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OPERATIONAL CODE CHART

Q=CODE BASIC OPERATION

20  ADDITION R+S'TO T

21 ADD.WITH INVERSE RESULT SIGN -{(R'+S)TO T

22  SUBTRACTION R-S'TOT

23 SUBT.WITH INVERSE RESULT SIGN -{(R'-S1TOT

24  MULTIPLICATION RS TOT

25 MULT WIiTH INVERSE RESULT SIGN -(R'SHTOT

26  DIVISION RI+-S TO T

27  DIV.WITH INVERSE RESULT SIGN -(R"+S)TOT

28  DIFFERENCE OF ABSOLUTE VALUES IRi-ls|ToT

30  ADDITION R+S' TO ¢

31 ADD.WITH INVERSE RESULT SIGN -R+S1 70T

32  SUBTRACTION R-S'TOT

33 SUBT WITH INVERSE RESULT SIGN -(R-81TOT

34  MULTIPLICATION RS TOT

35  MULT. WITH INVERSE RESULT SIGN -(R'S"TOT

36 DIVISION R-S'TOT

37  DIV.WITH INVERSE RESULT SIGN —-(R'+SMTO T

38 DIFFERENCE OF ABSOLUTE VALUES [RI-]s'lTOT

39  TRUNCATING TRANSFER RWITHS TOT

40  META ADDITION R+S' TO T

41 META SUBTRACTION R-S' TOT

850  CHANGE MODIFIERS NO CLEARING,ADD R TOM4, S TOM6
& T TO M8

51 CHANGE MODIFIERS CLEAR M4, THEN SAME AS 50

52  CHANGE MODIFIERS CLEAR M6, THEN SAME AS 50

53  CHANGE MODIFIERS CLEAR M4 & M6,THEN SAME AS 50

54  CHANGE MODIFIERS CLEAR M8, THEN SAME AS 50

55  CHANGE MODIFIERS CLEAR M4 8 M8, THEN SAME AS 50

56 CHANGE MODIFIERS CLEAR M6 8 M8, THEN SAME AS 50

57  CHANGE MODIFIERS CLEAR M4,M6,8M8, THEN SAME AS 50

58  CHANGE M4, & PGM TRANSF R+M4 TO MA B TO V, IF V#S, T TO
V; IFV=S OR T=0, (U+)) TO V.

€60  META TRANSF 8 PGM TRANSF R TOS IFT#0, TTOV; IF T=0,
(U+1) TO V

61 META TRANSF. PGM TRANSF. 8 STOP SAME AS 60, 8 STOP

€2  ROUNDING META TRANSF. & PGM TRANSF. ROUND R' & STORE AT S. IF T#0, T TO
V; IFT=0{U+1) TO V.

63  PGM TRANSF ON ALGEBRAIC SIGN R,S OR T TO V IF REG. 1(DP1-13) IS >,
=, OR<Q RESPECTIVELY. IF SELECTED
FIELD=0,(U+1) TO V. _ 1

FIG. 3A
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64 META TRANSF. ON OVERFLOW
INDICATION & PGM TRANSF.

IF OVERFLOW INDICATOR 1S OFF {(U+1)
TO V. IF INDICATOR IS ON, RESET IT,
TURN ON OVERFLOW PGM lNDlCATOR &
EXECUTE CODE 60.

€65 META TRANSF. ON ADJUSTED-INDEX
INDICATION & PGM TRANSF.

ANALOGOUS TO 64 USING ADJUSTED
INDEX INDICATOR.

66 META TRANSF ON ZERO-RESULT
INDICATION & PGM TRANSF.

ANALOGOUS TO 64 USING ZERO
RESULT INDICATOR.

67 ~ META TRANSF. ON END-OF-FILE
INDICATION & PGM TRANSF

ANALOGOUS TO 64 USING END-OF-FILE
INDICATOR.

68 META TRANSF ON TAPE- CHECK-
FAILURE INDIC. & PGM TRANSF.

ANALOGOUS TO 64 USING TAPE- CHECK
FAILURE INDICATOR

69 META TRANSF ON PRINTER-READY
INDICATION 8 PGM TRANSF,

ANALOGOUS TO 64 USING PRINTER-
READY INDICATOR.

70 PGM TRANSFE ON O META

IFR-S'=08T#0, T TOV; IF T=0,

DIFFERENCE (U+1) TO v.

7 PGM TRANSF. STOP ON O META SAME AS T70,8& STOP
DIFFERENCE

72 PGM TRANSF. ON NON-O META IFR-S'#0 & T#0, TTO V; IF
DIFFERENCE T=0(U+1) TO V.

73 PGM TRANSF, STOP ON NON-O META SAME AS 72,8 STOP
DIFFERENCE

74 PGM TRANSF 8 META TRANSF
ON OPTION SWITCH 74.

TURN ON PGM INDICATOR 74. IF OPTION
SWITCH 74=0FF (U+1) TOV. IF SWITCH =
TRANSF, EXECUTE CODE 60. IF SWITCH=
STOP, EXECUTE CODE 61,

75 PGM TRANSF 8 META TRANSFE
ON OPTION SWITCH 75

ANALOGOUS TO 74 USING OPTION
SWITCH 75.

76 PGM TRANSF & META TRANSE,
ON OPTION SWITCH 786.

ANALOGOUS TO 74 USING OPTION
SWITCH 76.

77 PGM TRANSF & META TRANSF
ON OPTION SWITCH 77

ANALOGOUS TO 74 USING OPTION
SWITCH 77

78 PGM TRANSF & META TRANSF.
ON OPTION SWITCH 78.

ANALOGOUS TO 74 USING OPTION
SWITCH 78.

79 PGM TRANSF. 8 META TRANSF
ON OPTION SWITCH 79.

ANALOGOUS TO 74 USING OPTION
SWITCH 79.

80 PRINT TRANSF.

R'TOS.IF T# 0, TTOV IF T=0,
(U+1) TO V.

81 PRINT 1 R'TO S, PRINT ON PRINTER 1. IF T#
0,T TOV; IF T=0, (UH) TO V.
82 PRINT 2 R'TOS, PRINT ON PRINTER 2. IF T#

0,TTOV, IF T=0(U+) TO V.

83 _PRINT { WITH SPECIAL FUNCTION.

SAME AS 81 WITH SPECIAL FUNCTION.

84 PRIE 2 WITH SPECIAL FUNCTION.

FIG.3B

_SAME AS 82 WITH SPECIAL FUNCTION.
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WRITE WORDS FROM CRT ADDRESSES R

90 WRITE ON TAPE
THROUGH S ON TAPE P AS BLOCK T.
R<S.
91 WRITE OUTPUT SAME AS 90, BUT LEAVE SPACE BETWEEN
GROUPS OF 100 WORDS.
2 DELETE TAPE DELETE INFORMATION ON TAPE P IN A
° -E SPACE EQUIVALENT TO (S-R) WORDS
WRITTEN AS IN S0.
93 DELETE OUTPUT SAME AS 92, BUT DELETE INFORMATION
IN A SPACE EQUIVALENT TO (S-R) WORDS
WRITTEN AS IN 9i.
94 READ TAPE FORWARD STORE WORDS OF BLOCK T FROM TAPE
P AT CRT ADDRESSES R THROUGH S.
|95 READ TAPE BACKWARD STORE WORDS OF BLOCK T FROM TAPE
: P AT CRT_ADDRESSES R THROUGH S.
. 96 VERIFY TAPE FORWARD  SAME AS 94 8 VERIFY BLOCKS PASSED
WHILE SEARCHING FOR BLOCK T. ]
-1 VERIFY TAPE BACKWARD SAME AS 95 & VERIFY BLOCKS PASSED
L WHILE SEARCHING FOR BLOCK T.
" o8 REWIND TAPE REWIND TAPE P

FIG.3C
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CALCULATOR WORD B DIGIT CHECK OF REG2
1
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WORD & DIGIT CHECK OF REG.2
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FIG.4A
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ADDITION & SUBTRACTION DIVISION
1
READ IN READ IN
REG] & REG.2 FROM CRT REG.{ & REG.2 FROM CRT
!
ZERO INSPECTION ZERO INSPECTION
REG{{DP1-13) & REG.2 (DP{-13) REG! (DPI-13) & REG.2(DP1-13)
ONE NEI THER=0[BOTH-O| NETHER=0JBOTH=0 ONE
REG.2:0 [REGI=0O REG.2=0 [REG.IFO
—7 'ji“
| i
PARALLEL ENTRY REG2 INITIAL_FLOATING STOP
(DP1-17)TO REG. {DP1-17) & LT SHIFT REGA(DPI-{3)JUNTIL DP13£0 CALCULATOR
CLEAR REG2 LT SHIFT REG.2{DPI-13)UNTIL DPI3¥
[ ]
INDEX EQUALIZING INITIAL FLOATING
INDACIND.2_ [NDIZIND2]  INDi) IND.2 LT SHIFT REG1{DP-13)UNTIL DP13£0
RIGHT SHIFT REG. ‘ RIGHT SHIFT REG.2 LT SHIFT REG.2(DPi-3)UNTIL DPI320
(DP1-43) UNTIL (DPH-13) UNTIL
—r IND4= IND.2 IND.A= IND, 2
RTSHIFT REG.2(DP1-13) FOR 13 4SEC
RT.SHIFT REG.{DPI~13)FOR 13 4SEC
1 '
ADDITION OR SUBT, CYCLE RTSHIFT REG,2 (DPI-13)FOR 13 nSEC
RT SHIFT REG.(DPI-43) & REG.2 LT. SHIFT REG.1(DPY-3)FOR{ ySEC
(DP1-13) FOR 15 4 SEC
12 OR 13 CYCLES
EXECUTED ~—
CARRY INSPECTION N
CARRY NO CARRY
ADD_T SUBT | ADD. | SUBT

J l ZERO INSPECTION
[]

REG.1, DP13
SINGLE SHIFT NON-ZERO ] ZERO
RT.SHIFT REG.1(DPI-13) &
REG.2(DPI-13) FOR { ySEC ‘

]
CONVERSION CYCLE
RT SHIFT REG.(DP{-13}
L 8 REG.2({DPi-13) FOR 15 4SEC
]

L CLEAR REG.2 ]

FIG.48B
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ADDRESS MODIFIER CONTROL TIMING CHART

Tt T3 5 T7
ELAPSED TIME
507 T0 T2 T4 T6 T8 .

045, N

04508
TERMINALS 04509 | (FIG32B)
TERMINAL 03207 {FIG.32F)|
(M4 Store)

SIMPLE MODIFICATION
* CYCLE (DP4 OF V

TERMINAL 03208 (FIG.32F)] FIELD {=4 OR 5)
{Right Shift M4)
TERMINAL 0320t (FiG.320)] J

{Right Shift V) J FIG.32G

OUTPUT AND 3162,3163 OR |
3164 (FIG.32C) I

EXAMPLE OF SIMPLE ADDRESS
OF V FIELD CONTENTS

T T3 5 T7 T9
ELAPSED TIME T0 T2 T4 T6 T8

,

DP4 alala 1534
V FIELD ) DP3 EEE 153
OUTPUTS | DP2 1y [3]4 BE
| DP BODDED 1
[ opa [0]olo|ololololalo]o
ma FIELD] OP3 10 ]010)0 00 0|40
OUTPUTS | ppP2 (414(4]4|0]0 ola
| DP1 |0 |0|0j0 {4 (0 0 F.G'32H
INPUT 1 t1113]a
BINARY
DECIMAL uTt 4
ECIMA INPUT 2 olaloio
3155
TERMINAL 03209 t]s|z]a
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ST/‘ART

Q CODE INSPECTION
0-19 | 0-79 [80-87,89]90-99

'_._Y ]
TURN ON
—
ng;i?:gg”@g& Q CODE INSPECTION
INDICATOR 90-97,99 | 98
[]
( l
]
PRINTER INOPERATIVE TURN ON TAPE
INSPECTION INOPERATIVE
INOPERATIVE| OPERATIVE INDICATOR
[]
I | [} 1 )
PRINTER READY
Q CODE INSPECTION INSPECTION | | @ CODE INSPECTION
80,90-97.99[81-89| |READY [NOT READY 80-87,89-97,99] 88
3 I t | L
TURN ON PRINTER

TRANSFER INOPERATIVE WAIT FOR ROW|
R TOV INDICATOR SIGNAL [STALL ]
P |
L ~ TO SCAN
_[_‘LLJLj F— —— :—_—__tj —————— “
| CHECK | | ADDRESS MODIFIER |
| STOP | l CONTROL |
| CONTROL | l '
-1 ADD CONTENTS OF
: M4 TO CONTENTS| |
L OF V FIELD [
r =
| OPERATION | | —————————
CONTROL |
| [stor] | | FIG.37Q
T [ VFIELD |
L CONTROL |
I
| VFIELD |
L —— _J
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——————— b

-
I TAPE SELECTION CIRCUIT

I
I
_P_FIELD INSPECTION ]|
I
i EOT CHECK |TAPE_OPERATIVE INSPECTION | |
FAILURE INOPERATIVE | OPERATIVE :
I SPECIFY TAPE UNIT | ,
I S (O —_———
A

i __
- LTAPE CONTROL |

—_ — -1 ___
[ TAPE WRITNG | TAPE READING |

Il
STALL] | _CRCuTs | | CReuTs |
1 3 ‘ﬁ_ L h_{___'
Q CODE INSPECTION I'_ EIGHT ,
0-89[50-59] 63 [00-93[94-97] 99 L TAPE UNITS |

I

INSPECT R
DP4>3, DP4<3 STALL
H MODIFY DO NOT MODIFY [_—]
]
e ||MICROSECOND
| TOSEC FIG.37R

Q CODE INSPECTION
0-9] 20-49,60-62,70-73,80-87,89 | 64-69 | 74-79

] ]
f ]

STALL CONDITION OPTION
INDICATOR SWITCH
INSPECTION INSPECTION

ON | OFF | sTop|TRANS- oFF
3 | '
e \
TO CHANGE;
1 ! AN
— i =

70 TO TO WRITE  \TO READ
READ OPERAND | TERMINATE BLOCK BLOCK
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OCTAL CYCLE (DECODE)

——N-—+—N+1—+——N+2

4N567012345670

TERMINAL 00202 (TO TAPE SELECTION) FIG.37M

TERMINAL 080.22 (T. CALLED FOR) (FIG.37A)

TERMINAL 080.20(T. OP & CALLED FOR)(F!G.37A)L

TERMINAL 00204 WRITE BLOCK COMPLETION SIGNAL (FIG.37M)
TERMINAL 002068 READ BLOCK COMPLETION SIGNAL (FIG.37M)

/0+83,64-69,74-79
TERMINAL 00207 (TO TERMINATE ){FiG.378L _ LLL1
07 (TO TERMINATE ){FIG.37AL -

TERMINAL 00209 (TO CHANGE M4)(FIG.378) _ LT [ 1
THIS PULSE MOVED TO E
IF CODE IS 90-59 [

HNEEN
TERMINAL 00214 (TO READ OP 1)(FIG.37H) “IF_OP 4 OF R FIELD )3

OUTPUT WP TWICE}
FOR CODES 90-99

NOTES

1 ONLY ONE COMPLETION SIGNAL (002.14,00204,00205,
00207,00209, FIG.37T)1S UP DURING A GIVEN
CALCULATOR SUBOPERATION CYCLE.

2 FOR NORMAL (CONTINUOUS) OPERATION, COMPLETION
SIGNAL FROM SUBOPERATION READ INSTRUCTION AT
TERMINAL OOQILO4 (FIG.37F) OCCURS AT N.50 AS SHOWN.

3 IF INPUT SIGNAL OCCURS ON TERMINAL 00003

(FIG37F) AT N.70 ALL COMPLETION SIGNALS OCCUR
8 uSEC LATER THAN SHOWN IN FIG.37T

FIG.37T
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G | elepele o]y v <) SUBTRACTION | o
Fuifo iv|vivlolo] [ s v| FOLLOWED BY =
Fylviviviviol 1 0. Al ~| CONVERSION an O
Gt ||| v v v H" L—':
G loa | AN P PP ~| MULTIPLICATION g’ s
63|vv|v] % s s = =
H o[l | LAy v N | &
Hu [Ha [ (o] R v DiVISION Z
Ha /(v |/l v (vivl (v v 2
J A y /| META ARITHMETIC
KTt T 21 CHANGE MODIFIERS
L IGNORED META TRAN, PROGRAM TRAN.
e v CN S!GN, REWIND TAPE
My fo ) 7 META TRANSFER
M3 v Ve v
WRITE, ’
N 11l DELETE b
READ,
Pl e VERIFY
Q PRINTER READY
71 | bown, cope # 80-97,99
PRINT
R vl v PRINTER READY
DOWN, CODE = 80,97

* SUBOPERATION ROUND OPERATES AFTER SUBOPERATION

META SHIFT

(SEE FIG.2)

FIG.37Y
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TIMING CHART FOR READ OPERAND 1
OCTAL TIMING ——

TERMINAL 002.14 (FIG.38A)

N

56

70
O

A

?.34

TERMINAL 003.02 (FIG.38B)
TERMINAL 003.03 (FIG.388B)

67
] lT

IF ADDRESS IS TO
B8E MODIFIED

0
|

I T S

~

| [ [

IF CODES 20-49,70-73
NOT PRESENT

TERMINAL 00304 (FIG.38 B)
(Transfer S To V) ———

yIF R#0

TERMINAL OOQ3. 05 (FIG 38B)
(Transfer V To CRT) ——

TERMINAL 003.06 (FI1G.38B)
(Register 1 To Accept)

TERMINAL Q0307 (FIG.388B)
(Completion Signal To Read Operand 2)

IF CODES
PRESEN

-

20-4

9,70-73

QUTPUT DELAY 2341 (FiG.38B)

IF COD
NOT P

S 20-49,
ESENT

7073

___.(_.‘-.{-..

TERMINAL 003.08 (FIG.38B)
(Completion Signal To Meta Shift)

R FIELD BLANK

OUTPUT AND 2337 (FIG.38A)

TERMINAL 003.07 (FiG.38B)

B ok it TR R N S R |

(Completion Signal To Read Operand 2)

(Completion Signal To Meta Shift)

IF CODES 20-49,70-73
PRESENT

SERRRERAS

TERMINAL Q03.08 (FIG.38B) }

IMF CODES 20- 49 70-73
NOT PRESENT

OUTPUT DELAY 2341 (FIG.38B)

AENNRERN

FIG.38C
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SUBOPERATION READ OPERAND 1 FLOW CHART
START
00244

T/ Q=20-49,60-62, 64-69,74-87,89

CODE INSPECTION
Q=20-49,70-73 |Q=60-62,64-69,74-87,89

TRANSFER REG.
INST. REG. TO REG.2

R FIELD INSPECTION
R=0 | R#0

CRT ACCESS SIGNAL

FIG.38D V TO CRT

READ IN OPERAND 1
V' TO REGISTER 1

ENTER S INTO V

CODE INSPECTION
Q=20-49,70-73 | 0=60-62,64-69,74-84

R=0 N+
R#0 N+4.5
00307 003.08
TO READ TO META

OPERAND 2 SHIFT
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.
TR -I‘- T CONTROL COUNTER FIG.42 \ FIG.43D
C1 1]
,",1—7,[.' dandd TIME ELAPSED
ra
o|logfa[s]|s]s DP 13) 44213
par © DP 12 442.12
ol |~ ~ DP 11 44211
o ) DP 10 44210
o vz DP9 \ REGISTER 2 442.09
- » .‘_-:' DP8 [ OUTPUT (FIGS.17A-17E) 442.08
N N 'ﬁ DP7 44207
) n|G DP6 TERMINALS < 4 42 .06
® w|Z DP5 44205
) ) DP4 442.04
w o DP3 442.03
) N DP2 442.02
o m[=-]=-1=-1- DP 1 44201
MO 331,01
2me 331.02
3MC TERMINALS < 331.03
4MC 331.04
SMc & SPECIAL PRODUCT 331.05
6MC { GENERATOR OUTPUT (FIG.21C) 331.06
7MC 331.07
8MC 331.08
amC | 33109
alo|lalalvjm DPI13) 44143
> DP12 44112
o DPIY 4411
. - DP10 TERMINALS < 44110
' o DP9 441.09
e P8 441.08
0|3 0P7 | RegiSTER | 44107
- ope( OUTPUT (FIGS.13A-13E) 44106
- DP5 444,05
o DP4 44104
- DP3 441.03
) DP2 44102
vivlvlolvle _ DP1 ) - _ s_441.01
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(DP13) TERMINALS 33213 (FI1G.286)
INPUTS t ADDER 12 (FIG 28G)

INPUTS 2 ADDER 12 TERMINAL 33212

INPUTS 1 ADDER 11 (FiG.28H)
INPUTS 2 ADDER 1% TERMINAL  332.41
INPUTS 1 ADDER 10 [(FIG.28H)

INPUTS 2 ADDER 10 TERMINAL 33210

INPUTS 1 ADDER 9 (FIG.2BH!
INPUTS 2 ADDER 9 TERMINAL 332.09

INPUTS 1 ADDER 8 (FIG.28J)
INPUTS 2 ADDER 8 TERMINAL 332.08

INPUTS 1 ADDER 7 (FiG.28J)
INPUTS 2 ADDER 7 TERMINAL 332.07

INPUTS 1t ADDER & (FIG 284}
INPUTS 2 ADDER 6 TERMINAL 332.06

INPUTS | ADDER 5 (FIG.28K)
INPUTS 2 ADDER 5 TERMINAL 332.05

INPUTS 1 ADDER 4 (FIG.28K)
INPUTS 2 ADDER __4 TERMINAL 332.04

INPUTS t ADDER 3 (FIG. 28K}
INPUTS 2 ADDER 3 TERMINAL 332.03

INPUTS 1 ADDER 2 (FiG.28L)
INPUTS 2 ADDER 2 TERMINAL  332.02

INPUTS 1 ADDER 1 (FIG.28L)
INPUTS 2 ADDER TERMINAL  332.02

—_

-

OQUTPUT _ADDER TERMINAL 330.01(FIG.281L)

FIG.43E
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FLOW CHART FOR MULTIPLY SUBOPERATION

COMPLETION SIGNAL
TO MULTIPLY FROM READ OPERAND 1

RIGHT SHIFT REG.2(DP1-13)
FOR 17 MICROSECONDS

RIGHT SHIFT REG. 1(DP1-13)
FOR 13 MICROSECONDS

INSPECT 26th DIGIT
NON ZERO | ZERO

RIGHT SHIFT REG.1(DP{-13) AND
REG.2 (DP1-13) FOR 1MICROSECOND

COMPLETION SIGNAL
TO SHIFT RESULT

FiG.43J
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CYCLE m

(13th. Quo.digit appears)

FIG.44F
___[l.._

6 1 2 34567 B910H 12131415161 23 456 7 8 910U 1213141516 ¢ 234567

P’-—————— CYCLE m i
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FLOW CHART FOR DIVIDE SUBOPERATION

COMPLETION SIGNAL
TO DIVIDE FROM FLOAT OPERANDS

RIGHT SHIFT REG. 1 DP1-13 FOR 13 uSEC
RIGHT SHIFT REG. 2 DPI-13 FOR 13 uSEC

LEFT SHIFT REG. { DP1-13 FOR 1 uSEC
(ACCEPT 1st QUOTIENT DIGIT)
RIGHT SHIFT REG. 2 DP1-13 FOR 13 uSEC

;'_12 SIMILAR CYCLES (LAST CYCLE IS INSPECT FIRST QUOTIENT DIGIT:
LCYCLE m WHEN fst QUOTIENT DIGIT #0) 1 |IF ZERO DECREASE INDEX BY |

——— e —_— e e T

INSPECT DP13 OF REG.1 FOR NON-ZERO
QUOTIENT DIGIT

NON-ZERO | ZERO

-

LEFT SHIFT REG. 1 DP1-13 FOR 1 uSEC
RIGHT SHIFT REG. 2 DP1-13 FOR 13
MSEC (CYCLSZIGTTWH(SE)N tst QUOTIENT

T

i

COMPLETE COMPLEMENT
OF FINAL REMAINDER

s

COMPLETION SIGNAL SET ROUND CONTROL LATCH{FIGS2)IF
TO RESET 2 COMPLEMENT OF REMAINDER CON-
TAINS A NON-NINE DIGIT

FIG. 44W
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FLOAT LEFT SHIFT:ENDED BY NON-ZERO IN DP 13, REG.1

TIME———

TERMINAL 0302 Figasc] TO 75 o
{(Shift result indicator lamp {’
illuminated when up) UP
LEAD 01303 FiG48G| ____ i
(Floated index, lead) 1

i
TERMINAL 45103 FicasB| | 1
(Reg1,DP13# 0) { f |
TERMINAL 45104 FiG.agB| f
{Regd, DP12#0) [
TERMINAL 45.05 FiG.agB| __ l
{Reg.{, DPi1+# 0) |
TERMINAL 01316 FIG48B| ___ ‘
(Floated left shift)
TERMINALS 013.06,01307,0308 | LI

FIG.48C
[Terminate, round, or reset |
completion signal (shift result)}

FIG.48L
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FLOAT LEFT SHIFT: ENDED BY IND.{=70 (-30)

TIME——

TERMINAL 01302 FIG.48C | 10 15 Ti0

{Shift result indicator lamp j /

iluminated when up) UP

LEAD 01303 FIG.48G [ _____

{ Floated index, lead)

INDEX { > 70 (-30)——=—=—ee—t

INDEX { AT REG.{ OUTPUT-—==~ — 75|75 |74 |73 (72 |71 70|70 | 70| 70
TERMINAL O13.46 FIG. 48B .

(Floated left shift)

TERMINALS 013.06,01307,013.08

FIG.48C

[ Terminate,round or reset F'G 48M

completion signal (shift result)]

FLOAT RIGHT SHIFT:ENDED BY IND.1=70 (-30)

TIME ————=

TERMINAL 013.02 Fig.4ec| ___TO T5 TI0
(Shift result indicator lamp /
illuminoted when up UP - L

LEAD 013.03 FIG.48G
(Floated index, lead)

INDEX { < 70 (-30)~=——=meee .

INDEX { AT REG.1 QUTPUT-——--——66 (66 |67 |68]69 70|70 |70 70 | 70

TERMINAL O13.45 FIG.48B .
(Floated right shift)

TERMINALS 013.06,01307,013.08
FiG.48C

L orenares ound, o roset 1 FIG.48N
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SPECIFIED LEFT SHIFT:ENDED WHEN DP13 REG.15£0

TIME ———

TERMINAL 0202 FIG.48C | TO s 0
(Shift resuit indicator lamp / i |
illuminated) ] up/ __Hk‘} N J»
LEAD 01304 FiG48G | | | L
{Specified index) ST T I
up L J ] L
X ! |
TERMINAL 01305 Fig.4sc | 1 LL . ,,[__g ‘
( Specified index) T | | i \T ‘
TERMINAL 026.20 FiG48C | __ R S S N S S R
(Index { # P) / f ! i ! i ﬂ
TERMINAL 026.47a FIG.48C,49Q 1.0 O S I A :
(Index {> P) / ) T J
UP | J ! |
r b
TERMINAL 451,03 FIG.488B ’ I \'“
(Reg.1, DP13 20 ) | f 1
-
TERMINAL 45104 FiG.48B| |
(Regt, DP120) j
TERMINAL 45105 Fig.4sB| J *‘* —P
{Reg.1, DP110) 7
TERMINAL 01348 FIG.48B _ 7
(Specified left shift starts)
TERMINAL O1347 FiG.4sg| __
(Non overflow)
TERMINALS 013.06 ,013.07, 013,08
FIG 48C
[ Terminate , round, or reset {
completion signal (shift result)]
INDEX t AT REG.1 OUTPUT === —— e %Pi*g P+Q [P+8 IP+7 |P+6 [P+5 [P+5 [P+5 P+5 [P+5
i

FIG. 48P
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SPECIFIED LEFT SHIFT (INDEX 1>P): ENDED BY INDEX= P

(INDEX 1=23,P=21)
(P#40-59 OR=60-39)

TIME
NHO ot 2 3 4 5 .6

TERMINAL 026.170 FIGS. 480,490L

{Index { > P, lags { u second)

TERMINAL 026.180 FIGS.48C,49Q L

(Index 1 <P, iags 1 u second}) f

TERMINAL 026.20 FIGS,48C,4QQL

{Index 1# P)

LEAD 01304 FIG.486G
{Specified Index, lead)

TERMINAL 013.05 FIGS.48C,49HL

( Specified Index)

TERMINAL 0O13.47 FIGS.488,49HL

(Non-overflow)

TERMINAL 01348 FIG.488|
(Left shift)

INDEX 1 (OUTPUT DPiI5-16 REG.)-—— 23 | 23 | 23 22 24 20 | 20 | 2

TERMINALS 013.06,013.07,013.08
FiG 48C

[ Terminate,round or reset {
completion signal (Shift Resulf}]

F1G.48Q
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SPECIFIED RIGHT SHIFT (INDEX { <P):ENDED BY INDEX{=P

{INDEX 1= 21, P=23)
(P#40-59 OR=60-39)

TIME ———

N+O i 2 3 .4 .5 6 7

TERMINAL 026.170FIGS.48C,49Q o
{index 1> P, logs 1 u second)

TERMINAL 02648aFIGS.48C,49G]
(Index 1< P, logs { u second}

TERMINAL 026.20 FIGS.48C,49Q _
{Index 1% P)

LEAD 01304 FIG.48G
(Specified Index, lead)

TERMINAL 013.05 FIGS.48C,49H| _
(Specified Index)

TERMINAL 041347 FIGS.48B,49H{ __
( Non- overflow)

{Right shifty ~ [TTTT7C

TERMINAL O13.19 FIG.4BB} |

INDEX {(OUTPUT DP1{5-16 REG.1)}---- 21 21 21 22 |23 |24 |24 | 23
TERMINALS 01306,013.07,013.08 L
FIG.48C

[Terminare,round or reset |
completion signal (Shift Resuh‘)]

FIG.48R
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FIG.53C META ADD TIMING CHART

_ ___Jto T2 T4 TE6 18 TO T2 T4 TE T8 T20
ELAPSED TIME { ™ T3 715 T7 T9 ™ T3 TS5 T7 T9

CONTROL COUNTER TIME———-0 { 2 3 4 5 6 7 8 9 10 #t 121314151617

TERMINAL 00405

TERMINAL 01804

TERMINAL 0Oi6.02

TERMINAL O16.03-~

TERMINAL 016,04

~CODE# 4
TERMINAL O16,05--- CODE# 40
TERMINAL 016.06
TERMINAL O1807--- \iODLETo
“CODE= 40 -

TERMINAL 016.08

TERMINAL O3\i6

TERMINAL O16.09--
META ADD FLOW CHART

}/o= 40-49,70-73

FIXED CYCLE
RIGHT SHIFT REG.1(16) AND
REG.2(16) FOR 18 uSEC

CODE INSPECTION
FIG.53C-{ 40  la1-agr073
i )

r

INJECT 1 DURING 2ND.
KSEC OF SHIFT

J__J

TC
TERMINATE
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META SHIFT FLOW CHART

START
Ivo = 60-62,64-69, 74-84

INDEX 2 INSPECTION
INDEX 2 < 00 ] INDEX 2 > 00

LEFT SHIFT RIGHT SHIFT
REG.1(i6) REG.1(16)

COUNT INDEX
2 TO 00

Q CODE INSPECTION
62 ] Q = 60, 61,64-69,74-84

]

TO
ROUND TERMINATE

FIG. 548
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FIG.55F | FIG.55G | FIG55H | FIG.568J 551
FiG.55K
| FIG.55
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TIMING CHART FOR SUBOPERATION TERMINATE

———0CTAL TIME

TERMINAL 02401 (FIGSSE)|
(Indicator Lamp)

TERMINAL 02403 (FIG.55J)
{Check Reg.2)

TERMINAL 024.04 (FIG.55J)
(Transfer Reg.i To Regq.2)

1
J
TERMINAL 024,05 (FIG, SSJ)}L

ACCORDING
- TO INPUT

T+t

i

(Req. Output Switch To Pos.3)

TERMINAL 024.08 (FIG.55))
{Program Indicator Storage)

TERMINAL 024.07 {FIG.55K)
(V To CRT)

TERMINAL  024.08 (FiG 55K) | |
(Reg. Output Switch To Pos.) | I oo

[
TERMINAL  024.09 (FIG.55K) | ] T
(Reg.{ To CRT) P

1
TERMINAL 024.40 (FIG‘55K)} | §
li

|
| ]

(T To V)

TERMINAL 02441 (FIG55K)]
(U To V)

J
TERMINAL 02442 (FIGSSK)}
|
I

(S To V)

TERMINAL 02413 (FIGS5K)
(Terminate Completion Signal)

TERMINAL 024.15 (FIG 55F)
(Initiate Printer 1)

TERMINAL 02416 (Fle.ssF)l
(Initiote Printer 2) J

TERMINAL 02447 (FIG.55F)
(Special Function To Printers)

TERMINAL 02449 (FIGSSF) | |
(Program Stop) J

FIG.55L
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ors to International Business Machines Corporation,
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Filed Nov. 21, 1955, Ser. No. 547,981
117 Chaims. (Cl. 235—153)

This invention relates to electronic calculators and
more particularly to an increased capacity and high-speed
digital calculator capable of performing the solution of
the largest computation problems with greater speed
and facility.

Calculations are effected in decimal arithmetic by uti-
lizing operands having a coefficient of 13-decimal digits
under the control of a three address instruction with
automatic address modification. The operands and in-
struction are represented in the binary-decimal system.
Actual addition and subtraction of 13-digit operands is
performed in the time required to read in the two oper-
ands, decimal digit by decimal digit, or in thirteen micro-
seconds. The multiplication of two 13-digit operands is
performed in approximately thirty microseconds and the
division of two 13-digit operands performed in approxi-
mately 250 microseconds.

Input information with a check digit is initially punched
into cards and transferred by a card-to-tape-to-card ma-
chine into storage on a magnetic tape. The magnetic
tapes fabricated on the card-to-tape-to-card machine are
subsequently transferred and the information stored
therein is made accessible by one of eight tape machines.
This information is stored as binary coded decimal values
on four parallel tracks and in blocks containing any
desired number of words from 1 to the capacity of the
cathode ray tube memory which is either 2,000 or 3,600
words, at the choice of the operator. Each word of a
block contains sixteen digits of information and a check
digit and is separated from the next word by a 12. The
first and last word of each block contains a 4-digit num-
ber in the lowest four orders designating the block num-
ber used in identifying each block and in reading into
cathode ray tube storage. Each end of a block is termi-
nated by a 13,

Information may be read from or stored on any one
of the eight tapes at a digit spacing of 510 bits per inch
on each track and at a speed of 140 inches per second.

Two 17-digit universal type shifting registers, desig-
nated as Registers 1 and 2 respectively, are employed to
accommodate the storage of two different words i.e.
operands each having sixteen information digits and a
check digit ie. Indicated Bit Count. Thirteen of these
information digits comprising the coefficient used in
effecting arithmetic computations, two digits represent
the index and one digit represents the sign.

A three address 17-digit instruction word includes three
address fields each of four decimal digits, also a field for
storing a 2-digit operational code designating the opera-
tion to be performed, a field for storing a 2-digit code
specifying the index procedure to be effected during an
arithmetic operation and a 1-digit Indicated Bit Count.
A 17-digit Instruction Register effects storage of the in-
struction word which directs the calculator.

A Parallel Transfer Bus interconnects the C.R.T. Stor-
age System, Register 1, Register 2, and the Imstruction
Register to permit transfer therebetween of information
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from any one of the three registers or the storage system
to any one of the others.

The data and instruction words can be entered into
the calculator and read into C.R.T. Storage at a rate of
2,500 words per second. The results of the calculations
may be recorded on any one of the magnetic tapes or
printed directly on cither one of two printers capable of
printing 1,050 words a minute. Generally, a printing
operation does not hold up the operation of the calcula-
tor in that calculations can be effected during a printing
operation.

A complete arithmetic operation includes the securing
of the instruction from a certain address in C.R.T. Stor-
age, modification of the addresses included within this
thus secured instruction, if indicated, the securing of the
operand or operands from C.R.T. Storage, the inspec-
tion of the decimal indices of the two operands, the per-
formance of the arithmetic operation, the shifting of the
result of the arithmetic operation as indicated by the
decimal index of the instruction and the transfer of the
result to a designated address in C.R.T. Storage.

The calculator is operable under the direction of any
one of 64 operational codes and the electronic circuits
of the calculator automatically select and effect opera-
tion via one of a plurality of paths through the calcula-
tor so as to effect the solution directed in an optimum
time. The circuitry is so constructed that this time will
never exceed 400 microseconds.

The calculator of the invention is further distinguished
from the prior art by the provision of numerous and inter-
related checking circuits, a completely automatic and
synchronized index systemn, and the incorporation within
the circuitry of the calculator of numerous program
checks and means for effecting alternative operations in
response thereto. A word read into and utilized by the
calculator is under the continuous monitoring of at least
one checking circuit,

The checking circuitry institutes a bit count modulo 4
check, a greater-than-9 check and a bit count modulo 2
check on the information stored in C.R.T. Storage. The
information present in the card-to-tape-to-card machine,
the tapes, and the tape machines is subjected to a bit
count modulo 4 check, a digit count check and a word
count check. The information present at the printers is
subject to a bit count modulo 4 check. The information
present in the registers is subject to a bit count modulo 4
inventory check and a greater-than-9 check. The infor-
mation present in the arithmetic section of the calculator
is subject to a modulo 9 check and a greater-than-9 check.
All information appearing on the Parallel Transfer Bus
is subject to a bit count modulo 4 check. Information
present in any register or at any other point in the cal-
culator may be visually displayed.

The calculator is not a fixed decimal point machine.
If the initial indices of the operands are each within
predetermined limits, the index of the resultant operand
is automatically provided within predetermined limits by
the calculator, The Index Control circuit permits the
index to vary within greater predetermined limits during
these operations.

A single calculator suboperation cycle may be effected
as distinguished from a series of such cycles necessary
to effect a solution in accordance with the instruction,
and a single calculator suboperation cycle may also be
effected by a step mode of operation, one suboperation
at a time,

Maintenance and testing are facilitated by the fact
that the cathode ray tube storage system and the arith-
metic section are separably operable.

Arithmetic operations can be performed using words,
which represent a value word having a greater number
of digits than can be stored in any register. Resultant
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operands are provided with the correct algebraic sign,
the inverse algebraic sign, or the sign thereof ignored.
Resultant operands are rounded or not rounded and
higher order digits may or may not be permiited to
overflow or be lost. Operation is effected under either
a specified or a floated index procedure wherein the in-
dex of the resultant is provided by anticipating circuitry
synchronized in its operation with that of the calculator.
Results of numerous operations to be performed are
anticipated to permit the calculator to choose and per-
form the optimum operation to provide the solution di-
Tected,

A principal object of the invention is to provide an
improved high-speed calculator automatically operable
under the control of an instruction and providing an im-
proved flexibility of operation.

Another object is to provide a calculator including
povel circuit means for anticipating operations to be
performed and selecting and effecting optimum opera-
tions to provide the solution directed.

Another object is to provide a novel calculator wherein
the value of the operational code directing calculator
operation and the presence of certain conditions result-
ing from the calculator operations effected are effective
to decrease the time required to effect an operational
cycle of the calculator.

Still another object is to provide common transfer
means interconnecting a memory device and storage
register devices to permit the transfer of any word from
any device to any other device.

Another object is to provide a novel calculator having
a plurality of storage registers interconnected by a par-
allel transfer bus and a cathode ray tube storage system
connected to the bus whereby information may be trans-
ferred in either direction along the parallel transfer bus
to permit the transfer of information from the system
to any register, or from any register to the system or any
other register,

Another object is to provide novel circuitry includ-
ing a parallel transfer bus, a plurality of storage regis-
ters, and means for causing the output of any one of
the storage registers to appear on the parallel tramsfer
bus and thereafter be entered into any one of the regis-
ters.

A further object is to provide novel circuitry responsive
to the indication of the presence of an error for indi-
cating the particular register containing that error while
a word is transferred to or from a register.

A still further object is to provide a novel calculator
using instruction words each containing at least the ad-
dress of a first operand, the address of a second op-
erand, and the address at which the result is to be stored.

Another object is to provide a novel calculator where-
in the execution of each instruction word may include
the execution of a plurality of arithmetic operations.

Another object is to provide novel calculator control
circuit means energizable by a single three address in-
struction for automatically effecting all calculator opera-
tions associated with arithmetic operations.

A further object is to provide novel address modify-
ing circuits which are effective to delay the readout
of a first operand from storage when the address thereof
is to be modified.

Another object is to provide an address modification
system wherein an address may be combined with one
of a plurality of address modifying values in response
to a predctermined digit of said address having a pre-
determined value, ar.d additionally the selection of the
address modifier to be combined with said address being
determined by the characteristics of said predetermined
digit.
Another object is to provide an address modification
circuit wherein an address may be selectively increased
or decreased by a predetermined value.

Another object is to provide an address modification
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system wherein designated portions of an instruction
word per s¢ may be entered into a plurality of address
modification registers for use thereafter to modify sub-
sequent addresses including means responsive to an op-
erational code selectively causing the clearing of one or
more of said address modification registers prior to the
insertion therein of said selected portion of said instruc-
tion word.

Another object is to provide means responsive to an
address to automatically energize an address modifica-
tion control circuit in response to a predetermined digit
of said address having a value of a predetermined mag-
nitude and additional circuitry for recognizing modulo
2000 the value of said digit as a segment of a C.R.T.
address.

Another object is to provide novel circuitry for sens-
ing a predetermined digit of an address to automatically
render an address modification circuit operative when
said digit is of a predetermined magnitude and further
to omit said address modification operation when said
digit is of another predetermined magnitude.

Still another object is to provide a novel calculator
including circuit means operative in response to a zero
operand to eliminate the arithmetic operation directed
to be performed, and select and exhibit an operand rep-
resenting the result of that arithmetic operation,

Another object is to provide a calculator including
novel circuits for conjointly examining the words to be
used in performing an arithmetic operation and the arith-
metic operation directed to be performed; and as a re-
sult of the examination effect performance of a different
arithmetic operation to provide the result of the arith-
metic operation directed to be performed.

A further object is to provide a calculator which in-
cludes a system whereby a new check digit is computed
by arithmetically corbining the current check digit and
a correction factor derived from the changes only in
digital information manifested in a data word without
resorting to an examining of the unchanged portions
of the word.

Another object is to provide an electronic computing
circuit capable of simultaneously sensing binary bits
added to and removed from a storage register; means
for computing a correction factor determined from said
added and removed bits; and circuit means for com-
bining the correction factor and the check digit to pro-
duce a corrected check digit that is then stored in said
storage device.

Another object is to provide means for sensing a cur-
rent check digit associated with a word used in a calcula-
tor including means for monitoring the proposed increase
or decrease of a binary-decimal digit of a word by a value
of one, further means for computing a correction factor
and circuitry for combining said check digit and said cor-
rection factor to produce a corrected check digit indicative
of the current digital composition of said word.

Another object is to provide novel loop storage means
for storing a check digit associated wiih a digital word,
calculator means for altering the composition of the word,
and = bit inventory computer coupled to said loop and
responsive to said check digit and to changes to be made
in said word to provide a new check digit which is inserted
into said loop in place of said check digit.

A still further object is to provide circuitry for effecting
a program transfer wherein a predetermined address is
to be used as the address of the next instruction word
with the exception that when said predetermined address
is equal to zero the address of the mext instruction word
is obtained by adding a predetermined value to the ad-
dress of the previously executed instruction word.

Another object is to provide a novel calculator for
executing a meta transfer and a program transfer in re-
sponse to a single instruction word.

Another object is to provide a novel calculator wherein
a program transfer is effected upon the appearance of a
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predetermined algebraic sign including circuitry for desig-
nating one of three addresses as the address of the next in-
struction word when a worl is respectively greater than,
equal to, or less than zero.

Another object is to provide a novel calculator having
a magnitude discriminating program means including
novel circuitry for causing the calculator to automatically
execute one of a plurality of programs in response to a
word having one of a predetermined set of values, said
values respectively corresponding to one of said plurality
of programs.

Another object is to provide novel circuitry for indi-
cating that a particular condition has occurred in the past
and further circuitry responsive to said first-mentioned
circuitry to cause a program transfer and a meta transfer
to be executed in response to a particular operational code
only when said condition has occurred in the past.

Another object is to provide novel circuitry in a calcu-
lator wherein a program transfer may be executed in
response to the conjoint occurrence of one of several pre-
determined operational codes and the selective occurrence
of a zero or non-zero result effected by the arithmetic
circuits of said calculator,

Another object is to provide a novel calculator includ-
ing a plurality of option switches which are effective to
cause a program transfer and a meta transfer to occur in
response to the conjoint occurrence of predetermined
operational codes and predetermined settings of said
switches,

Another object is to provide a novel calculator wherein
any data word or instruction word is automatically trans-
ferable into cathode ray tube storage at any address or
into either operand register or into the instruction regis-
ter.

Another object is to provide a calculator which under
the exclusive direction of a single instruction word auto-
matically fabricates a new instruction word and auto-
matically executes a program of operation under control
of the new instruction word.

A further object is to provide a calculator having com-
mon transfer means interconnecting storage registers and
the memory to permit a continuous checking of the in-
formation transferred therebetween.

Another object is to provide a calculator having an
improved checking system for continuously checking the
words present in the calculator.

Another object is to provide a calculator including
checking circuit means for continuously monitoring the
information present therein during the receiving, storing,
transferring and synthesizing processes.

Another object is to provide a calculator having an
improved checking arrangement wherein a plurality of
functionally different checking circuits selectively check
the contents of the same word under the synchronized
control of the calculator.

Another object is to provide novel calculator means
for chceking the information transferred into a register
prior to its entry therein and the information actually
stored therein after said entry and comparing the results
of the two checks and indicating a difference of said re-
sults if any.

Still another object is to provide a novel operation con-
trol circuit for providing an ADVANCE voltage to each
suboperation circuit to permit it to be energized by a
completion signal from another and a HOLD voltage to
each suboperation circuit to cause it to be de-energized
i.e. reset.

Another object is to provide a novel electronic calcula-
tor capable of performing all calculator operations asso-
ciated with an arithmetic operation under the control of
a single instruction word to obtain a result within cer-
tain predetermined requirements by rendering operative a
minimum of calculator suboperation circuits.

A further object is to provide an electronic calculator
which is operable under the control of cathode ray tube
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display means to perform a given operation in a prede-
termined step-by-step fashion and examine the contents at
a predetermined location in the calculator during a pre-
selected time interval.

Still another object is to provide a calculator wherein
the presence of a predetermined error operates a cor-
responding latch to cause operation to cease and to be re-
sumed only after the latch is reset.

Another object is to provide a calculator which in-
cludes switching means for permitting continuous calcula~
tor operation, step mode operation, or a single calculator
suboperation cycle operation.

Another object is to provide a calculator wherein a
predetermined operational code causes calculator opera-
tion to cease at the end of a particular calculator sub-
operation,

Another object is to provide switching means to select
the source from which a calculator instruction will be
received and perform repeated calculator operations un-
der direction of the same instruction and under the syn-
chronous control of a display system effective to examine
calculator operation during preselected time intervals.

Another object is to provide a calculator wherein the
contents of the instruction word directing calculator op-
erations, the values of operand 1 and operand 2 and of
the result, the sign of the initial indices, and other circuit
conditions determine the path of calculator operation
traversed during a calculator suboperation cycle.

Another object is to provide an electronic calculator
having selective circuit means effective when an instruc-
tion word contains a given operational code to nullify
calculator operation under the direction of that instruction
word and thereby establish a different program of calcu-
lator operation.

A further object of the invention is to provide a novel
suboperation control circuit wherein an inverted out-
put thereof and pulse synchronizing means are conjointly
effective to render the suboperation circuit operative to
advance the sequence of calculator operation,

A still further object is to provide a novel divide con-
trol circuit for executing a divide operation.

Another object is to provide novel circuit means for
effecting a shifting of operand registers.

Ancther object is to provide novel multiply control
circuit means for executing a multiply operation.

Still another object is to provide a novel float operands
circuit for developing signals to effect shifting of a first
and a second operand respectively within a first and second
register until the highest-order non-zero digit of said first
and second operands are respectively contained in the
highest order digit position of said first and second
registers.

Another object is to provide a novel circuit for de-
veloping signals to effect the proper modification of the
index of a first operand and of the index of a second
operand in accordance with the shifting of said first and
second operands.

Another object is to provide a novel circuit for de-
veloping signals to effect addition or subtraction as de-
termined by an inspection of the operation code and the
algebraic sign of the operands.

A further object is to provide a novel addition, sub-
traction and conversion control circuit for developing
signals to effect shifting of the operands so as to render
their indices equal prior to initiation of the addition or
subtraction suboperation.

Another object is to provide a novel addition, sub-
traction and conversion control circuit, that prior to per-
forming subtraction inspects the indices of the operands,
and subsequent to the equalization of the indices of the
operands orders the complement to be taken of the
operand whose index was originally smaller in magnitude,
thereby avoiding the requirement of a conversion cycle.

Another object is to provide a novel addition, subtrac-
tion and conversion control circuit for executing a con-
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version operation immediately following a subtraction
operation in the absence of a carry signal from the high-
est digit position of the result of the subtraction operation.

Another object is to provide a novel addition, sub-
traction and conversion control circuit for precluding the
modulo 9 checking circuit from rendering a premature
error signal when a conversion cycle is required subse-
quent to a subtraction cycle.

A still further object is to provide an improved sign
control circuit for sensing the algebraic sign of the
operands, the arithmetic operation to be performed, and
rendering the algebraic sign of the result in accordance
therewith.

Another object is to provide an improved sign control
circuit for sensing the algebraic sign of the operands, the
arithmetic operation to be performed, and under control
of the operational code rendering the algebraic sign of
the result algebraically correct, or the inverse thereof.

Another object is to provide an improved sign control
circuit that performs a check on the accuracy of the
algebraic sign of an operand, and in addition, in perform-
ing this check would detect the erroneous use of an in-
struction word for a data word.

Still another object is to provide a simplified circuit
and method of accomplishing rounding,

Another object is to provide an improved rounding cir-
cuit for effecting rounding selectively, as ordered by the
operational code.

Another object is to provide an improved rounding cir-
cuit wherein any digit of the result may be selected to
be rounded.

A further object of the invention is to provide, under
control of the operational code, a Meta Addition
and Subtraction Control circuit for modifying the oper-
ation of the calculator so as to accomplish addition or
subtraction of operands having a number of digits larger
than the coefficient of an operand.

A further object is to provide a Meta Shift Control
circuit, under control of an operational code, for shift-
ing the contents of a register either left or right a pre-
determined number of digit positions.

A further object is to provide novel meta transfer means
wherein a word stored at a first address is shifted a pre-
determined number of digit positions and a preselected
portion of the shifted word stored at a second address.

Still another object is to provide a calculator having
novel circuit means for providing an index of a result.

Another object is to provide a calculator having novel
index circuit means synchronized with performance of
an arithmetic operation to provide the index of the re-
sult of that operation.

Another object is to provide a calenlator having novel
index circuit means synchronized with the arithmetic
change of a word which effect a step-by-step change in
the index of that word.

Another object is to provide a calculator wherein it is
required only that the initial indices be within certain
limits and wherein the indices may vary within greater
limits during the operation of the calculator.

Another object is to provide a calculator having a
novel index control circuit which provides an index cor-
related to calculator operation only when indices are
within certain limits and prohibits a change in the index
when calculator operation would cause a change of the
index beyond these limits.

Another object is to provide a calculator having novel
index control circuit means providing an index correlated
to calculator operation when indices are within certain
limits and providing an index of the result within lesser
limits.

Another object is to provide a novel calculator where-
in the indices of the initial operands and the arithmetic
operation performed, conjointly determine the index of
the result or wherein a result is provided having a speci-
fied index of predetermined value.

Another object is to provide a novel calculator where-
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in a result is shifted under the control of index value
indications to provide a result corresponding to a certain
index value.

Another object is to provide a novel calculator having
an index circuit for providing an index of a resultant
operand by the step-by-step change of the index of one
operand under the control of the index of the other
operand, the direction of said change being determined
by the arithmetic operation to be performed and the
polarity of the indices of the operands used in perform-
ing the arithmetic operation.

A further object is to provide novel calculator means
for effecting addition and subtraction of indices during a
solution of a multiply and divide problem, respectively.

Another object is to provide novel calculator means
effecting a preselected shift of a resultant operand and
providing an index therefor within a predetermined range
of values or equal to a value specified by the calculator.

Another object is to provide novel checking circuit
means indicating the condition of the final index of an
operand,

A further object is to provide novel circuits providing
the index of a resultant of an addition, subtraction, mul-
tiplication or division operation.

Another object is to provide a novel index system
which during the execution of an arithmetic computing
operation provides an index corresponding to a result of
that operation wherein the result contains a predetermined
number of digits, and when informed of the anticipated
presence of a greater number of digits in the result, cor-
rects the index to correspond thereto.

Another object is to provide a novel index system
which during the fabrication of a result from two operands
automatically provides an index of the result by effecting
a step-by-step change in the value of the index of one
operand under the control of the index of the other
operand and thereafter provides a synchronized change
in the value of the index of the result when it includes
more than a certain predetermined number of digits.

Another object is to provide a novel index system
wherein the index of one operand is stepped to zero and
the index of the other operand is stepped a like amount
to provide the index of the result of an arithmetic op-
eration utilizing the two operands.

Still another object is to provide printing control cir-
cuit means for permitting calculation to coatinue while
the printing operation is performed.

Another object is to provide means for reading in-
formation from the calculator to the printer without the
use of intermediate buffer storage.

A further object is to provide a calculator wherein
during the operation of a printer or tape the next sub-
sequent printer or tape operation is held in abeyance
by the control circuit.

Another object is to provide a calculator wherein dur-
ing a printer or tape operation a subsequent operation
other than a printer or tape operation is performed be-
tween the execution of scan cycles.

Another object is to provide an electronic calculator
wherein calculator operation continues, after the printer
is energized and ready to receive information, until the
calculator executes the operations directed by the current
instruction word.

Another object is to provide a calculator wherein a
Scan circuit cycle supplies the same information to a
printer a plurality of times to effect the printing of that
information and permits calculator operation to con-
tinue during the Scan cycle.

Another object is to provide a calculator wherein co-
incidence of a Printer Row signal and a signal indicating
the end of a calculator suboperation permits initiation of
a Scan cycle,

Another object is to provide an improved printing con-
trol circuit for the transfer of information from memory
to the printing equipment accurately and in a minimum of
time,
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Another object is to provide an improved printing con-
trol circuit that transfers information to the printer in
a manner so as 1o require a minimum of calculator time,

A further object is to provide novel Program Indi-
cator Storage means for indicating when a particular
program has taken place, and/or indicating the co-exist-
ence of a particular operational code and a condition
existing in the calculator.

A still further object is to provide novel Terminate
circuit means always operable as the last operation of
a calculator suboperation cycle to initiate a checking of
the contents of all operand registers.

Another object is to provide a novel Terminate circuit
effective during each calculator suboperation cycle to
perform examinations of the instruction word currently
being executed and predetermined calculator conditions
to determine the address of the next instruction word and
permit initiation of the next calculator suboperation cycle.

Another object is to provide a novel Terminate Con-
trol circuit for initiating each calculator suboperation
cycle wherein the Terminate Control circuit is rendered
operative only upon receipt of a satisfaction signal from
the checking circuit which is effective to check the
arithmetic computations of the calculator.

Other objects of the invention will be pointed out in
the following description and claims and illustrated in
the accompanying drawings, which disclose, by way of ex-
ample, the principle of the invention and the best mode,
which has been contemplated, of applying that principle.

In the drawings:

Figs. 1A~1C arranged as shown in Fig. 1D comprise
a block diagram of the calculator;

Fig. 2 is a flow chart of the suboperations performed
by the calculator;

Figs. 3A-3C arranged as shown in Fig. 3 comprise a
chart of the operational codes used in the calculator;

Figs. 4A and 4B arranged as shown in Fig. 4 comprise
a flow chart of the standard and special arithmetic func-
tions performed by the calculator;

Fig. 5 is a flow chart of the Meta arithmetic opera-
tions performed by the calculator;

Fig. 6A is a schematic circuit diagram of a diode AND
circuit;

Fig. 6B is a block diagram of the AND circuit of
Fig. 6A;

Fig. 6C is a schematic circuit diagram of a diode AND
circuit of the cathode follower type;

Fig. 6CA is a schematic circuit diagram of a medifica-
tion of the AND circuit of Fig. 6C;

Fig. 6D is a block diagram of the AND circuit of
Fig. 6C;

Fig. 6DA is a block diagram of the AND circuit of
Fig. 6CA;

Fig. 6E is a schematic diagram of a diode OR cir-
cuit;

Fig. 6F is a block diagram of the OR circuit of Fig.
6E;

Fig. 6G is a schematic diagram of a diode OR circuit
of the cathode follower type;

Fig. 6GA is a schematic diagram of a modification of
the diode OR circuit of Fig. 6G;

Fig. 6H is a block diagram of the OR circuit of Fig.
6G;

Fig. 6HA is a block diagram of the OR circuit of Fig.
6GA;

Fig. 61 is a schematic diagram of a cathode follower
circuit;

Fig. 6] is a block diagram of the cathode follower cir-
cuit of Fig. 6I;

Fig. 6K is a schematic diagram of a modification of
the cathode follower circuit of Fig. 6I;

Fig. 6L is a block diagram of the cathode follower
circuit of Fig. 6K;

Fig. 6M is a schematic diagram of an inverting circuit
of the cathode follower type;
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Fig. 6N is a block diagram of the inverting circuit of
Fig. 6M;

Fig. 6P is a schematic diagram of a conventional block-
ing oscillator;

Fig. 6Q is a block diagram of the blocking oscillator
of Fig. 6P;

Fig. 6R is a schematic diagram of a delay circuit;

Fig. 6S shows waveforms illustrating the operation of
the delay circuit of Fig. 6R;

Fig. 6T is a block diagram of the delay circuit of Fig.
6R;

Fig. 6U is a schematic diagram of an OR-Inverter of
the cathode follower type;

Fig. 6V is a block diagram of the OR-Inverter circuit
of Fig. 6U;

Fig. 7A shows a logical digit check circuit;

Fig. 7B is a block diagram of the digit check circuit of
Fig. 7A;

Fig. 7C is a logical circuit diagram of a binary adder;

Fig. 7D is a block diagram of the binary adder of
Fig. 7C;

Fig. 7E is a logical circuit diagram of a binary-decimal
adder;

Fig. 7F is a block diagram of the binary-decimal adder
of Fig. 7E;

Fig. 7G is a logical circuit diagram of a 2-position
switch;

Fig. 7H is a block diagram of the 2-position switch
of Fig. 7G;

Fig. 71 is a logical circuit diagram of a 3-position
switch;

Fig. 77 is a block diagram of the 3-position switch
of Fig. 7I;

Fig. 7K is a logical circuit diagram of a 4-pole 1-posi-
tion switch;

Fig. 7L is a block diagram of the 4-pole 1-position
switch of Fig. 7K;

Fig. 7M is a logical circuit dizgram of a 4-pcle 2-posi-
tion switch;

Fig. 7N is a block diagram of the 4-pole 2-position
switch of Fig. TM;

Figs. 7P-7T is a logical circuit diagram of a 4-pole
9-position switch;

Figs. 7T-1 is a block diagram of the 4-pole 9-posi-
tion switch of Figs. 7P-7T;

Fig. 7V is a logical circuit diagram of an octal com-
mutator;

Fig. 7VA is a logical circuit diagram of a modifica-
tion of the octal commutator of Fig. 7V;

Fig. 7W is a logical circuit diagram of a digital com-
parator;

Fig. 7X is a block diagram of the digital comparator
of Fig. 7TW;

Fig. 7Y is a logical circuit diagram of an inequality de-
tector;

Fig. 7Y-1 shows a circuit arrangement employing a
plurality of inequality detectors of the type shown in
Fig. 7Y;

Fig. 7Z is a block diagram of the inequality detector
of Fig. 7Y;

Fig. 8A is a logical circuit diagram of a plus-and-minus
adder;

Fig. 8B is a block diagram of the plus-and-minus adder
of Fig, 8A;

Fig. 8C is a logical circuit diagram of a millisecond de-
lay circuit;

Fig. 8D is a block diagram of the delay circuit of
Fig. 8C;

Fig. 8E shows the schematic circuitry of an indicator
amplifier;

Fig. 8F is a block diagram of the indicator amplifier
of Fig. 8E;

Figs. 8G and 8H is a logical circuit diagram of a con-
ventional timing pulse generator;
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Fig. 8I shows waveforms illustrating the operation of
the timing pulse generator of Figs. 8G and 8H;

Fig. B is a logical circuit diagram of a modified single
pulse generator;

Fig. 8K shows a block diagram of the single pulse
generator of Fig. 87;

Fig. 8L is a logical circuit diagram of a latch circnit;

Fig. 8M is a logical circuit diagram of a single pulse
generator;

Fig. 8N-1 is a block diagram of the single pulse gen-
erator of Fig. 8M used in conjunction with the poten-
tiometer switch of Fig. 8P;

Fig. 8N-2 is a block diagram of the single pulse gen-
erator of Fig. 8M;

Fig. 8P is a logical circuit diagram of a potentiometer
switch;

Fig. 8Q shows waveforms illustrating the operation of
the single pulse generator of Fig. 8M;

Fig. 8R is a logical circuit diagram of an unsyn-
chronized single pulse generator;

Fig. 8S is a logical circuit diagram of a Modulo 4
checking circuit;

Figs. 8T-8X show waveforms illustrating the operation
of the single pulse generator of Fig. 8M and the modified
single pulse generator of Fig. 81;

Fig. 9A is a logical circuit diagram of a products gen-
erator;

Fig. 9B shows a block diagram of the products gen-
erator of Fig. 9A;

Fig. 10A is a logical circuit diagram of a nines com-
plement generator;

Fig. 10B shows a block diagram of the nines comple-
ment generator of Fig. 10A;

Fig. 11A is a logical circuit diagram of a quotient gen-
erator;

Fig. 11B shows a block diagram of the quotient gen-
erator of Fig. 11A;

Fig. 12A is a logical circuit diagram of a binary-to-
decimal converter;

Fig. 12B is a block diagram of the binary-to-decimal
converter of Fig, 12A;

Fig. 12C is a logical circuit diagram of a decimal-to-
binary converter;

Fig. 12D is a block diagram of the decimal-to-binary
converter of Fig. 12C;

Figs. 13 and 13’ show the arrangement of Figs. 13A—
13E, 17A-17E, 20A-20E, 15, 21A-21E, 28A-28H and
28)-28M to comprise a logical circuit diagram of the
arithmetic and information handling portion of the cal-
culator;

Figs. 13A-13E arranged as shown in Fig. 13 comprise
Register 1;

Figs. 14A-14D arranged as shown in Figs. 14 comprise
the Register 1 Control circuit;

Fig. 15 shows the Instruction Register Control circuit;

Figs. 16 shows the Manual Pulse Source;

Figs. 17A-17E arranged as shown in Fig. 13 comprise
Register 2;

Figs. 18A~18C arranged as shown in Fig. 18 comprise
the Register 2 Control circuit;

Fig. 19 shows the Manua! Keyboard Entry circuits;

Figs. 20A-20E arranged as shown in Fig. 13‘ comprise
the Instruction Register;

Figs. 21A-21E arranged as shown in Fig. 13’ comprise
the Register Output Switch and its control circuit;

Figs. 22A and 22B arranged as shown in Fig. 22 com-
prise the Register 1 Zero Detector;

Fig. 23 shows the Register 2 Zero Detector;

Fig. 24 shows the Instruction Register Zero Detector;

Figs. 25A and 25B arranged as shown in Fig. 25
comprise the Register Error Storage circuit;

Fig. 26 shows the Q Matrix;

Figs. 27A-27C arranged as shown in Fig. 27 comprise
the Register—C.R.T. Control circuit;

Fig. 27D shows the C.R.T. Manual Address Switches;
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Fig. 27E shows the CR.T. Access Control circuit;

Figs. 28A-28H, 28J-28M arranged as shown in Fig.
13’ comprise the arithmetic chain of the calculator;

Figs. 29A and 29B, 30A and 30B, 31, 27D, 32A-32F,
and 33A and 33B arranged as shown in Fig. 29 comprise
the Address Modification circuits of the calculator;

Figs. 29A and 29B show the V Field;

Figs. 30A and 30B show the V Field Control circuit;

Fig. 31 shows the U Field;

Figs. 32A-32F comprise the Address Modification
Control circuit;

Fig. 32G is an address modifier control timing chart;

Fig. 32H is a chart showing contents of the V Field;

Fig. 321 is a timing chart illustrating the operation of
the suboperations Change M4, Change M6, and Change
MS;

Figs. 33A and 33B show the control circuits for the
suboperations Change M4, Change M6 and Change MS;

Figs. 34A-34F arranged as shown in Fig. 34 comprise
a logical circuit diagram of the Operation Control circuit;

Figs. 34G and 34H are timing charts illustrating the
operation of the Operation Control circuit of Figs.
34A-34F;

Figs. 35A and 35B arranged as shown in Fig. 35 com-
prise a logical circuit diagram of the Check Stop Con-
trol circuit;

Fig. 36 is a logical circuit diagram of the control
circuit for the suboperation Read Instruction;

Fig. 36A is a timing chart showing the operation of
the circuit of Fig. 36;

Figs. 37A-37H, 37J-37N, and 37P arranged as shown
in Fig. 37 compirse a logical circuit diagram of the con-
trol circuit for the suboperation Decode;

Figs. 37Q and 37R arranged as shown in Fig 378
comprise a flow chart illustrating the operation of the
suboperation Decode;

Fig. 37T is a timing chart illustrating the operation of
the suboperation Decode;

Figs. 37U and 37V arranged as shown in Fig. 37W
comprise a chart illustrating calculator operation;

Figs. 37X and 37Y arranged as shown in Fig. 37Z
comprise a chart designating the paths of calculator opera-
tion realized by the illustration of Figs. 37U and 37V;

Figs. 38A and 38B arranged as shown in Fig. 38 com-
prise a logical circuit diagram of the control circuit for
the suboperation Read Operand 1;

Fig. 38C is a timing chart illustrating the operation of
Figs. 38A and 38B;

Fig. 38D is a flow chart for the suboperation Read
Operand 1 and illustrates the operation of the circuit of
Figs. 38A and 38B;

Figs. 39A-39D arranged as shown in Fig. 39 comprise
a logical circuit diagram of the control circuit for the sub-
operation Read Operand 2;

Fig. 39E is a timing chart illustrating the operation of
Figs. 39A-39D;

Fig. 39F is a flow chart for the suboperation Read
Operand 2 and illustrates the operation of the circuits of
Figs. 39A-39D;

Figs. 40A and 40B arranged as shown in Fig. 40
comprise a logical circuit diagram of the control circuit

for the suboperation Float Operands;

Fig. 40C is a timing chart illustrating the operation
of the suboperation Float Operands;

Fig. 40D is a flow chart for the suboperation Float
Operands and illustrates the operation of the circuits of
Figs. 40A and 40B;

Figs. 41A, 41B, 41C, 41D, 41E~1, 41F-1, 41G-1, 41E,
41F and 41G arranged as shown in Fig. 41 comprise a
logical circuit diagram of the control circuits for the sub-
operations Add, Subtract and Convert;

Fig. 41H is a timing chart illustrating the operation of
the suboperation Add;

Fig. 417 shows the register contents at different time
intervals during an addition example;
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Fig. 41K is a timing chart illustrating the operation of
the suboperation Subtract;

'Fig. 41L shows the register contents at different time
intervals during a subtraction example;

Fig. 41M is a timing chart illustrating the operation of
the suboperation Convert;

Fig. 41N shows the register contents at different time
intervals during a conversion example;

Fig. 41P is a flow chart illustrating the operation of
the suboperations Add, Subtract and Convert;

Fig. 42 is a logical circuit diagram of the Control
Counter;

Figs. 43A and 43B arranged as shown in Fig, 43 com-
prise a logical circuit diagram of the control circuit for
the suboperation Multiply;

Fig. 43C is a timing chart illustrating the operation of
the circuit diagram of Figs. 43A and 43B;
 Figs. 43D-43G arranged as shown in Fig. 43H com-
prise a chart illustrating the operation of the suboperation
Multiply in solving a sample problem;

Fig. 437 is a flow chart illustrating the operation of
the suboperation Multiply;

Figs. 44A-44D arranged as shown in Fig. 44 comprise
a logical circuit diagram of the control circuit for the
suboperation Divide;

Figs. 44E—44H arranged as shown in Fig. 44 com-
prise a timing chart illustrating the operation of the
circuit of Figs. 44A~44D;

Figs. 44K-44N, 44P-44U arranged as shown in Fig.
44V comprise a chart illustrating the solution of a division
problem;

Fig. 44W is a flow chart illustrating the operation of
the suboperation Divide;

Fig. 45 is a logical circuit diagram of the control cir-
cuit for the suboperation Transfer 2 to 1;

Fig. 46 is a logical circuit diagram of the control cir-
cuit for the suboperation Reset 2;

Fig. 47 is a logical circuit diagram of the control cir-
cuit for the suboperation Reset 1;

Figs. 48A—48G arranged as shown in Fig. 48 com-
prise a logical circuit diagram of the control circuit for
the suboperation Shift Result;

Figs. 48H and 48]J arranged as shown in Fig. 48K com-
prise a flow chart illustrating the operation of the sub-
operation Shift Result;

Figs. 48L-48N and 48P-48R comprise timing charts
illustrating the shift operations of the suboperation Shift
Result;

Figs. 49A—49H, 49J-49N, and 49P-49T arranged as
shown ‘in Fig. 50 comprise a logical circuit diagram of
‘the Index Control circuit;

Figs. 51A-51C arranged as shown in Fig. 51 comprise
a logical circuit diagram of the Sign Control circuit;

Fig. 52 is a logical circuit diagram of the control cir-
.cait for the suboperation Round;

Figs. 53A and 53B arranged as shown in Fig. 53 com-
prise a logical circuit diagram of the control circuit for
the suboperations Meta Add and Subtract;

Fig. 53C is a timing chart illustrating the operation
of the suboperations Meta Add and Subtract;

Fig. 53C-1 is a flow chart illustrating the operation of
-the suboperations Meta Add and Subtract;

Fig. 54 is a logical circuit diagram of the control cir-
cuit for the suboperation Meta Shift;

Fig. 54A is a timing chart illustrating the operation of
the circuit shown in Fig. 54;

Fig. 54B is a flow chart illustrating the operation of the
circuit shown in Fig. 54;

Figs. 55A-55H, 55 and 55K arranged as shown in
Fig. 55 comprise a logical circnit diagram of the control
circuit for the suboperation Terminate;

Fig. 55L is a timing chart illustrating the operation of
the circuit shown in Fig. 55;

Figs. 56A and 56B arranged as shown in Fig. 56 com-
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prise the logical circuit diagram of the Printing Control
circuit;

Figs. 56C-56F are timing charts illustrating the opera-
tion of the circuit shown in Fig. 56; and

Figs. 58A~58D arranged as shown in Fig. 57 comprise
a logical circuit diagram of the Program Indicaior Stor-
age circuit.

The time during which certain operations occur and
notations relative thereto are often designated on the
drawings. The particular octal cycle designated refers
to an occurrence which is clear from the specification
and time designations on any single subcperation con-
trol circuit usually refer to the same octal cycle. The
explanatory matter on the drawings is not all inclusive
in that it includes only notations deemed of paramount
importance to an understanding of the invention.

DEFINITIONS

Access Interval: An access interval is any C.R.T. in-
terval other than a regeneration interval.

Actual Bit Count: The actual bit count is the sum of
all the binary 1 bits which are present in the sixteen
lowest order digit positions of a word.

Binary Bit: The term binary bit refers to a binary
digit as used in the binary notation. The reference to
a 4 bit, for example, means that the binary bit is present
corresponding to the decimal-digit 4 represented in the
bniary-decimal system.

Binary-Decimal System: Binary-decimal system means
a system wherein a decimal digit is written by utilizing
four binary bits which correspond respectively to the
decimal-digits 1, 2, 4, and 8. The value of the decimal
digit represented is obtained by a summation of the
decimal digits to which the four binary bits correspond
and should never be greater than 9. The presence of a
binary bit is represented by a binary 1 and the absence
of a binary bit is represented by a binary 0.

Bit Count: The bit count is the modulo 4 of the sum
of all the bipary bits which are present in the sixteen
lowest order digit positions of a word.

Blank Code: A field of an instruction word is said
to be blank coded or equal to zero when it contains the
number 0000.

C: A “¢” designates a control input or terminal. A
control input is also referred to, numerically, as an in-
put. For example, control input 2 refers to the second
control input from the left or from the bottom of a
designated device. Inputs referred to by a numerical
designation include the input and the control input asso-
ciated therewith. For example, inputs 2 refer to the in-
put 2 and the control input 2, these two inputs being
the second pair of inputs from the left or bottom of a
designated device.

Calculator Stalled: The calculator is stalled when the
sequential operation of the suboperation circuits is inter-
rupted and the input latch of a particular suboperation
control circuit is energized and the completion latch
thereof is de-energized.

Calculator Stopped: The calculator is stopped when the
sequential operation of suboperation circuits ceases and
the completion latch of a particular suboperation con-
trol circuit is energized and the input latch of the next
suboperation circuit is de-energized.

Calculator Suboperation Cycle: A calculator subopera-
tion cycle is defined as a calculator operation commenc-
ing with the initiation of the suboperation Operation Con-
trol and ending with a completion signal from the sub-
operation Terminate. A calculator suboperation cycle
therefore comprises a plurality of suboperation cycles.

Coefficient: The number represented by the thirteen
lowest order digits of a data word is often referred to as
the coefficient thereof. The decimal point of the co-
efficient is situated between digit positions 12 and 13.

Conditional Transfer: A conditional transfer is a
transfer causing a new sequence of instructions to be
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executed and effected under direction of an instruction
word as a result of a predetermined property of a certain
nitmber.

C.R.T. Interval: A C.R.T. interval is any eight micro-
second period or octal cycle from time N.00 to N-41.0.
This is the time required to position the beams of the
cathode ray tubes and to read in or read out the stored
data according to the operation designated.

Data Word: A data word is a word of decimal informa-
tion containing seventeen digit positions where the co-
éfficient occupies DPI1-13; the algebraic sign occupies
DP14, the decimal index occupies DP15-16, and the
Indicated Bit Count occupies DP17.

Digit: Digit used by itself refers to a decimal digit
and is to be distinguished from a binary digit. Where a
plurality of digits are associated together, they are re-
ferred to collectively as a number or as a word.

Digit Position: The arithmetic order of a word or a
storage device for accommodating the decimal digit of
that order is referred to herein as a digit position of the
word or of the storage device. For example, the low-
est order position of a word is referred to as digit posi-
tion 1 and is abbreviated DP1.

Down: A particular circuit point or terminal is said
to be DOWN when the voltage thereat is lower than or
negative with respect to a higher or UP potential thereat.
Generally, DOWN means that the voltage at a circuit
point is negative with respect to ground potential. How-
ever, the terms UP and DOWN are relative only to each
other.

Field: A field is a plurality of digit positions of a
register or the contents thereof comprising a plurality
of decimal digits which have an assigned significance
in an arithmetic operation.

Floated Point System: A floated point system is one
wherein the only restriction on the index of the resultant
operand is that it be within certain predetermined limits.

Index: The index herein is a two-digit representation
of the power of ten by which the coefficient of a data
word must be multiplied to obtain the absolute value of
the number represented by the data word. The index
occupies DP15-16 of a data word.

Index 1 and Index 2: Index 1 and 2 refer to the re-
spective, ones of the two-digit numbers stored in DP15-16
of Registers 1 and 2, respectively.

Indicated Bit Count: The Indicated Bit Count is the
threes complement of the sum modulo 4 of the num-
ber of binary bits present in DP1-16 of a word.

Instruction Word: An instruction word is a word
of information containing sixteen decimal digits and the
Indicated Bit Count. DP1-16 contain coded informa-
tion used to direct a series of operations to be performed
by the calculator.

Meta: Meta is used herein as an adjective in expres-
sions such as Meta Operation, Meta Arithmetic, Meta
Shift, and means that DP1-16 of a word are being sub-
jected to an operation by the calculator. For example,
in Meta Add, the arithmetic operation is effected by
using DP1-16 of the word rather than by using DP1-13
thereof as in other types of addition effected.

Meta Transfer: A meta transfer occurs when a word
stored at one C.R.T. address is read out and stored at
a second C.R.T. address and is used in the calculator to
rearrange the information stored in C.R.T. Storage.

Number: A number is considered herein to be a plu-
rality of digits and is synonymous with word.

On and Off: As used herein ON and OFF are syn-

_-onymous with UP and DOWN respectively.

Operand: An operand is a word upon which an opera-
tion is to be performed by the calculator or the word
resulting from an operation and comprises a sixteen-digit
word. The term Operand is also used to designate any
‘multi-digit quantity, i.e., a quantity employed in an arith-
‘metic operation.

-Operation: An operation is a series of steps commenc,
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ing with the reading out of an instruction word from
the C.R.T. Storage System and ending with the culmina-
tion of the steps prescribed by the instruction word
present in the Instruction Register.,

Operation Cycle: An operation cycle is the period of
time required to execute the functions stipulated by an
instruction word. The operation cycle includes the time
required to obtain the instruction word from C.R.T.
Storage and insert it into the Instruction Register.

Operational Code: An operational code is a two-digit
number which specifies the arithmetic operation or which
specifies a sequence of functions to be performed by the
calculator and occupies DP13-14 of an instruction word.
DP13-14 of the Instruction Register stores this opera-
tional code and is designated as the Q Field.

P: P refers to the contents of the P Field which
comprises DP15-16 of the Instruction Register or it
refers to DP15-16 of an instruction word. When an in-
struction word is stored in the Instruction Register, the
P Field of the word is contained in the P Field of the
register. P=27, P27, P=X7, and P==2X, for example,
respectively indicate that the P Field is storing the num-
ber 27, the P Field is not storing a 27, the tens order of
the P Field is unknown or immaterial, and the units order
thereof contains a 7, and the tens order of the P Field
is a 2 and the contents of the units order is unknown or
immaterial.

Program: A program is a plurality of instruction words
arranged in proper sequence to automatically instruct
the calculator to perform a desired operation or opera-
tions.

Program Transfer: A program transfer is the interrup-
tion of a current sequence of instruction and the institu-
tion, beginning with a specified address, of a new sequence
of instruction.

Q: Q refers to the Q Field which occupies DP13-14
of the Instruction Register or the corresponding con-
tents of an instruction word. The Q Field should always
contain an operational code in the range 20 through 99.
If one order of the operational code is represented by
an X, it means that the digit of that order is unknown
or immaterial.

R: R refers to the R Field which occupies DP1-4
of the Instruction Register or the corresponding contents
of an instruction word. The contents of the R Field
designates a C.R.T. address.

R’: R’ refers to the seventeen-digit word itself stored
at the CR.T. address designated by the R Field. Ac-
cordingly, the statement R’ to S means that the seven-
teen-digit word stored at C.R.T. address R is to be ob-
tained therefrom and stored (read into) at C.R.T. ad-
dress S designated by the contents of the S Field.

Read-In Interval: A read-in interval is a C.R.T. access
interval during which a word is read from a register into
the C.R.T. Storage System.

Read-Out Interval: A read-out interval is a C.R.T.
access interval during which a word is read from the
C.R.T. Storage System into a storage register.

Result: The result, often referred to as the resultant
operand, is a word derived from an operation performed
by the calculator. This word may constitute the sum,
difference, product or quotient of an arithmetic opera-
tion, or may be the information remaining after a word
has been shifted to the right or left.

S: S refers to the S Field which occupies DP5-8 of
the Instruction Register or the corresponding contents
of an instruction word. The contents of the S Field
designates a C.R.T. address.

$’: 8 refers to the seventeen-digit word stored at
C.R.T. address S.

Suboperation: Suboperation connotes a sequence of
functions executed by a subdivision of the calculator,
such as for example, suboperation Multiply refers to the
functions performed in order to cause two operands to
be combined so as to obtain a product.
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Suboperation Control Circuit: Suboperation control
circuit refers to an electronic circuit which is effective
to cause the functions of a designated suboperation to
be performed.

Suboperation Cycle: Suboperation cycle refers to the
cycle during which the functions of a suboperation are
executed under the control of the suboperation control
circuit therefor.

T: T refers to the T Field which occupies DP9-12 ot
the Instruction Register or the corresponding contents of
an instruction word. The contents of the T Field desig-
nates a C.R.T. address or a block number.

Truncating Transfer: Truncating transfer refers to an
operation wherein the thirteen lower order digits of a
first operand constitute the thirteen higher order digits
of a twenty-six-digit number and the thirteen lower order
digits of the twenty-six-digit number are contained in the
thirteen lower order positions of a second operand.
The index and sign of the twenty-six-digit word or num-
ber are present in the first operand. During a truncat-
ing transfer operation, the two operands are used as a
single twenty-six-digit word or number.

Up: UP refers to the potential level of a particular
point or terminal in a circuit and is considered to be
higher than (i.e., positive with respect to) that provided
when the point is DOWN.

Word: A word is a group of seventeen decimal
digits each of which is expressed in the binary-decimal
system. The digit positions of the word are designated
1 through 17 consecutively with the lowest or units order
digit in the lowest order position. The seventeeth digit
of every word is the Indicated Bit Count of that word.
In certain instances the contents of a digit position will
have a value greater than 9.
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SECTION 1. GENERAL DESCRIPTION OF
THE CALCULATOR

Referring more particularly to Figs. 1A-1C, the par-
tial block diagram of the calculator, when arranged as
shown in Fig. 1D, illustrates the principal structure util-
ized during arithmetic operations.

Section 1—I1. Storage registers

The calculator is provided with three information stor-
age registers each capable of storing sixteen decimal
digits and the Indicated Bit Count. Hereinafter, the
registers are referred to as Register 1 shown in Fig. 1A,
Register 2 shown in Fig. 1B, and the Instruction Regis-
ter shown in Fig. 1C. These registers are generally of
the type disclosed and claimed in application 2.

In general, Registers 1 and 2 are each composed of
seventeen digit positions each capable of storing four
binary bits except the highest digit position of Register
2 which can only store two binary bits. The four binary
bits stored in a digit position correspond to the decimal
values 1, 2, 4, and 8. Thus the highest digit position of
Register 2 stores a maximum of two binary bits corre-
sponding respectively to the decimal values 1 and 2.
The lowest order digit position of each register, i.e.,
the extreme right-hand position, is called digit position
1 and is abbreviated DP1 herein. Similarly, the highest
order digit position, i.e., the extreme left-hand position
of each of the three registers, is referred to as DP17.
Hereinbelow, the digit positions of a storage register are
referred to by the characters DP followed by the num-
ber of the position being considered.

Each digit position of Registers 1 and 2 is capable
of accepting information from external sources, retain-
ing the information stored therein for any preselected
period of time, accepting the information stored in the
adjacent digit position on the left, or accepting the in-
formation stored in the adjacent digit position on the
right. These operations are hereinafter deferred to as
accept, stored, right-shift and left-shift, respectively.
It will be noted hereinafter, that some of the digit posi-
tions are capable of accepting information from a plu-
rality of sources while other digit positions are only
capable of accepting information from a single source.

Hereafter, the term “data word"” is used to refer to a
word of information which contains a thirteen-order
decimal number, an algebraic sign, an index which in-
dicates the power of ten by which the thirteen-digit
number must be multiplied, and the Indicated Bit Count
of the word.

Each decimal digit of each order except the highest
in Register 2 and in the Imstruction Register comprises
four binary bits referred to as the 1, 2, 4, and 8 bits.
The presence of a binary bit is indicated by a terminal
or lead being UP and the absence of that bit is repre-
sented by that terminal or lead being DOWN. Hence,
in order to accommodate the transmission of voltages
representing one single decimal digit from one circuit
to another, four leads must be provided. Accordingly,
where several decimal digits are to be transmitted in
parallel, four leads must be available for the transmis-
sion of each digit. In the drawings of this specification,
a plurality of leads is frequently represented by a single
line. The number of leads represented by such a line is
places in parentheses adjacent thereto. For example,
the notation (52) means that the line represents fifty-two
leads or facilities for the transmission of thirteen deci-
mal digits comprising a total of fifty-two binary bits.
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Likewise the notation (4) indicates that four leads are
represented by the line. The absence of such a symbol
means that a single lead is being represented.

Referring to Figs. 1A and 1B, the thirteen lowest
order decimal digits (or the coefficient) of data words
are normally stored in DP1-13 of Registers 1 or 2.
During arithmetic operations, it is assumed that the deci-
mal point of the thirteen-digit number exists between
DP12 and DP13 of a register. The algebraic sign of the
coefficient is stored in DP14 of the appropriate register.
If the algebraic sign is plus, the digit 0 is stored in DP14
and if the sign is minus the digit 1 is stored therein.
The units and tens order of the index are respectively
stored in DP15 and DP16. The index stored in DP15
and DP16 is the power of ten by which, power of ten,
the thirteen-digit coefficient stored in DP1-13 must be
multiplied in order to obtain the true value thereof.

The terms Index 1 and Index 2 used herein refer to the
combined contents of DP16 and DP15 of Register 1 and
the combined contents of DP16 and DP15 of Register 2,
respectively. A positive index must exist in the range 0
through +56. The index number in true form is stored
in DP16 and DP15. However, a negative index must
exist in the range —43 through —1 and is stored in
DP16 and DP15 as the hundreds complement of the
negative index number. In other words, the index —30,
for example, is indicated by storing the number 70 in
DP16 and DP15 of the appropriate register. The Indi-
cated Bit Count of a data word is always stored in
DP17.

The sixteen decimal digits and the Indicated Bit Count
of a data word can be entered in parallel into Register
1 of Fig. 1A over the Parallel Transfer Bus 440 of
Figs. 1A-1C. The Parallel Transfer Bus comprises six-
ty-six terminals or leads connected to the inputs of
DP1-17 of Registers 1 and 2 and the Instruction Reg-
ister. Sixty-four of the leads are divided into groups
of four leads each, where each group comprises an
input to one of the digit positions 1-16 of each of the
three registers. The remaining two leads are connected
to an input of DP17 of each of the registers and are
used to accommodate the two binary bits representing
the Indicated Bit Count. Thus a data word appearing
on the Parallel Transfer Bus 440 can be entered in
parallel (parallel by binary bit and parallel by decimal
digit) into any one of the Registers 1 or 2 or the In-
struction Register.

The information stored in the various digit positions
of a register is continuously available at the output ter-
minals thereof. Thus circuits which are connected to
the output terminals of the various digit positions must
provide gating means so as to permit the digit stored in
a particular digit position to be entered into circuits.

After a data word has been stored in Registers 1 or
2, the information contained in DP1-13 or in certain
instances, the contents of DP1-16, can be shifted right
or shifted left as a group. If the lowest thirteen orders
of a register are being shifted right, for example, the
digit stored in DP13 is transferred to DP12, the con-
tents of DP12 is transferred to DP11 and so on. The
information entered into a particular digit position of a
register during one time interval will appear at the out-
put terminals thereof during the next subsequent time
interval. If new information is not being entered into
DP13 during a right shift of the register, 0’s are effec-
tively entered therein. As the thirteen lower order po-
sitions are being right-shifted, the digits of the number
successively appear in DP1 and therefore successively
appear at the output terminals therecof. In other words,
as DP1-13 are right-shifted, the digits of the number
from the lowest order digit to the highest in turn are
right-shifted out of the register via DP1. It is evident
that a circuit which utilizes the contents of DP1-13 in
a serial manner, serial by digit and parallel by bit must
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accept the digits as they appear at the four output ter-
minals of DP1.

The time required to shift a register one digit position
in either direction is referred to as one time interval.
To facilitate understanding of the invention, a time in-
terval is considered hereinafter as equal to one micro-
second. Hence, in order to shift Register 1 six positions
to the right, for example, a total of six time intervals
or six microseconds is required.

Under certain situations, DP1-17 of Register 1 will
be shifted simultaneously to the right or to the left. For
example, when a word is being delivered to the printer
11 (Fig. 1A), it is left-shifted out of DP17 of Register 1,
digit by digit, into the printer via lead 441.17. Similar-
ly, if a data word is being delivered to a Magnetic Tape
Storage circuit, it is left-shifted out of DP17 of Register
1 via lead 12 into the Tape Storage unit 14 (Fig. 1A).
When words are being read out of the Tape Storage
unit 14 into Register 1, the digits are applied through
lead 15 to the Tape Buffer Storage 16 (Fig. 1A) from
whence they are entered through lead 022.18 of 4 bit
capacity into DP1 or into DP17 of Register 1. 1In ef-
fect, during tape reading operations, the Tape Buffer
Storage 16 constitutes an additional digit position of
Register 1. As the digits appearing in the Tape Buffer
Storage 16 are applied to DP17 of Register 1, the reg-
ister must be right-shifted so that the digits will be re-
ceived into the register. Similarly, each time Tape Buf-
fer Storage applies a digit to DP1, the register is left-
shifted so that the digit is received into the register.

Under certain conditions it is desired to right-shift
the contents of DP1-13 of Register 1 into DP1-13 of
Register 2. In such a case, DP1-13 of Register 1 are
right-shifted so that the digits successively appearing at
the output of DP1 are applied via lead 441.01 to one
of the 4 bit inputs of DP13 of Register 2 (Fig. 1B).
Thus, if DP1-13 of Registers 1 and 2 are right-shifted
in synchronism, a thirteen-digit number stored in DP1-
13 of Register 1 can be entered serially, digit by digit,
into DP13 of Register 2 and the digits thereof stored
in the corresponding digit positions of Register 2. The
contents of DP1-13 of Register 2 can be left-shifted out
of DP13 thereof and transferred, via lead 442.13 con-
nected to one input of DP1 of Register 1, into Register 1.
Thus, in order to transfer information serially between
Registers 1 and 2, the registers must be shifted right
or shifted left in synchronism.

During various arithmetic operations, the resultant
operand will appear serially on output terminals 330.01
of the Arithmetic Chain 22 (Fig. 1A). During succes-
sive time Intervals, each digit of the result can be entered
via lead 330.01 into DP16 or DP13 of Register 1.
Therefore, as digits of the result successively appear,
Register 1 must be right-shifted so as to accept and store
these digits.

During a division operation, a digit of the quotient
appears on terminals 330.14 of the Arithmetic Chain 22
once during each sixteen microsecond cycle. These
digits are entered via lead 330.14 into DP1 of Register 1.
During each time interval that a new quotient digit is
applied to DP1, the thirteen lowest order digit positions
of Register 1 must be shifted to the left.

Whenever Register 1 is reset i.e. cleared so that DP1-
16 each contain a 0, it is necessary to cause the digit 3
to be entered into DP17. Terminals 25 (Fig. 1A) are
provided to cause a 3 to be entered into this digit posi-
tion. During tape and printing operations respectively,
it may be necessary to enter the characters 10, 12 or 13
into DP1 of Register 1. Terminals 26 (Fig. 1A) are
provided in order to permit these numbers to be en-
tered into DP1.

The contents of DP1-13 of Register 2 (Fig, 1B) can
be shifted to the right and the digits transferred or shift-
ed out of its DP1 can be re-entered into its DP13. The
output of DP1 is connected by lead 442.01 to one input
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of DP13. Digits transferred from DP1 can be entered
simultaneously into DP13, inio the Arithmetic Chain
22 (Fig. 1A) and into the Modulo 9 Computer 29
(Fig. 1B).

As the digits of a resultant operand obtained during
an arithmetic operation appear sequentially on terminals
330.01 of the Arithmetic Chain 22, they can be entered
via lead 330.01 into DP13 of Register 2. To enter each
successive digit into this digit position, DP1-13 of the
register must be shifted one position to the right.

Whenever Repgister 2 is reset (cleared), 0's are en-
tered into DP1-16 and a 3 is entered into DP17. The 3
is entered into DP17 because DP17 stores the Indicated
Bit Count which is the 3’s complement of the sum,
modulo 4, of the binary bits present in positions DP1-16
of a word. Terminals 30 are provided to effect entry
of this 3 into DP17 of Register 2.

The manual input circuits 31 (Fig. 1C) contain a
manual keyboard which permits the manual entry, digit
by digit, of a decimal number into Register 1 or 2. Lead
776.01 is connected between the keyboard and one input
of DP1 of Registers 1 and 2 to provide for this manual
entry. This entry of a digit into DP1 causes DP1-16
of the affected register to be left-shifted one digit posi-
tion. Each depression of a pushbutton on the manual
keyboard causes a new digit to be entered into the se-
lected register. Another pushbutton switch on the key-
board permits DP1-16 of Registers 1 or 2 to be right-
shifted one digit position in case the wrong digit was
previously entered during the manipulation of the key-
board. Such a right shift eliminates the most recently
entered digit.

A multiple-address instruction word is used by the cal-
culator and is made available to the control circuits of
the calculator when it is stored in the Imstruction Reg-
ister (Fig. 1C). The Instruction Register accommodates
an instruction word which is subdivided into the P and Q
Fields each accommodating two decimal digits, the R, S,
and T Fields each accommodating four decimal digits,
and the Indicated Bit Count of two binary orders. The
P Field of the Instruction Register occupies DP16 and
DP15, the Q Field occupies DP14 and DPI13, and the R,
S, and T Fields respectively occupy DP12-9, DP8-5, and
DP4-1 (see Fig. 1C). DP17 of the Instruction Register
accommodates the Indicated Bit Count. The digit posi-
tions of a word correspond to the digit positions of the
register.

The Instruction Register is capable of accepting a word
only from the Parallel Transfer Bus 440. This register
stores the word transferred from bus 440 and does not
shift right or left as do Registers 1 and 2. Tt will be
noted hereinafter that various control circuits, not shown
in Fig. 1C, receive information from the output terminals
of the Instruction Register.

The contents of the P Field may specify the decimal
index procedure for an arithmetic operation, the column
shifting procedure for a Meta Transfer operation, or the
tape machine to be utilized during a tape operation.

A floating index procedure is designated when the P
Field contains a number in the range 40-59.

When a specified or fixed index procedure is desired,
the P Field must contain a number in the range 70
through 99 or 0 through 30, and this number will deter-
mine the index of the resultant operand.

A negative index in the range —30 to —1 is repre-
sented in the P Field by its hundreds complement, i.e.,
70 to 99, while a positive index is represented by a num-
ber in the range 0 to 4 30.

For Meta Transfer operations, in this case a number
in the range 0 to 55 occupying the P Field, has a differ-
ent meaning than it does above and designates the number
of positions that an operand is to be right-shifted. How-
ever, if, under these latter conditions the P Field con-
tains a number in the range 57 to 99, this number is the
hundreds complement of the number of positions that an
operand is to be left-shifted.
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For tape operations as defined by the Q field, the tape
machine to be utilized is designated by numbers 01
through 12 in the P Field. The console of the calculator
contains various switches which can be pre-set to permit
any particular number in this range 01 to 12 to activate
a designated one of eight tape machines to read from or
write on magnetic tapes.

The contents of the Q Field comprise a two-digit opera-
tional code which specifies a predetermined sequence of
operations that the calculator is to perform. The opera-
tional codes exist in the range 20 through 99 and are gen-
erally divided into the following groups: 20 through 29
are standard arithmetic operations, 30 through 39 are
special arithmetic operations, 40 through 49 are meta
arithmetic operations, 50 through 59 are address modi-
fier operations, 60 through 79 are program transfer op-
erations, 80 through 89 are printing operations, and 90
through 99 are tape operations. Certain ones of the op-
erational codes are tabulated in Figs. 3A-3C and all op-
erational codes are explained hereinafter.

Throughout this specification the abbreviated designa-
tions such as O=X3, for example, indicates that the
units order of the Q Field is a 3 and that the tens order
of the field is unknown. Similarly, the designation
(0=7X means that the operational code exists in the range
70-79, but that the units order is unknown.

The contents of the Q Field of the Instruction Register
of Fig. 1C is delivered to the Q Matrix 36 (Fig. 1C)
which transforms the binary-decimal representation of the
Q Field to a decimal representation, where each decimal
digit of each order of the field is represented by a sep-
arate terminal, The output terminals of the Q Matrix
indicate to the program control circuits of the calculator
the status of the Q Field.

The majority of the operational codes use the contents
of the R Field as the C.R.T. address from which a first
operand or data word is obtained, the S Field as the
C.R.T. address from which a second operand or data
word is obtained, and the T Field as the C.R.T. address
at which a resultant operand or data word is to be stored.

Various control circuits of the calculator operate such
that if the R Field is blank so as to indicate the C.R.T,
address (0000 (R=0), the contents of Register 1 is used
as the first operand. Similarly, if the S Field is blank
(§=0), the contents of Register 2 becomes the second
operand. In situations where the R or S Field is blank,
it is presumed that the contents of Register 1 or 2 was
determined during a previous arithmetic operation. If
the T Field is blank (7T=0), the result stored in Register 1
is not stored at any address in the C.R.T. Storage section
of the calculator. During tape operations, the T Field
contents indicates the block number of a block of in-
formation stored on a magnetic tape.

The entire contents of any one of the three registers
can be entered in parallel into any one of the three reg-
isters by virtue of the Register Output Switch 37 (Fig.
1C). The Register Qutput Switch 37 is a 66-pole, 3-
position electronic switch. The sixty-six output terminals
of Register 1 (Fig. 1A) are connected by means of lead
441 to a first group of inputs to the switch, the sixty-six
output terminals of Register 2 (Fig. 1B) are connected
by lead 442 to a second group of inputs, and the sixty-six
output terminals of the Instruction Register are connected
by lead 443 to a third group of inputs. The sixty-six
output terminals of switch 37 are connected to the Paral-
lel Transfer Bus 440 (Figs. 1A-1C) having a four ter-
minal common connection between the four inputs of
each of the corresponding positions DP1-16 of the three
registers and a two terminal common connection between
the two inputs to position DP17 of each of the registers.
The sixty-six terminal Parallel Transfer Bus 440 is also
conmected to C.R.T. Storage 42 (Fig. 1B) and utilized
as related hereinafter. Thus, by placing switch 37 in a
first position, for example, the entire contents of Register
1 is caused to appear on the Parallel Transfer Bus 440
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from whence it can be entered into one of the remaining
registers or delivered to C.R.T. Storage 42. Each reg-
ister is provided with varicus control terminals which
govern the entry of information therein. Whenever a
word contained in one register is transferred through
the Register Output Switch 37 into another register, the
first register continues to store the word until a new
word is entered therein or until the register is cleared.

The memory or main storage component of the calcu-
lator is the Cathode Ray Tube Storage 42 (Fig. 1B)
and referred to hereinafter as C.R.T. Storage. The
C.R.T. Storage scheme used in conjunction with the cal-
culator described herein can be of the type claimed in
application 6. Briefly, the C.R.T. Storage must provide
multitudinous address locations, where a single address
location accommodates a word of information contain-
ing sixty-six binary bits, ie., sixteen decimal digits and
the associated Indicated Bit Count. A word can be read
into (ie. stored) or read out of any C.R.T. address
during any octal cycle of the calculator. The Parallel
Transfer Bus 440 (Figs. 1A-1C) serves to transmit a
word between a register and C.R.T. Storage 42 or vice
versa.

The contents of a register is entered into C.R.T. Stor-
age at N.4 of a given octal cycle. A word is read out
of storage into a register at N.5. The C.R.T. address
concerned during a read-in and most read-out cycles is
designated by the information appearing on the four-
teen binary bit lcads 445 of Figs. 1B and 1C.

The sixty-six terminals of the Parallel Transfer Bus
440 are connected to the inputs of the Word and Digit
Checking circnit 44 of Fig. 1A. The purpose of this
checking circuit 44 is to compute the Indicated Bit Count
of DP1-16 of the word appearing on the bus and com-
pare it with the Indicated Bit Count appearing on the ter-
minals representing DP17 of bus 440. Such a circuit is
claimed and described in application 4. This checking
circuit also examines each digit position of the bus to
determine if the digit appearing thereon has a decimal
value greater than nine. If the Indicated Bit Count or
the greater-than-9 check fails, an error signal is delivered
by the checking circuit 44 to certain control circuits which
may or may not cause the calculator to suspend its se-
quence of operations or stop its operation. Whenever
a word of information appears on the Parallel Transfer
Bus, the word check and digit check is performed prior
to the use of the word in subsequent operations and with-
out regard to the particular use.

Section 1—2. C.R.T. address circuits

The V Field of Fig. 1C is a four-digit position register
wherein each digit position is capable of storing four
binary bits representing a single decimal digit. Each
digit position of this register is capable of accepting new
information from various sources, shifting right, or con-
tinuing to store the information contained therein.

The V Field is normally used to store a C.R.T. address
which is to be used to control the location of the cathode
ray beams of C.R.T. Storage 42 of Fig. 1B at a later time.
The four output terminals from each of the three lowest
orders and two output terminals representing the 1 bit
and 2 bit of the highest order of the V Field constitute
the fourteen inputs 445 to C.R.T. Storage 42. When
the proper control signal is present, the contents of the
V Field is applied to the cathode ray beam deflection
control circuits of C.R.T. Storage which causes the beams
of the cathode ray tubes to seek the address location cor-
responding thereto. Once the control circuits of C.R.T.
Storage has selected a particular address, a word of in-
formation can be stored therein or read therefrom via
the sixty-six terminal Paralle! Transfer Bus 440.

A four digit number stored in the R, S, or T Fields
of the Instruction Register can be entered in parallel into
the V Field through cables 44, 45 and 46, respectively.
These entries are under the control of various subopera-
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tion control circuits described in later sections of this
application.

A number can also be entered in parallel into the V
Field through the use of the Manual V Field Entry
Switches associated with the Manual Inputs 31 of Fig.
1C. The sixteen output conductors 47 of the manual
switches are divided into four groups of four conductors
each, where each group comprises an input (accommodat-
ing a binary-decimal digit) to the corresponding order of
the V Field, ]

The contents of the U Field of Fig. 1C, which is a
four-position register described hereinbelow, can be
entered in parallel into the V Field via the fourteen
conductors 444,

Information appearing at the output terminals 032.09
of the Address Modifier, Binary-Decimal Adder 3155 of
Fig. 1C can be entered serially through cable 032.09 ipto
DP4 of the V Field by effecting successive right shifts
of the field. This feature is utilized in modifying the
C.R.T. address contained in the V Field as explained here-
inafter, .

The U Field of Fig. 1C is an Auxiliary Address Regis-
ter used in conjunction with the V Field to store a C.R_.T.
address which must be retained during a period of time
that the V Field is used for other purposes, The U Fifeld
is a four-digit position register, but the largest digit which
can be stored in DP4 thereof, i.e., the thousands order,
is the digit 3 since only a 1 bit and a 2 bit are accom-
modated in this position. However, DP1-3 of the U
Field are conventional in that the 1, 2, 4, and 8 bits of a
binary-decimal digit can be stored therein.

The output terminals of DP1-3 of the V Field com-
prise the sole inputs to DP1-3 of the U Field and the 1
and 2 bit outputs only of DP4 of the V Field are the sole
inputs to DP4 of the U Field. The contents of the V
Field is always entered in parallel into the U Field. The
output terminals of DP1-4 of the U Field are respec-
tively connected to one input of DP1-4 of the V Field by
cable 444. Accordingly, the contents of the U Field
can only be entered into the V Field in parallel.

Under certain circumstances where the contents of the
U Field represent the C.R.T. address of the last instruc-
tion word executed by the calculator, the C.R.T. address
of the next instruction word is obtained by entering the
quantity stored in the U Field into the V Field and caus-
ing a decimal value of 1 to be added thereto. This op-
eration is performed by first entering the U Field quan-
tity into the V Field in parallel via cable 444, The V
Field’s contents is then right-shifted via cable 445.01,
switch 3154 and delay circuits 3153 and entered serially
into binary-decimal adder 3155. The binary-decimal
adder 3155 can be of the type disclosed and claimed in
application 3.

During the microsecond time interval that the lowest
order digit of the V Field quantity is applied to the inputs
of delay circuits 3153, a binary 1 bit is introduced via
terminal 5§67, switch 3158, and delays 3152 into the right-
hand input of adder 3155. Consequently, the digits
emerging at the output terminals 032.09 of adder 3155
will constitute U-}1, ie., the original contents of the U
Field increased by a value of 1. The information ap-
pearing on terminals 032.09 is delivered through cable
032.09 to DP4 of the V Field and thence right-shifted
into the V Field until it occupies DP1-4 thereof. The
contents of the V Field can now be entered into the U
Field or can be retained in V unitl such time that it is
delivered to C.R.T. Storage of Fig. 1B so as to control
address selection of the control circuits of the next in-
struction word to be read out onto the Parallel Transfer
Bus 440.

The Fields M4, M6, and M8 of Fig. 1C are identical,
and each of them constitutes a four-position register
which is capable of serially accepting information into
the highest order digit position, shifting right, and of con-
tinuously storing the contents thereof indefinitely. These
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fields are used to store decimal numbers termed address
modifiers, i.e., the numbers used to modify or change the
C.R.T. address contained in the V Field.

Frequently it is desirable to modify the C.R.T. ad-
dresses designated by the R, S, and T Fields of an instruc-
tion word. For example, a sub-routine comprising one
or more instruction words may be devised to solve a
particular problem as, for example, the computation of
compound interest. This sub-routine may be utilized to
compute the compound interest of several savings ac-
counts. The addresses specified by the R, S, and T
Fields may, for example, be used to obtain the operands
and to compute the answer with respect to a first savings
account. Thereafter, the R, 8, and T addresses may be.
modified by a factor such as 100, for example, so as to
obtain a new set of operands which relate to a second sav-
ings account. Thereafter, the R, S, and T Fields of an
instruction word may be modified by other appropriate
factors so as to obtain further operands related to specific
accounts. In this manner, a single sub-routine may be
utilized to solve the same type of problem but using dif-
ferent operands.

An address located in the V Field is mgodified by add-
ing thereto the contents of one of the Fields M4, M6, or
M8 and storing the modified address in the V Field. The
control circuits of the calculator automatically cause the
contents of the M4 Field to be added to the contents of
the V Field whenever the highest order digit of the latter
is a 4 or 5. Similarly, the presence of a 6 or 7 in DP4
of the V Field causes the number to be stored in the M6
Field to be added thereto, while the presence of an 8 or 9
in DP4 requires that the contents of the M8 Field be com-
bined with the V Field information.

Referring to Fig. 1C, the contents of the V Field is
shifted right during an address modification operation and
thus entered via cable 445.01, switch 3154, and delay
circuits 3153 into the left-hand input of binary-decimal
adder 3155. At the same time the contents of the appro-
priate address modifier field, M4 for example, is shifted
right via cable 446.09, switch 3158 and delay circuits
3152 to the right-hand input of adder 3155, The re-
sultant modified address appearing at the output of adder
3155 on terminals 032.09 is applied through cable 032.09
and thus applied to DP4 and right-shifted digit by digit
from DP4 of the V Field. Only the four lowest order
digits of the new address are stored in the V Field. If,
during this operation switch 3157 is in the left-hand posi-
tion, the modified address is applied through this switch
and cable 032.10 and then right-shifted into the M4 Field,
On the other hand, if it is desired to re-enter the original
contents of M4 therein, switch 3157 is placed in the
right-hand position so that via switch 315§ to delay cir-
cuit 3152, the output of delay circuit 3152 is delivered
through delay circuits 3174 and switch 3157 to DP4 of
M4 and thus right-shifted into the M4 Field.

By designating the proper operational code in the Q
Field of the Instruction Register, the contents of the R,
S, and T Fields of this register can sequentially be en-
tered into the Address Modifier Fields M4, M6, and MS,
respectively. During such an operation, one or more of
the M4, M§6, or M8 Fields can be cleared prior to entry
of new information therein, according to the operational
code designated.

The contents of the R, S, and T Fields are sequentially
entered into the M4, M6, and M8 Fields by first entering
in parallel the new information obtained from the R
Field, for example, into the V Field. The V Field is then
shifted right so that the contents thereof is entered
through cable 445.01, switch 3154 and delays 3153 into
the left side of adder 3155. If the M4 Field, for example,
is to be cleared it will be right-shifted, but switch 3158
will prohibit the digits appearing on cable 446.69 from be-
ing applied to the right-hand input of adder 3155, How-
ever, if M4 is not to be cleared, the contents thereof is
right-shifted out of the field through switch 3158 and de-
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fays 3152 into the right side of adder 3155. In either
event, the digits successively appearing on terminals
032.09 of the adder are entered through switch 3157 and
cable 032.10 into the M4 Field by right-shifting the latter.
If M4 was cleared, it will not contain the same informa-
tion as the R Field. But if M4 was not cleared first, it
now contains a number equal to the sum of R and M4.

In a similar mapner the numbers stored in the S and
T Fields can be entered into the M6 and M8 Fields,
respectively. The entry of the contents of the R, S,
and T Fields into the address modifier fields does not
alter the contents of the former fields.

The procedure described above of entering the R, S,
and T Fields into the M4, M6, and M8 Fields is referred
to as loading the address medifier fields and is performed
by suboperation centrol circuits referred to hereafter.
It should be understood that the Address Modifier Fields
M4, M6, and M8 must be loaded at some point in a
program so that their contents can be utilized at a later
time to automatically modify a C.R.T. address appearing
in the V Field. The loading and modification procedures
are separate and distinct from one another and occur
under entirely different conditions.

Section 1—3. Arithmetic functions

The Arithmetic Chain 22 of Fig. 1A performs the
basic arithmetic functions relative to addition, subtrac-
tion, multiplication, and division problems under the
contro] of the suboperation control circuits described
hereinafter. An embodiment of the multiplication and
division circuits contained in the Arithmetic Chain 22
are disclosed and claimed in application 10.

Nearly all arithmetic operations performed by the
Arithmetic chain 22 are carried out using decimal arith-
metic on two numbers of 13 (or less) significant digits
each. These two numbers consist of the coefficients, ie.,
the thirteen lower order digits, of the data words stored
in Register 1 and 2, respectively. The portion of the
resultant operand remaining in Register 1 at the conclu-
sion of a calculation is transferred to C.R.T. Storage
as the answer or result of the operation. The arith-
metic result relegated to C.R.T. Storage generally never
contains more than thirteen digits exclusive of the alge-
braic sign, decimal index, and Indicated Bit Count.
However, certain meta arithmetic operations produce a
result containing sixteen digits and the Indicated Bit
Count.

The summation of two thirteen-digit numbers can pro-
duce a maximum of fourteen digits, of which the thirteen
highest order digits are stored in DP1-13 of Register 1
and the lowest order digit is stored in DP13 of Register
2. As stated above, only the thirteen higher order digits
of such a result are retained for further use.

A subtraction problem involving thirteen-digit or six-
teen-digit numbers respectively produce a result of thir-
teen or sixteen digits. A sixteen-digit result can only be
produced during a meta subtraction operation.

A multiplication problem wherein a thirteen-digit mul-
tiplicand stored in DP1-13 of Register 2 is multiplied by
a multiplier consisting of thirteen digits stored in DP1-13
of Register 1 can produce a product having twenty-
five or twenty-six digits. The thirteen highest order digits
of the product are finally stored in DP1-13 of Register
1 and are retained theerin as the usable portion of the
result. The twelve lower order digits of a twenty-five-
digit product are stored in DP2-13 of Register 2. When
the product contains twenty-six digits, the twenty-sixth
digit is entered into DP13 of Register 1 at which time
the Registers 1 and 2 are right-shifted one digital posi-
tion so that the digit in DP1 of Register 1 is shifted
into DP13 of Register 2. The portion of the product
contained in Register 2 is eventually discarded.

The dividend and divisor used in a division problem
are initially stored in Registers 1 and 2 respectively. A
thirteen-digit quotient is always obtained when a thirteen-
digit dividend is divided by a thirteen-digit divisor. This
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quotient is obtained digit by digit and is stored in Reg-
ister 1.

The output terminals DP1-13 of Register 1 (Fig. 1A)
are connected via the fifty-two conductor cable 67 of
Fig. 1A to the Arithmetic Chain 22, thus permitting the
thirteen digits of the multiplier operand stored in Regis-
ter 1 to be applied in parallel through thirteen, four-to-
nine wire converters, to thirteen Selector Switches of
the Arithmetic Chain. This feature is utilized during
the solution of a multiplication problem.

The thirteen digits of DP1-13 of Register 1 can also
be right-shifted from the output terminals of DP1 con-
tained in cable 67 into one input of the lowest order
Binary-Decimal Adder of the Arithmetic Chain 22, At
the same time DP1-13 of Register 2 can be right-shifted
so that the contents thereof appears digit by digit at the
output of DP1 and is applied through cable 442.01 to
the other input of the lowest order adder of the Arith-
metic Chain. In this fashion an addition problem is
performed, and the result appears digit by digit on ter-
minals 330.01 of the Arithmetic Chain which is the out-
put of the lowest order adder. The result can then be
entered through cable 330.01 into DP13 of Register 1
and then right-shifted until it occupies DP1-13 of this
register.

A subtraction problem is performed in the same man-
ner as an addition problem except that the coefficient of
one of the operands is passed through a 9’s Complement
Generator contained in the Arithmetic Chain 22 and a
one effectively added thereto to provide the 10°s com-
plement prior to its entry into the adder.

During a multiplication problem, the multiplicand is
stored in Register 2. The contents of DP1-13 of Regis-
ter ‘2 is right-shifted out of DP1 and then delivered via
cable 330.01 to input 442.01 of the Special Products
Generator contained within the Arithmetic Chain 22.
This product generator provides the multiples one
through nine of the entire multiplicand serially. The
Special Products Generator may be of the type disclosed
and claimed in either application 10 or application 12.

The multiples from the product generator are applied
to the thirteen Selector Switches, each of which permits
a selected multiple only to pass therethrough. The digits
of the multiplier which are the outputs of DP1-13 of
Register 1 are applied in parallel through, cable 67 and
through four-to-nine wire converters, contained within
unit 22, to terminals of these thirteen, nine-position Se-
lector Switches. FEach digit of the multiplier causes the
associated Selector Switch to assume a condition corre-
sponding to the value of said digit so as to permit the
corresponding multiple of the entire multiplicand times
this one digit of the multiplier to pass therethrough. A
summation of the partial products thus generated is ac-
complished within the Arithmetic Chain 22, and the prod-
uct appears, digit by digit, on terminals 336.01. The
digits of the product can be right-shifted into DP 13 of
Register 1 or 2, via cable 330.01.

During 2 division problem, the digits of the divisor
right-shifted out of Register 2 are re-entered by means
of cable 442.01 into DP13 thereof, at the same time
that they are applied to the products generator. This
register is then continuously right-shifted until the digits
oceupy their original positions therein.

The quotient digits generated during a division prob-
lem, appear at the output terminals 330.14 of the Quotient
Generator of the Arithmetic Chain, and are entered
through cable 330.14 into DP1 of Register 1. As each
new quotient digit is entered into Register 1, the register
is left-shifted one digital position. This process continues
until the contents of DP13 of Register 1 is a non-zero
digit, i.e., thirteen significant quotient digits have been
determined.

The Modulo Nine Computer 29 of Fig. 1B is an
auxiliary checking and computing device which checks
the validity of an arithmetic problem performed by the
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Arithmetic Chain 22 (Fig. 1A) and is disclosed and
claimed in application 14.

The contents of DP1-13 of Registers 1 and 2, which
constitute the coefficients of the operands used in the
arithmetic problem being performed, are entered serially
via cables 441.01 and 442.01, respectively, into the
Modulo Nine Computer 29, at the same time that they
are applied to the Arithmetic Chain 22. The result of
the problem present on terminals 330.01 of Fig. 1A
(cable 330.01 of Fig. 1B) is also entered serially into the
Modulo Nine Computer. The Modulo nine values of the
operands and of the result are then calculated and thus
all the operands are subjected to an arithmetical opera-
tion like that performed by the Arithmetic Chain 22.
A logical result is obtained which reflects the validity
of the solution of the original problem.

In effect, the Modulo nine values of the coefficients
of the operands are obtained and then compared with
the Modulo nine digit of the result whereupon the digit
9 should be obtained. This digit 9 is then used to pro-
duce a satisfaction signal on the Modulo 9 Check Re-
lease terminal 050.01. The signal on terminal 050.01 is
fed back to certain sub-operation control circuits of the
calculator. If a different result is obtained (other than
the digit 9), an error signal is rendered on the Modulo
9 Check Failure terminal 050.92 which may be used to
terminate further operations of the calculator until the
cause thereof can be investigated and rectified.

The Register Character Display 76 of Fig. 1C pro-
vides a visual exhibition of the entire contents of Regis-
ters 1 and 2, the Instruction Register, and the C.R.T. ad-
dress Fields U and V, and of M4, M6, and M8 during
any selected time interval of arithmetic operation. An
embodiment of this device is illustrated in the applica-
tion 11.

Referring to Fig. 1C, the sixty-six output terminals
of DP1-17 of each of the Registers 1 and 2, and of the
Instruction Register (cables 441, 442, and 443, respec-
tively) constitute the three left-hand groups of inputs to
the Register Character Display 76, while the fourteen
output terminals 444 of the U Field and the sixteen out-
put terminals 445, 78, 79, and 80 of ecach of the Fields
V, and of M4, M6 and M8, respectively, constitute the
tremaining inputs. Circuit means within the Register
Display 76 cause the contents of said registers and fields
to appear as decimal digits written upon the faces of a
plurality of cathode ray tubes.

The Register Display has a basic cycle of 400 micro-
seconds during which each digit of the various registers
and fields is displayed or written twice. The high speed
repetitive operation of the circuit causes the digits to be
rewritten such that an observer gains the impression that
he is seeing the outlines of the numbers comprising the
entire contents of all the registers and fields simultane-
ously.

In order for the Register Character Display 76 to
present meaningful indications, the operation of the sub-
operation control circuits of the calculator must be repeti-
tive and synchronized therewith.

Manual switches are provided which permit the selec-
tion of the time interval of an arithmetic operation dur-
ing which the contents of the registers and fields are
to be displayed. If the value of a particular digit is
greater than nine, the area of the cathode ray tube where
the digit should appear is blank. However, the depres-
sion of a certain manual pushbutton provided will blank
out digits of a value less than nine, and at the same time
cause digits greater than nine to be represented modulo
8. For example, if the number 13 is stored in a par-
ticular digit position and said pushbutton is depressed,
it will be represented on the face of the cathode ray tube
as a 5.

The Register Character Display circuits also include
facilities for connecting thereto one or more test points
or groups of four terminals upon which binary-decimal
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information is present so that the decimal value thereof
is displayed on a cathode ray tube.

The Round Control 83 of Fig. 1A is provided to alter
or round the least significant digit of the resultant operand
(which is stored in Register 1) under certain conditions
when lower order digits have been discarded from the
right end of the result.

As stated earlier, at the completion of an arithmetic
operation and prior to storing the result in C.R.T. Stor-
age, the significant digits of the result are located in
DP1-13 of Register 1. Rounding of the result is ac-
complished by “forcing” a binary 1 bit into the lowest
order digit of the result, i.e., DP1 of Register 1 there-
by replacing said bit by a 1 bit regardless of this bit's 1
or 0 value. If DP1 contained an odd valued digit such
that a binary 1 bit was already present in the lowest
bit position, the value of the digit is not changed by thus
forcing a 1 bit therein. However, if the digit present in
DP1 is even valued, the magnitude of this digit is in-
creased by a decimal value of 1 when a binary 1 bit is
forced therein. A binary 1 bit is forced into DP1 by
the presence of a signal on conductor 041.05 which is
connected from the output of Round Conirol 83 to an
input to DP1.

Rounding of the result is performed during normal
arithmetic operations, only when the operational code is
in the range 20 through 29 and during meta transfer
operations when the code is 62 as explained hereinafter,
Under these conditions rounding of the result is per-
formed automatically unles the low-orders discarded
portion of the result is zero.

The output terminals 330.01 of the Arithmetic Chain
22 of Fig. 1A upon which the result of an arithmetic
operation appears prior to storage in a register are con-
nected to a group of inputs of Round Control 83 of
Fig. 1A by cable 330.61. Round Control receives con-
trol signals which permit this circuit to sense the presence
of a reminder during a division problem or digits of the
result which are to be discarded, during an addition or
subtraction problem so that a determination as to whether
a rounding operation is necessary can be made. The
Round Control circuit also contains circuitry for deter-
mining whether digits of the result are discarded dur-
ing a final shifting operation, when the result is being
shifted, so as to obtain the proper index.

The Sign Control circuit 86 of Fig. 1A is provided to
examine the algebraic signs stored in DP14 of Registers
1 and 2 so as to determine the sign of the result which
will be finally stored in Register 1.

Sign Control 86 receives the digits stored in DP14 of
Registers 1 and 2 through cables 441.14 and 442.14, re-
spectively. An examination of the signs is made to de-
termine if they are proper, that is, the contents of these
respective digit positions is not greater than a decimal 1.
It has been stated hereinbefore that DP14 of Register 1
or 2 will contain a 0 if the algebraic sign is positive and
will contain a 1 if the sign is negative.

After determining that the signs of the operands stored
in Registers 1 and 2 are proper, sign control 86 examines
the operational code stored in the Q Field of the Instruc-
tion Register so as to determine the arithmetic operation
which is to be performed. If an addition or subtraction
operation is indicated by the operational code and if the
signs of Registers 1 and 2 are equal (alike), the sign con-
trol circuit leaves the contents of DP14 of Register 1
unchanged unless, of course, the operational code is such
that an inverse sign is required. If a subtraction opera-
tion is to be performed, such that the signs of the regis-
ters are unequal (unlike), Sign Control 86 will cause a
sign corresponding to that of the larger operand to be
inserted in DP14 of Register 1. During multiplication
and division operations, Sign Control 86 follows the con-
ventional procedures normally used in determining the
sign of a product or a quotient.

If the examination of the signs of Registers 1 and 2
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and a consideration of the operational code indicate that
a binary 1 bit is to be inserted into DP14 of Register 1,
conductor 025.14 of Fig. 1A receives a positive signal
from Sign Control 86 which is delivered to DP14.

If the Sign Control circuit 86 determines that the alge-
braic signs of the operands stored in Registers 1 and 2
are improper, an error signal is generated which may be
used to stop the operation of the calculator.

The purpose of the Index Control circuit 92 of Fig. 1A
is to sense the type of arithmetic operation being per-
formed and to sense the indices stored in DP16 and
DP15 of Registers 1 and 2 and thereafter cause appro-
priate changes to be made in said indices. Also, the Index
Control circuit provides certain information as to the com-
parative relationships between the respective indices of
Registers 1 and 2 and between that of Register 1 and the
number stored in the P Field of the Instruction Register.

Hereafter, the indices stored in Registers 1 and 2 are
referred to as Index 1 and Index 2, respectively. The
units order of an index is stored in DP15 and the tens
order thereof is stored in DP16.

During various arithmetic operations, the indices are
permitted to exist within the limits —43 and 4+56. The
number stored in DP16 and DP15 is positive when it lies
within the range 00 through 56, while it is negative if it
lies within the range 57 through 99. The negative index
range 57 through 99 is stored as the hundreds comple-
ment of the actual value of the index and thus corre-
sponds to the range —43 through —01. If the index is
—43, for example, the hundreds complement of 43, i.e.,
57, is actually stored in DP16 and DP15 of the appro-
priate register.

A particular index is altered by changing the units order
thereof in a step-by-step fashion, where each step has
a decimal value of one. The tens order of the index is
increased by a decimal value of one whenever the units
order thereof is increased from nine to zero. Likewise,
when the units order of the index is decreased from zero
to nine, the tens order thereof is decreased by a decimal
value of one.

Consider, for example, that Index 1 is —04, i.e., 96 is
stored in DP16 and DP15 of Register 1, Index 2 is 4-05,
and that the arithmetic operation is such that the indices
are to be added. The index of the result (in this case, the
sum of Index 1 and 2) will always be stored in DP16 and
DP15 of Register 1. During a first time interval, Index 1
is increased to 97, while Index 2 is decreased to 04. Simi-
larly, during a second and third time interval Index 1 is
increased to 98 and then to 99, whereas Index 2 is de-
creased from 04 to 03 and then to 02. During a fourth
time interval the units order of Index 1 is increased from
9 to 0 which requires that the tens order be increased by
a value of 1, i.e,, from 9 to 0. At the same time Index
2 is decreased to 01. The final change in the indices
occurs in the fifth time interval when Index 1 is advanced
to 01 and Index 2 is decreased to 00. The Index Control
circuit takes cognizance of the fact that Index 2 now
equals 00 and thereupon stops the alteration of the indices
since Index 1 has now been changed by a total number of
steps equivalent to the initial absolute value of Index 2.
A similar procedure is followed when the indices are to
be subtracted. In any situation where the indices are
being combined to form the index of the result, Index 2
is always changed step by step towards 00 and Index 1 is
altered the same number of steps in the proper direction.

The various arithmetic operations require that certain
changes be made in the indices associated with the num-
bers in register storage. These changes are made either
to conform with shifting of a register or to evaluate the
sum or difference of the indices. In general, whenever
the contents of a register is shifted to the right, the index
value located in DP16 and DP15 thereof must be in-
creased by a number equal to the number of digital shifts
executed irrespective of whether the index is initially
negative or positive. On the other hand, when the con-
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tents of a register is shifted to the left, the index value
stored in DP16 and DP15 must be decreased by a value
equal to the number of shifts performed. The latter two
statements have reference to the index number actually
located in DP16 and DP15 and not to the minus or plus
value of the index.

Associated with each of the digit positions 16 and 15
of each of the Registers 1 and 2, is a Plus-and-Minus-One
Adder of the type described and claimed in application 7.
Each Plus-and-Minus-One Adder examines the contents
of the digit positions associated therewith and produces
a first output having a decimal value equal to one greater
than the contents of the digit position, and a second out-
put which has a decimal value equal to one less than the
contents of the digit position. If a particular digit of an
index is to be increased, the Index Control circuit 92
(Fig. 1A) causes the digit at the plus one output of the
adder, i.e., the output which is one greater than the origi-
na] value, to be entered into the digit position of the regis-
ter so as to replace the previous contents thereof. Simi-
larly, when the digit of the index is to be decreased by
a value of one, Index Control 92 requires the digit pres-
ent at the minus one output of the adder to be stored in
the digit position of the register. Thus, it is apparent
that Index Control 92 does not actually fabricate the new
index independently of the initial index, but rather serves
to cause the proper output of the appropriate Plus-and-
Minus-One Adder to be stored in the corresponding posi-
tion of a register.

Referring to Fig. 1A, cables 93, 94, and 95, respectively,
cause Index 1 (contained in DP16 and DP15 of Register
1), Index 2 (contained in DP16 and DP15 of Register 2),
and the contents of the P Field (DP16 and DP15 of
Instruction Register) to be applied to Index Control 92.
The connection of cable 456 from a group of outputs of
Index Control 92 to inputs of DP16 and DP15 of Register
1 permits the plus and the minus-one outputs of two
Plus-and-Minus-One Adders to be entered into the
register. Cable 457 serves a similar purpose with respect
to DP16 and DP15 of Register 2.

The function of Register 1 Bit Computer 102 of Fig.
1A is to continuously maintain the correct Indicated Bit
Count in DP17 of Register 1 as the contents of the register
undergo various changes involving a loss or gain of the
total number of binary bits therein. Bit Computer 102
operates on the assumption that at the time a word is
initially entered into Register 1 via the Parallel Transfer
Bus 440, the correct Indicated Bit Count is associated
therewith. Of course, if this assumption proves to be
incorrect, the modulo 4 checking circuit 44 (described
hereinbefore) will detect the error and stop the operation
of the calculator. The Indicated Bit Count has previously
been defined as the 3’s complement of the bit count
modulo 4 of the binary 1 bits located in digit positions
1-16 of a word,

Bit Computer 102 does not calculate the Indicated
Bit Count of a word from the word itself, but rather acts
as an alternate device which senses the previous Indicated
Bit Count and the type of change being made in the word,
after which the new Indicated Bit Count is calculated
according to a predetermined method. The newly cal-
culated Indicated Bit Count is entered into DP17 of
Register 1 two microseconds after a change is made in
the contents of the register.

There are, in general, four situations which require
that the Indicated Bit Count of a word stored in Register 1
be changed. The first of these is a change in the index
(DP16 and DP15) of a data word. A change in the
index can result in either a bit increase or a bit decrease
of the number of binary 1 bits comprising the index.

The second type of change in a data word which
requires a correction of the Indicated Bit Count occurs
when the algebraic sign (DP14) of the word is altered.
A change in the algebraic sign may also cause a bit
increase or a bit decrease in the composition of a word.
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The third situation during which the Indicated Bit
Count must be changed arises in the case of a rounding
operation. A rounding operation affects only the 1 bit
of DP1 of Register 1, and results in a bit increase in
the word composition only if the digit stored in DP1 is
initially even valued.

The fourth condition requiring alteration of the Indi-
cated Bit Count is present when digits are shifted into or
out of the registers. Shifting always takes place in such
a way that digits are lost or gained only in DP1, DP13,
or DP16. However, during printing and tape operations,
both of which require shifting of data words through
Register 1, no correction of the Indicated Bit Count is
made for the obvious reason that the Indicated Bit Count
itself is being shifted, and there is no real change in the
construction of each word.

Consider the case where one of the above four situa-
tions results in an increase in the total number of binary 1
bits contained in the word being stored. In order to
correct the Indicated Bit Count, it can be shown that the
4's complement of the bit increase, modulo 4, can be
added to the present Indicated Bit Count so as to obtain
the new Indicated Bit Count. For example, suppose that
DP1-16 each contain a zero so that DP17 contains a 3.
The entry of a 1 into DP1 results in a bit increase in the
composition of the word. The new Indicated Bit Count
must be 2, i.e., the bit count modulo 4 of the new word
is 1, and the 3's complement of this is 2. Bit Computer
102 determines the new Indicated Bit Count by adding
the 4’s complement of the bit increase (1 here, whose
4’s complement is 3) to the previous Indicated Bit Count,
i.e., 3 plus 3, which has a sum, modulo 4 of 2. The newly
calculated Indicated Bit Count of 2 is then stored in DP17
of the Register,

In a similar manner, it can be shown that in order to
correct the Indicated Bit Count in a case where there is
a decrease in the total number of binary 1 bits of a word,
the actual number of bits which have been dropped are
added to the previous Indicated Bit Count to obtain a
sum. This sum, modulo 4, is the new Indicated Bit Count,

Referring to Fig. 1A, the current Indicated Bit Count
appearing at the 1 and 2 bit outputs of DP17 of Regis-
ter 1 is applied through cable 441.17 to Bit Computer 102.
The current index contained in DP16 and DP1S is applied
to this Bit Computer 102 through cable 93. A new digit
being entered into DP1 by the manual keyboard contained
in unit 31 of Fig. 1C is applied to this Bit Computer via
cable 776.01. Digits shifted out of DP13 or DPI are
respectively entered into this Bit Computer through cables
441.13 and 441.01. A digit shifted out of DP13 of
Register 2 into this DP1 of Register 1 is entered into Bit
Computer 102 by cable 442.13. Digits appearing at out-
put termianl 330.01 (output lowest order adder) of the
Arithmetic Chain 22 are applied to this Bit Computer
through cable 330.01. Similarly, each digit emerging
from the Quotient Generator and present on terminals
330.14 of the Arithmetic Chain 22 is applied to this Bit
Computer by cable 330.14. Finally, changes made in the
contents of Register 1 as a result of an alteration of the
algebraic sign or due to a rounding operation are respec-
tively applied to this Bit Computer 102 via cables 106
and 041.05.

The newly calculated Indicated Bit Count is entered
into DP17 of Register 1 by Bit Computer 102 through
cable 5§51.17.

The Indicated Bit Count stored in DP17, of Register 2,
is corrected and maintained by a Bit Computer 112 of
Fig. 1B in a manner similar to that described hereinabove
with respect to the Bit Computer 102. The current
Indicated Bit Count located in DP17 of Register 2 is
applied to Bit Computer 112 by cable 442.17. Index 2
(DP16 and DP15) is entered into this Bit Computer
through cable 94. A digit being shifted out of DP1 of
Register 1 into DP13 of Register 2 is applied to Bit Com-
puter 112 by cable 441.01. Cable 776.01 conveys to this
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Bit Computer a new digit entered into DP1 of Register 2
by the manual keyboard of unit 31 (Fig. 1C). Digits
shifted out of DP13 are applied to this Bit Computer via
cable 442.13. A digit at the output terminals 330.01
of the Arithmetic Chain 22 is applied via cable 330.01 to
this Bit Computer. A digit shifted out of DP1 of Regis-
ter 2 is sensed by Bit Computer 112 via cable 442.01.

Bit Computer 112 enters the newly calculated Indicated
Bit Count into DP17 of Register 2 via cable 552.17.

Section 1-4. Input-output devices

Referring to Fig. 1A, the Printers 11 comprise two
printing mechanisms either of which is capable of print-
ing a-line-at-a-time, where each line consists of seven
data words. The printer by which the results of an
arithmetic operation are to be printed is selected by
control circuits under the control of the operational
code stored in the Q Field of the Instruction Register.
An embodiment of a suitable printer is described in ap-
plication 9.

Since a printer is capable of printing seven words
simultaneously, the printing control circuits cause seven
words to be read out from C.R.T. Storage into the input
matrix of the selected printer.

The seven words to be printed must be delivered to
the printer a total of ten times. Each period of time
during which all seven words are delivered to a printer,
is referred to herein as a Scan cycle. Ten Scan cycles
must be executed since during the first Scan cycle the
printer searches the information received for 9’s, and
during the second Scan cycle the printer searches the
information for 8’s, and so on until the printer has ob-
tained from the information all of the digits 9 through 0.

After the information to be printed has been received
ten times, the printing mechanism is then ready to print
the seven words.

Each word to be printed is read out of C.R.T. Storage
42 (Fig. 1B) and entered in parallel through the parallel
Transfer Bus 440 into Register 1. The word is then
left-shifted out of Register 1 over cable 441.17 to the
input matrix of the appropriate printer. At the end of
a Scan cycle wherein all seven words have been de-
livered from C.R.T. Storage through Register 1 to the
printer, a period of time must elapse until the printing
mechanism is read to receive all seven words another
time. In between Scan cycles the calculator is free to
execute other arithmetic operations.

During each Scan cycle the seven words stored at
C.R.T. addresses 6G601-0007 are read out and delivered
to the printer. The C.R.T. address from which a word
is to be read is stored in a circulating loop including
Binary Decimal Adder 3155 (Fig. 1C), cable 032.09,
switch 3154 and delay circuits 3153. The decimal digits
circulating in this loop and appearing at the output
terminals of Adder 3155 are applied through cable
032.09 to an input of the beam position control of C.R.T.
Storage 42. Cable 032.09 which is connected to C.R.T.
Storage 42 accommodates the 1, 2 and 4 bits of the
binary-decimal digit present at the output of the adder.

A decimal value of 1 is entered into the adder and
allowed to circulate until the one word stored at C.R.T.
address 0001 is read out of Register 1 into the printer.
The digit circulating in the loop referred to above is
increased in value by again entering a decimal value of 1
so that the digit 2 appears at the output terminals of
Adder 3155. This process is continued until the digit
circulating in the loop has a value of 8, at which time,
one scan cycle has been completed. As stated above,
ten scan cycles must be executed in order to deliver to
the printer all the information stored at C.R.T. addresses
001 to 007.

The principal method by which words are initially
entered into the calculator is through the use of the
Magnetic Tape Storage facilities. Briefly, the words of
information are first caused to be written on a magnetic
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tape which is then placed on one of eight tape machines
associated with the calculator. The information on a
tape is then read and entered serially into Register 1.
Each word is transferred in parallel from the register
to C.R.T. Storage. Likewise, information contained in
C.R.T. Storage can be read into Register 1 and then
written on the magnetic tape of one of the eight tape
machines.

Referring to Fig. 1A, the digits of a word being read
4 bits at a time from one of the tape machines contained
in unit 14 is delivered through cable 15 to Tape Buffer
Storage 16. The four bit digit emerging from Tape
Buffer Storage 16 is then entered through cable 022.18
into DP17 or DP1 of Register 1. As the digits are
entered into the register, the register is shifted in the
proper direction until a word is contained therein. The
contents of Register 1 is then delivered via cable 441
to the Register Output Switch 37, Fig. 1C, which causes
the word to appear on the Parallel Transfer Bus 440.
The word present on bus 440 is entered into C.R.T.
Storage 42 at a designated -address.

In order to cause information stored in C.R.T. Storage
to be written on a magnetic tape, the information is
read out word-by-word and entered through the Parallel
Transfer Bus 440 into Register 1. The word, then con-
tained in the register, is left-shifted out of DP17 through
cable 441.17 and via cable 12 into the Tape Storage
circuits 14. The Tape Storage circuits 14 cause the
information to be written 4 bits at a time on the mag-
netic tape of one of the eight tape machines.

A group of words are written on a magnetic tape in
a unit called a block. Each word comprises seventeen
digits and is separated from the next consecutive word
by a 12. The 12 is called the End-of-Word Character.
The block is terminated at each end by an End-of-Block
Word which has a four-digit block number written in
DP1-4 which identifies the block. Each block is further
terminated at each end by a 13 which is referred to as
an End-of-Block Character. An End-of-File Mark is
formed by writing a 13 at each end of a seventeen-digit
word.

Writing information on a tape is performed only when
the tape is moving in the forward direction. The highest
order digit of the word is always written first, The in-
formation stored on a magnetic tape can be read when
the tape is moving in either direction. The tape machine
can be started or stopped between blocks but not between
the words comprising a block. Only one tape can be
read from or written on at a time. Information can be
deleted from a tape only when the tape is moving in the
forward direction. Rewinding of the tape is accom-
plished by moving the tape in a backward direction.

When information is being written on a tape in a
block which comprises more than one hundred words, a
blank space may, if desired, be provided equivalent to
the length of about thirty words between each group of
one hundred words of the block.

The P Field of the instruction word being used to
stipulate a sequence of functions during a tape operation
contains the designation of the tape machine to be used.
The R and S Fields designate, respectively, the first and
last C.R.T. Storage addresses of the first and last words of
the block, that is, the block will consist of the words
stored at a series of consecutive C.R.T. addresses ex-
tending between two given limits. The T Field indicates
the number of the block. The number stored in the P
Field which designates the tape machine involved can
exist in the range 01 through 12 since switches are pro-
vided on the contro] console which permit any one of the
eight tape units to be selected by a given address in the
P Field. During reading and verifying operations, code
0000 in the R Field indicates that the tape will move
through the block specified and the words will be checked
but will not be stored in C.R.T. Storage. During a writ-
ing operation, code 0000 in the R and S Fields indicate
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that an End-of-File Mark is to be written. Block num-
bers may range from 0001 through 9999.

After initiating a rewind operation, the calculator pro-
ceeds to the next instruction without waiting for the tape
to start moving. Operations other than rewinding may
not proceed until the tape has completely decelerated fol-
lowing a previous tape operation. No tape operation may
proceed until the tape unit involved is operative. If the
operation causes the tape to approach, either end thereof,
the tape machine is caused to stop.

During a reading operation a failure is considered to
occur if the information obtained from the tape block
specified by the T Field fails one or more of the follow-
ing five tests.

The first test is a check of the Indicated Bit Count of
each word to determine if it agrees with the evaluated
bit count of the word. Secondly, the value of each digit
of a word must not be greater than 9. The third check
consists of determining that the number of digits between
successive End-of-Word Characters is equal to seventeen.
Fourthly, the number of words in the block must be
equal to 1 plus the absolute difference of the contents of
the R and S Fields. Finally, the second of the two block
numbers read must be equal to the contents of the T Field
except when T'=0000.

If the calculator detects an error while words are being
written on a tape, the partially written block is terminated
by writing the End-of-Block Word after the current word.
The tape machine and the calculator are then caused to
stop.

Section 1—3. Function flow chart and operational codes

Referring more particularly to Fig. 2, a functional flow
chart illustrating the sequential relationships among the
suboperations of the calculator is shown. A suboperaticn
comprises one or more possible series of related minor
steps which, when performed in a predetermined sequence
effect a desired function. A suboperation cycle refers to
the time required to execute the suboperation. The
term, operation, encompasses the execution of a plurality
of suboperations in a sequence stipulated principally by
the operational code.

As a simplified example, a suboperation during a com-
plete operation in which an addition problem is per-
formed includes the steps necessary to manipulate two
storage registers in such fashion as to cause the coeffi-
cients of two operands to be entered into an adder, the
summation of these coefficients, and finally the entry of
the sum into one of the storage registers. Such subopera-
tion is referred to as an Addition suboperation.

An addition operation or the solution of an addition
problem by the calculator includes several other subop-
erations which are executed by the calculator to perform
all of the functions associated with the arithmetic prob-
lem. In other words, during an addition operation the
calculator must at least read both data words out of C.R.T.
Storage into register storage, execute the addition sub-
operation, shift the result in the register so as to obtain
the proper decimal point location, and finally store the
result in C.R.T. Storage at a designated address.

In Fig. 2 each rectangle represents a particular subop-
eration. The calculator usually commences an operation
by performing certain functions represented by the rec-
tangle labeled Operation Control of Fig. 2. Upon the
completion of this suboperation, one of several subsequent
suboperations is performed. In general, the progress of
a calculator operation is depicted by traversing the flow
chart of Fig. 2 from the top towards the bottom over
one of several possible paths. Upon the completion of
an operation, suboperation Terminate delivers a signal
to Operation Control which may set in motion another
operation or alternatively may stop the calculator.

With respect to the flow chart of Fig. 2, it is considered
that every operation starts in the suboperation, Operation
Control, and that the completion of this same operation
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also takes place, in Operation Control. Operatioq Con-
tro] produces two control signals which are hereinafter
referred to as the HOLD and ADVANCE signals. These
signals are used to control the status of the inpu? lat.ch
of each of the remaining suboperation control circuits.
That is, each suboperation illustrated in Fig. 2 corresponds
to a suboperation control circuit of the calculator. ‘Each
of these suboperation control circuits contains an input
latch which is generally energized by the receipt of a
completion signal from the previously operated subopera-
tion contro! circuit. In order for a particular inp!.lt latch
to be energized and remain in this state, the respective con-
trol signals HOLD and ADVANCE, generated by Opera-
tion Control, must both be UP. The purpose of the con-
trol signal ADVANCE is to permit the input laich of a
particular suboperation control circuit to be energizecf
providing a coincidence exists between the AI?VANCE
signal from Operation Control and the completion signal
rendered by the previously operated suboperation control
circuit. The purpose of the HOLD signal is to perm_it
the input latch which has been energized to remain in this
state.

Once the input latch of a particular suboperation
control circuit has been energized, it remains energized
until such time as Operation Control causes the HOLD
signal to go DOWN. At the completion of an operatiqn,
the input latch of each and every suboperation control cir-
cuit which has been operated is still energized. When
Operation Control causes the HOLD signal to go DOWN,
the input latch of each of the operated suboperation
control circuits and various other latches will then be
reset.

The suboperation, Operation Control, includes facili-
ties for placing the calculator in a continuous mode of
operation. A continuous mode of operation occurs when
a plurality of operations are executed sequentially, with-
out stopping the calculator. In other words, an opera-
tion begins, in Operation Control, by causing the HOLD
signal to go DOWN for at least one microsecond. This
resets all of the input latches and certain other latches
contained in the suboperation control circuits to an initial
state. The suboperations, utilized in the particular op-
eration are then energized in sequence, after which the
suboperation, Terminate, delivers a completion signal, to
Operation Control. Operation Control then causes all of
the suboperations to be returned to their initial state and
at the same time energizes the first suboperation involved
in the new operation being performed. The second op-
eration is concluded after suboperation Terminate has
executed its function whereupon the process described
above is repeated. In other words, during a continuous
mode of operation, the calculator is operating in a cyclic
manner wherein the flow chart of Fig. 2 is repeatedly
traversed from top to bottom, once for each operation.

Operation Control also contains facilities for execut-
ing a single operation at the completion of which the
calculator is caused to stop. This type of operation is
referred to as a single instruction mode of operation
since the execution of a single operation involves the
execution of a single instruction word. With respect to
Fig. 2, this type of operation is characterized by a single
traversal, from top to bottom, and, through path 122,
to the top of the flow chart, after which the calculator
stops.

The calculator can be placed in a step-by-step mode or
fashion of operation through the energization of certain
circuits contained in Operation Control. Step-by-step
mode of operation refers to the energization of the first
suboperation of a series of suboperations after which
the calculator is caused to stop. By reactuating the
circuits of Operation Control, the next subsequent sub-
operation of the series can be energized after the opera-
tion of which the calculator again stops. This pro-
cedure can be continued until all of the suboperations
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of the particular series comprising a designated operation
have been energized.

Finally, Operation Control contains facilities for stop-
ping the calculator under various conditions. One means
of stopping the calculator includes stopping the calculator
at the end of the current suboperation. The second man-
ner in which the calculator can be stopped, is at the
conclusion of an operation in progress.

Consider that Operation Control has been operated such
that the HOLD signal going down has caused all of the
subcperation circuits to be returned to their initial states,
Operation Control can then deliver a completion signal
to one of three suboperations, namely, Scan, Read In-
struction or Decode for example. The most usual type
of operation occurs when Operation Control delivers a
completion signal to Read Imstruction whereupon the
input latch of Read Instruction is energized. As stated
above, the energization of the input latch of a given sub-
operation control circuit causes the suboperation cycle
thereof to be executed.

During the suboperation cycle of a Read Instruction,
the contents of the V Field of Fig. 1C is first caused
to be applied via cable 445 to the address control cir-
cuits of C.R.T. Storage 42 of Fiz. 1B which cause the
instruction word, located at the C.R.T. address specified
by the V Field, to be entered via the Parallel Transfer
Bus 446 into the Instruction Register of Fig. 1C. During
this cycle, the contents of the V Field is entered into
the U Field where it is retained for further use. It will
be seen hereinafter that the contents of the U Field will
later be used to obtain the C.R.T. address of the next sub-
sequent instruction word under certain conditions. The
final action taken by the suboperation Read Instruction
is the generation of a completion signal which is de-
livered to the input latch of Decode as depicted in Fig. 2.

The principal function of the suboperation Decode
is to analyze the operational code stored in the Q Field
of the Instruction Register and thereby determine the
type of arithmetic operation which is to be performed
in order to execute the instruction called for by the
word currently located in the Instruction Register. This
is apparent from Fig. 2 in that the suboperation Decode
must make a choice in determining which one out of
six suboperations is to be subsequently placed in opera-
tion.

It was stated that the sequence of suboperations placed
in operation in order to execute an instruction word is
stipulated principally by the operational code.

The operational code is always stored in the Q Field
of an instruction word and thus becomes available to
the control circuits of the calculator when the word is
stored in the Instruction Register. The contents of the
Q Field of the Instruction Register (Fig. 1C) is con-
verted from binary-decimal notation to a decimal repre-
sentation by the Q Matrix 36. The Q Matrix 36 sup-
plies this information to the various suboperation con-
trol circuits of the calculator. Hence various functions
are caused to be performed by the different suboperation
control circuits, depending upon the operational code
present.

A chart of some of the operational codes accommo-
dated by the calculator comprises Figs. 3A-3C arranged
vertically as indicated by Fig. 3. The extreme left-hand
column of the chart contains the operational code stored
as a number in the Q Field. The center column contains
a definition of the operation performed when the asso-
ciated code number is present, and the right-hand col-
umn contains a brief functional description of the basic
operation associated with the various codes.

When 0=20-28, the operational code is said to be a
standard arithmetic operation. This designation is used
since the presence of one of these codes will cause the
result of each operation to be rounded automatically
unless the discarded portion of the result is zero and will
prevent the overflow of higher order non-zero digits on
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the left of the result when floated or specified index pro-
cedures are effected.

In Figs. 3A-3C, the characters R, S, or T when used
by themselves each refer to the R, S, or T Fields of the
Instruction Register, which is a four-digit number. This
number is the C.R.T. address at which a seventeen-digit
word is stored. However, where the character R or S
is used as a primed designation (for example R’ or §’) the
seventeen-digit word stored (in C.R.T. memory) at the
address contained in the R or S Field is being referred to.
For example, in Fig. 3A, code 20 stipulates R’+8' to T.
The meaning of this statement is that the seventeen-digit
word stored in C.R.T. memory at address R js to be
added to the seventeen-digit word stored at address S and
the result of this addition is to be stored at the C.R.T.
address designated by the T Field.

The operational codes 30-39 of Fig. 3A are referred to
as special arithmetic operations since the presence of these
codes will prevent a rounding of the result, and permit
an overflow of higher order nmon-zero digits on the left
of the result when a specified i.e. fixed index procedure
is effected, and left-shift the result to remove ali higher
order zeros without permitting an overflow of non-zero
digits, when a fioated index procedure is being followed.

Where the operational code is 20-39 (standard or spe-
cial arithmetic) the calculator is caused to stop without
executing a division problem in which the divisor equals
zero. In an addition or subtraction problem wherein
the coefficient of one of the operands is equal to zero,
the resultant operand is derived from the coefficient of
the non-zero operand without actually executing the
addition or subtraction operation.

Where Q=40 or 41, a Meta Addition or Meta Subtrac-
tion problem, respectively, is executed by the calculator.
The difference between code 20 and code 40, for example,
is that code 20 involves the addition of two thirteen-digit
numbers with due regard for their indices and algebraic
signs, whereas code 40 involves the addition of two Six-
teen-digit numbers which possess neither a sign nor an
index. Tn a Meta Addition or Subtraction problem the
loss or overflow of higher order digits on the left of the
result is ignored.

With respect to codes 2041, the presence of the num-
ber 0000 in the R or S Field of the Instruction Register
causes the calculator to use the contents of Register 1 or
2, respectively, as the operand, rather than obtain a new
operand from CR.T. Storage. In situations where the T
Field is blank, i.e. 0000 the result of the arithmetic oper-
ation is not stored in C.R.T. Storage but is retained in
Register 1 for further use.

Briefly, codes 50-58 (Fig. 3A) permit the four-digit
numbers appearing in fields R, S and T of the Instruction
Register to be added to the four-digit numbers stored
in the M4, M6, and M8 Fields, respectively, when reset
of the M4, M6 or M8 Field is not stipulated by the
operational code. For example, code 50 causes the con-
tents of the R, S, and T Fields to be respectively added to
the contents of the M4, M6, and M8 Fields with the re-
sults stored in the latter fields. However, code 57 stipu-
lates that the M4, M6, and MS$ fields be cleared prior
to the entry of the contents of the R, S, and T Fields. It
can be stated that codes 50-57 are used to load the Ad-
dress Modifier Fields. Code 58 is used to load the M4
Field and also to provide a program transfer.

The operational codes 60-73 generally perform a dual
purpose consisting first of moving a word stored at a
given C.R.T. address to a new address where it can be
used more conveniently in a subsequent portion of the
program and secondly, to alter the course of the program
upon the occurrence of a designated condition, This
first part, namely, the transfer of a data word from one
C.R.T. address to another is hereafter referred to as a
Meta Transfer and may involve also merely the shifting
of a word in a register a number of positions desig-
nated by the P Field’s contents,
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In Figs. 3A and 3B, the Meta Transfer is indicated in
the right-hand column by the designation R’ to S. The
Program Transfer part of the same code is designated by
indicating the location from whence the new contents of
the V Field is obtained. For example, code 60 stipulates
that the C.R.T. address of the next instruction word is
entered from the T Field into the V Field provided that
the former is not blank i.e. 0000. If the T Field is blank
when this code is used, the address of the next instruction
word is obtaincd by adding 1 to the contents of the U
Field and entering this sum into the V Field,

The indicators referred to in Fig. 3B with respect to
codes 64-69 are latches contained within the calculator.
For example, the Zero Result Indicator referred to in
connection with code 66 will be turned ON under cer-
tain conditions when the result of an arithmetic operation
is zero. Thus, when code 66 is present and the zero re-
sult indicator is ON, ie. energized, the calculator exe-
cutes the functions associated with code 60.

The condition upon which the calculator causes a Pro-
gram Transfer to be executed when Q contains a code in
the range 70-73 is whether or not the result of a Meta
Subtraction problem is equal to zero.

The operational codes 74-79 are responsive to provide
a program transfer depending upon the position of the
associated option switch. If the option switch is in the
OFF position, the C.R.T. address of the next instruction
word is obtained by adding 1 to the U Field contents and
entering the sum into the V Field, i.e., a program transfer
is not performed. If the associated option switch is in the
transfer i.e. ON position, a program transfer is executed
by using the contents of the T Field as the address of the
next instruction word. When the appropriate option
switch is in the stop position, operational code 61 is ex-
ecuted, which causes the calculator to stop after the
program transfer operation is performed. There are six
option switches which may be used with codes 74-79.

Operational codes 80-84 are associated with printing
functions. Each of these codes, includes a Meta Transfer,
wherein the seventeen-digit word, stored at C.R.T. address
R, is transferred to C.R.T. address S. Each of these codes
also include a Program Transfer wherein the T Field
address is used as the C.R.T. address of the next instruc-
tion word providing the T Field is not blank.

Printing codes 83 and 84 permit a printer to print a
special sign or symbol obtained by appropriate wiring of
a control board assaciated with each printer.

Operations involving the tape machines are executed in
response to the presence of a code in the range 90-98 in
the Q Field. Codes 90 and 91 permit the contents of cer-
tain C.R.T. addresses to be written, on a tape machine
designated by the number stored in the P Field. Codes
92 and 93 provide for the deletion of certain information,
already written on the tape of a designated tape machine.
The information stored in a designated block on a tape
of a designated tape machine can be read therefrom for-
wards or backwards in response to operational codes 94
and 95, respectively. Codes 96 and 97 permit a selected
tape machine to verify the blocks of information read
while searching for a designated block which is to be
stored in C.R.T. Storage. Verification of 2 tape includes
subjecting each word of a block to a bit count modulo 4
and a greater-than-9 check of each digit and also checking
the length of each word.

Code 98 is provided to permit the tape of a designated
tape machine to be rewound.

It should be reiterated, that the path through the Flow
Chart of Fig. 2, which is followed by the calculator in
executing an instruction word, is determined primarily
by the operational code. However, it will be noted here-
after, that other factors contribute to the decision as to
which path is to be followed.

One example of such a condition which alters the path
of progress through Fig. 2 occurs when the coefficient of
one of the operands to be used in an addition problem is
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equal to zero. Under this circumstance, the non-zero
operand is entered into Register 1 to be used thereafter
as the result and the functions of Add suboperation are
never performed.

The control circuit for the suboperation Decode con-
tains certain checking means which stop the operation of
the calculator in the event that the operational code is less
than 20, also in cases where the operation of a tape ma-
chine has been called for but this machine is inoperative,
and also in the event that a printer has been called for
and the printer is inoperative.

1f a printer has previously been energized, and the next
subsequent operation to be performed is another printing
operation, the machine must perform the first printing
operation (the execution of which is accomplished by the
presently energized printer) before the second printing
operation can be performed. Under such a situation, sub-
operation Decode will deliver the completion signal to
suboperation Scan. However, normally Scan is energized
by Operation Control as explained later.

If the operational code is in the range 94-97, subopera-
tion Decode will provide a completion signal which is de-
livered to suboperation Read Block. Briefly, the function
of Read Block is to cause a block of information stored on
a magnetic tape to be read into and stored in C.R.T. Stor-
age 42 (Fig. 1B).

However, if the operational code exists in the range
90-93, and the tape unit specified is operative, a comple-
tion signal is delivered by Decode to suboperation Write
Block. During the functioning of Write Block, informa-
tion stored in C.R.T. Storage is caused to be written on
a designated magnetic tape.

Whenever the operational code stored in the Q Field
is in the range 50-59, the suboperation Change M4 is
placed in operation by a completion signal generated
within Decode. The purpose of suboperation Change M4
is to cause the contents of the R Field of the Instruction
Register of Fig. 1C, to be entered into the M4 Field.

A completion signal is generated within suboperation
Decode and delivered to suboperation Terminate under
one of the following conditions: the operational code is a
63, the operational code exists in the range 64-69 and
the appropriate Condition Indicating Latch is energized,
the operational code is in the range 74-79 and the appro-
priate Option Switch is in the OFF position, or Q=98
(tape rewind operation) and the selected tape machine is
operative.

If the operational code is not one of the codes specified
in the preceding few paragraphs, suboperation Decode
generates a completion signal which is delivered to sub-
operation Read Operand 1. Prior to delivering the com-
pletion signal to Read Operand 1, Decode causes the con-
tents of the R Field (Fig. 1C) to be entered into the V
Field. The purpose of this operation is to cause the V
Field to contain the C.R.T. address of operand 1.

Also prior to the generation of the completion signal
which is delivered to Read Operand 1, Decode inspects
the highest order digit of the R Field to see if the value
thereof is greater than 3. If the value of this digit is
greater than 3, the completion signal is delayed by onme
microsecond. By delaying the completion signal one
microsecond, a period of eight microseconds is caused to
elapse before the functions of suboperation Read Operand
1 are executed. During this eight microsecond period, the
CR.T. address, now stored in the V Field (recently ob-
tained from the R Field) is modified by causing the ap-
propriate one of the M4, M6, or M8 Fields, as designated
by the value of the highest order R field digit, to be added
t6 the contents of the V Field. The modified C.R.T.
address is entered into the V Field and is subsequently
used as the C.R.T. address of Operand 1.

It will be recalled that if the highest order digit of the
V Field is 2 4 or 5, 6 or 7, 8 or 9, the contents of the
M4, M6, or M8 Field, respectively, is combined with that
of the V Field to obtain the modified address.

The input latch of suboperation Read Operand 1 is
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energized providing a coincidence exists between the
ADVANCE signal (from Operation Control) and the
completion signal received from Decode. The functions
which take place during the suboperation cycle of Read
Operand 1 depend entirely upon the Operational Code
contained in the Q Field of the Instruction Register. If
the Operational Code exists in one of the ranges 2049
or 70-73, the suboperation control circuit of Read
Operand 1 causes the operand or data word stored at the
CR.T. address specified by the V Field to be read out
of C.R.T. Storage 42 (Fig. 1B) and entered via the Paral-
lel Transfer Bus 440 into Register 1 (Fig. 1A). If the
R Field is blank (contains the address 0000) so that the
V Field is also blank, a word is not read out of CR.T.
Storage and thus the calculator must use the present con-
tents of Register 1 as operand 1. Thereafter under the
conditions stipulated above, suboperation Read Operand
1 delivers a completion signal to the input latch of sub-
operation Read Operand 2, as indicated in Fig. 2.

Under circumstances where the operational code is not
in the range 20-49 or 70-73, the suboperation control
circnit of Read Operand 1 causes the instruction word
contained in the Instruction Register (Fig. 1C) to be de-
livered via the Register Output Switch 37 so as to be
entered through the Parallel Transfer Bus 446 into Reg-
ister 2 of Fig. 1B. Thereafter Read Operand 1 causes a
completion signal to be delivered to the input latch of the
control circuit of suboperation Meta Shift.

Whenever the control circuit of Read Operand 1 is
placed in operation, the contents of the S Field of the
Instruction Register (Fig. 1C) is entered into the V Field.
Thus by the time that the suboperation cycle of Read
Operand 1 is complete, the V Field contains the C.R.T.
address from which the pext operand or data word is to
be obtained. This word will actually be obtained during
the operation of a subsequent suboperation circuit.

If the highest order digit of the new C.R.T. address
now stored in the V Field and recently obtained from
the S Ficld has a value greater than 3, the V Field’s con-
tents will be automatically modified. As stated above,
the contents of the M4, M6, or M8 Field is combined
with the contents of the V Field if the highest order digit
of the latter is 4 or 5, 6 or 7, 8 or 9, respectively. The
modification of the C.R.T. address of the V Field is auto-
matic and occurs at this time providing the highest order
digit of the V Field is greater than 3.

As stated hereinabove, when the contents of the Q
Field of the Instruction Register contains an operational
code in the range 20-49 or 70-73, suboperation Read
Operand 1 delivers a completion signal to the input latch
of suboperation Read Operand 2. Again, in order for
the input latch of the control circuit of Read Operand
2 to be energized and to remain in this state, the AD-
VANCE and HOLD signals from Operation Control
must both be UP,

The first function performed by the control circuit of
suboperation Read Operand 2 is to determine whether or
not the S Field of the Instruction Register (Fig. 1C) is
blank. It was stated above, that during the operation of
suboperation Read Operand 1, the contents of the S Field
was entered into the V Field. If the S Field is not blank,
the C.R.T. address number now stored in the V Field
will be applied to C.R.T. the address control circuits of
Storage 42 via conductors 445. A data word (operand
2) is then read out of C.R.T. Storage and is entered via
the Parallel Transfer Bus 440 into Register 2 and is sub-
sequently used as a second operand. However, if the S
Field is blank, so that the § and V Fields now contain
0000, the control circuit of Read Operand 2 omits the
entry of a new data word into Register 2, and the previ-
ou(sl cz:'ontents of Register 2 is thereafter used as Oper-
and 2.

A second function performed by the control circuit of
Read Operand 2, is to cause the contents of the T Field
of the Instruction Register (Fig. 1C) to be entered into
the V Field, The purpose of this entry into the V Field
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is to enter therein the C.R.T. address at which the result
of the arithmetic operation is to be stored at a time prior
to the need of this address. The result will be stored
in C.R.T. storage during the operation of suboperation
Terminate of Fig. 2. Thus, prior to the functioning of
suboperation Terminate, the V Field must contain the
C.R.T. address at which the result is to be stored.

The T Field address which is now located in the V
Field is automatically modified whenever the highest
order digit thereof is greater than 3. This address is
modified in the same manner as that described previous-
ly for a modification of the R or S Field addresses after
they are entered into the V Field.

The control circuit of Read Operand 2 now inspects
the contents of the Q Field in order to determine the
range in which the operational code exists. If the opera-
tional code is in the range 40-49 or 70-73, a completion
signal is generated which is delivered to the input latch
of the suboperation Meta Add (see codes of Figs. 3A
and 3B). However, if an arithmetic problem, such as
add, subtract, multiply or divide is to be performed, i.e.,
the operation code is in the range 20-39, an inspection
of the algebraic signs contained in DP14 of Registers 1
and 2 is made in order to determine if the sign is proper
(digit contained in DP14 of either register is not greater
than 1). If either algebraic sign is improper, a latch is
energized which indicates that a sign failure has occurred.
Under this condition the calculator can also be stopped,
or alternatively, proceed in the normal fashion provid-
ing the operator has previously made the proper adjust-
ment of certain switches.

Assuming that both algebraic signs are proper, subop-
eration Read Operand 2 then proceeds to make a closer
inspection of the operational code to determine the exact
operation to be performed. If the operational code is
20-23, 28, 29, 30-33, 38 or 39 (an addition, subtraction,
or truncating transfer is to be performed), the coefficient
of the operand stored in Register 1 is inspected to de-
termine whether or not it is equal to zero. If both the
coefficients contained in Registers 1 and 2 are equal to
zero, a completion signal is delivered by Read Operand
2 to the input latch of suboperation Reset 1. However,
if the coefficient stored in Register 1 equals zero, while
that stored in Register 2 is not equal to zero, a comple-
tion signal is delivered by Read Operand 2 to subopera-
tion Transfer 2 to 1.

Assuming that the coefficients contained in Register
1 and 2 and not equal to O are that the operational
code is 20—23, 28, 30—33, or 38, a completion
signal is delivered to the input latch of suboperation
Float Operands. Under the same conditions, except that
the coeflicient of Register 2 is equal to zero, a completion
signal is delivered by Read Operand 2 to the input latch
of suboperation Shift Result,

When a truncating transfer operation is to be per-
formed (Q=29 or 39) and the coefficient of Register 1
is not equal to zero, a completion signal is delivered to
the input latch of suboperation Shift Resuit.

If the arithmetic operation to be performed is multi-
plication, i.e., the operational code is a 24, 23, 34, or 35,
and if the coefficient stored in Register 1 is equal to zero,
Read Operand 2 delivers a completion signal to the input
latch of suboperation Reset 1. However, if the coefficient
of Register 1 is not equal to zero but that of Register 2
is equal to zero, a completion signal will be delivered
to suboperation Reset 1,

In a normal situation where multiplication is to be per-
formed, and the coefficients stored in Registers 1 and 2
are not equal to zero, suboperation Read Operand 2 de-
livers a completion signal to the input latch of subopera-
tion Multiply (see Fig. 2). Briefly, the purpose of sub-
operation Multiply is to effect the multiplication of the co-
efficient of Operand 2 (multiplicand stored in Register
2) by the coefficient of Operand 1 (multiplier stored in
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Register 1) so as to determine a 26-digit product which
is stored in the 13 lower orders of Registers 1 and 2.

When the contents of the Q Field is a 26, 27, 36 or 37
thereby indicating that division is to be performed, an
inspection is made of the coefficients of Registers 1 and
2. If the coefficient stored in Register 2 is equal to zero,
the Zero Divisor Check Failure Latch is turned ON so
as to indicate that the divisor of the division problem is
equal to zero. At the same time, the operation of the
calculator is caused to stop.

If the coefficient stored in Register 2 (divisor) is not
equal to zero, but the coefficient located in Register 1 is
equal to zero, ie., the dividend is equal to zero, a com-
pletion signal is delivered by suboperation Read Operand
2 to the input latch of suboperation Reset 1. The reason
for this is simply that zero divided by any number is
equal to 0.

The general situation encountered when division is to
be performed, occurs when neither coefficient located in
Registers 1 or 2 is zero. In this situation, a completion
signal is gemerated by Read Operand 2 which is applied
to the input latch of suboperation Float Operands,

The input latch of suboperation Float Operands of Fig.
2 can be continuously energized only upon the receipt of
a completion signal generated by Read Operand 2 at a
time when the ADVANCE and HOLD signals are both
UP. The general purpose of suboperation Float Operands
is to left-shift the coefficients stored in DP1-13 of Reg-
isters 1 and 2 until the digit stored in DP13 of each Regis-
ter is not a zero. A further function performed by Float
Operands, is to determine which one of the suboperations,
Add, Subtract, or Divide, is to be energized at the com-
pletion of the suboperation cycle of Foat Operands. The
various suboperations located between Operation Control
and Float Operands of Fig. 2 have selected the flow path
between said suboperations such that the input latch of
Float Operands cannot be energized unless the opera-
tional code designates that the arithmetic operation is to
comprise an addition, subtraction or division operation.

The first function performed by suboperation Float
Operands is, as stated above, to left-shift Registers 1 and
2 until the contents of DP13 of each register is a non-zero
digit. The index of each repister must be decreased by a
value of 1 for each such left shift of that register.

An inspection of the operational code is then made to
determine if it is 22, 23, 32 or 33, Providing the Q Field
contains one of these codes, and providing the algebraic
signs stored in DP14 of Registers 1 and 2 are not identical
a completion signal is delivered to the input latch of sub-
operation Add. However, if the algebraic signs are iden-
tical, a completion signal is delivered to the input latch of
suboperation Subtract. In other words, if the operational
code designates a subtraction operation, but the signs are
unequal, an addition operation is performed. But, if the
algebraic signs are identical when a subtraction operation
is stipulated, a subtraction operation is performed by the
calculator.

When the operational code is 20, 21, 30 or 31 (an ad-
dition problem is stipulated) an inspection of the alge-
braic signs of Operands 1 and 2 is made to determine
whether an addition or a subtraction operation will actu-
ally be performed. The completion signal is delivered to
suboperation Add providing the signs are identical, but
the completion signal is delivered to suboperation Subtract
if the signs are not identical.

When Q equals 28 or 38, that is, a difference of the
absolute values of Operands 1 and 2 is to be Obtained, a
completion signal is delivered by Float Operands to sub-
operation Subtract.

Finally, when the operational code is 26, 27, 36 or 37,
thereby indicating that a division problem is to be exe-
cuted, a completion signal is applied by suboperation
Float Operands to the input latch of Divide.

The principal function performed by suboperation Add
of Fig. 2 is to first cause the indices of the coefficients of
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Operands 1 and 2 to be made equal and thereafter cause
these coefficients to be added together so as to determine a
13-digit sum. The 13-digit sum is stored in Register 1.
The period of time after the input latch is energized but
prior to the summation of the operands, is referred to as
an Index Equalization Period.

During the Index Equalization Period, the coefficient
contents of the register containing the smaller index is
right shifted a sufficient number of positions until the
index which has the value one added thereto, for each
shift right thereof, is caused to be equal to the other index.
1t will be recalled that the index of a register is increased,
during such shifting right of the coefficient, by a value 1
corresponding to each position that the register is right
shifted. The Index Equalization Period is followed by
the serial entry of the coefficients stored in Registers 1
and 2 into a Binary-Decimal Adder. The coefficients are
simultaneously right shifted out of Registers 1 and 2 into
this adder so that the sum appears at the output terminals
330.01 of Fig. 1A decimal digit by decimal digit. The
sum is then applied through cable 330.01 to an input of
DP13 of Register 1. As each successive digit of the sum
is applied to DP13, digit positions 1-13 of Register 1 are
right shifted until such time as the lowest order digit of
the sum occupies DP1.

At the completion of the suboperation cycle of sub-
operation Add, a completion signal is applied to the
input latch of suboperation Shift Result. Briefly, the
purpose of suboperation Shift Result is to cause the re-
sult of the arithmetic operation (which is stored in Regis-
ter 1) to be shifted either left or right so as to possess
the proper index. The proper index can be stipulated by
the calculator or can be specified by the contents of the
P Field of the Instruction Register.

Where the indices are initially unequal, the functions
performed by the suboperation Subtract of Fig. 2 are
similar to those performed by suboperation Add, with
the exception that during the execution of a subtraction
problem the coefficient of the operand having the smaller
index is converted to its 9s complement value prior to
being added to the other coefficient.

The control circuit of suboperation Subtract is placed
in operation by the presence of a completion signal
rendered by the control circuit of suboperation Float
Operands. This completion signal energizes the input
latch of suboperation Subtract providing the ADVANCE
and HOLD signals of Operation Control are UP. An
index equalization period then takes place thereby caus-
ing the indices of operands 1 and 2 to become equal.
The procedure of equalizing the indices of the operands
during a subtraction operation takes place in the same
manner described above for an addition problem. The
coefficients of both operands are then simultaneously
right shifted out of Registers 1 and 2 into a Binary-Deci-
mal Adder, the coefficient of the operand previously hav-
ing the smaller index, first being serially passed through
a 9's Complement Generator. Two 9’s Complement Gen-
erators and appropriate switching means are contained
within the Arithmetic Chain 22 of Fig. 1A.

The difference between the coefficients of the operands
appears serially, digit by digit, at output terminals 330.01
of the Arithmetic Chain 22 and is entered via cable
330.01 into DP13 of Register 1. Again, Register 1 is
right shifted until the thirteen digits of the resultant dif-
ference occupy DP1-13.

The suboperation cycle of Subfract is concluded by
generating a completion signal which is applied to the
input latch of suboperation Shift Result as indicated in
Fig. 2. This occurs, however, only when the indices of
the operands were unequal prior to energization of the
input latch of Subtract’s suboperation control circuit.

Consider a case where the input latch of Subtract is
energized when Index 1 equals Index 2. The subopera-
tion control circuit, not being apprised of as to which
operand is smaller causes the coefficient of operand 2
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to be substracted from that of operand 1. Thus, the
coefficient of operand 2 is right shifted out of Register
2 through a 9's complement generator into one input of
the Binary-Decimal Adder at the same time that the
coefficient of operand 1 is right shifted out of Register 1
into the other input of the same adder. The resultant
difference between the coefficients of the operands is pro-
vided at the output of the adder and entered in Register
1 as explained hereinbefore.

If the decision to subtract the coefficient of operand
2 from that of operand 1 was correct (the indices initially
being equal), Register 1 will contain the correct result.
But, if this decision was incorrect, the result contained
in Register 1 is the 9’s complement of the correct result.
In such a case, suboperation Convert is placed in opera-
tion for the purpose of converting the complementary
result to its true value.

Near the end of the suboperation cycle of Subtract,
the suboperation control circuit senses the output of the
Binary-Decimal Adder to determine whether or not a
carry occurs from the thirteenth order to the fourteenth
order of the resultant difference between the coefficients.
If a carry occurs, the result stored in Register 1 exists in
its true form. However, if a carry does not occur, the
contents of Register 1 is the 9’s complement of the
proper result. When this situation is detected, the con-
trol circuit of suboperation Subtract produces a com-
pletion signal which is delivered to the input latch of
suboperation Convert as indicated in Fig. 2.

The energization of suboperation Convert causes the
contents of Register 1 to be right shifted out of the reg-
ister through a 9’s Complement Generator and re-inserted
into DP13 of the register. Referring to Fig. 1A, the
digits right shifted out of Register 1 are applied via the
four conductors of cable 67 which correspond to the out-
put of DP1 into a 9’s Complement Generator contained
within the Arithmetic Chain 22. The digits of the true
result then appear at output terminals 330.01 and are
entered through cable 330.01 into DP13 of Register 1.
As each successive digit is entered into DP13, the regis-
ter is right shifted until the lowest order digit of the
result is contained in DP1.

The conversion cycle of suboperation Convert of Fig.
2 is completed by producing a completion signal which
is delivered to the input latch of suboperation Shift Re-
sult,

It was stated hereinbefore that whenever a multiplica-
tion operation is to be performed such that the opera-
tional code stored in the Q Field is 24, 25, 34 or 35,
and the coeflicients of the operands stored in Registers
1 and 2 are non-zero numbers, a completion signal is
generated by suboperation Read Operand 2 which is ap-
plied to the input latch of suboperation Multiply.

Suitable circuits for performing the multiplication re-
quired by the suboperation Multiply are described and
claimed in application 10.

The input latch of suboperation Multiply is continu-
ously energized if the completion signal applied thereto
by Read Operand 2 occurs at a time when the ADVANCE
and HOLD signals from Operation Control are both
UP. The control circuit of Multiply then proceeds to
right shift the coefficient of Operand 2 (the multiplicand)
stored in Register 2 via cable 442.01 into the Special Prod-
ucts Generator contained in the Arithmetic Chain 22 of
Fig. 1A. The Special Products Generator simultaneously
produces the multiples 1 through 9 of the entire multi-
plicand as, it is entered therein digit by digit. The nine
multiples simultaneously emerging digit by digit from
the outputs of the Special Products Generator are applied
fo thirteen 4-pole, 9-position switches. At the same time
the output of DP-13 of Register 1 storing the muitiplier
are simultaneously applied through cable 67 to control
means which control the positioning of the thirteen
switches. That is, the digit contained in DP1 of Register
1 controls the position assumed by the lowest order 9-
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position switch, while the digit contained in DP13 control
the position assumed by the highest order 9-position
switch. In this manner, the proper multiples of the
multiplicand as required by the multiplier are permitted
to pass through said switches into a chain of twelve Binary-
Decimal Adders. These twelve Binary-Decimal Adders
are so connected such that the multiples applied thereto
are added together so as to produce a 25 or 26 digit prod-
uct. The product appears decimal digit by decimal digit
at the output terminals 330.01 of the Arithmetic Chain
and can be appplied to DP13 of Registers 1 or 2. The
twelve lowest order digits of the product are initially right
shifted into Register 2 until they occupy DP2-13 thereof.
The thirteen highest order digits of the product are right
shifted into Register 1 until they occupy DP1-13, If
the product contains twenty-six digits rather than twenty-
five, the highest order digit is entered into DP13 of
Register 1 and at the same time DP1-12 of this register
are right shifted one digit position. The single digit shifted
out from DP1 of Register 1 is entered via cable 441.01
of Figs. 1A and 1B into DP13 of Register 2. At this
time DP1-12 of Register 2 are right shifted one digit posi-
tion.

At the conclusion of the suboperation cycle Multiply,
a completion signal is delivered to the input latch of sub-
operation Shift Result. It will be indicated hereinafter
that although the solution of a multiplication problem
produces a twenty-five or twenty-six digit product, only
the thirteen highest order digits of this product are re-
tained by the calculator as the result of this arithmetic
operation, The lower order digits of the product are
discarded and are sometimes used only to determine
whether or not the portion of the product stored in
Register 1 is to be rounded.

1t should be understood that during the execution of
the various suboperation cycles associated with particular
arithmetic operations, various auxiliary circuits of the
calculator such as the Index Control, the Modulo 9 Com-
puter, etc., are in operation. For example, during the
suboperation cycle of Multiply, the Sign Control circuit
causes the proper algebraic sign to be stored in DP14
of Register 1. At the same time the Index Control cir-
cuits cause the proper index (which is the index of the
result) to be stored in DP16 and DP15 of Register 1.
Also, the Bit Computer 102 of Fig. 1A determines the
appropriate Indicated Bit Count corresponding to the
composition of DP1-16 of Register 1 to be entered into
DP17 thereof. Similarly, the Modulo 9 Computer per-
forms certain calculations so as to determine whether or
not the resultant operand stored in DP1-13 of Register
1 appears to be proper.

1t will be recalled that a division operation is stipulated
if the operational code is 26, 27, 36 or 37. Under one
of these conditions suboperation Float Operands causes
a completion signal to be applied to the input latch of
suboperation Divide as indicated in Fig. 2. Here again
it may be stated that the input latch of the suboperation
control circuit for the suboperation Divide is continuously
thereafter energized providing the completion signal from
Float Operands is present when the ADVANCE and
HOLD signals from Operation Control are both UP.

The suboperation Divide cycle is characterized by a
plurality of sixteen-microsecond cycles wherein a quotient
digit is generated during each cycle after the first. As
each quotient digit is generated, it is entered into DP1 of
Register 1 at the same time that DP2-13 of this register
are left-shifted. The functioning of the control circuit
of Divide is caused to stop soon after a non-zero quotient
digit appears in DP13 of Register 1. Thus it can be stated
that if each cycle produces a significant digit other than
zero, thirteen such cycles are required in order to produce
a thirteen-digit quotient. But if the first quotient digit
produced is a zero, a total of fourteen sixteen-micro-
second cycles are required in order to produce the thirteen
digits of the quotient. A Division suboperation cycle
comprises approximately 235 nicroseconds when thirteen
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sixteen-microsecond quotient cycles are executed, wheré-
as the suboperation cycle comprises approximately 251
microseconds when fourteen such cycles are required.

Referring to Fig. 1B, the divisor contained in DP1-13
of Register 2 is shifted out of DP1 via cable 442.01 into
the Special Products Generator contained within the
Arithmetic Chain 22. At the same time, the divisor is
reentered through DP13 and right-shifted until it again
occupies DP1-13. This operation is repeated during each
individual quotient cycle. During the first sixteen-micro-
second cycle, the dividend which is stored in DP1-13 of
Register 1 (Fig. 1A) is right-shifted via the four con-
ductors connected to the output of DP1 and contained
within cable 67 and via a 9°s Complement Generator into
one input of a Binary-Decimal Adder. During the first
cycle, the 9’s complement of the dividend appears at the
output terminals of said adder. The 9's complement
of the dividend is then applied to one input of each of
nine Binary-Decimal Adders where the multiples 1
through 9 of the divisor are respectively applied to the
second input of each of the nine adders. The carry out-
puts of these adders are indicative of the value of the
quotient digit.

The tens carry output terminal of each of the nine
adders is connected to the quotient generator contained
within Arithmetic Chain 22 which produces the proper
quotient digit at terminals 330.14. This quotient digit
is entered via cable 330.14 into DP1 of Register 1.

The 9's complement of the dividend is then combined
within a first adder with the multiple of the divisor cor-
responding to the first quotient digit so as to obtain the
first partial product. The first partial product is now
combined within the said nine adders with the various
multiples of the divisor so as to produce a new quotient
digit. This procedure is repeated until thirteen quotient
digits have been generated provided the highest order
quotient digit is not a zero.

At the conclusion of the suboperation cycle of Divide,
a completion signal is generated which is applied to the
input latch of suboperation Reset 2 as depicted in Fig.
2. Briefly, the purpose of suboperation Reset 2 is to
cause Register 2 to be cleared or reset so that DP1-16
each contain a zero and DP17 contains a 3.

It was indicated under the discussion of suboperation
Read Operand 2 that when certain arithmetic functions
have been stipulated by the operational code but where
the coefficient stored in Register 1 or 2 is equal to zero,
a completion signal is delivered by Read Operand 2 to
the input latch of suboperation Transfer 2 to 1. Under
most situations wherein the input latch of Transfer 2 to
1 is energized, the arithmetic operation is such that the
answer thereof is equal to the coefficient stored in Reg-
ister 2. Thus by entering the contents of Register 2
in Register 1, the latter register will contain the proper
result of the arithmetic operation stipulated by the op-
erational code. During the operation of suboperation
Terminate, the result is stored at a particular C.R.T.
address of the C.R.T. Storage 42.

The control circuit of suboperation Transfer 2 to 1
causes the word of information appearing at the output
terminals of DP1-17 of Register 2 to be applied via the
register output switch 37 of Fig. 1C to the Parallel
Transfer Bus 440. The word appearing on the Parallel
Transfer Bus is then entered into Repister 1 and is also
checked by the Modulo 4 Checking circuit 44 (Fig. 1A).
At the conclusion of this function, a completion signal is
generated by suboperation Transfer 2 to 1 and is applied
to the input latch of suboperation Reset 2 (see Fig. 2).

The previous discussion has noted that the input latch
of suboperation Reset 2 may receive a completion signal
from either suboperation Divide or Transfer 2 to 1 (see
Fig. 2), but never from both of them. The receipt of
either completion signal energizes the input latch of the
suboperation contro! circuit associated with Reset 2,
providing the ADVANCE signal (from Operation Con-
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trol) is UP. The latch remains energized if the HOLD
signal is UP.

The energization of the input latch of Reset 2 causes
Register 2 to be reset so that DP1-16 cach contain a
zero and DP17 contains a 3. At the same time, a com-
pletion signal is produced which is applied to the input
latch of suboperation Shift Result.

The principal function of suboperation Shift Result
is to properly position the resultant operand by shifting
it to the right or left so as to obtain an index within cer-
tain limits and consistent with predesignated index pro-
cedures. During the execution of the Shift Result sub-
operation cycle, DP1-13 of Registers 1 and 2 are con-
sidered to be a single register having twenty-six digit
positions,

Referring to Figs. 1A and 1B, when DP1-13 of Reg-
isters 1 and 2 are being right-shifted, a digit emerging
from the output of DP1 of Register 1 is entered into DP13
of Register 2 via cable 441.01. Likewise, digits left-
shifted out of DP13 of Register 2 are entered via cable
442.13 into DP1 of Register 1. The index of the result
being shifted in Registers 1 and 2 is stored in DP16 and
DP15 of Register 1. Index 2 is ineffective during the
operation of Shift Result.

It was stated hereinbefore that during certain arith-
metic calculations the index of the result may be any
value in the range —43 to +56. One of the functions
performed by suboperation Shift Result is to shift Reg-
isters 1 and 2 in the proper direction so as to bring Index
1 within the limits —30 to 4-30.

In the event that one or more of the highest order
digits of the result is left-shifted out of Register 1, the
Overflow Latch is turmed ON so as to indicate that an
overflow from the left end or highest order of Register 1
has taken place. Digits right-shifted out of Register 1
are ignored (except for rounding purposes) since they
are the lower order digits of the result.

A floated or a specified decimal index procedure is
followed during the suboperation cycle of Shift Result
and the procedure executed is designated by the contents
of the P Field of the Instruction Register.

A floated decimal point operation is stipulated when
the P Field contains a number in the range 40 through 59.
The general rule followed during a floated decimal
point operation is that the result is shifted in Registers
1 and 2 until the index thercof (Index 1) is equal to
—30, or until DP13 of Register 1 contains a non-zero
digit during left-shifting of the register. More specifical-
ly, if Index 1 is greater than —30 (less negative than),
the registers are left-shifted until DP13 of Register 1
contains a non-zero digit, or until Index 1 equals —30.
However, when Index 1 is less than —30 (i.e., more
negative than), the registers are right-shifted until Index
1 equals —30 and digits lost on the right end or from the
units order of Register 2 are ignored.

A specified index procedure is performed when the de-
sired index is stored in the P Field. In order to cause
a specified decimal point operation to be performed, the
number as stored in the P Field must be within the range
70 through 30, i.e., within the range —30 to +30.

The general rule followed during a specified index
procedure is to shift the result in Registers ¥ and 2 until
Index 1 is equal to the number stored in the P Field.
The following two rules indicate the manner in which a
specified index procedure is performed. First, if the
operational code is within the range 20-29 (standard
arithmetic), the registers are shifted until the contents
of the P Field and Index 1 are equal. In this case if
Index 1 is initially greater than the P Field contents, the
registers are left-shifted until Index 1 is equal to the
P Field contents or until DP13 contains a non-zero digit.
If the left shift of the registers stops because of the pres-
ence of a non-zerc in DP13 of Register 1 before Index 1
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is equal to the P Field, the Adjusted Index Latch is turned
ON. The fact that the Adjusted Index Latch is ener-
gized indicates to the operator that a specified index pro-
cedure was stipulated, the operational code was in the
range 20-29, but the value of Index 1 could not be made
equat to that of the P Field without shifting out non-
zero digits from DP13 of Register 1. Again, where the
registers are right-shifted non-zero digits are permitted
to be shifted out of DP1 of Register 2.

The second rule relative to a specified index procedure
is that where the operation code is in the range 30-39
(special arithmetic), the registers are always shifted until
the quantities stored in the P Field and Index I are equal
irrespective of the presence of overflow. However, where
an overflow condition does occur, the Overflow Latch is
turned ON as stated above.

If at the termination of the operation of Shift Result
Index 1 is not within the range of—30 to 430, regard-
less of whether a floated or a specified index procedure
was performed, the Index Error Latch is energized and
the calculator is caused to stop or, alternatively at the will
of the operator, to proceed.

A completion signal is provided by suboperation Shift
Result and applied to the input latch of suboperation
Round if the operational code exists in the range 20-29
and all digits located in DP1-13 of Register 2 are not
equal to zero. A completion signal is delivered by Shift
Result to the input latch of suboperation Reset 1 when-
ever DP1-13 of Register 1 each contain a zero. The
completion signal provided by Shift Result is applied to
the input latch of suboperation Terminate if the opera-
tional code is in the range 30-39 and DP1-13 of Register
1 are not all equal to zero, or when the operational code
exists in the range 20~29 and DP1-13 of Register 2 each
contain a zero.

It has been stated hereinbefore that the input latch of
suboperation Reset 1 (Fig. 2) can receive a completion
signal from suboperations Read Operand 2 or Shift Re-
sult. The energization of the input latch of Reset 1 causes
the Zero Result Latch contained therein to be energized
and also causes Register 1 to be reset so that a zero is
contained in each of DP1-16 and a 3 is contained in
DP17. Upon the termination of the functions performed
by suboperation Reset 1, a completion signal is generated
which is delivered to the input latch of sub operation
Terminate.

The input latch of suboperation Round may be turned
ON by receiving a completion signal from suboperation
Shift Result or from suboperation Meta Shift. The func-
tion performed by suboperation Round is to cause a
binary 1 bit to be entered into the lowest bit position of
DP1 of Register 1. This 1 bit is often referred to as a
“forced 1.” In the event that a digit stored in DP1 is
initially even-valued, the value thereof is increased by a
decimal value of 1 due to the insertion of the forced 1.
But when the digit located in DP1 is odd-valued, the bi-
nary-decimal value thereof is not changed by the forced
1. A completion signal is delivered by suboperation
Round to the input latch of Terminate.

The purpose of suboperation Meta Add is to cause
DP1-16 of Operands 1 and 2 to be added or subtracted
depending upon the operational code.

A completion signal is applied by Read Operand 2 to
the input latch of Meta Add whenever the operational
code is in the range 40-49 or 70-73. The sixteen lowest
order digits of two words are caused to be added together
so as to produce a sixteen-digit sum if the operational
code is 40. A subtraction problem is executed with re-
spect to the sixteen lower order digits of the words stored
in Registers 1 and 2 if the operational code is 41, or 70-73.

The addition or subtraction problem is performed by
right-shifting DP1-16 of Registers 1 and 2 and combining
the digits shifted out from DP1 of each register in a Bi-
nary-Decimal Adder contained in the Arithmetic Chain 22
(Fig. 1A). During a subtraction problem, the digits
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shifted out from Register 2 are first passed through a 9’s
Complement Generator. The sum or difference obtained
appears at terminals 330.01 (Fig. 1A) and is applied via
cable 330.01 to DP16 of Register 1. This register is
right-shifted until the result occupies DP1~16 thereof.

A completion signal provided by the control circuit of
suboperation Meta Add is applied to the input latch of
suboperation Terminate (Fig. 2).

The input latch of suboperation Meta Shift is energized
by the receipt of a completion signal from suboperation
Read Operand 1. It was stated hereinbefore that such a
completion signal is provided by Read Operand 1 when
the operational code stored in the Q Field is in the range
60-62, 6469 or 74-84.

The function performed by Meta Shift is to shift a word
stored in Register 1 a given number of positions to the
right or to the left. The number of positions which
Register 1 is shifted is stipulated by the contents of the
P Field.

It was stated hereinbefore that the control circuit for
the suboperation Read Operand 1 causes the contents of
the Inmstruction Register to be entered into Register 2
when the operation code is 60-62, 64-69 or 74-84. It
should be observed that since the P Field is DP16 and
DP15 of the Instruction Register, the information con-
tained therein is now stored in DP16 and DP15 of Regis-
ter 2 and thus constitutes Index 2.

During the suboperation cycle of Meta Shift, Register 1
is shifted until Index 2 is equal to 00. Accordingly, if
Index 2 is initially less than 00, Register 1 is left-shifted,
whereas it is right-shifted if Index 2 is initially preater
than 00. Bear in mind that the quantity now stored as
Index 2 is not now serving as an index per se. If Index 2
is initially in the range 0-55 (i.e. greater than 00), Regis-
ter 1 is right-shifted a number of positions equal to Index
2. If Index 2 is in the range 58, 59, etc., through 0 (i.e.
initially less than 00), Register 1 is left-shifted a mumber
of positions equal to the hundreds complement of Index
2. For example, the presence of a 58 in the P Field and
in DP16 and 15 of Register 2 will cause Register 1 to be
left-shifted forty-two positions, whereas Register 1 is
right-shifted fifty-five positions if Index 2 is equal to 55.

Suboperation Meta Shift provides a completion signal
to the input latch of suboperation Round only if the op-
erational code is 62. A completion signal is delivered by
Meta Shift to the input latch of suboperation Terminate
when the operational code is 60, 61, 64-69 or 74-84.

The general functions performed by suboperations
Change M4, Change M6 and Change M8 (Fig. 2) are
to respectively load the M4, M6 and M8 Address Modi-
fier Fields with the data located in the R, S and T Fields
of the Imstruction Register. These suboperations func-
tion such that if the proper operational code is located
in the Q Field the quantities previously stored in the
M4, M6 and M8 Fields can be combined with (ie.,
added to) the contents of the R, S, and T Fields respec-
tively, and the sums thereof entered into the M4, M6
and M8 Fields respectively. Alternatively, the opera-
tional code may require that one or more of the M4,
M6 and M8 Fields be cleared prior to their contents be-
ing respectively combined with that of the R, S and T
Fields,

For example, when the Q Field contains operational
code 50 (see Fig. 3A), the data stored in the R, S, and
T Fields is respectively added to that stored in the M4,
M6 and M8 Fields, and the results entered into the latter
field. As a further example, the presence of code 53
causes the same functions to occur with the exception
that the M4 and M6 Fields are first cleared before the
data stored in the R, S, and T Fields is combined with
that located in M4, M6 and M8,

Referring to Fig. 2, suboperation Decode applies a
completion signal to the input latch of suboperation M4
whenever the operational code exists in the range 50
through 57. It will be remembered that during the sub-
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operation cycle of Decode the four digit number being
stored in the R Field is entered into the V Field. The
suboperation control circuit of Change M4 now right-
shifts the V Field so as to enter the contents thereof via
switch 3154 and delays 3153 into Binary-Decimal Adder
3155 (Fig. 1C). At the same time the four digit num-
ber stored in the M4 Field is also right-shifted through
switch 3158 and delays 3152 into the same adder provid-
ing the operational code is 50, 52, 54 or 56. When any
other code in the fifty series is present (see Fig. 3A),
the M4 Field is cleared, that is, the number right-shifted
out of this field is not entered in the adder. In either
event the four lowest order digits of the sum produced
is right-shifted into the M4 and V Fields. The new
contents of the V Field is disregarded in the circum-
stances under consideration.

A completion signal from Change M4 then energizes
the input latch of suboperation Change MS.

The first function performed by Change M6 after the
input latch thereof is energized, is to enter the mnumber
located in the S Field into the V Field, thereby destroy-
ing the previous contents of the V Field. Suboperation
Change M6 now causes the contents of the V and M6
Fields to be combined within the Binary-Decimal Adder
(49 of Fig. 1C), with clearing of the M6 Field if stipu-
lated by the operational code. The four lowest order
digits of the sum appearing at the output of the adder
is entered into the V and M6 Fields. When the opera-
tional code is 52, 33, 56 or 57 (see Fig. 3A), the pre-
vious contents of the M6 Field is not entered into the
adder, i.e., the M6 Field is first cleared.

Finally, suboperation Change M6 of Fig. 2 applies
a completion signal to the input latch of suboperation
Change M8, thereby initiating the suboperation cycle of
the latter.

The energization of Change M8's input latch field per-
mits the V Field to accept and store the contents of the
T Field. The data stored in the V and M8 Fields are
then right-shifted into the Binary-Decimal Adder, except
that the M8 Field is cleared when the Q Field contains
code 54, 55, 56 or 57. The sum obtained is right-
shifted into the V and M8 Fields, after which a comple-
tion signal is applied to the input latch of suboperation
Terminate (Fig. 2).

It must be understood that the chief use made of sub-
operations Change M4, Change M6, and Change M8 is
to load the M4, Mé6 and M8 Fields (Fig. 1C) with cer-
tain numbers which are later used during subsequent
operations to automatically modify the C.R.T. address
stored in the V Field. It should also be understood
that these suboperations play no part in the automatic
modification of an address during the execution of other
suboperations, even though some circuitry is utilized in
common. A further point to be noted is that these sub-
operations, if used, are always executed in sequence.

The input latch of suboperation Read Block is ini-
tiated by Decode when a 94, 95, 96 or 97 exists in the
Q Field of the Instruction Register. The first function
performed by suboperation Read Block is to determine
whether the operational code requires that the tape ma-
chine read forward or backward. The suboperation also
examines the P Field of the Instruction Register so as to
determine which tape machine is to be energized. Tape
Buffer Storage 16 (Fig. 1A) is then conditioned so as
to be able to accept digits as they are read from a tape.
The Tape Buffer Storage may be considered to be an
additional digit position of Register 1 during a reading
operation although it also serves to check the digits read
into Register 1. Information stored in Tape Buffer
Storage can only be entered into DP17 or DP1 of Regis-
ter 1, depending upon whether the tape is moving for-
ward or backward.

After a reading operation has been stipulated, the first
digit read from the tape is the number 13 which is re-
ferred to as the End-of-Block Character. If the tape
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is moving in a forward direction during this reading
operation, the 13 is entered into Tape Buffer Storage
and from there entered via cable 022.18 (Fig. 1A) into
DP1 of Register 1, A seventeen-digit instruction word
is then read digit by digit and entered into Register 1,
where the seventeen or highest order digit is read first.
Following the entry of the instruction word, which is
referred to as the End-of-Block Word, a 12 is read which
is entered into the Tape Buffer Storage. The 12 is
called an End-of-Word Character.

Assuming that the End-of-Block Word is entered into
DP1-17 of Register 1, the four lowest digits thereof are
compared with the contents of the T Field so as to de-
termine if the block of information being read from the
tape is the same as the one specified by the instruction
word stored in the Instruction Register. If an equality
is present, the tape block about to be read will be stored
in CR.T. Storage 42, where the first word read will be
stored at the C.R.T. address specified by the R Field.
Subsequent words read from the tape are stored at suc-
cessively succeeding C.R.T. addresses. The presence of
C.R.T. address 0000 in the T Field designates that the
next block on the tape is to be read and stored in CR.T.
Storage regardless of the block number. The informa-
tion stored in the T Field of the Instruction Register is
normally the block number of the block of information
which is to be stored in C.R.T. Storage.

After the block number is found to be correct the
process of entering the entire block in C.R.T. Storage
takes place. A block can contain as many seventeen-digit
words as there are C.R.T. addresses in C.R.T. Storage.

The End-of-Block Word which is initially entered into
Register 1 and from which the comparison with the T
Field is made, is shifted out of the register as the first
data word of the block is entered therein. A 12 is read
from the tape following the reading of the first data word.
The appearance of this 12 causes the register to stop shift-
ing since it now contains a first data word. Referring to
Figs. 1A-1C, the data word contained in Register 1 is
applied via cable 441 and the register output switch 37 to
the Paralle] Transfer Bus 440. The purpose of this func-
tion is to permit each word read from the tape to appear
on the Parallel Transfer Bus for one microsecond so that
it can be checked by the Word and Digit Checking circuit
44 (Fig. 1A).

It will be recalled that during the operation of sub-
operation Decode, the C.R.T. address stored in the R
Field is entered into the V Field. The control circuit for
the suboperation Read Block now causes the contents of
the V Field to be applied to the address selecting circuits
of C.R.T. Storage through cable 445 (Figs. 1B and 1C)
thereby preparing C.R.T. Storage tc receive or read in a
word. The contents of Register 1 is then applied via
Register Output Switch 37 a second time to the Parallzl
Transfer Bus 440 from whence the word is entered into
C.R.T. Storage 42 and thus stored at the address stipu-
lated by the V Field.

The C.R.T. address located in the V Field is then caused
to be increased by a value of one which will be the
C.R.T. address at which the next data word read from
the tape will be stored.

The process of reading data words from the tape, enter-
ing them into Register 1, subjecting them to a word and
digit check, and reading them into C.R.T. Storage, con-
tinues until the final End-of-Block Word is read and stored
in Register 1. The End-of-Block Word is succeeded by
an End-of-Block Character. The presence of the 13 in
Tape Buffer Storage causes the reading operation to stop.
The final End-of-Block Word located in Register 1 is
not stored in C.R.T. Storage but is stored in Register 2
for possible further use. An output latch is then energized
which provides a completion signal for energizing the in-
put latch of suboperation Terminate.

The reading operation may also be stopped by the
sensing of an End-of-File Mark read from the tape. The
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End-of-File Mark constitutes an End-of-Block Word
bounded on both sides by a 13. When such a mark is
detected during a reading or verifying operation, the tape
machine is stopped and the End-of-File Latch is turned
ON. A number of checks are made throughout the sub-
operation Read Block cycle such as checking the block
number, the block size, the word size, a bit count check,
a greater-than-9 digit check, a tape failure check, and an
End-of-File check.

A verification operation performed in response to
operational code 96 or 97 (Fig. 3C), consists of start-
ing a tape machine and reading each word located on the
tape into Register 1 where it is subjected to a word and
digit check and is also checked for proper length. This
procedure is followed for each word read while the tape
machine is searching for the block which has a block
number corresponding to the contents of the T Field.
When block T is reached, it is read into C.R.T. Storage
at the C.R.T. addresses bounded by the contents of the R
and S Fields. It will be noted that a verification opera-
tion can be performed by reading a tape in either a for-
ward or backward direction.

When suboperation Decode senses the presence of a
number in the range 90-93 in the Q Field, it provides a
completion signal to the input latch of suboperation
Write Block for the purpose of initiating the suboperation
Write Block cycle. During a writing operation, the tape
machine upon which information is to be written is se-
lected by the contents of the P Field. Briefly, informa-
tion stored in the C.R.T. storage at consecutive addresses
between the limits stipulated by the contents of the R and
S Fields, are read out and written on a tape, By the
use of the appropriate operational code, information can
be deleted from the tape when it occupies the space
corresponding to a block length. The number of words
in this block length is equivalent to the difference be-
tween the contents of the R and S Fields.

A writing operation commences by left-shifting Regis-
ter 1 until it is cleared and at the same time entering a
13 (End-of-Block Character) into DP1 during each shift.
The first 13 is then left-shifted until it reaches DP17 at
which time the 13 is written on the tape selected. The
remaining 13’s occupying each digit position of Register
1 are cleared therefrom by storage therein of the instruc-
tion word from the Instruction Register.

Register 1 is then left-shifted and the digits shifted
out of DP17 thereof are written on the tape. As the
register is left-shifted, 12’s are entered into the lowest
order digit position and are also left-shifted. At the
time that a 12 is shifted out of DP17 and is written on
the tape, a data word is read from the C.R.T. address
stipulated by the V Field into Register 1. It wiil be re-
called that during the operation of suboperation Decode,
the contents of the R Field was entered into the V Field.
Thus the first data word entered into Register 1 is ob-
tained from the C.R.T. address stipulated by the R Field
(R is now present in V).

The C.R.T. address contained in the V Field is then
increased by a decimal value of one so as to obtain the
C.R.T. address of the next data word.

Data words are read out from the C.R.T. address suc-
cessively stipulated by the V Field, entered into Register
1, and left-shifted out of the register and written on a
magnetic tape until such time as the C.R.T. address in
the V Field is equal to the address contained in the S
Field. As soon as an equality is obtained between the
V and S Field information, the instruction word located
in the Instruction Register is entered into Register 1. As
this End-of-Block Word is left-shifted out of the register
and written on the tape, a 13 is entered into DP1 during
each left shift. When the first 13 appears in DP17 of
Register 1, it is written on the tape and the writing opera-
tion is caused to stop. The 13's now contained in each
digit position of Register 1 are erased because the cone



8,057,606

61

tents of Register 2 is transferred in parallel into Register
1 and stored therein.

It should be noted that the End-of-Block Word (the in-
struction word stored in the Instruction Register) which
is written at the beginning and end of the block is actually
the same word. By using the same End-of-Block Word
at each end of the block, it is possible to identify the
number of the block during a reading operation regard-
less whether the tape machine is reading forward or back-
ward.

The suboperation cycle of Write Block is now con-
cluded and a completion signal is provided to subopera-
tion Terminate.

Suboperation Scan of Fig. 2 can be energized by receiv-
ing a signal from Operation Control or in certain in-
stances from Decode. The function of Scan is to cause
seven words stored in C.R.T. Storage to be applied to
the input matrix of a printer.

Most generally, the suboperation control circuit of Scan
is energized by Operation Control after the following
events have taken place. An instruction word is entered
into the Instruction Register during the operation of
Read Instruction which, presumably contains a print
code (Q=80-—-84) in the Q Fiecld. Decode senses the
presence of a print code and determines whether or not
a printer has been previously initiated. Assuming that
a printer has not been previously initiated (printer ready
signal is UP), Decode generates a completion signal
which energizes Read Operand 1. Suboperation Read
Operand 1 is followed by Meta Shift and Terminate in
that order. Since a print code is in the Q Field, one of
the functions performed by Terminate is to send an initia-
tion signal to the proper printer, thereby indicating to
the printer that a printing function is to be performed
subsequently. The calculator is now free to execute
other instruction words until such time as the printer
provides a “row” signal. The presence of a row signal
is indicative of the fact that the printer is ready to receive
the seven words from C.R.T. Storage a single time.
Thereafter, when the progress of operation of the calcu-
lator causes operation of the suboperation Operation
Control, the completion signal which initiates subopera-
tion Scan is provided. A single Scan cycle is then per-
formed. This procedure is repeated nine additional times
(a total of ten Scan cycles) in order to completely con-
dition the printer for printing. In between two adja-
cent Scan cycles the calculator is normally permitted to
perform other arithmetic calculations.

Suppose, however, that when Decode sensed the print
code it discovered that a printer had previously been
initiated (printer ready signal is DOWN), in response
to an earlier instruction word containing a print code.
In this event, the calculator must wait until the earlier
print instruction is executed before proceeding with the
execution of the present one. The procedure of executing
the later print instruction is halted temporarily in Decode
until the earlier instruction is complete, i.e., all ten
Scan cycles have been performed. Under these circum-
stances the calculator cannot perform other arithmetic
functions between successive Scan cycles as is usually
permitted.

The words to be printed are stored in C.R.T. addresses
0001 through 0007. The words stored in these seven
addresses are sequentially read out of C.R.T. Storage 42
(Fig. 1B) and are entered through the Parallel Transfer
Bus 440 into Register 1. Each word stored in Register
1 is then left-shifted digit-by-digit until all seventeen digits
of the word have been shifted out of DP17 through cable
441.17 into the Printer 11. The printing control circuits
cause the left-shifting of Register 1 to be executed in such
a manner that each digit is applied through cable 441.17
for a period of four microseconds. The register is then
left-shifted a single digit position so that the digit newly
entered into DP17 is then applied through cable 441.17
for four microseconds,
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As the word stored in Register 1 is left-shifted, the deci-
mal number 12 is applied through terminals 26 into DP1.
Thus as the lowest order digit of the word progressively
appears in higher order positions of the Register, the
lower order positions each contains the number 12. When
a 12 is present in DP16 the printer control circuits sense
this fact so as to cause the shifting of the word to cease
after the lowest order digit of the word is applied to the
printer.

After a word has been left-shifted out of Register 1 into
the printer, the next word to be printed is read out of
C.R.T. Storage 42 and entered into Register 1. The
process of shifting words out of the register into the
printer is continued until the contents of C.R.T. addresses
0001 through 0007 have been delivered to the printer.
The process of delivering the contents of these seven
C.R.T. addresses to the printer is referred to as a Scan
cycle and requires approximately 1 millisecond.

In order to cause the contents of said seven C.R.T.
addresses to be entered into the printer such that the
printer is capable of printing this information, the seven
words must be delivered to the printer a total of ten
times, that is, ten Scan cycles must be executed. The
reason for this is that during the first Scan cycle, the
printer scans the information for 9’s and during the sec-
ond Scan cycle the printer scans for 8’s and so on until
the printer has searched all of the information for the
digits 9 through 0.

Thus it can be stated that a printing operation com-
prises ten similar Scan cycles in which each of seven
words is read from C.R.T. Storage to Register Storage
and thence is serially transmitted to a printer. A “row”
signal generated by the printer precedes each of the Scan
cycles to signify that the printer is prepared to accept
the seven words again. During the periods between two
successive Scan cycles, the calculator is free to perform
other arithmetic operations. Approximately fourteen
milliseconds is available between Scan cycles. If an
operation thus interposed is in progress when a row signal
is received by the calculator from the printer, the opera-
tion in progress is permitted to continue to completion.
After the tenth Scan cycle, subsequent operations of the
program can proceed without further interruption by the
printer. Certain tape operations cannot be interposed
between Scan cycles due to the length of time required
for these tape operations.

The printer contains checking circuits including a mod-
ulo 4 checking circuit which is operable to check the cor-
rectness of the Indicated Bit Count modulo 4 and the
maximum value of each digit.

At the conclusion of each Scan cycle, Register 1 must
be cleared or reset so that digit positions DP1-16 contain
0’s and DP17 contains a 3. The reason that Register 1
is reset arises from the fact that it is necessary to dispose
of the 12’s contained in each digit position after a word
has been serially transmitted to the printer. It has been
stated hereinabove that if the contents of a register is
placed on the Parallel Transfer Bus 4460 and if one or
more of the digit positions contain a decimal value
greater than 9, the modulo 4 checking circuit 44 of Fig.
1A will indicate that an error has occurred.

It was stated above that during a Scan cycle the con-
tents of C.R.T. address 0001-0007 are read out of C.R.T.
Storage 42 sequentially and entered into Register 1.
During each Scan cycle the C.R.T. address currently
being used is designated by the Binary-Decimal Adder
3155 (Fig. 1C). The contents of this adder is made to
conform to the value of the C.R.T. address so that the
information appearing on the output terminals of Adder
3155 can be applied through cable 032.09 to the address
circuits of C.R.T. Storage 42.

During the early part of each Scan cycle, the digit 1
is entered through terminals 56 into switch 3158 (Fig.
1C) which in turn delivers the digit through delays 3152
into the right-hand inputs of Adder 3155, This digit 1
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is present at the output of this adder one microsecond
later and passes through the right-hand portion of switch
3154 and delay circuits 3153 into the left inputs of
Adder 3155. Thus, the contents of the Binary-Decimal
Adder 3155 is permitted to circulate through the loop
comprising the output terminals of the adder, cable
032.09, switch 3154, delay circuits 3153 and the left-
hand input of Adder 3155.

The contents of Adder 3155 will then appear during
alternate microseconds upon cable 032.09 so that the
appropriate C.R.T. address information can be applied
at a designated time to the C.R.T. Storage 42 (Fig. 1B).
Cable 032.09 accommodates the binary 1, 2, and 4 bits
only of the binary-decimal digit appearing at the output
of Adder 3155.

The decimal value of the digit circulating through the
loop which includes Adder 3155 is increased periodically
by causing a digit 1 to be entered into the adder through
terminals 567, switch 3158 and delays 3152 to the right-
hand input of the adder. When a Scan cycle nears its
completion, the information appearing at the output of
Adder 3155 will reach the value 8 whereupon a Scan
cycle is caused to terminate. At one end of a Scan cycle,
the information circulating through Adder 3155 is elim-
inated by causing said loop to be severed.

After the last word has been read from C.R.T. address
(007 and delivered via Register 1 to the printer, the sub-
operation control cycle of Scan delivers a signal to either
Operation Control or Decode. If suboperation Operation
Control caused the energization of Scan, the completion
signal is delivered to Operation Control. Likewise, if
Decode initiated the operation of Scan, the completion
signal generated by the latter suboperation is delivered
to Decode.

Suboperation Scan is energized once for each Scan
cycle and thus must be energized ten times in order to
permit the ten Scan cycles referred to above to be com-
pleted. After these ten Scan cycles are completed, the
printer then prints the seven words which have been
delivered thereto.

The input latch of suboperation Terminate can be
energized by the receipt of a completion signal from any
one of the suboperations Read Block, Write Block, Reset
1, Round, Shift Result, Meta Add, Meta Shift, Change
MS8 or Decode (see Fig. 2). This statement is qualified
to the extent that a signal must not be present upon the
Modulo 9 Check Failure terminal 650.02 of Fig. 1B. In
other words, Terminate’s input latch cannot be turned
ON if the Modulo 9 Computer 29 has detected an error.

The main purpose of suboperation Terminate is to sub-
ject the three registers of the calculator to a modulo 4
check, to store the result of an arithmetic operation at a
designated C.R.T. address, to supply to the V Field the
C.R.T. address of the next instruction word, and to notify
suboperation Operation Control that the current opera-
tion is complete. The actual functions performed by sub-
operation Terminate are determined, to a large extent,
by the operational code contained in the Q Field.

The first function performed by suboperation Termi-
nate is to cause the outputs of DP1-17 of Register 2 to
be applied through the Register QOutput Switch 37 (Fig.
1C) to the Parallel Transfer Bus 440 so that the infor-
mation contained in Register 2 is subjected to a Word
and Digit Check by the checking circuit 44 (Fig. 1A).
After the contents of Register 2 are checked, Terminate
causes the information appearing at the outputs of Reg-
ister 1 to be delivered through the register output switch
37 to the Parallel Transfer Bus 440. The information
now appearing on the Parallel Transfer Bus is entered
into DP1-17 of Regisier 2 and at the same time is
checked by the Word and Digit Checking circuit 44.
Suboperation Terminate then causes the outputs of
DP1-17 of the Instruction Register to be delivered
through Register Output Switch 37 to the Parallel Trans-
fer Bus 440 where it is subjected to a check by the Word
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and Digit Checking circuit 44 of Fig. 1A. The above
three functions are always performed by Terminate with-
out regard to the operational code.

Where the operational code is in the range 20-41 so
that an arithmetic operation has been performed, the
result of the arithmetic operation is now stored in the
C.R.T. Storage section of the calculator. As stated ear-
lier, the portion of the result which is to be retained for
further use is stored in Register 1. Where suboperation
Read Operand 2 has been previously energized, the in-
formation contained in the T Field of the Instruction
Register has been entered into the V Field. Suboperation
Terminate then causes the V Field information to be
applied through cable 445 (Figs. 1B and 1C) to C.R.T.
Storage 42, thereby causing the beams of the cathode ray
tubes to be located at the C.R.T. address stipulated by the
V Field, The information contained in Register 1 is
then delivered through the register output switch 37 to the
Parallel Transfer Bus 440 where it is applied to C.R.T.
Storage 42. Thus, the word of information contained in
Register 1 is stored at the C.R.T. address contained in
the V Field.

Under the circumstances described above, Terminate
then causes the address of the next instruction word to
be entered into the V Field so that this address can be
used during a subsequent operation (when suboperation
Read Instruction is executed). The C.R.T. address of
the next instruction word is generally obtained (when the
operational code is 20-41) by entering the contents of the
U Field into the V Field and thereafter causing a decimal
value of 1 to be added to the contents of the V Field.
The V Field then contains a C.R.T. address referred to
as U+41.

Suboperation Terminate also contains facilities for
energizing Printer 1 or Printer 2 and for causing a par-
ticular tape machine to rewind the tape contained thereon
without disturbing suboperations Write Block or Read
Block.

It may be stated generally that suboperation Terminate
causes the contents of Register 1 to be stored at the
C.R.T. address contained in the V Field under one of the
following sets of conditions: the operational code is in
the range 2041 and the contents of the T Field is greater
than zero; the Q Field contains a 60, 61, or 62 when the
S Field is not blank; the Q Field contains a code in the
range 74-79, the appropriate Option Switch is on posi-
tion STOP or TRANSFER, and the S Field is not blank;
the operational code is 64 through 69, the corresponding
Condition Indicator is ON, and the S Field is not blank;
or the operational code is 80-84 and the S Field is not
blank.

It was stated above, that during an arithmetic opera-
tion executed in response to an operational code in the
range 20-41, the contents of Register 1 is stored at the
C.R.T. address contained in the V Field. Under these
conditions, the V Field contains the C.R.T. address lo-
cated in the T Field of the Imstruction Register which
was inserted therein during the execution of suboperation
Read Operand 2. The transfer of the contents of
Register 1 to C.R.T. Storage always occurs during sub-
operation Terminate providing the contents of the T
Field is greater than zero. If T is blank, the result stored
in Register 1 is retained therein for further use and is
not delivered to C.R.T. Storage.

Reference to Fig. 3A indicates that the presence of an
operational code in the range 60-62 calls for transferring
the word stored in C.R.T. Storage at an address stipulated
by the R Field to an address stipulated by the S Field.
With reference to Fig. 2, when one of these codes exists
suboperation Decode initiates suboperation Read Operand
1 which delivers the word stored at the C.R.T. address
designated by the R Field to Register 1 and also inserts
the address contained in the S Field into the V Field.
Suboperation Read Operand 1 then initiates Meta Shift
which may initiate suboperation Terminate directly or
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may first initiate suboperation Round. In either event,
the contents of Register 1 is stored at the C.R.T. address
contained in the V Field (obtained from the § Field)
during the execution of suboperation Terminate. Ref-
erence to Fig. 3B indicates that under certain conditions,
operutional codes 64-69 and 74-79 stipulate an opera-
tion similar to that described for codes 60—62.

Similarly, a printing code in the range 80-84 located
in the Q Field causes suboperations Decode, Read
Operand 1, Meta Shift and Terminate to be energized in
sequence where the latter suboperation causes the con-
tents of Register 1 (obtained from the C.R.T. address of
the R Field) to be stored at the C.R.T. address desig-
nated by the S Field.

Where the operational code is 60-62, 64-84, so that
& program transfer is to occur, suboperation Terminate
introduces the contents of the T Field into the V Field
providing the T Field is not blank. This address is used
as the address of the next instruction word.

Reference to Fig. 3A indicates that when the opera-
tional code is 63 and the coefficient stored in Register 1
is equal to zero, the C.R.T. address located in the S Field
is entered into the V Field for use as the address of the
next instruction word. If the S Field is blank, the con-
tents of the U Field is transferred to the V Field so as
to later obtain the address I/ +1.

Since the contents of the R Field is normally entered
into the V Field during suboperation Decode, and since
Decode is always operated before suboperation Terminate,
it is apparent that only the contents of the S, T,or V
Fields is inserted into the V Field during suboperation
Terminate,

When suboperation Decode determines that the Q Field
contains a 70-73, the suboperations Read Operand 1,
Read Operand 2, Meta Add and Terminate are executed
in sequence. After suboperations Read Operand 1 and
Read Operand 2 are completed, Registers 1 and 2 re-
spectively contain the operands which were stored at
C.R.T. addresses designated by the R and S Fields, re-
spectively. Operand 2 is then subtracted from Operand
1 so as to determine whether or not the result is equal
to zero. TFig. 3B indicates that if the Q Field contains a
70 or 71 and the result is equal to zero, a program trans-
fer is performed by using the C.R.T. address of the T
Field as the address of the next instruction word, i.e., the
T Field information is entered into the V Field, If the
code is 72 or 73, the T Field information is inserted into
the V Field providing the result contained in Register
1 is not equal to zero.

It was stated that under certain conditions, the con-
tents of the U Field is entered into the V Field for the
purpose of permitting the V Field to have a value of one
added thereto so that the quantity U4-1 is stored in the
V Field. The C.R.T. address U4-1 is then used during
the next subsequent operation as the address from which
the next instruction word is obtained. This transfer of
U to V occurs under one of the following sets of con-
ditions: where the T Field code is to be entered into
the V Field but the T Field is equal to zero; the opera-
tional code stored in the Q Field is in the range 20-57 or
90-98; a 70 or 71 appears in the Q Field and DP1-16 of
Register 1 are not equal to zero; the Q Field is storing
a 72 or a 73 and DP1-16 of Register 1 is equal to zero;
the operational code is in the range 74-79 and the ap-
propriate Option Switch is in the OFF position; a 64—69
is in the Q Field and the appropriate Condition Indicator
is OFF; a 63 is located in the Q Field when the R Field
is blank, the coefficient of Register 1 is not equal to Zero,
and the algebraic sign is positive; the operational code is
63 when the S Field is blank and DP1-13 of Register 1
are equal to zero; or, Q equals 63, DP1-13 of Register
1 are not equal to zero, and the sign of the register is
negative.

It has previously been stated that upon the completion
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of an arithmetic operation and the energization of sub-
operation Terminate, that the result located in Register
1 is transferred to C.R.T. Storage at the address desig-
nated by the T Field and now located in the V Field.
Immediately after the address contained in the V Field
is applied to the C.R.T. Storage, the contents of the U
Field is automatically inserted into the V Field.

When suboperation Decode determines that the Q
Field contains a code in the range 80-84, the subopera-
tions Read Operand I, Meta Shift and Terminate are
executed following the suboperation cycle of the De-
code. During the operation of Terminate, signals are
developed for initiating the operation of one of the
two printers. Although the printers are initiated during
the suboperation cycle Terminate, the energization of
the suboperation Scan and thus the reading out of in-
formation which is to be printed does not occur until
a subsequent (not necessarily the next operation cycle)
takes place, ie., until a subsequent operation has pro-
gressed to the point where suboperation Operation Con-
trol or Decode is energized (see Fig. 2).

Upon completion of the suboperation cycle of Ter-
minate, a completion signal is developed which is de-
livered through path 122 of Fig. 2 to one input of sub-
operation Operation Control, If the calculator is in a
continuous mode of operation, the completion signal
applied to Operation Control serves to cause the HOLD
and ADVANCE signals to 20 DOWN for at least one
microsecond thereby causing numerous latches contained
in the suboperation control circuits, which were previ-
ously energized, to be reset. The suboperations of Fig. 2
are then in condition to execute a new operation which
is normally commenced by executing suboperation Read
Instruction.

However, if the calculator is in a single instruction
type of operation, the completion signal delivered by
Terminate to Operation Control merely causes the single
Instruction Start latch contained in Operation Control
to be reset. In order to cause the calculator to execute
a new operation, one of the numerous Start Pushbuttons
associated with Operation Control must be actuated,

It should be apparent at this time that when the cal-
culator is placed in a continuous mode of operation, the
execution of each operation constitutes the traversing of
one of several paths between suboperations Operation
Control and Terminate after which a further operation
is executed by traversing another such path. In other
words, a continuous mode of operation connotes a cyclic
operation wherein the Flow Chart of Fig. 2 is traversed
over and over again, where a single traversal constitutes
an execution of a single instruction word.

Section 1-—6. Arithmetic flow chart

Figs. 4A and 4B constitute a Flow Chart of the major
arithmetic operations performed by the calculator.
These major arithmetic operations are addition, subtrac-
tion, multiplication, division and truncating transfers.

The Operational Code Chart of Fig. 3A indicates that
an addition or subtraction operation js performed, when
the operational code stored in the Q Field is 20-23, 28,
30-33, or 38. Referring to Fig. 2, it will be recalled
that an operation is commenced by the execution of the
suboperation cycle of Operation Control followed by
those of Read Instruction and Decode, During the exe-
cution of Read Instruction, an instruction word is read
out of C.R.T. Storage and entered into the Instruction
Register. Thus during the execution of Decode, it can
be determined that the operational code is such that an
addition or subtraction operation, for example, is to be
performed. In such a case, the suboperations Read
Operand 1 and Read Operand 2 are sequentially executed,

Referring to the upper left-hand portion of Fig. 4B,
it is indicated that an addition or subtraction operation
involves reading a seventeen-digit word into Register 1
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and reading a second seventeen-digit word into Register
2. ‘These reading operations are accomplished during
the execution of suboperations Read Operand 1 and
Read Operand 2 respectively. An inspection is then
made to determine if the coefficients of the operands
stored in Registers 1 and 2 are zero. If the coefficient
of Register 2 is zero, the result of the operation is con-
tained in Register 1 since a number added to or sub-
tracted from zero is equal to that number. In this case
the final shiftings of the result is performed by sub-
operation Shift Result. On the other hand, if the co-
efficient of Register 2 is not equal 1o zero, but that of
Register 1 is equal to zero, Fig. 4B indicates that a paral-
lel transfer of the information contained in Register 2
to Register 1 is performed after which Register 2 is
cleared. Referring to Fig. 2, this parallel transfer op-
eration is performed by suboperation Transfer 2 to 1.
In Fig. 4B the Flow Chart shows that following the
parallel transfer operation, the final shifting of the result
is performed.

If the coefficients stored in both Registers 1 and 2
are zero, the final shifting operation is bypassed and
Register 1 is cleared (by suboperation Reset 1).

Assuming that neither of the coefficients are equal to
zero, both operands are floated, i.e., left-shifted until
DP13 of Registers 1 and 2 contains a non-zero digit.
This procedure is performed by suboperation Float
Operands of Fig. 2.

Following the floating operation, the functions per-
formed by suboperations Add or Subtract are executed.
Returning to Fig. 4B, it is noted that the first function
performed is the equalization of the indices after which
& fixed fifteen-microsecond cycle is executed. During this
fixed cycle, the contents of Registers 1 and 2 are added
together or subtracted one from the other, depending
upon the operational code stored in the Q Field.

At the completion of the fixed cycle wherein a result
is obtained, an inspection is made during the fifteenth
microsecond thereof in order to determine whether or
not a carry occurred from the thirteenth to the four-
teenth highest order position of the result. If the opera-
tion being performed is an addition problem and a carry
occurred, DP1-13 of Registers 1 and 2 are right-shifted
one digit position so as to store the highest order digit
of the result in DP13 of Register 1. Following such a
single shift, the final shifting operation is performed.
However, if the operation was an addition problem
wherein no carry occurred or the operation is a sub-
traction problem where a carry occurred, the final shift-
ing procedure of the result is commenced.

However, under circumstances where a subtraction
problem is being performed and no carry occurred, a
conversion cycle executed by suboperation Convert must
follow the subtraction cycle. During the conversion
cycle, the result stored in Registers 1 and 2 is delivered
through a 9's Complement Generator so as to obtain the
true value of the result. As indicated by Figs. 4A and
4B, _the final shifting of the result follows every con-
version cycle.

During the final shifting operation (performed by
Shift Result), the contents of the P Field is first in-
spected to determine whether a fixed (specified) or a
floated decimal point procedure is to be executed. As-
suming that a floating type of operation is to be per-
formed, an inspection is then made of Index 1 to deter-
mine whether the value thereof is greater than or less
than —30.

If Index 1 is less than —30 (more negative than),
Registers 1 and 2 are right-shifted together (as if they
constituted a single register containing twenty-six digit
positions) until Index 1 is equal to —30.

Similarly, if Index 1 is initially greater than —30
(the digits stored in DP16 and DP15 of Register 1 are
in the range 70-99 or 0-56) Registers 1 and 2 are left-
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shifted together until DP13 of Register 1 does not con-
tain a zero or until Index 1 is equal to —30.

If, when the final shifting operation is commenced
and a floating decimal point operation is being per-
formed, Index 1 equals —30, Registers 1 and 2 are not
shifted.

Assuming that the P Field of the Instruction Register
stipulates that a fixed or specified decimal point pro-
cedure is to be commenced, an inspection is made to de-
termine whether standard arithmetic, i.e., the operational
code is in the range 20-28 or special arithmetic, i.e., the
operational code is 30-39 has been performed. Where
the operational code is 20-28 such that a standard arith-
metic problem has been performed, Registers 1 and 2 are
shifted together in either direction until Index 1 is equal
to the contents of the P Field or until DP13 of Register
1 is equal to a non-zero digit during left shifting. How-
ever, during the execution of a special arithmetic prob-
lem where the operational code is 30-39, Registers 1 and
2 are shifted together in either direction until Index 1
and the P Field contain the same quantity, even if DP13
is equal to a non-zero digit.

After the final shifting of the result is completed an
inspection is made to see if DP1-13 of Register 1 are
blank. If these positions of the register are all blank,
Register 1 is cleared. The clearing operation indicated
by Fig. 4A is performed by suboperation Reset 1 of
Fig. 2. If the coefficient of Register 1 is not blank and
DPi1-13 of Register 2 contains non-zero digits, sub-
operation Round is energized providing the operation
code is in the range 20-28. During the rounding opera-
tion, a binary 1 bit is entered into the lowest bit posi-
tion of DP1 of Register 1 as described previously.

Where the coefficient of Register 1 is not blank, but
the coefficient of Register 2 is blank during an operation
where the operational code is 20-29, or where the op-
erational code is 30-39 and the coefficient of Register 2
is not blank, an inspection of the index is made to de-
termine whether or not the index is proper. This inspec-
tion is also made following the clearing of Register 1
and following a rounding operation as indicated in
Fig. 4A.

If Index 1 is within the range —30 to +30, the index
is proper. However, if the index exists outside of this
range the calculator is caused to stop since an error has
occurred.

Assuming that the index is within the range —30 to
430 (Index 1 is 70-99 or 0-30) the word stored in
Register 2 is subjected to a Word and Digit Check dur-
ing the operation of Terminate. Following the checking
of Register 2, the word stored in Register 1 is entered
in parallel into Register 2, during which time Register
1 receives a Word and Digit Check. Thereafter the
word located in the Instruction Register is subjected to a
Word and Digit Check. Following the checking of each
of the three registers, the contents of DP1-17 of Register
1 is entered into C.R.T. Storage at the address stipulated
by the T Field.

The upper left-hand portion of Fig. 4A constitutes a
flow diagram of the major functions performed by the
calculator when a multiplication problem is being solved.
The first block in the upper left-hand portion of Fig. 4A
relates to the functions performed by suboperations Read
Operand 1 and Read Operand 2 (see Fig. 2) wherein
operands 1 and 2 are respectively read out of CR.T.
Storage and entered into Registers 1 and 2. However,
prior to the operation of suboperation Read Operand
1, the suboperations Operation Control, Read Instruc-
tion and Decode have been operated in sequence. It is
known that a multiplication problem is to be performed
whenever the Q Field contains the code 24, 25, 34 or 35.
The Q Field is inspected during the suboperation cycles
of Decode and Read Operand 2 in order to determine
the arithmetic operation which follows.

In Fig. 44, the read-in function is followed by an in-
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spection of DP1-13 of Registers 1 and 2 in order to
determine if either coefficient is equal to zero, If either
of the coefficients is €qual to zero, Register 1 is cleared
since the result of multiplying a number by zero is equal
to zero. Register 1 then contains the product of the
coefficients of the operands.

Assuming that the coeflicient of neither operand is
Zero, a fixed cycle of ejghteen microseconds takes place
during which time the multiplicand stored in DP1-13
of Register 2 is delivered to the Special Products Gen-
erator. During this time partial products are selected
and summed by the Arithmetic Chain 22 of Fig. 1A. A
second fixed cycle consisting of thirteen microseconds
takes place wherein the multiplier is shifted out of Reg-
ister 1 and the higher order digits of the product are
entered therein.

The multiplication problem is then terminated by in-
specting the twenty-sixth digit of the product in order
to determine whether or not jt is equal to zero. If jt is
equal to zero, the final shifting procedure described
previously is commenced. When the twenty-sixth digit
of the product is not equal to zero, DP1-13 of Registers
1 and 2 are right-shifted one digit position so as to per-
mit the twenty-sixth digit to be entered into DP13 of
Register 1.

Following the single shift, the final shifting of the
result is commenced. The product obtained during the
solution of a multiplication problem experiences the
same final shifting procedure as that described above for
the result obtained during an addition or subtraction
problem.

The functions depicted for a multiplication problem
by Fig, 4A commencing with the first fixed cycle and
ending with the single shift are performed by subopera-
tion Multiply of Fig. 2. As stated previously, the final
shifting operations are performed by suboperation Shift
Result.

Referring to the right-hand portion of Fig. 4B, a Flow
Chart for the solution of a division problem being exe-
cuted by the calculator is illustrated. Here again, the
execution of the division problem is preceded by the
operation of suboperations Operation Control, Read In-
struction, and Decode of Fig. 2. Suboperation Decode
inspects the Q Field and, after determining that it con-
tains the code 26, 27, 36, or 37, causes the suboperation
cycle of Read Operand 1 to be executed. In Fig. 4A,
the uppermost right-hand block corresponds to the func.
tions performed by suboperations Read Operand 1 and
Read Operand 2 wherein seventeen-digit words are read
from C.R.T. Storage and entered into Registers 1 and 2.

The thirteen lowest order positions of Registers 1 and
2 are then subjected to a zero inspection. If both of
the coefficients of Registers 1 and 2 are zero, the cal-
culator is caused to stop.  Also, if the coefficient of Reg-
ister 2 is equal to zero, the calculator is caused to stop
because the divisor is equal to zero. The reason that
the calculator is caused to stop is that a zero divisor is
considered to be an improper operand since a number
divided by zero is equal to infinity and such a problem
cannot be solved by the calculator.

In a case where the coefficient of Register 1 (dividend)
is equal to zero, the division operation is bypassed and
Register 1 is cleared. Register 1 is cleared for the ob-
vious reason that zero divided by a number is equal to
zero.  Thus, the zeros contained in Register 1, after the
clearing thereof, constitute the quotient.

Assuming that neither coefficient is equal to zero, the
coefficients of the operands are left-shifted until DP13
of Registers 1 and 2 contains a non-zero digit. ‘This
floating process is performed by suboperation Float
Operands (Fig. 2).

The initial floating procedure of Fig. 4B is followed
by a thirteen-microsecond period wherein DP1-13 of
Registers 1 and 2 are right-shifted, During this time
the coefficient contained in Register 2 is shifted out of
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the right end of the Register and re-entered into DP13
thereof, and at the same time is applied to the Special
Products Generator. The coefficient right-shifted out of
Complement Gen-

to determine the first quotient,
The right-shifting of both registers is followed by

thereby permitting the first
entered therein,
2 is right-shifted for thirteen microseconds so that the
divisor is applied to the Special Products Generator a
second time. The divisor js also re-entered into Regis-
ter 2 through DP13.

A solution of the division
the execution of twelve cycles of sixteen microseconds
each, simi just executed wherein the first
quotient digit was entered into Register 1.  After the
conclusion of thirteen such quotient cycles, DP13 of
Register 1 is inspected for a non-zero digit, If the high-
est order digit of the quotient is g zero, a fourteenth
quotient cycle must be executed so that a total of thirteen
significant quotient digits are stored in Register 1.

After it has been determined that the highest order
digit of the quotient is not a zero, Register 2 is cleared.
The clearing of Register 2 js performed by suboperation

A division operation in
mitting the final shifting
the quotient obtained,

Reference to Fig. 3A indicates

progress is concluded by per-
operation to properly position

Briefly, a truncating transfer is performed by treating
the number stored in DP1-13 of Register 2 as the thir.
teen lower order digits of a twenty-six digit number
where the index, sign and
digits are stored in Register

the index ang sign, are
read out of Register 1 into CR.T. Storage. Code 39
of Fig. 3A indicates that the words stored in Registers
1 and 2 are obtained from the C.R.T. addresses desig-
and S Fields respectively, of the Instruc-

quence.

Referring to Fig. 4A, the first function indicated in the
Flow Chart for a truncating transfer operation is the
eniry of operands 1 and 2 which are obtajned from
C.R.T. Storage into Registers 1 and 2 respectively. This
operation is followed by an inspection of the coefficients
contained in Registers 1 and 2 to see if either coefficient
is blank, If the coefficient stored in Register 2 is blank,
the final shifting operation is commenced. When the
coefficient contained in Register 1 is blank, the contents
of Register 2 js transferred to Register 1 by a parallel
transfer operation after which Register 2 js cleared. The
reason for this is that the Register which is not blank,
contains the only significant portion of the twenty-six
digit number. The entry of the contents of Register 2
into Register 1 js performed by suboperation Transfer
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2 to 1 of Fig. 2 and the clearing of Register 2 is per-
formed by suboperation Reset 2. After the clearing of
Register 2, the final shifting procedure is placed in op-
eration.

In a situation where poth coefficients are equal to Zero,
Register 1 is cleared as indicated by Fig. 4A.

When neither coefficient is equal to Zzero,
shifting of the result can begin.

A truncating transfer operation is concluded during
the final shifting operation by shifting the thirteen lower
order positions of Registers 1 and 2 according to the in-
dex procedure stipulated by the aumber contained in the
P Field of the Instruction Register. The contents of
the P Field is, of course, part of the ipstruction word
which was entered into the Imstruction Register at the
beginning of the execution of this operation. The final
shifting of the result takes place in the manner described
above.

the final

Section 1—7. Meta arithmetic flow chart

Referring to Fig. 5, a Flow Chart is illustrated which
indicates the functions performed by the calculator dur-
ing the execution of Meta Arithmetic operations. It
was noted hereinbefore that the term “Meta” as used in
this description, refers to an operation wherein all the
digits contained in DP1-16 of a word was subjected to
an arithmetic operation such as addition, subtraction,
shifting, etc.

Referring to Fig. 2, a Meta operation is commenced
with the execution of suboperations Operation Control,
Read Instruction, Decode and Read Operand 1 sequen-
tially. At the time that the instruction word is entered
into the Instruction Register (during the execution of
suboperation Read Instruction), the Q Field may be
examined to determine if a Meta operation is to be per-
formed. The control circuit of suboperation Read Op-
erand 1 examines the Q Field in order to determine if
the code is in the range 60-62, 64-69, or 74-84, in which
case, suboperation Meta Shift is placed in operation.

The functions performed during a Meta shifting oper-
ation are indicated in the left-hand portion of Fig. 5.
The word which is to be subjected to a Meta shifting
operation is read from CR.T. Storage into Register 1
during the execution of suboperation Read Operand 1.
During this suboperation, the contents of the Instruction
Register is entered in parallel into Register 2 only if a
Meta shifting operation is to be performed. The reason
for entering the instruction word into Register 2 is that
the P Field of the instruction word contains information
which stipulates the shifting procedure to be followed.

During the operation of suboperation Meta Shift, the
contents of DP1-16 of Register 1 is shifted to the right
or left until Index 2 (containing the same information as
the P Field) is equal to 00. For example, if Index 2
is initially less than 00, Register 1 is left-shifted until
Tndex 2 is equal to 00. On the other hand, when Index 2
is initially greater than 00, Register 1 is right-shifted
until Index 2 meets the required conditions. It is ap-
parent then that the information contained in the P Field
and present in Register 2 as Index 2 indicates the number
of positions that Register 1 is to be shifted to the right or
left during a Meta shifting operation.

According to Fig. 5, the shifting of Register 1 is fol-
lowed by an inspection of the Q Field. When the Q
Field contains code 62, the final contents of DP1-16 of
Register 1 is rounded by injecting a binary 1 bit into
DP1 of Register 1. This rounding is performed irrespec-
tive of the loss of lower order digits from Register L.
Following the rounding operation DP1-17 of Register 2
is subjected to 2 check by the Word and Digit Checking
circuit 44 of Fig. 1A

Fig. 5 shows that when the Q Field contains a code
other than 62, Register 2 is immediately subjected to a
Word and Digit Check. The checking of Register 2 takes
place during the operation of suboperation Terminate.
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The word contained in Register 1 is then transferred
in parallel to Register 2 during which Register 1 is sub-
jected to a Word and Digit Check. The contents of the
Instruction Register receives the same checks applied to
Registers 1 and 2 and immediately thereafter, the result
contained in Register 1 is read therefrom and entered into
C.R.T. Storage.

The functions performed by the calculator in executing
a Meta Add or Meta Subtraction problem are briefly
‘ndicated in the right-hand portion of Fig. 5. Such an
operation requires that suboperations Operation Control,
Read Instruction, Decode, Read Operand 1 and Read
Operand 2 be operated in sequence (see Fig. 2). During
the operation of Read Operand 2, the Q Field is inspected
for the presence of a code in the range 40-41 or 70-73.
If one of these codes is present, suboperation Meta Add
is then energized.

Referring to Fig. 5, operands 1 and 2 are respectively
read from C.R.T. Storage into Registers 1 and 2 during
the suboperation cycles of suboperations Read Operand
1 and Read Operand 2, respectively. The Flow Chart of
Fig. 5 indicates that after Registers 1 and 2 each contain
o word, a computing cycle of eighteen microseconds dura-
tion is accomplished. During this computing cycle, the
contents of DP1-16 of Registers 1 and 2 can be added
together to produce a sum, OF subtracted one from the
other to produce a difference. The sum or difference
produced is stored in Register 1.

Following the computing cycle, the three registers are
subjected to a Word and Digit Check, the contents of
Register 1 is entered into Register 2, and finally, the word
located in Register 1 is entered into C.R.T. Storage.

Tt must be appreciated that while Figs. 4A, 4B and 5
illustrate the major arithmetic functions performed by the
calculator, they are not definitive in that the calculator
performs RUMErous other operations which will be de-
scribed bereinafter. Examples of such other operations
include program transfers, prinfing operations, magnetic
tape operations, address modifications, etc.

SECTION 2. COMPONENT CIRCUITS

The AND circuit of Figs. 6A and 6B: Referring to
Fig. 6A, a schematic circuit diagram of a diode AND
circuit is illustrated. The diode AND circuit comprises
the input terminals 10A, 10B and 18C, the diodes 11, 12
and 13, the pull-up resistor 14 and the output terminal
16. It will be noted that terminal 10A is connected to
the cathode of diode 11, that terminal 108 is connected
to the cathode of diode 11, that terminal 16B is con-
nected to the cathode of diode 12 and that terminal 10C
is connected to the cathode of diode 13. The anodes of
diodes 11, 12 and 13 are commonly connected at junc-
ture 15. Also connected to juncture 15 is output ter-
minal 16 and one side of pull-up resistor 14. At this
point it is to be appreciated that a greater or lesser num-
ber of diodes can be used. Pull-up resistor 14 has con-
nected to its other end a positive voltage B+. Briefly,
the AND circuit of Fig. 6A functions as follows: if one
or more of the input terminals, namely, 10A, 10B and
10C are DOWN (i.e., at approximately —30 volts) the
juncture 15 and the output terminal 16 are DOWN.
When all of the input terminals are UP simultaneously,
the juncture 15 and the output terminal 16 are up.

Fig. 6B discloses the block diagram hereinafter utilized
to represent the AND circuit of Fig. 6A.

The AND circuit of Figs. 6C and 6D: Fig. 6C repre-
sents an AND circuit including input terminals 194, 19B
and 19C, the diodes 20, 21 and 22, the puil-up resistor
24 and the cathode follower tube 26 and its associated
circuitry. Input terminal 19A is connected to the cathode
of diode 20, input terminal 19B is connected to the
cathode of diode 21 and input terminal 19C is connected
to the cathode of diode 22. It is to be understood that a
greater or lesser number of diodes can be employed. The
anodes of diodes 20, 21 and 22 are connected together to
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one side of pull-up resistor 24 and through parasitic sup-
pressing resistor PS to the grid of triode tube 26. The
other side of pull-up resistor 24 is connected to the plate
of triode 26. It will be noted that the plate of triode 26
is connected through decoupling resistor 27 to a positive
voltage B+ and through capacitor 28 to ground. The
resistor 27 and capacitor 28 together constitute a de-
coupling circuit between the positive voltage B} and the
anode of the cathode follower. The cathode of the
cathode follower tube, namely, triode 26, is connected
through resistors 29 and 30 to the negative terminal of the
B supply. It will be seen that output terminal 31 is con-
nected to the juncture of resistors 29 and 30, resistors
29 and 30 serving as a voltage dividing network which
places the output terminal 31 at the proper potential.
Briefly, the AND circuit of Fig. 6C functions as follows:
if all of the input terminals, namely, 19A, 19B and 19C
are UP simultaneously, then the grid of cathode follower
tube, triode 26, is UP. This renders triode 26 fully con-
ductive and results in output terminal 31 being UP.
When one or more of the input terminals, namely, 19A,
19B and 19C are DOWN, i.e., at approximately —30
volts, the output terminal 31 is DOWN. It will be appre-
ciated that the AND circuit of Fig. 6A and the AND cir-
cuit of Fig. 6C are functionally similar in operation and
can be used interchangeably unless a circuit requirement
dictates the necessity of isolating the input terminals from
the output terminals. The block diagram Fig. 6B and the
block diagram Fig. 6D are distinguishable by the letters
CF which indicates that the AND circuit of Fig. 6D is of
the cathode follower type.

The AND circuit of Figs. 6CA and 6DA: The AND
circuits of Figs. 6CA and 6C are very similar with the
exception that the AND circuit of Fig. 6CA omits resistor
30 and its connection to a negative potential B—. Even
with this difference the AND circuit of Fig. 6CA, where
utilized functions in essentially the same manner as that
of the AND circuit shown in Fig. 6C. The AND circuit
of Fig. 6CA is usually used as one member of a pair
{wherein output terminals 31 of each member are con-
nected in common) of AND circuits wherein the other
member is an AND circuit of the type shown in Fig. 6C.

The OR circuit of Figs. 6E and 6F: Referring to Fig.
6E, a schematic diagram of a simple diode OR circuit is
illustrated. Such a circuit comprises the input terminals
34A, 34B and 34C, the diodes 35, 36 and 37 and the
pull-up resistor 38. Input terminal 34A is connected to
the anode of diode 35, input terminal 34B is connected to
the anode of diode 36, and input terminal 34C is con-
nected to the anode of diode 37. The cathodes of these
diodes are connected together at juncture 39. It is also
to be understood that any number of diodes can be used,
depending upon the number of input terminal desired.
The pull-up resistor is connected between a negative po-
tential B— and juncture 39. Briefly, the OR circuit of
Fig. 6E operates as follows: when one or more of the
input terminals, namely, 34A, 34B and 34C are UP, ie.,
at approximately 435 volts, the juncture 39 and hence the
output terminal 40 are UP, ie., at approximately -}-5
volts. Correspondingly, if all of the input terminals are
DOWN, i.e., at approximately —30 volts, the juncture 39
and the output terminal 40 are DOWN.

Fig. 6F discloses the block diagram hereinafter utilized
to represent the OR circuit of Fig. 6E.

The OR circuit of Figs. 6G and 6H: The OR circuit of
Fig. 6G includes a plurality of input terminals 43A, 43B
and 43C, the diodes 45, 46, and 47, a pull-up resistor 49
and a cathode follower tube, triode 51. Terminal 43A
is connected to the anode of diode 47, terminal 43B is
connected to the anode of diode 46 and terminal 43C
is connected to the anode of diode 45. The cathodes of
diodes 45, 46 and 47 are connected together at juncture
48 which is connected through the parasitic suppressing
resistor PS to the grid of the tube 51. The cathode of
triode 51 is connected through the voltage dividing re-
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sistors 52 and 53 to a negative potential B—, Output
terminal 54 is connected to the juncture of resistors 52
and 53. The plate of triode 51 is connected through
resistor 55 to a positive potential B+ and through a
capacitor 56 to ground. Briefly, the OR circuit of Fig.
6G functions as follows: when one or more of the input
terminals 43A, 43B and 43C are UP, i.e., at approximate-
ly +5 volts, the juncture 48 and consequently the grid
of triode 51 is UP. This results in the cathode follower
tube being fully conductive, causing the output terminal
54 to be UP. Conversely, if all the input terminals are
DOWN the output terminal 54 is DOWN. Once again
it should be appreciated that any number of input ter-
minals and diodes can be used in an OR circuit of the
type shown in Fig. 6G. The OR circuits of Figs. 6E
and 6G are functionally similar and these circuits may be
interchanged unless circuit requirements indicate that
cathode follower tube 51 of Fig. 6G is necessary. Fig.
6H is distinguished from Fig. 6F by the letters CF which
indicates that a cathode follower tube is used therein.

The OR circuit of Figs. 6GA and 6HA: The OR circuit
of Fig. 6GA and of Fig. 6G are very similar with the
exception that the OR circuit of Fig. 6GA omits resistor
53. Even with this difference the OR circuit of Fig. 6GA
functions in essentially the same manner as that of the
OR circuit shown in Fig. 6G. The OR circuit of Fig.
6GA is usually used as one member of a pair (wherein
output terminals 54 are connected in common) of OR
circuits wherein the other member is an OR circuit of
the type shown in Fig. 6G.

The cathode follower circuit of Figs. 61 and 6J: Refer-
ring to the cathode follower circuit of Fig. 61, the input
terminal 58 is connected through the parasitic suppressing
resistor PS to the control grid of the tube 60. The
cathode of the cathode follower tube 68 is connected
through the voltage dividing resistors 61 and 62 to the
terminal B—. The output terminal 63 is connected to
the juncture between the resistors 61 and 62. The anode
of the cathode follower 60 is connected through the de-
coupling circuit 64 to the terminal B4-. If the input ter-
minal 58 is UP or at approximately 45 volts the output
terminal 63 is UP or at approximately 45 volts. Con-
versely, if the input terminal 58 is DOWN or at approxi-
mately —30 volts. Hence, the cathode follower circuit is
a non-inverting circuit operable to produce a positive volt-
age at its output terminal when the input terminal has a
positive voltage applied thereto. The cathode follower
circuit of Fig. 6 is normally used for isolation purposes
or as a current driving unit where a particular signal
source cannot supply the necessary current. Fig. 67 is a
block diagram of the cathode follower circuit of Fig. 6I.

The cathode follower circuit of Figs. 6K and 6L: Fig.
6K shows a modification of the cathode follower circuit
of Fig. 61 wherein the resistor 61 and the decoupling cir-
cuit 64 of Fig. 61 have been removed. The operation
of the cathode follower of Fig. 6K is similar to that
described for Fig. 6. The block diagram used to repre-
sent the circuit of Fig. 6K is shown in Fig. 6L. The
initials CF-1 shown in Fig. 6L are used to distinguish
the circuit from Fig. 6] in which the initials CF are used.

The inverting circuit of the cathode follower type, Figs.
6M and 6N: Fig. 6M illustrates an inverting circuit which
produces a negative voltage pulse at its output terminal
when a positive voltage pulse is applied to the input
terminal thereof, The input terminal 67 is connected
through the parasitic suppressing resistor PS to the grid
of the tube 69L. If the input terminal 67 is UP the
grid of tube 69L is UP, thereby rendering this tube fully
conducting. The anode of tube 69L is connected through
the anode load resistor 70 and the decoupling circuit
71 to the terminal B-4-. The voltage dividing resistors
72 and 73 are connected between the anode of tube 69L
and the terminal B— and direct couple the grid of tube
69R to the anode of tube 69L. A frequency compensating
coupling capacitor 75 is connected in parallel with re-
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sistor 72. If the tube 69L is fully conducting, its anode
is DOWN and the grid of tube 69R is DOWN. This
causes the tube 69R to become less conductive. Since
tube 69R is operating as a cathode follower, the output
terminal 76 connected to its cathode is DOWN. When-
ever the input terminal 67 is DOWN, the inverting tube
69L is cut off causing its anode to be at the B4 po-
tential. The action of the voltage dividing resistors 72
and 73 cause the grid of the cathode follower tube 69R
to be UP so that the output terminal 76 is UP. Fig. 6N
is a block diagram of the circuit of Fig. 6M.

The blocking oscillator of Figs. 6P and 6Q: Referring
to Fig. 6P a conventional blocking oscillator of the
variety disclosed and described in the following reference
is shown: Fig. 6-1, page 207, vol. 19, Wave Forms,
Radiation Laboratory Series, McGraw-Hill, First Edition,
1949. 1In Fig. 6P the tube iR serves as the blocking
oscillator. The tube 8iL serves as a triggering tube.
Briefly, by applying a positive pulse to the input terminal
89, the tube 81L is caused to become fully conducting,
thereby triggering the blocking oscillator circuit so as to
produce a positive pulse at the output terminal 82. For
all practical purposes it is considered that the positive
output signal appearing at terminal 82 occurs at the same
time that the positive input pulse is applied to terminal
80. The purpose of the blocking oscillator is to provide
a large current pulse in response to an application of a
voltage puise at the terminal 89. A block diagram of
the circuit of Fig. 6P is shown in Fig. 6Q.

An alternative embodiment of a blocking oscillator
that may be employed is disclosed in U.S. patent applica-
tion Serial No. 523,664 of Charles R. Borders, filed July
22, 1955,

The delay circuit of Figs. 6R, 65 and 6T: The delay cir-
cuit of Fig. 6R is disclosed and claimed in U.S. Patent
Reissue 23,699, issued August 18, 1953. The curves of
Fig. 65 demonstrate the operation of the circuit shown
in Fig. 6R. In order to facilitate the description, the
time axis (abscissa) is divided into equal time intervals
designated T1, T2, T3, T4, and TS5 respectively. The
length of each of these time intervals is dependent upon
the particular circuit design. As an example, each time
interval may be approximately one micro-second dura-
tion.

Briefly, an input pulse (Fig. 6S) is applied to the input
terminal 154 of the circuit shewn in Fig. 6R during one
preselected time interval and produces an output pulse
(Fig. 63) at the output terminal 356 during the mnext
subsequent time interval. An input pulse may be applied
to the input terminal 154 during the same time interval
(T2, for example) that an output pulse is produced at
the output terminal 186. The fiyback produced by an
input pulse is used to set up the ouiput pulse and the
circuitry is such that there is complete isolation between
the output and input pulses during any given time interval.

A clamping pulse (Fig. 6S) is applied to the terminal
162 to wipe out or remove the information stored after
that information has been utilized.

A dual type tube having two triode sections is employed.
For convenience, the left-hand tube section is referred
to as the tube L and the right-hand tube section is re-
ferred to as the tube R. The anode of tube L is con-
nected through inductance 164 and an anode resistor 165
in paraliel to a — 150 volt terminal 166. The inductance
164 is provided to increase the voltage swing in a posi-
tive direction at the anode of the tube L (Fig. 6S during
T3 and T4) for a preselected time immediately after that
tube is rendered nonconductive.

The diode rectifiers 167 and 168 connected respectively
to the input terminal 154 and terminal 169, and the
resistor connected between the juncture 171 of the diodes
167 and 168 and the 150 volt terminal 166 comprise
a diode AND circuit generally designated as 170a. The
juncture 171 is connected through a parasitic suppressing
resistor PS to the control grid of the tube L.
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The tube R is operated as a cathode follower and is
always conductive when a pulse is present at the output
of the delay circuit. The cathode load resistor 173 is
connected to a —82 volt terminal 174 which is also con-
nected through a resistor 175 and capacitor 176 to the
anode of the tube L. The terminal 162 is connected
through resistor 177 and diode rectifiers 178, 179, and
180, in series, to the —30 volt terminal 181. The juncture
182 is connected between the rectifiers 179 and 180
and between the resistor 175 and the capacitor 176. The
juncture 183 joining the rectifiers 178 and 179 is con-
nected through a parasitic suppressor resistor 184 to the
control grid of the tube R and through a capacitor 185
to ground.

During the time interval T1, in accordance with Fig.
65, an input pulse is not applied to the input terminal 154
and jucture 171 is therefore DOWN so that a positive
voltage is not applied to the contro! grid of the tube L.
During this time interval tube L is non-conductive, tube
R is conductive, but the output terminal 156 connected
to the cathode thereof is DOWN. The voltage at the
anode of tube L is 4150 volts and the capacitor 176 is
charged with 180 volts appearing across it (the left plate
is at 150 voits and the right plate is at —30 volts). The
juncture 182 cannot be appreciably more negative than the
—30 volt terminal 181 without causing the rectifier 180 to
conduct and return the voltage at juncture 182 to essential-
ly that of the terminal 181. It is the conduction of rectifier
180 during the time interval T1 that keeps juncture 182 at
approximately —30 volts. The resistor 175 tends to pre-
vent the voltage at juncture 182 from drifting between
the application of successive clamping pulses.

The juncture 183 is also at —30 volts, so that capaci-
tor 185 is charged with —30 volts on its upper plate
while the lower plate is at 0 volts (ground). Rectifier
179 conducts when capacitor 185 is being charged by
the clamping pulse (Fig. 68) applied to the terminal 162
which attempts to pull the juncture 183 below the —30
volts of terminal 181, Hence, when the clamping pulse
is most negative, the voltage at the control grid of the
tube R is pulled DOWN. Since tube R is a cathode fol-
lower, the voltage at the output terminal 156 is also
pulled DOWN,

This action effects the wiping out of the information
stored after that information has been used. In other
words, the output pulse produced is brought to an end
as shown at the beginning of the time intervals T4 and
T5 (Fig. 6S). When the clamping pulse thus poes nega-
tive, the rectifier 178 is rendered conductive.

During the latter portion of the time interval T2 the
input pulse and synchronous pulse are both positive
simultaneously. The juncture 171 is therefore UP caus-
ing the tube L to become heavily conductive so that the
voltage at its anode decreases rapidly (Fig. 6S). The
capacitor 176 discharges through the tube L. The result-
ing tendency of juncture 182 to acquire the same voltage
as the anode of the tube L is arrested by the conduction
of rectifier 180 and the voltage at this juncture thus re-
mains —30 volts.

Just at the start of time interval T3 both the input
pulse and synchronous pulse go negative and the voltage
at the juncture 171 and control grid of tube L accord-
ingly go DOWN causing tube L to be rendered non-
conductive. As a result, the voltage at the anode of tube
L increases rapidly and actually exceeds 150 volts, be-
cause this anode circuit is less than critically damped
during the flyback time. It is this increased voltage or
flyback which initiates the output pulse. This voltage
is transferred through capacitor 176 to cause the volt-
age at juncture 182 to go UP from —30 volts to approxi-
mately -5 volts. The rectifier 179 then conducts to
cause the juncture 183 and the control grid of tube R to
go UP and the upper plate of capacitor 185 is charged
positive relative to its lower or grounded plate. The
voltage at the output terminal 156 connected to the
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cathode of the tube R follows the control grid thereof
and goes UP to initiate the output pulse during the time
interval T3.

As the voltage at the anode of tube L decreases to
-+150 volts, the voltage at juncture 182 similarly de-
creases. During the latter portion of time interval T3
the voltage at the juncture 182 is again approximately
—30 volts. Both of the terminals 154 and 169 again go
positive as shown by the input and synchronous pulses,
respectively, occurring during the latter part of time in-
terval T3 while the output terminal 156 is still up.

As a result the tube L again becomes heavily con-
ductive and the voltage at its anode decreases, but the
juncture 182 again remains —30 volts because of the
conduction through rectifier 180.

When the clamping pulse goes negative at the start
of time interval T4, conduction through rectifiers 178,
179, and 180 results and juncture 183, as well as juncture
182, is placed at approximately —30 volts. The con-
trol grid of tube R and output terminal 156 therefore
go DOWN and the output pulse (occurring during the
time interval T3 and produced in response to the input
pulse applied during the time interval T2) is terminated.

When the juncture 171 goes DOWN at the start of
time interval T4, the tube L becomes non-conductive and
its anode voltage starts to increase rapidly as described
hereinbefore.

This increased voltage causes the juncture 182 to
go UP, the juncture 183 to go UP, and the output termi-
nal 156 to go UP as indicated by the output puise oc-
curring during time interval T4. The voltage at the
anode of tube L finally settles during the time interval
of TS at a steady value of 4150 volts in accordance with
the dampening effect. If an input pulse were applied
during the time interval T4, the voltage at the anode
of tube L would never reach a steady value of 150
volts. Such is indicated by this anode voltage during the
time interval T3.

Just prior to the anode of tube L reaching a steady
voltage value, the clamping pulse goes negative (time
interval T5). At this time the juncture 182 has again
assumed a voltage value of —30 volts, but the juncture
183 is still UP. When the clamping pulse causes the
terminal 162 to go negative, the rectifiers 178, 179 and
180 are rendered conductive, and the voltage at the junc-
ture 183 goes DOWN to terminate the output pulse at
the beginning of time interval T5.

Hence, the use of flyback makes possible the produc-
tion of an output pulse in one preselected time interval
in response to an input pulse received during the next
prior time interval. Also, the recifier circuitry and a
clamping pulse are employed to effect complete isola-
tion between input and output circuits simultaneously
operable.

“The block used to represent the circuit of Fig. 6R is
shown in Fig. 6T.

" OR-inverter circuit of Figs. 6U and 6V (cathode fol-
lower type): Referring to Fig. 6U an OR-Inverter of the
cathode follower type is shown. This OR-Inverter may
be considered as the combining of an OR circuit gen-
erally of the type shown in Fig. 6E and an inverter cir-
cuit generally of the type shown in Fig. 6M. Input
terminals 34A, 34B and 34C of the OR circuit of Fig. 6E
correspond respectively to input terminals 77A, 77B and
77C of the OR-Inverter circuit of Fig. 6U. Further,
output terminal 40 of the OR circuit of Fig. 6E is direct-
ly connected to the input terminal 67 of the inverter
circuit of Fig. 6M, and the output terminal 78 of the
OR-Inverter circuit of Fig. 6U corresponds to output
teiminal 76 of the inverter circuit of Fig. 6M.

. Now from the prior discussion, the operation of the
OR circuit of Fig. 6E and the inverter circuit of Fig.
6M, it will be apparent that when all of the input termi-
nals, namely, 77A, 77B and 77C of the OR-Inverter cir-
‘cuit of Fig. 6U are each in the DOWN condition that
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the output terminal 78 is UP. Also, when any one or
more of the input terminals, namely, 77A, 77B and 77C
are UP, the output terminal 78 is DOWN. Briefly, the
OR-Inverter circuit of Fig. 6U is essentially what its
name would imply, the combination of an OR circuit and
an inverter circuit.

Throughout the remaining figures of the drawing,
wherever an OR-Inverter circuit of the cathode follower
type is utilized, it will be represented by the block dia-
gram shown in Fig, 6V.

The digit check circuit of Figs. 74 and 7B: Fig. 7TA
discloses a digit check circuit which determines whether
the 4 binary bits representing a decimal value in binary-
decimal notation have a decimal value greater than 9.
The circuit of Fig. 7A also accomplishes the combining
of the 8 bit and 4 bit input terminals to produce a single
electrical output if either the 8 bit or 4 bit are present,
i.e., binary 1 in either or both the 8 or 4 position. It
is desirable (for reasons that will appear more clearly
hereinafter) to have a representation which combines
the inputs of the 4 bit and 8 bit. Further, the 4 bit and
the 8 bit should never be present within a single decimal
position. As will be apparent hereinafter, the circuitry
is such that if an 8 bit and a 4 bit, or an 8 bit and a
2 bit, are present within any single decimal position, an
indication of the error will be given by terminal 93 being
in an UP position. Referring to Fig. 7A the 8, 4 and
2 bits are respectively applied to input terminals 908,
904 and 902. If either the 4 or the 2 bit is present
(i.e., either terminal 904 or 902 is UP) the output ter-
minal 16 of OR circuit 91 is caused to be in the UP
position. It will be seen that the output terminal 16 of
OR circuit 91 is connected to the input terminal 19A
of AND circuit 92. The other input terminal, namely,
19B, of AND circuit 92 is connected to the 8 bit input
terminal of the digit check circuit, namely, terminal 908.
It will be seen that if terminal 908 is UP and either ter-
minal 904 or terminal 902 is also UP, that the output ter-
minal 16 of OR circuit 91 is UP resulting in input ter-
minal 19A of AND circuit 92 being UP. Since terminal
9908 is also UP input terminal 19B of AND circuit 92
is UP resulting in the output terminal 903 of the digit
check circuit being in the UP position and indicating
that a decimal value greater than 9 was impressed on
the input terminals of the digit check circuit. Thus,
whenever an 8§ bit and a 4 bit, or an 8 bit and a 2 bit
are present simultaneously, AND circuit 92 is operating
causing the output terminal 93 to be UP. In this way a
decimal equivalent value greater than 9 is indicated.
However, since a decimal digit expressed in binary-deci-
mal notation cannot have a value greater than 9 an error
in calculation or transmission of data is indicated by
terminal 93 being UP. It will be observed from Fig.
7A that the digit check circuit input terminal 908 is con-
nected to input terminal 43B of OR circuit 94 and that
digit check circuit input terminal 904 is connected to
input terminal 43A of OR circuit 94. Output terminal
54 of OR circuit 94 is connected to digit check circuit
output terminal 95. Thus whenever an 8 bit or a 4 bit
is present {or an error, namely, an 8 bit and a 4 bit
present simultaneously), terminal 95 will be UP, indicat-
ing the presence of either an 8 bit or a 4 bit. Herein-
after the block of Fig. 7B will be used to represent the
digit check circuit of Fig. 7A.

The binary adder of Figs. 7C and 7D: A logical cir-
cuit which effects addition in true binary fashion is illus-
trated in Fig. 7C and is termed a Binary Adder. The
presence of a pulse (terminal being in the UP condition)
at one of the input terminals 110, 111 or 112 indicates
the presence of a binary 1 while the absence of a pulse
thereat indicates a binary 0. To effect addition in true
binary fashion, the output terminals must exhibit a binary
0 sum and a binary 0 carry when no pulse (all input
terminals in DOWN condition) is applied to the input
terminals 110, 111 and 112. A binary 1 sum and a
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binary 0 carry must appear at the output terminals when
an input pulse is applied to only one of the input termi-
nals. A binary 0 sum and a binary 1 carry must appear
at the output terminals when input pulses are applied
to only two of the input terminals, i.e., any two of the
three input terminals being in the UP conditions results
in a binary 0 sum and a binary 1 carry output. Finally,
a binary 1 sum and a binary 1 carry must appear at the
output terminals when pulses are applied simultaneously
to all three input terminals, i.e., all three input terminals
simultaneously in the UP condition. The input terminals
110, 111, 112 of the Binary Adder are respectively con-
nected to the input terminals 19A, 19B and 19C of AND
Circuit 115. The output terminal 31 of AND circuit
115 is connected to the sum output terminal S116 of the
Binary Adder. Output terminal 31 of AND circuit 133
is also connected to the sum output terminal §116 of the
Binary Adder. AND circuit 133 and AND circuit 115
are very similar except that AND circuit 115 has three
inputs whereas AND circuit 133 has two inputs and AND
circuit 133 lacks a cathode resistor as its output terminal
31 is connected to output terminal 31 of AND circuit
115. The connection between terminals 31 of AND cir-
cuits 115 and 133 results in an OR circuit wherein the
respective legs of the OR circuit are AND circuit 133
and AND circuit 115. Thus, if either AND circuit 115
or AND circuit 133 is operated, the sum output terminal
S116 is UP., As will be apparent from Fig. 7C, AND
circuit 115 is operated when input terminals 110, 111
and 112 are all simultaneously UP. The function of
AND circuit 115 is to provide a binary 1 sum output
whenever three separate binary 1's are simultaneously
applied to the input terminals 110, 111 and 112,

When either of the input terminals 110 or 111 is UP,
OR circuit 117 of Fig. 7C is operated so that the output
terminal 40 thereof and the input terminal 19A of AND
circuit 122 are UP. When either of the input terminals
111 or 112 is UP (binary 1 present) the OR circuit 118
is rendered operative and input terminal 19B of AND
circuit 122 is UP. Likewise, when either input terminal
110 or 112 is UP, OR circuit 119 is operated resulting
in input terminal 19C of AND circuit 122 being UP.
In summary, when input terminal 110 is UP, OR circuits
117 and 119 are operated; when input terminal 111 is
UP, OR circuits 117 and 118 are operated; and if input
terminal 112 is UP, OR circuits 118 and 119 are oper-
ated. It will now be apparent that if any two or more
of the input terminals 116, 111 and 112 are simultane-
ously UP, the input terminals 19A, 19B and 19C of
AND circuit 122 will be simultaneously UP. For ex-
ample, if terminals 110 and 111 are UP, the UP condi-
tion of terminal 110 causes OR circuits 117 and 119 to
be operated resulting in terminals 19A and 19C of AND
circuit 122 being UP, whereas the UP condition of ter-
minal 111 causes OR circuits 117 and 118 to be oper-
ated resulting in input terminals 19A and 19B of AND
circuit 122 being UP. Thus, all the input terminals,
namely, 12A, 198 and 19C of AND circuit 122 are UP
at the same time resulting in the output terminal 31 of
AND circuit 122 being UP. The output terminal 31 of
AND circuit 122 is connected to the binary 1 carry out-
put terminal C123 of the Binary Adder. Thus, when
the output terminal 31 of AND circuit 122 is UP, a
binary 1 carry appears at terminal C123. In the Binary
Adder circuit of Fig. 7C the carry output terminal C123
is connected by lead 124 to input terminal 67 of inverter
126. The output terminal 76 of inverter 126 is connected
by lead 129 to the input terminal 19B of AND circuit
133. The occurrence of a binary 1 carry (terminal
C123UP) which results when any two or all three of
input terminals 110, 111 and 112 of the Binary Adder
are simuitaneously UP renders the output of inverter 126
DOWN thereby causing terminal 19B of AND circuit
133 to be DOWN. In summation, the input terminal
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19B of AND circuit 133 is UP only when a binary 1
carry does not occur.

When any one or more of input terminals 110, 111 and
112 are UP, OR circuit 134 operates resulting in input
terminal 19A of AND circuit 133 being UP. From the
immediately preceding discussion, it will be recalled that
terminal 19B of AND circuit 133 is UP when a binary 1
carry is not present. It will be recalled that a binary
1 carry is present only when two or all three of the
input terminals of the Binary Adder are simultaneously
UP. Accordingly, when only one of the input terminals
110, 111, 112 is UP, the input terminais 19A and 19B
of AND circuit 133 are UP resulting in output terminal
$116 of the Binary Adder being UP. Hereinafter the
block of Fig. 7D will be used to represent the Binary
Adder of Fig. 7C.

Binary-decimal adder of Figs. 7E and 7F: The binary-
decimal adder employed herein is shown in Fig. 7E and is
represented by the block shown in Fig. 7F. Actually, the
binary-decimal adder of Fig. 7E is the binary-decimal
adder shown in Fig. 1 of the drawing of (and disclosed
and claimed in) the Byron L. Havens et al. U.S, patent
application, Serial No. 338,122, filed February 20, 1953
with the addition of delay circuits 61, 62, 64 and 68 re-
spectively connected to the 1 bit, 2 bit, 4 bit and 8 bit
output terminals of the Havens et al. adder. The binary-
decimal adder, enclosed within broken line 2A of Fig.
7E of this application, corresponds identically to the bi-
nary-decimal adder of Fig. 1 of the Havens et al. appli-
cation referred to above. Hence, no detailed discussion
of the binary-decimal adder of Fig. 7E of this application
is deemed necessary.

Briefly, the binary-decimal adder of Fig. 7E functions
as follows: input terminals 11 consisting of a 1 bit, a
2 bit, a 4 bit and an 8 bit terminal, and input terminals
12 consisting of a 1 bit, a 2 bit, a 4 bit and an 8 bit
terminal, respectively accept simultaneously a first and
second sum each expressed in binary-decimal notation,
parallel by bit, serial by digit order. With a delay of
one microsecond, output terminals 70, that is, the 1 bit
terminal 70-1, the 2 bit terminal 70-2, and 4 bit termi-
nal 70-4, and the 8 bit terminal 70-8 of the binary-deci-
mal adder, manifest in binary-decimal notation, parallel
by bit, serial by digit order, the sum of the first and
second sums impressed on input terminals 11 and 12.

The binary-decimal adder of Fig. 7E has an inherent
time delay of one microsecond due to delay circuits 61,
62, 64 and 68. This one microsecond delay is included
in the binary-decimal adder of Fig. 7E in order to facili-
tate its use in synchronism with circuitry hereinafter dis-
closed.

In summary: if a first sum is impressed on input termi-
pals 11 simultaneously with a second sum impressed on
input terminals 12, the sum of the first and second sums
will be manifested at output terminals 70 with a delay
of one microsecond.

The binary-decimal adder shown in Fig. 7E is essen-
tially identical with the binary-decimal adder shqwn_ in
Fig. 4 of the Byron L. Havens U.S, patent application
entitled “Product Generator,” Serial No. 470,715, filed
November 23, 1954. L.

Two position switch of Figs. 7G and 7H: The circuit
of the two position switch is disclosed in _Fxg._ 7G. The
two position switch includes two AND circuits each of
the type shown in Fig, 6A and an OR circuit of th_e
cathode follower type shown in Fig. 6G. The two posi-
tion switch can be used in a variety of arraggefnents.
The two position switch finds particular application a8
one component of a latch circuit. One form of _latch cir-
cuit per se will be explained and disclosgd hereinafter.

Now still referring to Fig. 7G, it will be seen that
input ter minals 300A and 301A of the two Posnmn-sthch
are respectively connected to input terminals 1.0A and
10B of AND circuit 307 of the two position_ switch and
that ouf put terminal 16 of AND circuit 307 is connected
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to mput terminal 43A of OR circuit 309 of the two posi-
tion switch, In like manner, input terminals 362A and
303A of the two position switch are respectively con-
nected to input terminals 10A and 10B of AND circuit
308 of the two position switch and output terminal 16
of AND circuit 308 is connected to input terminal 43B
of OR circuit 309 of the two position switch. The output
terminal 54 of OR circuit 369 is connected to the output
terminal 366A of the two position switch.

It will now be appreciated that if input terminals 300A
and 301A of the two position switch of Fig. 7G are simul-
taneously in the UP condition, then the output terminal
16 of AND circuit 307 will be in the UP condition caus-
ing input terminal 43A of OR circuit 309 to be in the
UP condition. When input terminal 43A of OR circuit
309 is in the UP condition, then output terminal 54 of
said OR circuit is in the UP condition as is output termi-
nal 306A of the two position switch. Similarly it will
be apparent that when input terminals 302A and 303A
of the two position switch are simultaneously in the UP
condition, that the output terminal 306A of the two posi-
tion switch will be in the UP condition. It will be ap-
preciated that if only either one of input terminals 300A
and 301A and only either one of input terminals 302A
and 303A are simultaneously in the UP condition, the
output terminal 306A of the two position switch will be
in the DOWN condition, That is, of the four input ter-
minals of the two position switch a selected two input
terminals as contrasted with any two input terminals
must be in the UP condition in order for the output ter-
minal of the two position switch to be in the UP condi-
tion. It will now be apparent that input terminals 300A
and 302A of a two position switch can be utilized as
information inputs and input terminals 301A and 303A
of a two position switch as control inputs. For example,
if a control (UP) pulse is applied to terminal 301A, and
this terminal is in the UP condition, when an information
pulse (UP) is simultaneously applied to terminal 301A
the result will be an output appearing at output terminal
306A. Correspondingly, if a control pulse is applied to
input terminal 303A causing it to be in the UP condition
and an information pulse is applied to input terminal
302A causing it to be in the UP condition (simultaneously
with terminal 303A) then output terminal 306A will
be in the UP condition.

Throughout the remaining figures of the drawing where
a two position switch of the type shown in Fig. 7G is
utilized, it will be represented by the block diagram
shown in Fig. 7H.

3-position switch of Figs. 71 and 7J: A 3-position switch,
illustrated in Fig. 7I, is provided by extending the prin-
ciples of operation utilized in the 2-position switch of
Fig. 7G. 1In the circuit of Fig. 7G, two positions were
provided in the basic legical unit through the use of the
AND circuits 307 and 308. These AND circuits provide
a total of four input terminals, two of which can be
used as information input terminals, and the remaining
two can be used as control terminals. In the case of Fig.
71, a total of six input terminals is provided in a basic
unit through the use of three AND circuits.

A single-pole 3-position switch is provided by utilizing
the input terminals 313A, 315A, and 317A as informa-
tion input terminals. For example, as control terminal
314A is caused to be UP and a signal is applied to input
terminal 313A, AND circuit 321 is operated causing the
input terminal 43A of OR circuit 324 to be UP. Opera-
tion of OR circuit 324 brings output terminal 319A UP.
In a similar manner, if control terminal 316A is UP, the
information applied to terminal 315A will appear at out-
put terminal 319A through the operation of AND cir-
cuit 322 and OR circuit 324. Also if control terminal
318A is UP, and an UP signal is applied to terminal
317A, the AND circuit 323 and OR circuit 324 are op-
erated causing the output terminal 319A to be UP.
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The circuit of Fig. 71 is represented hereinafter by the
vlock diagram of Fig. 7J.

4 pole-1 position switch of Figs. 7K and 7L: Referring
to Fig. 7K inputs in binary-decimal form are applied to
the input terminals 235-1, 235-2, 235-4 and 235-8.
These input terminals are connected respectively to one
input of the two-input AND circuits 2364, 2374, 2384 and
239a, respectively. The outputs of these AND circuits
are connected to the output terminals 237-1, 237-2,
237-4 and 237-8, respectively. The other input of each
of the AND circuits is commonly connected to a control
terminal 238. When the control terminal 238 is UP the
binary-decimal input at the terminals 235 is transferred
through the respective AND circuits to the output ter-
minals 237. When the control terminal 238 is DOWN
the input at terminals 235 is prevented from causing the
output of any AND circuit from going UP. Hence, by
controlling the UP and DOWN condition of the control
terminal 238 the input at the terminals 235 may be passed
to the output terminals 237 or prevented from passing
thereto.

A block diagram of the 4 pole-1 position switch of Fig.
7K is shown in Fig. 7L. This block diagram representa-
tion is used hereinafter. The particular positioning of the
terminals 235-237 and 238 may differ from that shown jn
Fig, 7L.

4 pole-2 position switch of Figs. 7M and 7N: Referring
more particularly to Fig. 7M, the 4 pole-2 position switch
is similar in operation to a mechanical 4 pole-2 position
switch in that four inputs are applied to each of two
groups of input terminals and the input of either may be
applied to a single group of four output terminals., One
group of input terminals includes the terminals 215-1,
215-2, 215-4 and 215-8 to which information in the
binary-decimal system may be applied. The other group
of input terminals includes the terminals 216-1, 216-2,
216-4 and 216-8 to which information in the binary-
decimal system may be applied. The output terminals
217-1, 217-2, 217-4 and 217-8 receive the inputs from
one group of input terminals, i.e., either terminals 215 or
terminals 216, The terminals 215-1 to 215-8 inclusive
are connected to one input of the two-input AND circuits
2184, 2134, 2204 and 221aq, respectively, and the input ter-
minals 216-1 to 216-8 inclusive are connected to one
input of the two-input AND circuits 222a, 2234, 224 and
225a, respectively. The other input terminal of each
AND circuit 218a, 2194, 220a and 221a is connected to
a control terminal 226 and the other input terminal of
each AND circuit 222a, 223a, 224a and 2254 is connected
to a control terminal 227. Control terminals 226 and
227 are never UP simultaneously.

If control terminal 226 is UP the outputs of the AND
circuits 2184, 219a, 2204 and 221g will go UP in re-
sponse to the presence of a binary 1 at the corresponding
input terminal 215. The outputs of AND circuits 218a,
219a, 220a and 221q are connected to one input of the
OR circuits 228, 229, 230 and 231. Hence, if an output
of any of the AND circuits 218a, 2194, 220, and 2214
goes UP the output of the corresponding OR circuit goes
UP, and the output terminal 217 connected to the output
of that OR circuit goes UP. For example, if a binary 1
i§ present at the input terminal 215-2 the output of AND
circujt 219a goes UP, the corresponding input to OR cir-
cuit 229 goes UP, the output of OR circuit 229 goes UP
and the output terminal 217-2 goes UP. In this manner,
the binary-decimal inputs present at the input terminals
215 are transferred to the output terminal 217. Tf the
control terminal 226 is DOWN the input of each of the
AND circuits 2184, 219a, 220q and 22ta corresponding
thereto is DOWN and the inputs applied to the input ter-
mlznals 215 are prevented from reaching the output ter-
minals 217.

If the control terminal 227 is UP the corresponding
input of the AND circuits 2224, 223a, 224q and 225a is
UP. Hence, a binary 1 present at an input terminal 216
causes the output of the corresponding AND circuit to
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go UP. These AND circuits are connected to the other
input of OR circuits 228, 229, 230 and 231, respectively.
Hence, when the output of any of the AND circuits 2224,
223a, 224a and 2254 is UP the input of the corresponding
OR circuits is UP so that the output terminals connected
to the OR circuits go UP. For example, if a binary 1
is present at the input terminal 216-2 the output of AND
circuit 223a goes UP, the corresponding input to OR cir-
cuit 229 goes UP, the output of OR circuit 229 goes UpP
and the output terminal 217 goes UP. In this manner,
information in binary form present at the input terminals
216 is transferred to the output terminals 217. If the
control terminal 227 is DOWN the binary-decimal in-
formation present at the input terminals 216 is prevented
from reaching the output terminals 217.

It is now clear that when control terminal 226 is UP
the switch passes the binary-decimal information at the
input terminals 215 to the output terminals 217 and that
when the control terminal 227 is UP the switch passes
the binary-decimal inputs present at the input terminals
216 to the output terminals 217.

Fig. 7N shows the 4 pole-2 position switch of Fig. TM
in block diagram form. The showing of Fig. 7N will be
used to illustrate the 4 pole-2 position switch hereinafter
except that the particular terminals may be differently
arranged to accommedate the various circuit conditions.

4 pole-9 position coincidence selector switch of Figs.
7P, 70, 7R, 75 and 7T: This selector switch is termed a
4 pole-9 position switch because it functions similar to a
simple 4 pole-9 position mechanically operated switch.
The diagram of the selector switch is realized by placing
Figs. 7P, 7Q, 7R, 7S and 7T as indicated in Fig. 7U.
Inputs are received at the input terminals 161-16% (Fig.
7T) and 131-139 (Fig. 7P) and outputs appear at the
output terminals 195-1, 195-2, 195-4 and 195-8 (Figs.
7Q, 7R, 78 and 7T). The suffix designating each group
of terminals for the respective input terminals 131-139
and the output terminals 195 corresponds to the bit value
which appears at the respective terminal. For example,
input terminal 131-4 and output terminal 1954 each rep-
resent a 4 bit when in the UP condition. In operation one
of the terminals 161-169 being UP indicates the pres-
ence of the decimal digit corresponding thereto. These
terminals correspond to the output terminals 161-169 of
the binary-to-decimal converter of Fig. 7G. The input
terminals 131-139 effect transfer of the multiples 1-9 as
indicated and correspond to cutput terminals of the prod-
ucts generator shown in Fig. 9A.

The selector switch is employed to select any one of
the 9 multiples appearing at the input terminals 131-139
and provide this multiple at the output terminals 195.
The selection of the muitiple is effected by the informa-
tion of the input terminals 161-169. It is understood
from the description of the binary-to-decimal converter
(Fig. 12A) that only one of the terminals 161-169 is UP
at any one time. Hence, for example, if a decimal § is
present at the input terminals 161-169 the terminal 165
will be UP and the remaining terminals will be DOWN.
The selector switch utilizes this condition to permit pas-
sage of the fifth multiple appearing at the input terminals
131-139 and this fifth multiple is presented in binary-
decimal form at the output terminals 195, If a number
representing a multiplicand, for example, is applied to the
input terminals of the products generator of Fig. 9A, the
9 multiples of that multiplicand are produced at the out-
put terminals of the products generator. These output
terminals of the products generator correspond to the
input terminals 131-139 of the selector switch. Hence,
the 9 multiples of the multiplicand are applied to the
input terminals 131-139 of the selector switch. If the
input terminal 165 of the selector switch is UP during the
application of these multiples, the fifth multiple is caused
to appear at the output terminals 195. This fifth multi-
ple is five times the multiplicand and therefore represents
the multiplication of the multiplicand by the multiplier 3.
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Description of the operation of the selector switch
is undertaken by conjoint reference to Figs. 7P, 7Q, 7R,
7S and 7T, Fig. 12A and Table IV, In Table IV below,
the left column indicates the multiples M—9M, the next
column to the right shows these 9 multiples of 3 in the
decimal system, the next column to the right shows the
multiples written in the binary-decimal system and the
extreme right column indicates the terminal numbers 131—
139 at which these respective multiples appear.

TABLE 1V
Multiples Multiples in | Terminal
Multiples | in Decimal | Binary-Decimal | (Fig. 9A,
System System Fig. 7P)
M 3 0000, 0011 131
2M 6 0000, 0110 132
3M 9 0000, 1001 133
4M 12 0001, 0010 134
5M 15 0001, 0101 135
6M 18 0001, 1000 136
™ 21 9010, 0001 137
3M 24 0010, 0100 138
M 27 0016, 0111 139

It is understood from the description of the products
generator of Fig. 9A that the first digit of all multiples
(may for example) appear at the output terminals 131—
139 during the fifth time interval and that the second
digit position of all multiples then will appear at these
terminals in the sixth time interval. In other words, the
four right columns of the multiples in the binary-decimal
system appear during the fifth time interval and the four
left columns appear during the sixth time interval.

Referring more particularly to Fig. 7Q, the AND cir-
cuits 196a-1 to 196a-9 inclusive each correspond to the
multiple indicated by its suffix. These nine AND cir-
cuits are connected to the terminals 131-139 (Fig. 7P)
to receive the 1 bit of the corersponding multiple. The
right input of AND circuits 196a~1 to 1964-9 inclusive
are connected to the input terminals 161-169 respec-
tively (Fig. 7T). The output of AND circuits 196a-1 to
1964-3 inclusive are connected to the inputs of OR cir-
cuits 197, the outputs of AND circuits 196a—4 to 196a-6
inclusive are connected to the inputs of the OR circuit
198, and the outputs of AND circuits 196a-7 to 1964-9
inclusive are connected to the inputs of OR circuit 199.
The outputs of OR circuits 197, 198 and 199 are com-
monly connected to the output terminal 195-1.

If the terminal 165 (Fig. 7T) is UP the right input of
AND circuit 196a-5 is UP. If at the same time the
terminal 135-1 (Fig. 7P) connected to the left input of
AND circuit 1964-5 goes UP, the output of OR circuit
198 goes UP and causes the output terminal 195-1 to go
UP, Such indicates that a binary 1 was present in the
fifth multiple. Since only one of the input terminals 161—
169 may be UP at any one time only the corresponding
one of the AND circuits 196a-1 to 196a-9 can be ren-
dered operative from the terminals 131-139. If a binary
1 is present at the terminals 131-139 corresponding to
the AND circuit having its right input UP then that AND
circuit is rendered conductive, the output of that AND
circuit goes UP, the output of the corresponding OR cir-
cuit goes UP and the output terminal 195 goes UP.

Referring to Fig. 7R, AND circuits 200a-1 to 200a-9
inclusive have their right inputs connected to the cor-
responding one of the terminals 161-169 (Fig. 7T) and
their left inputs connected to the corresponding terminals
131-139. For example, the right terminal of AND cir-
cnit 2004-6 is connected to the terminal 166 and the
left input is connected to the terminal 136-2. Hence,
AND circuits 200a-1 to 2004-9% inclusive accommodate
the 2 bit of the nine multiples. The outputs of AND
circuits 200a—1 to 200a-3 inclusive are connected to the
inputs of OR circuit 201, the outputs of AND circuits
200a-4 to 200a—6 inclusive are connected to the inputs
of OR circuit 202 and the outputs of AND circuits
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200a-7 to 200a-9 inclusive are connected to the inputs
of OR circuit 203. The outputs of OR circuits 201, 202
and 203 are commonly connected to the output termi-
nal 195-2.

Referring to Fig. 78, the right inputs of AND circuits
204a-1 to 204¢-9 inclusive are connected to the corre-
sponding input terminals 161-169 inclusive and the left
input terminals of these AND circuits are connected to
the corresponding 4 bit terminal of the terminals 131-
139 inclusive. The outputs of AND circuits 204a-1 to
2042-3 inclusive are connected to the inputs of OR cir-
cuit 205, the outpuis of AND circuits 204a-4 to 204a-6
inclusive are connected to the inputs of OR circuit 206
and the outputs of AND circuits 204a-7 to 2044-9 in-
clusive are connected to the inputs of OR circuit 207.
The outputs of OR circuits 205, 206 and 207 are com-
monly connected to the output terminal 195-4.

Referring to Fig. 7T, the right inputs of AND circuits
208a-1 to 2084—9 inclusive are connected to the corre-
sponding input terminals 161-169 inclusive and the left
input terminals of these AND circuits are connected to
the corresponding 8 bit terminal of the terminals 131-
139 inclusive.

Assume that 3 (0011) is applied to the input terminals
130 (Fig. 9A). It is seen by reference to the four right
binary columns (Table IV) that the following input ter-
minals (Fig. 7P) are UP during the fifth time interval:
131-1, 131-2 (M); 132-2, 132-4 (2M); 133-1, 133-8
(3M); 134-2 (4M); 135-1, 135-4 (5M); 136-8 (6M);
137-1 (7M); 138-4 (8M); and 139-1, 13%-2, 139-4
(9M). Hence, during the fifth time interval the left
input of each of the following AND circuits is UP:
1964-1, 196a-3, 196a-5, 19647 and 196a-9 of Fig. 7Q;
AND circuits 200g-1, 200a-2, 200a-4 and 200a-9 of
Fig. 7R; AND circuits 204¢-2, 20425, 2044-8 and
2042-9 of Fig. 7S; and AND circuits 208a-3, 20846
of Fig. 7T. If now the multiply gate terminal 180 (Fig.
8G) is UP and 4 (0100) is applied to the input terminals
160 of the binary-to-decimal converter (Fig. 12A) the
input terminal 164 (Fig. 7T) of the selector switch is
UP. This causes the right input terminal of each of
the AND circuits 196a—4, 200a-4, 204a-4 and 2084—4
to be UP. It is noted from the above that of these AND
circuits all the left inputs are DOWN except AND
circuit 200a—-4 which has its left input UP. The output
of OR circuit 202 and terminal 195-2 are thercfore UP
to read out 0010 or 2.

During the sixth time interval the input terminals
134-1, 136-1, 137-2, 138-2 and 139-2 (Fig. 7P) are
UP. It follows that the left input terminals of AND
circuits 196a—4, 196a—6, 200a-7, 20048 and 2004-9 are
UP. Again, the input terminal 164 is UP.

It follows that of the above enumerated AND circuits
only the AND circuit 196a-4 has both inputs UP. As
a result only the output terminal 195-1 is UP during the
sixth time interval. This effects read out of 0001 or 10.
Hence, the fourth multiple of 3 or 12 was read out dur-
ing the fifth and sixth time intervals. This means that
the multiplicand 3 has been multiptied by the multiplier
4 to obtain a product of 12. In a similar manner any
desired multiplicand is multiplied by any desired multi-
plier by forming the muitiples 1-9 inclusive of the multi-
plicand in the products generator, applying those mul-
tiples in binary-decimal form to the AND circuits of
Figs. 7Q, 7R, 7S and 7T, and selecting the multiple cor-
responding in value to the multiplier by employing the
binary-to-decimal converter (Fig. 12A) to render the
proper AND circuits operative to produce the product
at the output terminals 195,

4 pole-4 position switch: From the immediately pre-
ceding discussion of the 4 pole-2 position switch, it will
be readily apparent to those skilled in the art how a
4 pole-4 position switch can be constructed. Briefly,
the following procedure may be followed. Referring
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to Fig. 7M, OR circuits 228 through 231 may be replaced
respectively by OR circuits having four inputs, the first
two inputs of which are respectively connected as shown
in Fig. 7M; namely, the first input of the four OR cir-
cuits are respectively connected to the outputs of AND
circuits 218a through 221a. The second input of the
four OR circuits are respectively connected to the out-
puts of AND circuits 222a through 2254. Then in ad-
dition, a third and fourth group of AND circuits corre-
sponding respectively to the first group of AND circuits
(namely, 218a through 221a) and the second group of
AND circuits (namely, 222a and 225a), as shown in
Fig. 7M, are provided. The third and fourth groups of
AND circuits have their outputs respectively connected
to the third and fourth inputs of the four OR circuits
corresponding to OR circuits 228 through 231. Each
AND circuit of the third group of AND circuits will
have its first input terminal connected to a respective
input terminal of the 4 pole-4 position switch. The sec-
ond input terminal of each AND circuit will be con-
nected to third control terminal. Each AND circuit of
the fourth group will have its first input terminal con-
nected to a respective input terminal of the 4 pole-4 po-
sition switch and each AND circuit will have its second
input terminal connected in common to a four control
terminal.

Thus it is seen that actually a 4 pole-4 position switch
can be arrived at by adding two additional inputs re-
spectively to OR circuits 228 through 231 and having
four groups of AND circuits. Each group of AND cir-
cuits corresponding respectively to the first group, namely,
AND circuits 218a through 221e and correspondingly
connected to a separate group of four input terminals,
a distinct control terminal and a distinct group of four
input terminals respectively of OR circuits 228 through
231.

Multi-pole, multi-position switch: From the preceding
discussions of the 2 position switch, 3 position switch, 4
pole-1 position switch, 4 pole-2 position switch, 4 pole-4
position switch and 4 pole-9 position switch, it will readily
be apparent to those skilled in the art how a 4 pole, 2, 5,
6 . . . n position switch could be constructed by follow-
ing the logic of the afore-recited examples. Thus it is
deemed unnecessary to consider in detail the circuitry of
each and every 4 pole multi-position switch that may be
used hereinafter.

A multi-pole, ie.,, 6 pole, multi-position switch can
also be constructed by following the logical arrangement
set forth in detail hereinabove with respect to the 4 pole-
multi-position switches. The detailed circuit diagram of
any multi-pole multi-position switch in view of the preced-
ing detailed discussion is deemed to be well within the
purview of one skilled in the art.

Octal commutator of Fig. 7V: Referring more particu-
larly to Fig. 7V, the octal commutator includes eight delay
circuits connected in series. The seven junctures connected
to successive delay circuits in the series chain and the out-
put terminal 26 of the last delay circuit in the series chain
(extreme right of Fig. 7V) are connected to output termi-
nals 280287 inclusive. The seven junctures of the delay
circuits are also connected to a seven-input OR circuit 288
whose output terminal is connected to a cathode follower
289. The output of cathode follower 289 is supplied to
an inverter 290 whose output is connected to a cathode
follower 291. The output of cathode follower 291 is con-
nected to the input terminal 24 of the first delay circuit in
the series chain (extreme left of Fig. 7V).

When any one of the seven junctures of the delay cir-
cuits is UP, the output of OR circuit 288 is UP, the out-
put of cathode follower 289 is UP, the output of inverter
290 is DOWN, the output of cathode follower 291 is
DOWN, and the input terminal 24 of the first delay circuit
is DOWN. Hence, no input is applied to the first delay
circuit.

However, if all of the junctures of the delay circuits are
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DOWN the output of OR circuit 288 is DOWN, the output
of cathede follower 289 is DOWN, the output of inverter
290 is UP, the output of cathode follower 291 is UP and
the input terminal 24 of the first delay circuit is UP. This
causes operation of the first delay circuit as described in
connection with Figs. 2 and 2A.

Initially, therefore, when the power is turned on to en-
ergize the commutator the input terminal 24 of the first
delay circuit is UP. This causes operation of the first de-
lay circuit and causes its output terminal 26 and input
terminal 24 of the second delay circuit to go UP. The
input to OR circuit 288 connected to this juncture goes
UP. The output of OR circuit 288 goes UP and the oper-
ation of cathode follower 289 and 291 and inverter 290:as
described above causes the input terminal 24 of the first
delay circuit to go DOWN. The output terminal 280 con-
nected to the juncture of the first and second OR circuits
also goes UP and provides a positive output pulse. The
time of this happening is arbitrarily designated as time
N.O.

During the next time interval the second delay circuit
is rendered operative to cause the juncture of the second
and third delay circuits to go UP, the OR circuit 288 to
again be rendered operative and output terminal 281 to
go UP. At this time N.1 the output terminal 280 which
was UP at time N.0 goes DOWN and the terminal 281
poes UP. In a similar manner output terminal 282 goes
UP at time N.2 and output terminal 281 goes DOWN,
cutput terminal 283 goes UP at N.3 and output terminal
282 goes DOWN.

Finally, at time N.7 the output terminal 287 goes UP,
all inputs to the OR circuit 288 go DOWN to cause the
input terminal 24 of the first delay circuit to go UP. At
this time N.7 an output may be derived from the output
terminal 287.

It is deemed clear from the above that any desired num-
ber of delay circuits may be connected in series instead
of the eight delay circuits shown. For example, four, ten,
eighteen, etc., can be connected in series, as demonstrated
in Fig. 7V, through an OR circuit having a corresponding
number of inputs to the input of the first delay circuit to
establish a free running commutator having a cycle corre-
sponding to the number of delay circuits employed.

During the next time interval the first delay circuit is
rendered operative and causes. the output terminal 280
and the associated input to the OR circuit 288 to go UP
and thereby cause the input to the first delay circuit to
go DOWN.

During successive time intervals an output pulse ap-

pears at the next higher output terminal until the output ;

terminal 287 goes UP and the cycle of commutator oper-
ation is again automatically repeated.

Tt is seen that this commutator is free running and re-
quires no external source-of pulses other than those re-
quired for operation of delay circuits. During each time
interval of an action or regeneration cycle, a single output
pulse is provided. If, for example, a pulse is desired from
time N.0 to time N.1 it may be obtained by connecting
to the output terminal 280 which provides an output pulse
from time N.0 to time N.1 and at no other time. Simi-
larly output terminal 286 provides an output pulse from
time N.6 to time N.7.

Master octal commutator of Fig. 7VA: If it is desired
to provide a plurality of output pulses during each time
interval from N.O-N.7, such may be accomplished by
using the commutator of Fig. 7V as a master commutator.

Referring more particularly to Fig. 7VA, the master
commutator is as shown in Fig. 7V. The output terminal
26 of the last delay circuit in the series chain of the master
commutator is connected to the input terminal 24 of the
first delay circuit (extreme left) of two series chains as in
each of eight delay circuits and termed slave 1 and slave 2,
respectively. The output terminals of slave 1 are desig-
nated 300-307 and produce outputs at times N.O-N.7,
respectively. Similarly, the output terminals of slave 2
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are designated 310-317 and produce outputs at times
N.0-N.7, respectively. The junctures of the delay cir-
cuits of slaves 1 and 2 are not connected to any other cir-
cuitry. These slaves of the master commutator are under
the complete control of the master commutator.

It is seen that an input will not be applied to the first
delay circuit of slaves 1 and 2 until the master com-
mutator has completed one cycle of operation. When
the master commutator does complete one cycle of opera-
tion, the input terminals 24 of the first delay circuit of
slaves 1 and 2 go UP. At this same time the input
terminals 24 of the first delay circuit of the master com-
mutator go UP. During the next time interval the
first delay circuit of the master and slave commutators is
operative. At N.0 of the next cycle the output terminals
280, 300.and 310 go UP to provide three separate pulses
between N.O and M.1 at each of these output, terminals.
The slave commutators are now in synchronism and each
produces an output corresponding to the output of the
master commutator.

It is understood that additional slave commutators
may be connected as slaves 1 and 2 and that slave com-
mutators may also be connected to the output terminals
307 and 317 of slaves 1 and 2, respectively,

If slave commutators are connected in parallel with
the output terminal 307, two cycles of operation of the
master commutator wili be required to synchronize the
slaves so connected with the master.

Digit comparator of Figs. 7X and 7W: Referring to
Fig. 7W, a logical circuit diagram of a digit comparator

ircuit is shown. Briefly, the digit comparator circuit
of Fig. 7W has a first and second group of input terminals,
each group consisting of a 1, 2, 4 and 8 bit termiral and
an equal output terminal and a greater-than output termi-
nal., The comparator circuit will accept in binary-decimal
notation, parallel by bit and serial by digit order, a first
and second input and manifest at its output terminals
whether the first and second inputs are equal, whether
the first input is greater than the second input, or
whether the second input is greater than the first input.

The above functions are accomplished by the circuitry
outlined as follows: OR circuit 368 will only be energized
when the first input is greater tham the second input,
whereas AND circuit 369 will only be energized when
the first input and second input are equal. Thus, when
the digit comparator accepts a first and second input
wherein the second input is greater than the first input,
neither OR circuit 368 nor AND circuit 369 will be
energized. That is, when the second input is greater
than the first input, neither OR circuit 368 nor AND
circuit 369 is energized.

Referring to Fig. 7W, it will be seen that associated
with the 1 bit input terminals of the first and second
group of input terminals are an AND circuit (364), an
OR-Inverter circuit {365), a second AND circuit (366)
and an inverter circuit (367). Corresponding circuitry
is associated with the 2 bit input terminals, the 4 bit
input terminals and the 8 bit input terminals, respec-
tively, of the first and second groups of imput terminals.
Further, from an inspection of the logical circuit diagram
of Fig. 7W, it will be seen that OR circuit 368 and AND
circuit 369 respond to the coincidence circuit means as-
sociated with the respective pairs (i.e., 1, 2, 4 and 8 bit)
of input terminals of the first and second group of input
terminals.

The detailed operation of the digit comparator circuit
will be readily understood from the following examples:

Example No. 1: Assume that the input impressed on
the first group of input terminals 351 is equal to the input
impressed on the second group of input terminals 3590.
More specifically, assume that only the 8 bit input termi-
nals of the first and second group of input terminpals,
respectively, are in the UP condition and all other input
terminals are respectively in the DOWN condition. Then

76. referring to Fig. 7W, the following conditions will be
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seen to exist, namely, inverter circuit 352, AND circuit
353 and OR-Inverter circuit 354 will respectively be
energized, whercas AND circuit 355 will be de-energized.
That is, the input of inverter 352 will be UP, the output
thereof will be DOWN, resulting in one of the inputs of
AND circuit 355 being DOWN and precluding this AND
circuit from being energized. Thus the output of AND
circuit 355, lead 376, will be DOWN. Further, both
inputs of AND circuit 353 will be UP and therefore the
output of said AND circuit will be UP. (It will be ap-
preciated by those skilled in the art that the OR-In-
verter circuit 354 and AND circuit 353 constitute a com-
mon cathode OR circuit. This will be even more ap-
parent by referring back to the detailed circuit diagrams
of the AND (Fig. 6A) and OR-Inverter (Fig. 6U) cir-
cuits supra.) When the output of AND circuit 353 is
UP, lead 372 will be UP. Thus as a result of both 8
bit input terminals being respectively in the UP condi-
tion, lead 372 is UP and lead 376 is DOWN.

The 4 bit input terminals are respectively in the DOWN
condition and result in OR-Inverter circuit 357 having
its output in the UP condition. When the output of said
OR-Inverter circuit is UP, lead 373 is UP. When the 4
bit terminal of the first group of input terminals (namely
input terminal 351-4) is DOWN, AND circuit 356 is
de-energized. Thus its output is DOWN as is lead 377.
Summary: Lead 373 UP, lead 377 DOWN.

When both 2 bit input terminals of the digit comparator
are respectively in the DOWN condition, the output of
OR-Inverter circuit 362 is UP as is lead 374. Also, since
input terminal 351-2 is DOWN, AND circuit 363 is de-
energized and its output lead 378, is DOWN. Summary:
lead 374 UP, lead 378 DOWN.

When both 1 bit input terminals are respectively

DOWN, the output of OR-Inverter circuit 365 is UP, as

is lead 375. Also, since input terminal 351-1 is DOWN
AND circuit 364 is de-energized and lead 379 is DOWN.
Summary: Lead 375 UP, lead 379 DOWN.

From the foregoing detailed explanation, it will now
be seen that under the conditions of this example, that
leads 376, 377, 378 and 379 which respectively constitute
the four inputs to OR circuit 368 are in the DOWN con-
dition. Thus terminal 370 is DOWN. Further, under
the conditions of this example, leads 372, 373, 374
and 375 are respectively UP and these leads constitute the
four inputs to AND circuit 369. Thus the output of AND
circuit 369 is UP manifesting the condition that the first
and second inputs to the digit comparator circuit are
equal. The equal terminal 371 will be UP when the out-
put of AND circuit 369 is UP.

Example No. 2: As a second example explaining the
operation of the digit comparator of Fig. 7W, let it be
assumed that the input impressed on input terminals 351
is greater than the inpwt impressed on input terminals
350. Specifically, let it be assumed that only the 1 and 4
bit terminals of input terminals 351 are respectively in
the UP condition, whereas only the 2 bit terminal of
input terminals 350 is in the UP condition. Then refer-
ring to Fig. 7W, the following conditions will be seen to
exist: terminals 351-1, 351—4 and 350-2 will be respec-
tively in the UP condition. All the remaining terminals
will be in the DOWN condition. Thus viewing AND
circuit 366, it will be appreciated that only one of its
input terminals is UP and thus its output would be
DOWN. Further, OR-Inverter circuit 365 (that is so
connected to AND circuit 366 as to constitute a com-
mon cathode OR circuit) has one of its inputs in the
UP condition, resulting in lead 375 being in the DOWN
condition. It will be appreciated that when lead 375 is
in the DOWN condition AND circuit 369 is precluded
from being energized no matter what the condition, ie.
UP or DOWN, of the remaining three inputs to the AND
circuit.

Now it is to be appreciated that since input terminal
3504 is DOWN, inverter circuit 359 will have its output
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UP and thus one of the inputs of AND circuit 356 will
be UP. Further, since input terminal 351-4 is UP, a
second one of the inputs of AND circuit 356 will be
UP. The third and final input of AND circuit 356 will
be UP as a result of the following conditions; namely,
input terminals 350-8 and 351-8 are respectively in the
DOWN condition; it follows that the output of OR-
Inverter circuit 354 will be UP resulting in lead 372
being in the UP condition; and lead 372 is connected to
the third input of AND circuit 356. Thus AND circuit
356 is energized and its output is in the UP condition.
The output of AND circuit 356 is conveyed via lead 377
to one of the input terminals of OR circuit 368. This
results in OR circuit 368 being energized and its cuput
assuming the UP condition. As pointed out earlier, when
the output of OR circuit 368 is UP, terminal 370 is UP
and manifests the condition that the input impressed on
input terminals 351 is greater than that impressed on input
terminals 350.

Example No. 3: As a third example, let it be assumed
that the input impressed on input terminals 350 is greater
than the input impressed on input terminals 351, 'That
is, let it be assumed that the 1 bit terminal of terminals
350 is in the UP condition and all remaining terminals
are DOWN. Referring to Fig. 7W it will be seen that
when input terminal 350-1 is UP inverter circuit 367
has its output in the DOWN condition and this results
in one of the inputs of AND circuit 364 being DOWN.
Thus AND circuit 364 is precluded from being energized
and its output 379 which constitutes one of the four
inputs to OR circuit 368 will be DOWN. Further, when
input terminal 350-1 is UP and input terminal 351-1 is
DOWN, OR-Inverter circuit 365 will have its output
DOWN and thus lead 375 will be in the DOWN condi-
tion. The DOWN condition of lead 375 precludes AND
circuit 369 from being energized regardless af the condi-
tion of leads 372, 373 and 374. Thus it is seen that
under the conditions of this example, the equal terminal
371 is precluded from assuming the UP condition and
manifesting a false condition as to the equality of the
magnitudes of the first and second inputs of the digit
comparator.

Now referring to Fig. 7W, it will be seen that since
input terminals 351-1, 351-2, 351-4 and 351-8 are re-
spectively DOWN, AND circuits 364, 363, 356 and 35§
will respectively be precluded from being energized under
the conditions of this example since each have at least
one input in the DOWN condition. Further, it will be
noted that the outputs of the afore-recited AND circuits
are respectively connected through leads 376, 377, 378
and 379 to the four input terminals of OR circuit 368.
Since all of these leads are in the DOWN condition, the
four inputs of OR circuit 368 are DOWN as is the output
of said OR circuit and terminal 370, Thus terminal 370
is in the DOWN condition and this, in conjunction with
the fact that terminal 371 is also in the DOWN condi-
tion, indicates that the input impressed on terminals 350
is greater than the input impressed on terminals 351.

The afore-recited three examples, as is obvious to
those skilled in the art, are only three possible conditions
under which the digit comparator circuit will render an
equal or greater than manifestation as to the relative
values of a first and second input. However, it will be
apparent from the afore-recited examples, how the digit
comparator of Fig. 7W will accept a first digit input of
0 through 9 expressed in binary-decimal notation simul-
taneously with the acceptance of a second input of any
digit 0 through 9 expressed in binary-decimal notation,
and render an electrical manifestation as to which digit
is higher (i.e., first or second input) or whether they
are equal.

Hereinafter the digit comparator of Fig. 7W will be
represented by the block shown in Fig, 7X.

Inequality detector of Figs. 7Y and 7Z: Fig. 7Y dis-
closes the logical circuit diagram of an inequality detector.
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The inequality detector has a first group of four input
terminals labelled 290 and including a 1 bit, a 2 bit, a
4 bit and an 8 bit input terminal and a second group of
four input terminals labelled 291 and including a 1 bit,
a 2 bit, a 4 bit and an 8 bit terminal. The inequality
detector has a single output terminal 292 that will be in
the UP condition when an inequality has been detected.
That is, terminal 292 will be UP when the input impressed
on input terminals 290 is greater than the input im-
pressed on input terminals 291, or vice versa.

It will be appreciated that the inequality detector is
symmetrical in the sense that the portion associated with
the 1 bit of input terminals 290 and 291 is, respectively,
essentially identical with the portion of the detector that
is associated with the 2 bit input terminals of terminals
290 and 291; with the portion of the detector that is asso-
ciated with 4 bit input terminals of terminals 290 and
291, and with the portion of the detector that is asseciated
with 8 bit input terminals of terminals 290 and 291.

The inequality detector accepts a first and second input
expressed in binary-decimal notation, parallel by bit,
serial by digit order simultaneously on its first and second
groups of input terminals, namely, 290 and 291.

Referring to Fig. 7Y and appreciating the symmetry
of the inequality detector, it will be apparent to those
skilled in the art that a complete and detained discussion
of the 1 bit portion of the inequality detector is sufficient
in that the 2, 4 and 8 bit portions of the inequality detector
function in essentially the same manner as the 1 bit
portion.

Referring to Fig. 7Y and in particular to the portion of
the inequality detector enclosed by the broken line
labelled “1 Bit Portion,” it will be seen that the 1 bit
input terminal of terminals 290 is connected to one of the
input terminals of AND circuit 293 and also to one of
the input terminals of OR circunit 295, and that the 1 bit
input terminal of input terminals 291 is connected to the
second input terminal of AND circuit 293 and to the
second input terminal of OR circuit 295. The output
of AND circuit 293 is connected to the input of inverter
circuit 284. The output of inverter circuit 294 is con-
nected to a first input terminal of AND circuit 296. The
output of OR circuit 295 is connected to the second input
terminal of AND circuit 296. The output of AND circuit
296 is connected to cutput terminal 292 of the inequality
detector. (As is apparent in Fig. 7Y, the output terminals
of the 2 bit portion, the 4 bit portion, and the 8 bit portion
of the inequality detector are also connected to output
terminal 292 of the inequality detector.)

The 1 bit portion of the inequality detector functions
as follows: Assume that the 1 bit terminal of input ter-
minals 290 and the 1 bit terminal of input terminals 291
are respectively simultaneously in the UP condition.
Then the following conditions exist, namely, both inpui
terminals of OR circuit 295 are UP as is the output ter-
minal of said OR circuit and one of the input terminals
of AND circuit 296. However, both input terminals of
AND circuit 293 are also UP resulting in the output
terminal of said AND circuit being UP and the output
terminal of inverter circuit 294 and the first input of AND
circuit 296 being DOWN. Thus when one input of AND
circuit 296 is UP and the other input of AND circuit 296
is DOWN, the output of said AND circuit will be DOWN
as will output terminal 292 of the inequality detector.
It will now be apparent that when both 1 bit input ter-
minals are simultaneously in the same condition, the out-
put of AND circuit 296 will be DOWN as will output
terminal 292 of the inequality detector providing the 2
bit, the 4 bit or the 8 bit portions of the detector have not
detected an inequality in the input.

Now assume that the inputs simultaneously impressed
on the 2, 4 and 8 bit input terminals, respectively, of input
terminal groups 290 and 291 are equal, whereas the 1 bit
terminal of terminals 290 is in the UP condition and the
1 bit terminal of terminals 291 is in the DOWN condi-
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tion. It will now be apparent that since the 1 bit terminal
of terminals 291 is in the DOWN condition, AND circuit
293 will not be energized (i.e., its output will be DOWN)
and thus the output of inverter circuit 294 will be UP
resulting in the first input of AND circuit 296 also being
UP. As a result of the 1 bit terminal of terminals 290
being in the UP condition, OR circuit 295 will be ener-
gized (i.e., its output UP) resulting in the second input
of AND circuit 296 being in the UP condition. When
the first and second inputs of AND circuit 296 are simul-
taneously in the UP condition, the output of said AND
circuit is in the UP condition as is output terminal 292 of
the inequality detector. Thus it is apparent that when the
two inputs simultaneously impressed upon the inequality
detector are different (unequal), output terminal 292 will
manifest this condition by being in the UP condition.

The 2, 4 and 8 bit portions of the inequality detector
are essentially identical to, and function in the same
manner, as the 1 bit portion explained in detail above.
Thus it will be apparent that an inequality detected by any
one or more portions of the inequality detector will result
in output 292 being in the UP condition. Hereinafter
the block of Fig. 7Z will be used to represent the inequality
detector of Fig. 7Y.

Inequality detectors of Fig. 7Y-1 (tape circuits): The
plurality of interconnected inequality detectors shown in
Fig. 7Y-1 are primarily employed in the tape circuits
which are fully disclosed and claimed in application 17.
The legends appearing on Fig. 7Y-1 will be fully under-
stood when read in conjunction with application 17.

Briefly, the circuit of Fig. 7Y—1 functions as follows:
Whenever inequality detectors 2175 and 2176 (connected
as a common cathode OR circuit) detect an inequality,
terminal 455.01 will go UP one microsecond thereafter.
It will also be appreciated that, since the second input of
OR circuit 2177 is connected to input terminal 045.02,
cutput terminal 455.01 will go UP one microsecond after
said input terminal goes UP. Correspondingly, it will be
seen that when an inequality is detected by any omne or
more of the following inequality detectors, namely 2179,
2180, 2181, and 2182, output terminal 455.02 will go
UP one microsecond thereafter. In like fashion, if an
inequality is detected by one or more of the inequality
detectors 2185, 2186, 2187 or 2188, output terminal
455.03 will go UP one microsecond thereafter.

From the above discussion and a review of the opera-
tion of the inequality detector of Fig. 7Y, it will be ap-
parent that the circuitry of Fig, 7Y-1 is essentially a plu-
rality of inequality detectors connected in groups such
that any one or more of a group will be effective in mani-
festing an inequality, that is, each group of inequality
detectors may be thought of as an OR circuit arrangement.

Plus-and-minus 1 adder of Figs. 84 and 8B: Referring
to Fig. 8A, a logical circuit diagram of a Plus-and-Minus
Adder is shown. Briefly, the Plus-and-Minus 1 Adder
shown in Fig. 8A and hereinafter designated by the block
shown in Fig. 8B has three sets of terminals. Each set
of terminals has a 1 bit, a 2 bit, a 4 bit and an 8 bit
terminal. The set of terminals labelled 450-1 through
450-8 shown in the uppermost portion of Fig. 8A are the
input terminals of the Plus-and-Minus 1 Adder. The set
of terminals appearing in the lower left of Fig. 8A
(bracketed and labelled 473) are the minus one output
terminals. The set of terminals in the lower right of Fig.
8A (bracketed and labelled 472) are the plus one output
terminals,

Briefly, the Plus-and-Minus 1 Adder shown in Fig. 8A
and represented by the block shown in Fig. 88 will accept
a digit input of 0 through 9 expressed in binary-decimal
notation, parallel by bit and render a first output quantity
that is one plus the digit input. This first output quantity
will be manifested by the UP-DOWN condition of the
plus one output terminals and will be expressed in binary-
decimal notation, parallel by bit. The Plus-and-Miniis 1
Adder will also render a second output quantity that is
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one less than the digit input, This second output quantity
will be manifested by the UP-DOWN condition of the
minus one output terminals and be expressed in binary-
decimal notation, parallel by bit.

The Plus-and-Minus 1 Adder shown in Fig. 8A is fully
disclosed and claimed in (IBM Docket 4638) the Byron
L. Havens U.S. patent application, Serial No. 458,909,
entitled “Counting Register,” filed on September 28, 1954,

Millisecond delay circuit of Figs. 8C and 8D: The milli-
second delay circuit shown in Fig. 8C is capable of emit-
ting an UP pulse of 2, 8, 10 or 30 milliseconds duration.
The duration of the output pulse can be selected by
properly positioning switch S;. From Fig. 8C, it will be
seen that the various positions of switch $; that accom-
plish the selecting of an output pulse of different duration
does nothing more than change the resistor value and
thereby the R-C time constant. The millisecond delay
circuit also includes means for increasing the capacitance
and thereby so varying an R-C time constant as to render
output pulses of two-tenths, eight-tenths, one and three
milliseconds.

From the detailed discussion that follows it will be ap-
parent to those skilled in the art that actually a wider
variation in the duration of the output pulse of the milli-
second delay circuit may be obtained (i.e. selected) by
not limiting the choice of R and C to the values incorpo-
rated in the millisecond delay circuit of Fig. 8C.

Referring to Fig. 8C, it will be seen that the millisecond
delay circuit includes three properly interconnected tri-
odes, an input terminal, and two output terminals. Tri-
ode V1A has its plate connected through resistors Rg and
R, to a positive potential of approximately --150 volts,
The cathode of triode V1A is grounded and the grid there-
of is normally biased to cut-off by the potentiometer ar-
rangement including resistors R;; and Rz,  Input termi-
nal 5531 is coupled through capacitor C;, and resistor Ry
to the grid of triode V1A. The plate of triode V1B is
directly connected to the plate of triode V1A, The cath-
ode of triode V1B is grounded. The grid of triode VIB is
connected through resistor R; and resistor Ry to the
plate V3B. The junction point of resistors R; and Rys
is conmected through resistor Ryy to a potential of ap-
proximately —150 volts. A voltage compensating capac-
itor Cyy shunts resistor Ry5. The plate of triode V3B is
connected through resistor Ry, to lead L;. Lead L, con-
nects in common, the common side of switch S;, one
side of resistor Ry, one side of resistor Ry, and the junc-
tion point of resistors Ry and Rg. A voltage compensat-
ing capacitor C; is provided between lead L, and ground.
The other side of resistor Ry is connected to the anode
of diode D, the cathode of diode D, is connected to the
plate of triode V1B. The anode of diode D, is coupled
through parallelly connected capacitors Cyy and Cyy to
lead F;. Lead F, is connected through capacitor Cy; to
lead F,. Lead F; connects in common one end of each
of the following resistors: Ry7, Ry, Rgs and Ry Lead
F, is also connected through resistor Ry to the grid of
triode V3B. The cathode of triode V3B is grounded.
The other ends of resistors Ryq, Ry;, Rye and Ry are re-
spectively connected to terminals Ty, Tg, Tip and Tip:
The first output terminal PI of the millisecond delay cir-
cuit is connected to the cathode of cathode follower tube
ICF. The grid of cathode follower tube ICF is connected
through resistors Rz and Ry4 to the plate of triode V1B.
The junction of resistors R; and Ry, is connected through
resistor R;g to a negative voltage source of approximately
150 volts. A voltage compensating capacitor Cg shunts
resistor Ryy.

The second output terminal PN of the millisecond delay
circuit is connected to the cathode of cathode follower
tube NCF. The grid of cathode follower tube NCF is
connected through resistors R; and Ry to the plate of
triode V3B. The junction of resistors R; and Ry is con-
nected through resistor Ry to a potential of approximate-
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ly 150 volts. A voltage compensating capacitor Cg
shunts resistor Ryg.

Reference is made to the millisecond delay circuit
shown in Fig. 8C and more in particular to the R-C
circuit thereof, namely, resistor R9, capacitors Cy4 and
C,3, the presence or absence of capacitor Cy; and the
presence of one of the resistors of the group of resistors
Riz, Rap, Rye and Ry (By the presence or absence of
capacitor Cy; shunting or non-shunting of said capacitor is
meant.) It will be appreciated that the position of switch
S, will determine which one of the resistors of the afore-
recited group will be included in the R-C circuit determin-
ing the R-C time constant, Now let it be assumed that ca-
pacitor Cy; is present, i.e., is not shunted, then switch S,
when in the following positions, namely, making contact
between lead A and terminal Ty, lead A and terminal Ty,
lead A and terminal Tip, and lead A and terminal T,
will respectively result in the millisecond delay circuit
rendering (respectively in response to an input pulse) out-
put pulses of the following duration: two-tenths of a
millisecond, eight-tenths of a millisecond, one millisecond
and three milliseconds. Now if capacitor Cy; is shunted
then the afore-recited positions of switch S; will respec-
tively result (respectively in response to an input pulse)
in the output puise of the millisecond delay circuit hav-
ing respectively the following durations: 2, 8, 10 and 30
miliiseconds.

Normally the input terminal 5531 of the millisecond
delay circuit is in the DOWN condition and the triode
is cut off since the grid thereof has a potentia] of ap-
proximately negative 17.5 volts impressed thereon. Fur-
ther, with the input terminal 5331 in the DOWN con-
dition, triode V1B is non-conductive whereas triode V3B
is conductive.

Now as a special example of operation of the milli-
second delay circuit let it be assumed that the follow-
ing conditions exist: Leads F; and F, are connected in
common shunting capacitor Cy;. Further, let it be as-
sumed that switch S; is in the position closing the cir-
cuit between lead L; and terminal Ty. Now it will be
apparent that under the above conditions the R-C circuit
of the millisecond delay circuit will consist of resistors
Rg and Ryy, in series with parallelly connected capaci-
tors Cy3 and Cyy. Under the above conditions the milli-
second delay circuit of Figure 7S would render a two
millisecond output pulse in response to an input pulse.

The millisecond delay circuit functions as follows:
When a signal (i.e. UP pulse) is impressed on input
terminal 5531 triode V1A is rendered conductive. With
triode V1A conductive its plate voltage is reduced and
this results from the following circuitry, namely diode
D, resistor Ry, switch 8;, and resistor Ry in the grid
of triode V3B becoming less pusitive and thereby cut-
ting off the conductivity of triode V3B, When triode
V3B is nonconductive its plate potential is raised and
this results through resistors R; and Ry; in the grid of
triode V1B becoming more positive. Tube V3B remains
non-conductive and tube V1B remains conductive so long
ag capacitors Ci3 and Cyy are charged. Capacitors Cyy
and Cyy are connected in parallel and will remain fully
charged so long as triode V1A is conductive. When tri-
ode V1A is no longer conductive, capacitors C;3; and
Cy4 will discharge through resistors Ry; and Ry. The
time constant of this R-C circuit is such that an output
pulse of 2 milliseconds will be obtained from the milli-
second delay circuit in the manner set forth below,

The first output from the millisecond delay circuit of
Fig. 7S is obtained from the plate to the triode V1B
and is impressed via resistors Ry, and Rs, cathode fol-
lower tube ICF and its associated circuitry, on the out-
put terminal PI. The output terminal PI will render,
under the assumed conditions, a 2 millisecond DOWN
pulse.

The second output from the millisecond delay cir-
cuit of Figure 8C is obtained from the plate of triode
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V3B. This output is impressed via resistors Ry; and
R;, cathode follower tube NCF and its associated cir-
cuitry, on output terminal PN. Output terminal PN,
under the assumed conditions, will manifest a 2 milli-
second UP pulse.

As pointed out earlier herein the duration of the delay
of the millisecond delay circuit of Fig. 8C may be varied
ie. in one of a number of arbitrary times, by positioning
switch S; and shunting or floating ieads F; and F,. How-
ever, as will be apparent to those skilled in the art the
mode of operation of the delay circuit is the same under
all of the possible combinations of shunting or floating
leads F,; and F; and positioning switch S,.

Briefly, the delays that may be accomplished by cir-
cuit of Fig, 8C can be catalogued as follows:

Time dura-

tion of de-

lay, milli-
seconds

Position

Leads F F3 of switch S,

Shunted.. e
Do_.... .

Do -

Hereinafter whenever a millisecond delay circuit of
the type shown in detail in Fig. 8C is utilized it will be
represented by a block diagram of Fig. 8D. However,
the block diagram will contain a legend as follows: 1
millisecond delay, the legend within the block diagram
will designate the time delay of the particular delay cir-
cuit represented thereby. For example, assume legend
to be “0.8 Millisecond Delay.” This means that the
delay circuit will have an inherent delay of 0.8 of a
millisecond (leads F; and F, floated, switch S; in its
Ts position). The remaining delays that may be accom-
plished by the delay circuit of Fig. 8C will be designated
by blocks having corresponding legends.

Indicator amplifier of Figs. 8E and 8F: Fig. 8E is a
circuit diagram of the Indicator Amplifier. Referring to
Fig. 8E, it will be seea that: the cathode of triode T
is connected to ground through resistor R;: the plate
of triode T is connected to terminal 820; and the grid
of triode T is connected through resistor R, to terminal
C10.

For purpose of explanation, let it be assumed that a
relay is serially connected between terminal S20 and a
potential of +150 volts. Then it will be apparent that
when a potential of sufficient positive polarity with re-
spect to ground is impressed on terminal C10 that the
relay will be energized and transfer its contacts (not
shown). Conversely, when the potential is impressed
on terminal C10 is negative with respect to ground, the
relay will not be energized. In brief, the Indicator Am-
plifier may be considered as merely a vacoum tube hav-
ing a relay in its plate circuit.

Throughout the remaining figures of the drawing where
an Indicator Amplifier of the type shown in Fig. 8E
is utilized, it will be represented by the block shown
in Fig. 8F.

Clamping and synchronous pulse source of Figs. 8G,
8H and 81: The source for producing these pulses will
be described in connection with the block diagram show-
ings of Figs. 8G and 8H and the idealized waveforms
shown in Fig. 8I. The circuits actually employed are
conventional and do not constitute part of this invention.
The actual details of the individual circuits are therefore
not shown.

The master timing pulse generator (Fig. 8G) com-
prises a one megacycle sine wave oscillator 180, phase
shift device 181 and blocking oscillators 182 and 183.
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The phase shift circuit 181 causes a phase shift of the
output of oscillator 180, so that the positive peak of the
output of the phase shift circuit 181 is one-third of a
microsecond removed in time from the corresponding
positive peak of the output of oscillator 180. This phase
shift is indicated in Fig. 81. The output of the oscillator
180 is applied to blocking oscillator 182 and the output
of phase shift circuit 181 is applied to blocking oscillator
183 to produce the clamp timing pulse and synchronous
(sync) timing pulse, respectively, as shown in Fig. 8L
These pulses are produced in coincidence with the posi-
tive peaks of the corresponding input waveforms. The
clamp timing pulse serves as the input of blocking oscil-
lator 184 to produce a similar pulse of slightly greater
amplitude and the sync timing pulse is applied to block-
ing oscillator 185 to produce a similar pulse of slightly
greater amplitude. The output from blocking oscillators
184 and 185 is supplied to the clamp and sync signal
generator to produce the clamp and sync signals shown
in Fig. 81.

The output of blocking oscillator 184 serves as the
input of blocking oscillators 190 and 191 to produce the
clamp signal and sync end pulse. The sync end pulse
produced by blocking oscillator 191 is supplied to the
pulse stretcher 192 which is energized by the output of
blocking oscillator 185 and de-energized by the sync end
pulse to produce the sync signal (Fig. 81). This sync
signal is then fed to a cathode follower 193. The clamp
signals from blocking oscillator 190 and sync signals
from cathode follower 193 are present at the terminals
CS and SS, respectively (Fig. 8H). The clamp signal
supplies the input to a clamp inverter 194 and the sync
signal provides the input to a sync inverter 195 to pro-
duce the clamp pulse and sync pulse, respectively, at the
outputs of those inverters. The clamp pulse may be
connected to the terminal 62 of a delay circuit such as
shown in Fig. 2B and the sync pulse may be connected
to the terminal 69 thereof. The clamp and sync inverters
are each sufficient to supply approximately five such
delay circuits without overloading. It is to prevent over-
Joading that the blocking oscillators are employed as
shown.

The broken horizontal lines in Figs. 8G and 8H indi-
cate that a repetition of the circuitry shown is omitted.
For example, the output of a single master timing pulse
generator may be connected to six or more blocking
oscillators 184 and to six or more blocking oscillators
185. These blocking oscillators may supply forty clamp
and sync signal generators and these forty clamp and
sync signal generators may supply a total of four hun-
dred clamp inverters and four hundred sync inverters.
Hence, a single master timing pulse generator may be
used to supply clamp and sync pulses to two thousand
delay circuits.

Single pulse generator of Figs. 8M, 8N-I, 8N-2, 8R,
8P and 8Q: Before discussing the novel Single Pulse
Generator of Fig. 8M, it is well to consider the simple
circuit of Fig. 8R capable of sometimes producing a single
pulse of one microsecond duration. The circuit of Fig.
8R consists of an input lead connected serially through a
delay circuit and an inverter circuit to a first input ter-
minal of an AND circuit. The input lead is also con-
nected directly to the second input of said AND circuit.
It will be appreciated by those skilled in the art, that if a
one microsecond pulse is impressed on the input lead,
an output pulse of one microsecond will be impressed on
the output of said AND circuit, i.e., the output lead.
However, assume that the means for selecting a one mi-
crosecond pulse to be impressed on the input lead is a
mechanical switch or relay. In the absence of an ad-
ditional means for synchronizing the mechanical switch
or relay, a marginal pulse may be impressed on the input
lead, a marginal pulse being defined as a pulse lacking
in either magnitude or duration, or both. A marginal
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pulse employed in the circuitry hereinafter disclosed in
detail would result in the circuitry functioning erratically.

The Single Pulse Generator of Fig. 8M eliminates the
possibility of a marginal pulse occurring by employing
the circuitry shown in Figs. 8M and 8P. Two onditions
resulting in marginal pulses, but overcome by the Pulse
Generator of Fig. 8M and the potentiometer switch of
Fig. 8P, are: (1) Referring to Fig. 8R, the input pulse
is not synchronized with the basic timing pulses in the
calculator. This will result in the delay circuit emitting
partial (marginal) pulses that are somewhere between
the UP and DOWN condition and cause mal-functioning
of the circuit which they feed. (2) Mechanical con-
tacts such as switches and relays are prone to bounce,
which in the above circuit, could result in multiple output
pulses. Briefly, the Single Pulse Generator accomplishes
the selecting of a single pulse from a synchronized source
of pulses by unsynchronized means.

How the above two undesirable conditions are over-
come by the circuitry of Figs. 8M and 8P will be apparent
to those skilled in the art from the detailed discussion
that follows.

Referring to Fig. 8M, the logical circuit diagram of the
Single Pulse Generator is shown. The operation of the
Single Pulse Generator is such that a single output pulse
of any desired duration, say one microsecond, may be de-
veloped whenever a sustained input pulse is applied and
regardless of the duration of said input pulse. Two addi-
tional pulses are available in the output, but their duration
is governed by the time interval of two control pulses.
This will be explained in detail hereinafter with reference
to Figs. 8M and 8Q.

Now referring to Fig. 8M, it will be seen that: input
terminal 521 of the Single Pulse Generator is connected
to input terminal 19A of AND circuit 523; and that
input terminal 520 of the Single Pulse Generator is con-
nected to input terminal 19B of AND circuit 523 and to
input terminal 19A of AND circuit 525. Further, it
will be observed, that the output of AND circuits 523
and 525 are commonly connected to the input of delay
circuit 524. The output of delay circuit 524 is connected
to input terminal 19B of AND circuit 525, input terminal
19C of AND circuit 526, and input terminal 10A of
AND circuit 534,

Now still referring to Fig. 8M, it will be seen that
input terminal 522 of the Single Pulse Generator is con-
nected to input terminal 19B of AND circuit 526. The
output of AND circuit 526 is connected to the input of
delay circuit 528. The output of delay circuit 528 is
connected to output terminal 537 and to input terminal
34A of OR circuit 532. Also, it will be seen that: the
output of AND circuit 534 is connected to input terminal
34B of OR circuit 532; the output of OR circuit 532
is connected to the input of delay circuit 535: the output
of delay circuit 5§35 is connected to input terminal 10B
of AND circuit 534, output terminal 533 of the Single
Pulse Generator and to the input of inverter 527; and
the output of inverter 527 is connected to input terminal
19A of AND circuit 526 and to output terminal 536 of
the Single Pulse Generator.

Now referring to Fig. 8Q, a number of voltage wave-
forms are shown. Namely, three input voltage wave-
forms that are used in obtaining three useful output
voltage waveforms. The ordinate of each waveform is
calibrated in microseconds, and a common scale is shown
at the top of Fig. 8Q. The abscissa of each voltage
waveform is expressed in volts positive or negative.
When any of the voltage waveforms shown in Fig. 8Q
is at the higher of its two voltage values it is at approxi-
mately 410 volts and is referred to as being in the UP
condition. Correspondingly, when any of the voltage
waveforms shown in Fig. 8Q is at the lower of its two
voltage values, namely, approximately —35 volts, it is
referred to as being in the DOWN condition.

For purposes of explanation, let it be assumed that
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the voltage waveforms shown in Fig. 8Q and labelled
V520, V521 and V522 are respectively applied to input
terminals 520, 521 and 522 of the Single Pulse Generator.
Then it will be apparent that terminal 520 and thus
19B of AND circuit 5§23 and input terminal 19A of
AND circuit 525 will all be in the UP condition for the
first sixteen microseconds (time interval T, through time
interval T;5) of the arbitrarily chosen twenty micro-
second period shown in Fig. 8Q. Now it will be seen

from voltage waveform 521, that input terminal 521 of -
the Single Pulse Generator and input terminal 19A of -
AND circuit 523 will both be in the UP condition during

the first (Ty), ninth (Tg) and seventeenth (Tyg) time
intervals of the arbitrarily chosen twenty microsecond
period of Fig. 8Q. Further, it will be seen that input
terminal 522 of the Single Pulse Generator and input
terminal 19B of AND circuit 526 are both in the UP
condition during the eighth microsecond (T;) and the
sixteenth microsecond (T;5) of the arbitrarily chosen
twenty microsecond period of Fig. 8Q.

Now it will be apparent that with both input terminals
520 and 521 of the Single Pulse Generator in the UP
condition during the first microsecond, namely T,, that
the output of delay circuit 524 will be in the UP condi-
tion during the second microsecond (T;). When the
output terminal of delay circuit 524 is in the UP condi-
tion then input terminal 19B of AND circuit 525 will be
in the UP condition.
second (T,;) both input terminals of AND circuit 525
are in the UP condition and thus the output terminal of
said AND circuit will be in the UP condition and result
in the input terminal to delay circuit 524 being in the
UP condition. Now as a result of the input terminal of
delay circuit 524 being in the UP condition during time
interval T;, the ouput of delay circuit 524 will be in the
UP condition during the time interval T, as will input
terminal 19B of AND circuit 525. Since terminal 520
remains in the UP condition through time interval T,
the output terminal of delay circuit 524 (that is, the
output of latch 530) will remain in the UP condition
through time interval Tis. Latch 530 is the circuitry
enclosed within the broken line labelled 530. It will be
apparent that the characterizing feature of latch 530
is the feedback of the output of delay circuit 524 to
input terminal 19B of AND circuit 525.

When latch 530 is energized the output terminal of
delay circuit 524 is in the UP condition and this condi-
tion exists from the T, time interval through the T4
time interval (sixteen microseconds). Now referring to
Fig. 8M, it will be seen that when latch 530 is energized,
input terminal 19C of AND circuit 526 and input
terminal 10A of AND circuit 534 are each in the UP
condition. Input terminal 19A of AND circuit 526 is
in the UP condition when inverter 527 is not energized.
At this point in the explanation, assume that inverter
527 is de-energized, i.e., input terminal 19A of AND
circuit 526 in the UP condition. From Fig. 8M, it will
be seen that during time intervals Ty; and T5 respectively,
input terminal 522 of the Single Pulse Generator and
input terminal 19B of AND circuit 526 will each be in
the UP condition. Thus at time interval Ty all three
inputs, namely, 19A, 19B and 19C of AND circuit 526
are in the UP condition resulting in the output of AND
circuit 5§26 and the input of delay circuit 528 being in
the UP condition during this microsecond (T;). Hence,
during time interval Ty the output of delay circnit 528
will be in the UP condition as will input terminal 34A
of OR circuit 532. When either of the input terminals
of OR circuit 532 is in the UP condition, then the input
terminal of delay circuit 535 will be in the UP condition
during the same time interval (i.e., Tg). Thus during
time interval Ty, the output of delay circuit 535 will be
in the UP condition. The input terminal 10B of AND
circuit 534 will also be in the UP condition during time
interval Ty as a result of the feedback connection be-

Thus during the second micro- -
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tween the output of delay circuit 53§ and said input
terminal. Since input terminal 10A of AND circuit
534 is in the UP condition, i.e., latch 530 energized,
the concurrence of input terminals 10A and 10B of AND
circuit 534 each being in the UP condition during time
interval Ty results in the output terminal of said AND
circuit and the input terminal 34B of OR circuit 532
being in the UP condition. Thus the output of OR cir-
cuit 532 and the input of delay circuit 535 will be in the
UP condition during time interval Ty and result in the
output of delay circuit 535 being in the UP condition
during time interval T,;, Now as was pointed out
earlier, the output of delay circuit 535 is fed back to
input terminal 10B of AND circuit 534 and the foregoing
cycle is repeated since latch 531, i.e., the circuitry en-
closed within broken line 531, is energized. Latch 531
will remain energized until input terminal 10A of AND
circuit §34 returns to the DOWN condition. This will
come about at the end of time interval Tig since voltage
waveform 520 is positive through time interval Tys.
Thus- the output of delay circuit 535 will switch from
the UP condition to the DOWN condition at the end of
time interval Tyq.

It will be recalled that the voltage waveform impressed
on terminal 522 resulted in said terminal being in the
UP condition during time intervals T, and Ty5. The
UP condition of terminal 522 during time interval Tq re-
sulted in latch 531 being energized at the beginning of
time -interval Ty, When latch 531 is energized, that is,
the output of delay circuit 535 is in the UP condition,
then output terminal 533 is in the UP condition and out-
put terminal 536 is in the DOWN condition as a result
of inverted circuit 5§27. Now it will be seen that input
terminal 19A of AND circuit 526 is at all times in the
same condition as output terminal 536 of the Single
Pulse Generator. Thus input terminal 19A of AND
circuit 5§26 is in the DOWN condition starting at the
beginning of time interval Ty and through time interval
Tig. Therefore the fact that terminal 522 is in the UP
condition during time interval Ty; does not result in a
second output of a one microsecond pulse at output
terminal §37. In like manner, the fact that input termi-
nal 521 is in the UP condition during time interval Ty
has no effect since latch 530 is energized at this time.
When input terminal 521 is in the UP condition during
time interval Tyg, it has no effect on the Single Pulse
Generator since input terminal 520 is in the DOWN
condition at this time.

To briefly summarize: with input terminals 520, 521
and 522 respectively having impressed on them the
voltage waveforms V520, V521 and V522 shown in
Fig. 8Q, output terminals 537, 533 and 536 will respec-
tively simultaneously have appearing thereon voltage
waveforms V537, V533 and V536.

Referring to Fig. 8P, a potentiometer-switch arrange-
ment is shown which is utilized in conjunction with the
Single Pulse Generator of Fig. 8M. It will be seen that
junctures 541 and 542 of said switch are respectively
connected to input terminal 19B of AND circuit 523 and
input terminal 19A of AND circuit 525 of the Single
Pulse Generator of Fig. 8M. When switch 538 grounds
terminal 538A then junctures 541 and 542 are each in
the DOWN condition. Correspondingly, when switch
538 grounds terminal 538B then junctures 541 and 542
are each in the UP condition. The embodiment of the
Single Pulse Generator employing the switch of Fig. 8P
is represented by the block shown in Fig. 8N-1. It will
be seen that in this embodiment input terminals 521 and
522 of the Single Pulse Generator are connected in com-
mon. Actually, the switch of Fig. 8P may be thought
of as a manual or mechanical (potentiometer) switch,
i.e., a relay operated transfer contact 538 cooperating
with a potentiometer and all connected to input terminal
520 of the Single Pulse Generator of Fig. 8M. If the
switch of Fig. 8P is considered in this manner, then the
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earlier explanation of the operation of the Single Pulse
Generator in conjunction with Fig. 8M is still valid
with the limitation that terminal 538B be grounded from
time interval T, through time interval Tys.

Assume that the Single Pulse Generator is employed
in the embodiment utilizing the potentiometer-switch
of Fig. 8P. This embodiment is represented by the
block of Fig. 8N-1. Further assume that initially termi-
nal 538B is grounded. When terminal 538B is grounded,
input terminal 19A of AND circuit 525 and input termi-
nal 19B of AND circuit 523 are each in the UP condi-
tion. Now assume that two positive pulses (displaced
in time) render commonly connected input terminals 521
and 522 of the Single Pulse Generator UP for two (dis-
placed in time) short time intervals. Then, as explained
earlier, one microsecond after the second positive pulse
an output pulse will appear at output terminal 537 of
the Single Pulse Generator.

When latches 530 and 531 are energized, the output
terminal of inverter 527 is DOWN resulting in input
terminal 19A of AND circuit 526 being DOWN. Thus,
once latches 520 and 531 are energized, the impressing of
a third and subsequent positive pulses on input terminals
521 and 522 of the Single Pulse Generator will not re-
sult in an output pulse at output terminal 537. Accord-
ingly, the circuit is referred to as a Single Pulse Gen-
erator.

Now assume that transfer contact 538 is transferred
for a short interval of time and grounds terminal 538A.
This will result in de-energizing latches 530 and 531.
Now when transfer contact 538 is returned to its alternate
position (namely, the grounding of contact 538B), the
second positive pulse thereafter, resulting in input termi-
nals §21 and 522 assuming respectively the UP condi-
tion, will result one microsecond later in a single output
pulse appearing at terminal 537 of the Single Pulse
Generator. The succeeding positive pulses appearing on
terminals 521 and 522 will not result in output pulses
at terminal §37 as long as there is no interruption in the
energization of the latches 530 and 531. The imme-
diately preceding description of the Single Pulse Gen-
erator is very similar to the embodiment that is herein-
after employed.

Examples of particular timing arrangements wherein
the Single Pulse Generator finds utility in the calculator
are disclosed hereinafter:

The Single Pulse Generator of Fig. 8M, together
with the potentiometer switch of Fig. 8P may be used in
many different timing arrangements and circuit modi-
fications. Certain of these timing arrangements and
modifications will be clearly set forth in the following
examples:

Example No. 1: Referring to Fig. 8T, a plurality of
voltage waveforms are disclosed. Further, let it be as-
sumed that the Single Pulse Generator of Fig. 8M is
utilized in conjunction with the potentiometer switch of
Fig. 8P. Now referring to waveform V520 of Fig. 8T,
it will be seen that during the eighth microsecond, relay
contact 538B is grounded (1he transfer contact 538 shown
in Fig. 8P is controlled by a relay and external circuitry
unnecessary for the immediate discussion). As will be
recalled from the preceding detailed discussion of the
Single Pulse Generator, when terminal 538B is grounded,
input terminal 19B of AND circuit 523 is UP as is input
terminal 19A of AND circuit 525. Referring to Fig.
8T, and in particular to voltage waveform 521, it will
be seen that an N.3 pulse pulse is applied during every
octal cycle on terminal 521. Thus at N1.3 time both
inputs of AND circuit 523 are respectively in the UP
condition. This results in the output of AND circuit 523
and the input of delay circuit 524 being UP during N1.3
time. Thus the output of delay circuit 524 and input
19B of AND circuit 525 will be UP commencing
with N1.4 time. Since input 19A of AND circuit 525
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is UP, latch 530 will be energized as a result of the
output of delay circuit 524 being UP.

Latch 530 is energized and thus input terminal 10A
of AND circuit 534 is UP, at N1.4 time. However, latch
531 will not become energized since input terminal 10B
of AND circuit 534 is DOWN. Latch 530 being ener-
gized also results in input terminal 19C of AND circuit
526 being UP. Further, since latch 531 is de-energized,
the input of inverter 527 is DOWN, whereas the output
of said inverter and thus input terminal 19A of AND
circuit 526 are UP, Now referring to Fig. 8T, it will
be seen that during N1.4 time to N2.3 time, the follow-
ing conditions exist: latch 530 is energized; latch 531 is
de-energized; and input terminals 19A and 19C of AND
circuit 526 are respectively in the UP condition.

At N2.3 time a one microsecond pulse is impressed
on input terminal 522. This particular UP pulse shown
merely by way of example in waveform V522 as occur-
ring at N2.3 time occurs only once during fifty octal cy-
cles; i.e., four hundred microseconds. Under the con-
ditions of this example, this UP pulse occurs once during
400 microseconds at N.3 time of one of the octal cycles.
Thus at N2.3 time, all three input terminals of AND
circuit 526 are simultaneously in the UP condition. This
will result in the output of delay circuit 528 being UP
during N2.4 time. Further, the output of delay circuit
528 being UP during N2.4 time results through the me-
dium of OR circuit 532 and delay circuit 535 in input
terminal 10B of AND circuit 534 being UP commencing
with N2.5 time. Now taking cognizance of the fact that
latch 530 is energized, it will be appreciated that both
jnputs of AND circuit 534 are UP and hence latch 531
is energized commencing at N2.5 time. Thus it will be
seen that output terminal 533 will go UP at N2.5 time.
In like manner, since the input of inverter 527 goes UP
at N2.5 time, output terminal 536 goes DOWN at N2.5
time. When the output of inverter 527 is DOWN, AND
circuit 526 is precluded from being energized in that
its input terminal 19A is DOWN. This insures the fact
that only a single one microsecond output pulse will ap-
pear at output terminal 537; i.e., waveform V537 of Fig.
8T.

1t will be appreciated that the timing in Example No. 1
is chosen for purposes of explanation as is the timing in
the examples that follow. The utility of the Single Pulse
Gernerator of Figs. 8M and 8P is not limited to any
particular timing arrangement.

Example No. 2: Under the conditions of this example,
assume that the Single Pulse Generator is utilized in the
form shown in Fig. 8M; namely, three input terminals,
520, 521 and 522 and three output terminals, 533, 536
and 537. Further, let it be assumed that the voltage
waveforms, essentially of the type shown in Fig. 8U, are
respectively impressed on the input terminals. That is,
input terminal 520 goes UP during the second micro-
second of the arbitrarily chosen time scale shown in
Fig. 8U and input terminals 521 and 522 each have an
N.4 pulse impressed thereon during each octal cycle.

Latch 530 will be energized at approximately N.5 time
due to the following sequence of events: terminal 520
going UP at approximately N.15 time and remaining
UP throughout the remaining portion of the arbitrarily
chosen time cycle of Fig. 8U; and terminal 521 going UP
at N.4 time.

A single pulse of one microsecond duration will ap-
pear at output terminal 537 as a result of the following
conditions and events: latch 530 is energized resulting
in input terminal 19C of AND circuit 526 being in the
UP condition; latch 531 is de-energized resulting in input
terminal 19A of AND circuit 526 being UP; terminal
522 going UP for one microsecond at N1.4 time; and
the input of delay circuit 528 being UP during N1.4 time.

Latch 531 will be energized at N1.6 time, output ter-
minal 536 will go DOWN at N1.6 time, and output
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terminal 533 will go UP at N1.6 time as a result of the
following conditions and sequence of events: the output
of delay circuit 528 being UP at N1.5 time results
through the medium of OR circuit 532 and delay circuit
535 in AND circuit 534 being energized. The output of
delay circuit 535 being UP commencing at N1.6 time
results in inverter 527 being energized and its output
assuming the DOWN condition at N1.6 time. Thus input
terminal 19A of AND circuit 526 and output terminal
536 of the Single Pulse Generator are respectively in
the DOWN condition commencing at N1.6 time, and
the output terminal 533 is UP commencing at N1.6 time.

Thus it is seen that under the conditions of Example
No. 2, said conditions being taken from an application
of the Single Pulse Generator in the calculator herein-
after discussed in detail, a single one microsecond pulse
will be emitted at N1.5 time (Fig. 8U). That is N.5
time of the octal cycle following the octal cycle during
which input terminal 520 assumes the UP condition piror
to N.4 time.

Example No. 3: Under the conditions of this example,
the Single Pulse Generator of Fig. 8M includes the po-
tentiometer switch of Fig. 8P. Let it be assumed that
relay contact 538B is closed during the third micro-
second, ie., N2 to N3 time, and that during every
octal cycle a N.4 pulse is impressed respectively on input
terminals 521 and 522. Then in view of the preceding
examples, it will be apparent that the following condi-
tions occur: latch 530 is energized at N.5 time; AND
circuit 526 is energized for one microsecond, namely,
during N1.4 time; a single one microsecond pulse appears
at output terminal 537 during N1.5 time; latch 531 is
energized at N1.6 time; output terminal 536 assumes
the DOWN condition at N1.6 time; and output terminal
533 assumes the UP condition at N1.6 time.

Example No. 4: Under the conditions of this example,
the Single Pulse Generator of Fig. 8M utilizes the poten-
tiometer switch of Fig. 8P, Let it be assumed that at
approximately N.4 time relay contact 538B closes.
Further, let it be assumed that during every octal cycle
a N.0 pulse is impressed respectively on input terminals
521 and 522. Then in view of the preceding examples,
it will be apparent that the following conditions occur:
latch 530 is energized commencing at N1.1 time; AND
circuit 526 will be energized at N2.0 time; a single output
pulse of one microsecond duration will appear at output
terminal 537 at N2.1 time; latch 531 will be energized
at N2.2 time; output terminal 533 will assume the 18)
condition at N2.2 time; and output terminal 536 will
assume the DOWN condition at N2.2 time.

Modified single pulse generator of Figs. 8J, 8K and 8X

Example No. 5: Under the conditions of this example,
a Modified Single Pulse Generator, the logical circuit of
which is shown in Fig. 8], is employed. From an inspec-
tion of Fig. 8J, it will be scen that the Modified Single
Pulse Generator employs a Single Pulse Generator gener-
ally of the type shown in Fig. 8M with the addition of
inverter circuits 547, 549 and OR circuits 548, 550.

Tt will be noted that latches 530 and 531 of the
Modified Single Pulse Generator have an OR circuit S50
interconnected between them in the following manner.
One input terminal of the OR circuit is connected to the
output of latch 530 and the output of OR circuit 550 is
connected to one input terminal of latch circuit 5§31.
The other input terminal of OR circuit 550 is connected
to the output of inverter 549. Input terminal 546 of the
Modified Single Pulse Generator is directly connected to
terminal 522 and to the input of inverter circnit 549.
Input terminal 544 of the Modified Single Pulse Generator
is directly connected to the input of inverter circuit 547
and to terminal 521. Input terminal 545 of the Modified
Single Pulse Generator is connected to input terminal
19B of AND circuit 523 and to one of the input terminals
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of OR circuit 548. The output of inverter 547 is con-
nected to the other input of OR circuit 548. The output
of inverter 547 is connected to the other input of OR
circuit 548. The output of OR circuit 548 is connected
to one input terminal of latch 530. Tt will be noted that
the three output terminals 537, 536 and 533 are connected
in the same manner as the correspondingly labelied output
terminals of the Single Pulse Generator of Fig. 8M. Thus
the modified Single Pulse Generator may be considered as
nothing more than the Single Pulse Generator of Fig. 8M
with additional coincidence circuit means for accomplish-
ing a variation in timing.

Now for purposes of explanation, let it be assumed
that impressed on input terminal 544 is a N.4 pulse,
ie., said terminal! will be UP during N.4 time of every
octal cycle, that input terminal 545 is controlled by a
relay (not shown) whose contact when closed will place
said terminal in the UP condition and that input terminal
546 has an N.3 pulse impressed upon it, i.e,, is UP during
N.3 time of every octal cycle.

Now referring to Fig. 8X, the voltage waveforms
impressed on the three input terminals of the Modified
Single Pulse Generator are shown. For purposes of
explanation, the waveform impressed on input terminal
545, i.e., controlled by a relay contact, is assumed to go
UP at N1.05 time. Now considering that latches 530
and 531 are initially de-energized, then it will be apparent
that during N.0, N.1 and N.2 time no change in the condi-
tion of the Modified Single Pulse Generator oceurs.
Now during N.3 time, terminal 546 will go UP. This
will result in terminal 522 and one of the input terminals
of AND circuit 526 going UP. However, since latch 530
is de-energized, one input terminal of AND circuit 526
will be DOWN precluding said AND circuit from being
energized by the N.3 pulse. Further, the N.3 pulse im-
pressed upon input terminal 546 will result in the output
of inverter circuit 549 being DOWN during N.3 time
and since latch 5§30 is deenergized both input terminals
of OR circuit 550 will be DOWN during N.3 time.
The output of OR circuit 550, DOWN during N.3 time,
is impressed on one input terminal of de-energized latch
531. Thus it is seen that the N.3 pulse does not change
the condition of the Modified Single Pulse Generator.

Now considering the N.4 pulse impressed on input
terminal 544. The N.4 pulse is impressed on one input
terminal of AND circuit 523. However. the second input
of said AND circuit is connected to input terminal 545
which is DOWN during N.4 time. Thus AND circuit 523
is precluded from being energized. The N.4 pulse is also
impressed on the input of inverter circuit 547. Thus the
output of inverter circuit 547 and one input of OR cir-
cuit 548 is DOWN during N.4 time. The other input
of OR circuit 548 is DOWN since it is connected to input
terminal 545. Thus the output of OR circuit 548 and
one input terminal of latch 530 is DOWN during N.4
time. It will now be apparent that the N.4 pulse has
no effect on the condition of the modified Single Pulse
Generator.

From N.5 time through N1.05 time, all three input
terminals of the Modified Single Pulse Generator are in
the DOWN condition. Hence no change in condition
takes place. At approximately N1.05 time, a relay (not
shown) is energized and a contact connected to input
terminal 545 is made resulting in input terminal 545
assuming the UP condition. When input terminal 545
is UP, one terminal of AND circuit 523 is UP and the
output of OR circuit 548 will be UP resulting in one input
terminal of latch 539 being UP. However, since one
input terminal of AND circuit 523 is DOWN, said AND
circuit will not be energized at N1.05 time, Thus the
Modified Single Pulse Generator does not change its
condition during N1.05 to NI1.3 time. Further the
Modified Single Pulse Generator does not change its con-
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dition during N1.3 time since latch 530 is still de-
energized,

At N1.4 time input terminals 544 and 545 are respec-
tively in the UP condition. Thus AND circuit 523 will
be energized as will latch 530 at N1.5 time. Latch 53¢
will remain energized since both of the input terminals
of AND circuit 525 will remain UP. From N1.5 time
to N2.3 time, latch circuit 530 will remain energized but
the Modified Single Pulse Generator will not change ite
condition.

At N2.3 time all three input terminals of AND circuit
§26 will be UP. Thus during N2.4 time a single pulse
will appear at output terminal §37. Further, at N2.5
time, latch 531 will be energized. Hence at N2.5 time,
output terminal 533 will go UP and output terminal 536
will go DOWN.,

Now for the duration of input terminal 545 being in the
UP condition, output terminal 533 will be UP and output
terminal 536 will be DOWN and only the single pulse
emitted at N2.4 time will appear at output terminal 537.

Merely to complete the explanation, let it be assumed
that at approximately N5.0 time, input terminal 545
goes DOWN (ie., the Telay contact controlling said ter-
minal opens). Latch 530 wil] remain energized to N5.4
time when input terminal 544 goes UP resulting in the
output of inverter circuit 547 going DOWN. When the
output terminal of inverter circuit 547 and input terminal
545 are respectively DOWN, then the input terminal of
latch 530 connected to the output of OR circuit 548 will
be DOWN. This condition will first occur at N5.4
time and will result in latch 530 being de-energized and
the output of said latch going DOWN at N5.5 time. Now
at N5.5 time, one input of OR circuit 550 will be DOWN
but the other input of said OR circuit which is connected
to the output of inverter 549 will be UP. Thus the output
of OR circuit 550 will be UP and latch 531 will re-
main energized unti! both inputs of OR circuit 550 go
DOWN. At N6.3 time both inputs, and thus the output
of OR circuit 550, will g0 DOWN for one microsecond.
This will result in one input terminal of latch 531 going
DOWN and de-energizing latch 531,

Now it will be apparent that with Jatches 530 and 531
being de-energized, that the Modified Single Pulse Gen-
erator is once again reset and under control of the relay
contact connected to input terminal 548.

Hereinafter the Modified Single Pulse Generator of
Fig. 87 will be represented by the block shown in Fig. 8K.

The larch circuir of Fig. 8L: Fig, 8L discloses a latch
circuit generally of the type utilized hereinafter. (Many
variations of the latch circuit of Fig. 8L will be readily
apparent to those skilled in art after the following de-
tailed discussion.) The latch circuit of Fig. 7W em-
ploys a two position switch 310 (Fig. 7G) and g delay
circuit 410. The input terminals 300A_ 301A, 302A and
303A of the two position switch constitute the input ter-
minals of the latch circuit and the output terminal 156
of delay circuit 410 constitutes the output terminal of the
latch circuit. From Fig. 8L it will be seen that output
terminal 306A of two position switch 310 is directly con-
nected to input terminal 154 of delay circuit 410 and
that output terminal 156 of delay circuit 410 is con-
nected via feedback lead FRB to input terminal 303A of
two position switch 318,

Now for purposes of explanation, let certain conditions
be assumed to exist on input terminals 300A, 301A, 302A
and 303A; that is, terminals 300A, 301A, and 363A are
respectively in the DOWN condition and terminal 302A
in the UP condition. Now assume that during a time
interval T a control pulse is impressed on terminal 300A
resulting in said terminal being in the UP condition. Now
with terminals 300A and 302A respectively in the UP
condition, and terminals 361A and 303A respectively in
the DOWN condition, the two position switch 310 will
remain unenergized. However, assume that within the
time interval T an information pulse is applied to input
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terminal 301A resulting in this terminal assuming the
UP condition. Then with terminals 300A and 301A
simultaneously in the UP condition, output terminal
306A. of two position switch 310 will assume the UP
condition (for the duration of the concurrence of termi-
nals 300A and 301A being in the UP condition). The
pulse appearing at output terminal 306A of the two posi-
tion switch and at input terminal 154 of delay circuit 410,
will result in a corresponding pulse appearing one micro-
second later at output terminal 156 of delay circuit 410.
The pulse appearing at the output terminal 156 of delay
circuit 410 is conveyed via feedback lead FB to input
terminal 303A of two position switch 310, This pulse
will result in input terminal 303A being in the UP con-
dition simultaneously with input terminal 302A and hence
output terminal 306A of the two position switch will be
UP. At this point it is seen that the cycle will repeat
since the feedback lead remains unbroken and input ter-
minal 302A remains in the UP condition. With the cycle
repeating as explained above, the latch circuit will be
referred to as being latched or energized. It must be
appreciated that although all of the latch circuits utilized
hereinafter are not exactly of the type shown in Fig. 8L
yet generally, they all function in a manner similar to that
of the latch shown in Fig. 8L.

It will now be appreciated that when the latch cir-
cuit of Fig. 8L is energized, latched or in the UP condi-
tion, output terminal 156 of the latch circuit (i.e., output
terminal 156 of delay circuit 410) will be in the UP con-
dition. Correspondingly, it will be appreciated that with
the latch circuit of Fig. 8L in the de-energized, unlatched
or DOWN condition, output terminal 156 of the latch cir-
cuit (i.e., output terminal 156 of delay circuit 410) will
be in the DOWN condition. Further, it will be noted that
in order to latch the latch circuit of Fig. 8L input terminals
302A and 303A of the two position switch 310 must be
simultaneously in the UP condition. ‘This may be ac-
complished by initially placing positive potentials of suf-
ficient magnitude simultaneously on input terminals 300A
and 301A of the two position switch 310.

The modulo 4 checking circuit of Fig. 85: The check-
ing circuit represented by a block in Fig. 85 is fully dis-
closed and claimed in (IBM Docket 4474), U.S. patent
application Serial No. 434,548 of W. J. Deerhake et al.
filed on June 4, 1954 and entitled “Checking Circuit.”
The checking circuit represented by the block shown in
Fig. 8S will hereinafter be referred to as the Modulo 4
checking circuit. The Modulo 4 checking circuit has
sixty-six input terminals, one corresponding to each of
the data lines. The sixty-six input terminals of the
Modulo 4 checking circuit are respectively connected to
the sixty-six data lines. Referring to Fig. 8S, it will be
seen that only a portion of the sixty-six input terminals
corresponding to the sixty-six data lines is shown, The
Modulo 4 checking circuit has two output terminals
labelled B523 and E620. Output terminal E523 is 2
greater-than-9 check failure terminal, that is, it will be
in the UP condition for a one microsecond interval, after
the Modulo 4 checking circuit detects a greater-than-9
error. A greater-than-9 error may briefly be defined as
the existence of a decimal value greater than 9 within any
one of the sixteen decimal positions. That is, if within
any decimal position the 8 bit and the 2 bit, or the 8 bit
and the 4 bit, are simultaneously present an error exists
as to the information represented within this decimal
position. Output terminal E620 may be referred to as a
Modulo 4 check failure terminal and will be in the UP
condition for a microsecond time interval two microsec-
onds after a Modulo 4 error has been detected. What
constitutes a Modulo 4 error is fully set forth in (IBM
Docket 4474) the afore-mentioned Deerhake et al. uU.s.
patent application.

Briefly, a Modulo 4 error will usually exist when a
binary “1” in any of the sixteen decimal positions or the
seventeenth decimal position is spuriously introduced or
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omitted in a word appearing on the data lines. Actually,
a Modulo 4 error may exist when a plurality of spurious
binary 1’s are either introduced or omitted in informa-
tion represented within the seventeen decimal positions.
It will be appreciated that it is entirely possible, depend-
ing on the type of error, that the Modulo 4 checking cir-
cuit wiil detect both a greater-than-9 error and a Modulo
4 error within the same word. In this illustrative embodi-
ment the coded notation is the pure binary-decimal sys-
tem.

The checking circuit represented by block D4474 in
Fig. 85 may be referred to as a “word” and “bit” check-
ing circuit.

Products generator of Figs. 94 and 9B: The products
generator employs a plurality of delay circuits, binary-
decimal adders, doubler circuits, and a modified
quintupler circuit. Briefly, the products generator ac-
cepts a decimal value expressed in binary-decimal nota-
tion, parallel by bit, serial by digit order and with a de-
lay of three time intervals (three microseconds) presents
simultaneously in parallel by bit, serial by digit order,
the multiples 1 through 9 of the decimal value impressed
on the input of the products generator.

The delay circuits employed in the products generator
may be generally of the type disclosed and claimed in
the Byron L. Havens Patent No. Re. 23,699 entitled
“puise Delay Circuit,” granted August 18, 1953, The
binary-decimal adders embodied within the products gen-
erator may be generally (i.e. incorporating the proper
delay) of the type disclosed and claimed in the Byron
1. Havens et al, U.S. patent application, Serial No.
338,122, filed on Febrnary 20, 1953 and entitled “Serial-
Parallel Binary-Decimal Adder.” The binary-decimal
adders may correspond identically with the binary-
decimal adder shown in Fig. 7E of the instant applica-
tion. The doubler circuits and the modified quintupler
circuit employed in the products generator may be gen-
erally of the type shown in Figs. 2 and 5 of the Byron
1. Havens et al. U.S. patent application Serial No. 470,-
715, entitled “Products Generator” and filed on Novem-
ber 23, 1954,

The logical circuit diagram of the products generator
is shown in Fig. 9A wherein terminals 1A’ are the input
terminals and terminals 1A—9A are the output terminals.
The input terminals 1A’ include a 1 bit terminal, a 2 bit
terminal, a 4 bit terminal, and an 8 bit terminal. Bach
set of output terminals includes a 1 bit, a 2 bit, a 4 bit
and an 8 bit output terminal. The 1 multiple will
manifested by the UP-DOWN condition of output termi-
nals 1A; the 2 multiple will be manifested by the UP-
DOWN condition of output terminals 2A; and corre-
spondingly, the 3 through 9 multiples will be manifested
respectively by the UP-DOWN condition of output termi-
nals 3A—9A.

Referring to the logical circuit diagram of Fig. 9A, it
is to be appreciated that the details of the blocks labelled
Delay Circuits, Doubler, Adder and Modified Quintupler,
are each fully disclosed in the Byron L. Havens et al.
U.S. patent application, Serial No. 470,715. Further
hereinafter, whenever a products generator of the type,;
shown in Fig. 9A is employed, it will be represented by
the block shown in Fig. 9B.

A “products generator” is also disclosed and claimed
in U.S. patent application Serial No. 470,160 of Byron L.
Havens, filed on November 22, 1954.

Nine's Complement Generator of Figs. 104 and 10B:
The 9’s complement generator receives information in
the binary-decimal system a decimal digit at the time and
presents the 9's complement thereof in the binary-decimal
system at its output terminals. For example, a decimal
3 is applied to the input terminals as 0011. This causes
0110 or 6 (the 9’s complement of 3) to be presented at
the output terminals. An analysis of Table V below is
essential to an understanding of the 9 complement gen-
erator shown in Fig. 10A.
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TABLE V
Conversion of a decimal digit to its nine's complement

9’s comple-

Deci- Binary- ment in
mal decimal binary-
digit system decimal
system

Q 0000 1001

1 0001 1000

2 0010 0111

3 0011 0110

4 0100 0101

5 0101 0100

[} 0110 0011

7 0111 0010

8 1000 0001

9 1001 0000

In Table V each decimal digit 0-9 inclusive is written
in the binary-decimal system opposite the showing of
that decimal digit. The 9%s complement of each decimal
digit written in the binary-decimal system is similarly
shown. Hence, by inspection of the binary-decimal rep-
resentation for each digit and the binary-decimal repre-
sentation of its 9’s complement the changes necessary in
the binary bits representing the digit to produce the 9's
complement thereof may be determined. A study of
these two binary-decimal representations shows that the
conversion may be effected by following the five rules
listed below:

(1) In converting a digit to its 9’ complement the 1
bit always changes value. This is to say that a binary 1
is changed to a binary 0 and that a binary 0 is changed to
a binary 1. This is obvious by inspection of the extreme
right column of the binary-decimal representations,

(2) The 2 bit never changes value when a digit is con-
verted to its 9% complement. This is indicated by in-
spection of the second binary column from the right in
each binary-decimal representation.

(3) If both the 2 bit and the 4 bit, (second and third
columns) or if neither of them are present in the digit
the complementary value does not contain a 4 bit. For
example, decimal digit 6 is represented as 0110 in the
binary-decimal system. Its 9's complement or 3 js rep-
resented as 0011. The 6 includes a 2 bit and a 4 bijt and
its complement 3 does not include a 4 bit. As a further
example, decimal digit 1 is represented as 0001 in the
binary-decimal system and its 9’s complement or 8 is rep-
resented as 1000. The binary-decimal representation of
1 includes neither a 2 bit nor a 4 bit and the binary repre-
sentation of its complement 8 does not include a 4 bit.

(4) If either the 2 bit or the 4 bit (but not both) are
present in the binary-decimal representation of a digit, g
4 bit will be present in its 9's complement. For example,
the decimal digit 2 is represented as 0010 in the binary-
decimal system and its 9% complement or 7 is represented
as 0111, Here a 2 bit is present in the binary-decimal
representation of the decimal digit 2 and a 4 bit is present
in the binary-decimal representation of its complement 7.
As a further example, the decimal digit 4 is written as
0100 in the binary-decimal system and its 9% comple-
ment or 5 is written as 0101 in the binary-decimal sys-
tem. Here a 4 bit is present in the binary-decimal rep-
resentation of the decimal digit 4 and a 4 bit js present in
the binary-decimal representation of its complement 5.

(5) An 8 bit is not present in the binary-decimal rep-
resentation of the complement value if a2 bit or a 4 bit
or an 8 bit is present in the binary-decimal representation
of the decimal digit from which the complement value is
derived. The representation corresponding to the deci.
mal digits 2, 4 and 8§ of Table V illustrate this rule with
reference to the 2, 4 and § bits, respectively.

It is now seen that any circuit which recejves informa-
tion in the binary-decimal form decimal digit by decimal
digit and effects operation in accordance with the above
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five rules produces an output in the binary-decimal sys-
tem representing the 9’s complement of the input,

Such a circuit is shown in Fig. 10A. Referring more
particularly to Fig. 10A the input terminals 290-1, 290-2,
290-4 and 290-8 receive information expressed in the
binary-decimal system and provide the 9s complement
thereof, in the binary-decimal system at the output ter-
minals 291-1, 2912, 291-4 and 291-8.

The terminal 290-1 receiving the 1 bit is connected
through inverter 292 to the output terminal 291-1. 1If
the input terminal 290-1 is UP the output terminal 2911
is DOWN and if the input terminal 290-1 is DOWN the
output terminal 291~1 is UP, Hence, the value of the 1
bit is always changed and Rule 1 is satisfied.

The input terminal 2902 is connected through cathode
follower 293 to the output terminal 291-2. Hence if
input terminal 290-2 is UP output terminal 291-2 is UP
and if input terminal 290-2 s DOWN output terminal
290-2 is DOWN. The 2 bit therefore never changes
value and Rule 2 s satisfied.

By definition an exclusive OR circuit is any circuit hay-
ing its output terminal DOWN when all its inputs are
UP or when no input is UP and having its output UP jf
any one of its inputs is UP. It js seen that such a cir-
cuit performs the functions required by Rules 3 and 4,
The AND circuit 2944, inverter 295, AND circuit 2964
and OR circuit 297 therefore comprise an exclusive OR
circuit.

The 2 bit terminal 290_2 and the 4 bit terminal 2904
for receiving the 2 bit and 4 bit inputs, respectively, each
comprise an input to the two-input AND circuit 2944 and
the two-input OR circuit 297. If both a 2 bit and a 4
bit are present the terminals 290-2 and 2904 are UP.
Both inputs of AND circuit 2944 are therefore UP, the
output of AND circuit 2944 connected to the input of

a 4 bit is not present in the output and that the first re-
quirement of Rule 3 js satisfied.

If neither a 2 bit nor a 4 bit is present the output of

However, both inputs to OR circuit 297 are DOWN, the
output of OR circuit 297 s DOWN and the input of
AND circuit 296a connected to the output of OR cir-

ment of Rule 3 is satisfied.

If a 2 bit is present in the input the input terminal 290-2
is UP and the input of AND circuit 2942 and OR circuit
297 connected thereto are UP. The output of AND
circuit 294q is DOWN, the output of inverter 295 is
UP and the input of AND circuit 2962 connected there-

the output terminal 291—4 connected thereto are UP and
a 4 bit is present in the output,

If a 4 bit is present and a 2 bit is absent, then input
terminals 290-4 is UP and input terminal 290-2 is
DOWN. 1t follows that the input of AND circuit 296a
connected to the output of inverter 295 is UP as was the
case when the 2 bit was present and the 4 bit was absent.
Similarly, the input of AND circuit 2964 connected to
the output of OR circuit 297 is UP and the output term;-
nal 291-4 is UP and a 4 bit is present in the output, A
4 bit is, therefore, present in the output when ejther a
2 bit or a 4 bit (but not both) are present in the input.
The requirements of Rule 4 are, therefore, satisfied.

The input terminals 290-2, 290-4 and 290-8 are con-






