the value it had at
140 of subsequence XII, which value was that of the LSD
of the product. *M3g issues unconditionally at 47, since
W==6. The instruction ends at 148 of subsequence XIII.
In the next clock cycle the sign and designator biis in L7
and R7 are altered to their correct values for the product.

Instruction 43; Divide FULL by M (DIV)

This instruction (FIG. 19%) effects the algebraic divi-
sion of a 12 digit word in FULL by a 6 digit word in
Memory. The 6 digit quotient appears in L and the 6
digit remainder appears in R at the terminatior of the
instruction.

The operand address is: 0000-3999 Memory.

The descriptions of Instructions 21, 72 and 73, coupled
with the description to follow, is a complete description of
Instruction 43.

The Initial Routine is unaltered.

From t1-t16, the instruction and the divisor are mod-
checked, and at 716 the divisor from Memory is in J.
During t9-15, the signals SL76, SL, SLR7, SR76, SR
and SRL7 issue to effect an exchange between the contents
of L and R. By 716, the MSH of the dividend is in R,
and the LSH of the dividend is in L.

The purpose of this exchange of the contents of L and
R is to prepare for a comparison of the MSH of the divi-
dend with the divisor. Whenever a 12 digit number is
divided by a 6 digit number, a quotient of more than 6
digits is possible. However, since a limit of 6 quotient
digits is imposed by the capacity of the L-register, an over-
flow is possible. Therefore, this instruction will not per-
form a division where such an overflow would otherwise
occur. The test for this overflow is accomplished from
t17-124, by comparing the divisor in J with the MSH
of the dividend in R. If [R|<|J|, the quotient will be
expressable in 6 digits and the instruction continues.
However, if |[R|>|J], the quotient will be too large to be
expressed in 6 digits, and the instruction terminates. As
a preparation for the comparison of R and J, the over-
flow flip-flop Ov is set at 8, and continues set through
f16. From r17-122, Rgm and 1Rem compare correspond-
ing digits of R and J as they are ring shifted in their re-
spective registers. Rgm occurs whenever R1>71. IRem
occurs whenever R1=J1. From 117-£22, *Qv issues if
Rgm occurs and *Ov issues if neither Rgm nor IRem
occurs. Therefore, if Ov=0 at 124, |R|<|J|, and the in-
struction will continue. Otherwise, the instruction termi-
nates at r24, The expressions for the response of Ov
during this comparison are:

*Ov=(43) Tk Ty Tz Td Rgm T47
*0v=(43) Tb Ty Tz Td TRym TEem Tb7

If the instruction is to continue, at 124 *Tz issues, and
SZR7 issues to replace the condition digit in R7 by a 0.

From 125-140, the Tz flip-flop is on, and this period will
be identified as the Tz subsequence. During the Tz subse-
quence, the contents of L1-L6 and R are effectively ring
shifted-up one digit position. Generally, this action serves
to transfer the partial quotient to the left in L and to
place a 0 in Lt for generation of the next quotient digit.
This ring shift-up of L1-L6 and R is accomplished by ring
shifting-down the contents of R and L1-L6 twelve digit
positions. During r26-¢31 and 134-£39, the signals SL,
SLR7, SR76, SR and SRL6 effect this 12 digit ring shift-
down.

The general procedure employed for accomplishing
division is to successively subtract the divisor from the
proper dividend digits until a borrow is produced; where-
upon the divisor is added once to the dividend, the dividend
is shifted-up one digit position with respect to the divisor
and the procedure is repeated. The number of times that
the divisor is subtracted is counted in L1, and this digit
becomes a digit of the quotient. The W-counter counts






