Re. 26,624

L. BLOOM ETAL

July 1, 1969

WMEMCRY ARRANGEMENT FOR ELECTRONIC DATA PROCESSING SYSTEM

/_of 9

Sheet

1962

Original Filed Mrsrech &,

itk

r

_

_

_

_

| A2
7147

| $ulisos0.

| yostpuss

_

_

|

_

|

i
_

_

_

_

|
Cll
7 FED “
|
_
|

gty % S

FW$§WV\st$%&Samm
—Z LT
£2-
-o2- \\
J&WQ&N%\\

11 \\# 1
| woyrrbor w ] <45/ 3188Y 5554024 7 |
* | 2o %y 1
. i -
_ SIS A O2O0 0D .
JEVI Y 9 Pbriys F Srospoy P _
| k&“\\\\\\\&\ \V iy L) |
N B— —
| @ Loyl 14 &rit N .\bw\\vnom" @ |
_ M O FPUN A u.w\“ g% _
_ mV%.L(&\\_ 7 e ] A mm%! AN R v/, Umw _
oy |~ P, ot { | ~
B s iR 1y N N N [ R [
MN\. .\W\\\r \‘ Lo o o 2/ T ! r’ o o1 v2s| _\CN“ _
_ P | % ~ ; e —~=1 i~
7| . ol alld 7! AN - w\\J_ Yol
_ 20/ boyo .~ |» e g LN b ays gy Lgo| |
||||||||||||||| ]
! —— e -t
i ~G2- /147
R £, o7 [OH# 2
\SQQ.@\WM\-WSQN ANMMN%“JW\MWT Frowd sy
, . | swwbis jayios ” g

| woyridoy g

B (worsiboy sro.pmp )

by

-2~ srsosE
.§&Q\\)§\A\b€‘
s By

S L0

—
“or

Soumeg

>0

L2 | oowiy

 Pprtor
Z/Zﬂ
-
IS

A@uj:E:/V
Fom
&

INVENTORS
Lo Bloosms
Aorrrs Cokre,

7H s )

Z

Ve




July 1, 1969

L. BLOOM ETAL
MEMORY ARRANGEMENT FOR ELECTRONIC DATA PROCESSING SYSTEM

Original Filed March &, 1962

Sheet

Re. 26,624

£

of 9

127
axz %2 S50 . 7
. £
Beau w |1
AT G % 3
o Mg Gp-flop
r Contro/ -/ R_x7 4 //;4
r-—-_’“’“—._l._z ’—;-:é;u/. K‘/‘ ( ?
Flop- fop i 7 57 & Shore G4
. 72 86 g e,
I
Galy 7 ok & ot e 75
Write- AV &4 p
Combro/ Y gz |17y
¥ 4 75
oo~ fop ‘0%
J32 7 I X2 4 ﬂf;,j gf_g ISa A5h 6 2 5 7&’ {;— /,«/o o
7 z ' Lrife~
L Z /n P Cantro/ ot
A 72 d . sz 6 _L‘
A S ——— — L RP7%; //'/"‘/;'/"P
7 ! “ 7
_l_,_ % )
%5402 | H A frop - i 2 ,1‘;\
" | 79 V' Sore 5 4%
) | { y) Nz
7 ] oty | Contro? 7 /
T, % 4 7
PO | 37 6o Flgp-flap
, tH L LnformationSforel | _ T . 7z
%% Y Delay Lire Ve i
» ! T £ 5 el % 0?7
5% Rws - Z 62
e oo fhap Fyp-Slop e
% I &7 .42 4 545
%’ Nes2 | e} | % g 0% ) o
.L—._. l (a n/” L4 _i'
47 7—— I T 5
ﬁf/ff.“ IB Store 22-
¢ nat|l
“'7 ‘% | V¥ ,;":,,;
lewor,
I‘a’:fﬁ?& r'
27" y JB
IC, %
ul :‘L,J,éh « 30 J
&€ Goerating Cycls of Sore 22
% st - 4 L_ﬁ 7 b{‘
i re v @rs i Sense | .
.3‘ nez P }__/ Amp 4 'Ze
PV L] 24 % QL/‘J
io;—L’ & 4 IU/' v
Fleck N2# v| Coremawory. |4 )
Limd D "y } Arra, Flip - Fap
I5 X L o Plawe of 2 z T, WVENTORT
Ros n%6 &‘ Shore 22 P L Leom Blocw
._ID'A—* Aorr/S Cokern
jwl .J‘ A7 Fry J;,MJV' N Porrer
g7 s ver| .
f'rdar

A :ﬁy—




July 1, 1969 L. BLOOM ETAL Re. 26,624
MEMORY ARRANGEMENT FOR ELECTRONIC DATA PROCESSING SYSTEM
Original Filed March 5, 1962 Sheet 3 or 9

J0c
e
K‘I
st Gzt
Jéc B Eeratiorn
Irarcarors
P e e e e e it o e e e et e st 1
] yo 7 ’ ' / .
Read 2 % Mg ereé
| Inf;///’/f’)’ 1 o Sep pp— ¢ .prdmf/‘l’/:ma;&.
64‘;:”’ - 79 Awiplifiers | S e 22
Srom vA/ﬂ‘w % 0% ' I Arum
Nl % | E‘j—— I VW—:C_% | l 5/’”4/.(
| S Slap 83 | "
Fre
e U2y S L P “tame,
| wra L4 00 l | _F, A ,Z%
p 1
292/ % !
| Dritrm Aaoress _s_if’?;:":" o |
] Couwnier |
De/ay |
g (R — 1 Covel | INVENTORS:
| Compare NLégoa . ' Leorm B/00m
”ﬂf A Atorrss Cofer
7o 796 404N 40t | .’77»”//.”/”. Fer
e
| A f;;/}_/_’er | ? J 6’72_ °
; _____ J .’ 7 .

THenr )/Mg/f



Re. 26,624

l.. BLOOM ETAL
MEMORY ARRANGEMENT FOR ELECTRONIC DATA PROCESSING SYSTEM

July 1, 1969

F or9

Sheet

Original Filed March 5, 1962

P D oo RS D oS g L “
240 2L T > Yy MMG R . W
. 7 oy uh Ir rrz SIS Y
2 rioul GF7 ) 4 e 7I2Y 7} Ho F7 I m&ﬁﬁx?A; 4\
<502 7 A 4] TN d
& 27, 4 \, wa”/ﬁw N
, 7 ;7 7 /J " M et _ R ﬂ
{ SZgosedund oy G2 SOy O42T st 5D O MM. v Wl 3R
_ ‘ 5 W:J
Y, % .
7 2% z 9 o \
Z — /T ==t
iy 4 e [ 7 o1 o [
o557 # G il | b @l L by AN
L. M -
v Y b F [4 2 ||\mmw
| 1L .“N.\Q\\a\\\!‘va\L LL 1 erw S I PO MG Of p L 1
| T I7 T T 7 T .ﬁﬁ 8
] “ ] ! ﬁ )
ororshy ; i i gy .
_ s —2 — 44— ' \ \._.lu'h, Z
| i 1 i ; | : QV{II /\h\w
| TAW [ L ] I i sIT
i I ﬂwmvl ﬁAH_ |
“ _ e ! P4
4 Iz I
2o e mwv“w\ “N
(wor § 3 o 7 2]
\&\h&ﬂWﬂ\ %, \mwuw N ﬁ\m\ 7= | .
. L@ 22| eyt (ST LG— 20| e (7 >
1 4 T T a9
L/ v U ] sz
R ¥ e
S2 A PrO s &3 o1 57 Oy OaOT M Of
754U NuN
65 “u 4
“ J»Wf ‘po ‘» »1 . £ oA m
Vel V4 rwuu|h, 75 Fa{s ”wZ
T &k\.&\v\ sy s g \vﬂ
\N\\ N\\\ A‘ MH“\ ! . th«
), A ‘ A 2 5 i
S EPO23G DAY Y .\.\h\\hxﬁy@. g7 74 M\Uh.\so\\\ *II\{\ U 5 AU ~k

e

“BLO2 87 St By O



Re. 26,624

L. BLOOM ETAL

July 1, 1969

MEMORY ARRANGEMENT FOR ELECTRONIC DATA PROCESSING SYSTEM

5 of 9

Sheet

1962

s

Original Filed March 5

Yo ) “
P> wosd LGP e CRY L 3
t g NERAN N
* * 3z - . fM/M ” . \
ki /o0 / %4 9\ LY
e o o e B
Z =TT b e TR X ,M
27 2| o L atyf %5 s — "2 5 PE | ot yf ; d 72 v m ) m.f A
I e S | S D PIN 9n
b7 4 %Yy | W\ N
OV Byl 7 4 S
1501 i B — = 2N
erc ;] < vlnw._ ”
%J Soudyf mﬂ L LY\“MA /bl \m“ 1D ] \\‘Wv.
N T i by L_ i b k-3 & WN
%. ] 3 7.7 % T IO ITICLL L L > = - .
L 1L £ 3 ITXTY F ¥ 3 3
] A EERLE N T
i o S0¥
w <+ M.uhm‘.s\k% sy
! R N . 5 g
. A ¥ N —
Lj (L= \.@.H.'L N " o m @ : SaT
%WH . - 2% ] ﬁ [ w\\ by ; S ZF
o L ﬂ, . %o % B
, MW‘ 7o 2 4 -2
i A oty Lhmw 3
2 g
P2 o sv \h\ AQWN
: . X -
3 Q\w
o0 2 2’ 2
g G— lvlwh 77 0=
. N\W _ — 1 ot d 22- 20045
Y B e — - =
b 4 % . i V4 g { £5 270 .
4 \ 2z-os0ur 0 | I il Fiityop mosy h\n\ By p wosy V2 .h\.
C2-B4045 04 \m..\nwuwﬁ wﬂ“.u.uth St IIOE g\%@t\w\l NaN\»\ kH



Re. 26,624

MEMORY ARRANGEMENT FOR ELECTRONIC DATA PROCESSING SYSTEM

L. BLOOM ETAL

July 1, 1969

G __ of 9

Sheet

1962

Original Filed March 5,

.
TS 3
388 Y Rt
Zi/m o
w”aﬂyAd X
IS \
NY Y MWL?% %
b ¢ R
W D
P —— R )
_ 7 7 79, A oY 7 7y fm\.I,_ /
— ¥4 —— E7 27 £7
e St gabdtidya L Y | a@/
APy SIEPY T 2 2 £ £. z .
7 o bt 7 |I«w|||||4hllllulllmPllll IPWIII|I|I||lII 7 ¢NIL
A r——-7r 3 St sl s A |
Jon T s 1 5565 AN AZE R
| NI et ) £ |
: 3§
i SHE r |
_\@»ﬂ S\ !
orcy L7217 vLS |
“ %y o5y wMW %s 95 8 _
* M.b‘ T\‘ ——
| _ AT s e - A
. e |27 T —_—— =
27,
.\A\V\\ghtmu
[t e e e e e S S —— O S —— ——
_ (/34 AQ £ F, W\n zZ, 10 ’ _
| ¢ ¥ [t Z ) A |
] N\M\ _ \m.u.“ NW 7 I
s, oy
wor—| w\fﬂ\u\\ zdr= m¢1 \.\\;ﬂ ul\\n\\\ﬂ.l A%/ | _
\LTR\\fﬁ\h\ [ it %% hEd > i x4 LY Yy



Re. 26,624

L. BLOOM ETAL
MEMORY ARRANGEMENT FOR ELECTRONIC DATA PROCESSING SYSTEM

July 1, 1969

7z

Sheet

1962

Original Filed March 5,

. .
e Y 3
agss J_ mm,m# %
"0¢- ! f&aﬁ N
o ar VISF | NOUY R
7, ﬁ PRy A
Y hl)&” N RS "y
5 N y 8
7 I “va R
L. W
e Hor
!
|
J
|
|
|
I
|
~
o3z
_\\.\l}
¢.h\“vevh»vvsox
W 2fesy
| G&PQQSQV
[
b~
| FF
|
i |
,.\R“ N. "
................... e N o A J
o (74
ory
o,
L
P4 & -4
F22 S T4




July 1, 1969 L. BLOOM ETAL Re. 26,624

MEMORY ARRANGEMENT FOR ELECTRONIC DATA PROCESSING SYSTEM

Original Filed March 5, 1962 Sheet _ & of 9
F ¢ 6 /ao/é-//://e 4049’0//”/ Loovk-Asride Joeraling
Cyc/e s T Nawosrecomss c}«-/e 2 P Namoseconds
K://.'r
) c'/ocf,o,,/n;_l:jf"" = (m_/i
@5 g7 @5 i
2 Q7 ° jL
Pur/s :'::'”; ~/0 L{L \jL \-ﬂ
p o Pl FE P2 rE PS5 P pp A P2 FI RE RS pp pp
C) P T g

FPulres -/o

A Ks, Eqwas/ °
tan/ﬂ{/rwr -0 ___Jr
ks Liroguet P T

Cam/olr/ra/r ~/a

14

A 4 |
G) 7y Kead) o , [
K) T @rite) _/: [ ‘ |

L

%) % o |

Gole 56 o

?j r;’fa— A5 H
Galte 5, 4

(i} r’ff(’: 25 /0 TL
Ana/og L

4 6'444 fﬂf e q

o %, 2
/0 o U
1) &, ° EE—

-/0

to) 420k -Aride o J-I_/* 4
g% .
(@) 7,7 £ese/ _/: ﬂ/’/
Bl 7173
NVENTORS:

Leorr BSfcosmr
Aorriy Cokrer
5/_9/»11”4’ AN, Porrer

it (I Rlina

%&,@f &

PZerr Ifﬂnrt;.r



July 1, 1969 L. BLOOM ETAL Re. 26,624
MEMORY ARRANGEMENT FOR ELECTRONIC DATA PROCESSING SYSTEM
Original Filed March 5, 1962 Sheet 9 of 9
n%{%ﬂ: » {“/’Voqa}zm/r
%549 CEAT, [T T | o
/f i iy | By | TEE | g,
- y /e
V.//,,"- —-}-v,ﬁ":ff.-:}’é{:/, - SHare Cpele 4
o sl Cw == — —— Cm o
(@) Memory Clock Fulses 2 | el [ i
o 5, 97 B 97 @5 a7
) @ Ziming Pulses . 519 e S|
o I RRRIGR By (AT AE [~ T T 7
(@) P Timing Pulses R E R AT A —— 4
@) ks, oo Gomporvion) 07 R
(&) &5 Dregue/ Comporison) . | it R
O~ ] e e e
6{}'«{10 -/a_L ———
) % Read-Control) e d I I
@) plhte-Controt) L T [LLIIIIIIII
/d.(? busy Resarl SEL 71 ¥ rj": ¥ [ s E—
- Ire Oy, Knese/ £, o 3 e | s e — o o]
7 5 7% (;?pq{ (Gatet?) . ez | T T T ”
(%) Aratgg Chorging Auire 00PN | TTET I lggey) |
@ %o AU R
) 2o —/: Y T L
) 5P PReses i 7478 @ I
V5, (8, Bo) Tnformation ¢ —_—tm
%) /f-r;/d;:-;‘iﬂ Selecter Leg. —s0 — 1 | var | E—
P) T Tk v, p (Gatess) ] | o I I D
G 5r5 %5 Garess) ° I ’7‘ o
A 261 %4 705, ) o pwe | ___ __
@ 7 74527 L it | N S
@) 7 5 %aks 15, 06 (Gates) ¢ ke
LG E PP T e fele o
) éei/Jﬂ/era/-/::’f —r0 *2 ) —t-—---
2 Tz (5Fore Crad: Control) _ ,: I T l
W T SAore Write-Contrel) _/: I B I 1
(%) & (Hore Busy) 54 T ;;;— 1
(/) Lnpul foSfere Delay Lime —/: __[t‘_ L -
° e
C}) t7 -0 —rT———— Jk_
@l 7 o I I 1
# % : Jrr‘—ﬁ_
-10 — e —— . ——
(€Y 74 % @7 Krset £fs s 78 o N |-
! INVENTDR S

(Gate &5)

p@waz%u

égigiz;aijzzgii,,_4?

Laocs B/oos»
Morrry Coker

Sy gmrurrdd N, LorVer

a&eg_a,c_

e /A‘ar/rfgf



United States Patent Office

Re. 26,624
Reissued July 1, 1969

1

26,624
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U.S. CL 340—172.5 12 Claims

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue,

ABSTRACT OF THE DISCLOSURE

A memory arrangement for a data processor including
a large capacity main memory and a small capacity fast-
access memory into which data along with its address is
stored after once being read out of the main memory.
The next time this data is needed it is then rapidly made
available to the processor logical circuits from the fast-
access memory without having to access the main mem-
ory. When using this approach with a small capacity
fast-access memory, the data once accessed from the main
memory will very quickly fill the fast-access memory.
Hence a usage indicator is provided to examine the fast-
access memory to determine which of the data stored
therein has been dormant for the longest period of time.
The newest data accessed from the main memory is then
used to replace the most dormant data and, if necessary,
the most dormant is placed back into the main memory.

——————————

The present invention relates to memory arrangements
for electronic data processing systems and more particu-
larly to memory arrangements for decreasing the average
time required to provide access to information in data
processing systems.

It is well known in the prior art that any data process-
ing problem can be broken down into a sequence of sim-
ple arithmetic and logical operations or steps, each of
which is carried out during a basic operating cycle by elec-
tronic components functioning at extremely high speeds.
A plurality of such operations or steps can be self-se-
quenced by control circuitry to perform routines. Each of
the routines is specified by an instruction, and a sequence
of instructions is called a program. This program and all
other necessary information needed to perform a problem
are entered into the data processor’s main store. The data
processor thereafter carries out the instructions automati-
cally and at high speed.

In most of the basic operating cycles carried out by a
data processor, a transfer of information or data between
the main store and the processing unit occurs. New data
is drawn from the main store, logically processed, and
then returned, frequently in modified form, and usually
to the same location, in the main store. In the prior art
data processors the time required for the data to be
processed by the processing units can be made extremely
short, while the time required to locate and transfer
information between the main store and the processing
unit is, generally, time consuming. Thus, in the prior
art, each basic operating cycle of a data processor, dur-
ing which a step of a problem is performed, generally pro-
vides for locating and “reading” data out of a specified
address in the main store during the first half of each
basic operating cycle, performing logic on the data “read
out,” and then “writing” the modified data back into the
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same address of the main store during the last half of the
basic operating cycle. When using this approach not only
does it take time to locate the data to be “read out” of the
main store, but because the components used for the
memory elements in the main store of the data processor
are relatively “slow-acting,” an appreciable portion of
the operating cycle is required to perform the memory
accessing. On the other hand, by operating on the data,
once it is accessed, in parallel mode, it is possible to
perform the actual logical operations specified during an
operating cycle in a relatively short time, Thus, the time
required to perform the logical operations can be made
to be equal to but a small portion of the time period of
an operating cycle. It would be highly desirable in proc-
essing systems, therefore, to minimize the need for ac-
cessing the main store in the above described manner
during an operating cycle in order to perform the logical
operations specified to be performed during that step.
Thus, if the data to be operated upon by the logic during
an operating cycle or step could be made available with-
out the need for accessing the main store, and if no time
were consumed in “writing back” data into the main
store after the logic is performed, the data processor could
be made to perform this sequence of steps at “logic speed,”
i.e., at a speed limited only by the time required to per-
form the logical operations of these processing steps, and
thus the overall problem could be performed at a much
faster rate, i.e., at a rate more nearly approaching “logic
speed.”

It should be noted that in many problems solved by
data processors, once data is “read out” from a predeter-
mined address of the main store, this data or a modified
form of the data having the same address, is logically
operated upon again and again, on successive operating
cycles. An example of this would be a subroutine includ-
ing words of information that are used repetitively. Thus
the present invention contemplates the provision of a
small capacity, fast look-aside memory means into which
data along with its address is stored after once being
“read” from the main store. The next time this data is
needed, it can then be made available to the logical cir-
cuits in the processing unit without having to access the
main store, thus enabling an operating cycle to be per-
formed at a faster rate. Obviously, when using this ap-
proach with a limited capacity fast-access memory, the
data once accessed from the main store will very quickly
fill the fast-access memory. Hence it is contemplated in
the present invention that a means is provided to examine
the fast-access memory during each operating cycle to de-
termine which of the data stored therein has been dor-
mant for the longest period of time. The newest data ac-
cessed from the main store is then used to replace the
most dormant data and, if necessary, the most dormant
data is placed back into the main store.

It is, therefore, an object of the invention to provide
improved apparatus for processing data rapidly and more
efficiently.

1t is another object of the invention to provide appara-
tus for minimizing the number of times a data processor
may be required to access a main store in order to per-
form a program.

It is another object of this invention to provide a fast
acting, small capacity, lock-aside memory into which a
limited amount of active data, once accessed from the
main store, can be retained in the memory for use in sub-
sequent logical operations.

Another object of this invention is the provision of a
fast memory means for storing data accessed from the
main store and means for quickly determining that said
data is stored in the fast memory means such that logical
operations can be performed on this data at high speeds.

A further object of this invention is to provide analog
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means associated with a memory for determining recent
usage of the information stored therein.

A still further object of this invention is the provision
of a small capacity memory in which the information is
retained therein on the basis of a recent usage of this
information.

Still another object of the present invention is to pro-
vide means for displacing information stored in a small
capacity memory because of lack of recent usage of this
information.

Another object of this invention is to transfer all in-
formation to and from a main store through a small
capacity, fast-access memory.

Another object of this invention is the provision of
means for indicating when information that is stored in
a memory is altered or unaltered.

Another object of this invention is to reduce the num-
ber of accesses to the main store by “writing back” only
the altered information into a main store from a small
capacity, fact-access memory.

Another object of this invention is to have a data
processor access information exclusively from a small
capacity, fast-access memory.

A further object of the present invention is to provide
analog means for controlling logical decisions in a digital
data processing system.

With these and other objects in view, as will herein-
after more fully appear, and which will be more par-
ticularly pointed out in the appended claims, reference
is now made to the following description taken in con-
nection with the accompanying drawings in which:

FIG. 1 is a schematic block diagram of a data process-
ing system showing the improved memory arrangement
of the present invention;

FIG. 2 is a schematic block diagram showing the de-
tails of the memory control unit shown in FIG. 1;

FIG. 2a is a schematic presentation of a portion of the
main information store, shown in FIG. 1, for illustrating
its operation;

FIG. 2b is a schematic diagram of an alternate timing
control and a magnetic drum memory providing an al-
ternate embodiment of the main information store, shown
in FIG. 1;

FIG. 3 is a schematic diagram of a portion of the flip-
flop circuits for the address registers for storing the ad-
dresses of words in the memory arrangement of the
present invention, to illustrate the transfer of addresses
between addresses registers in typical operations of the
memory;

FIG. 4 is a schematic diagram of a portion of the flip-
flop circuits for the information storage registers for stor-
ing words in the memory arrangement of this invention
to illustrate the transfer of information between infor-
mation registers in typical operations of the memory;

FIG. 5 is a schematic block diagram of portions of the
logical circuitry of the address comparator, the address
register for the memory and one of the address storage
registers shown in FIG. 1, for illustrating the operation
of the address comparator;

FIG. 6 is a schematic circuit diagram, partially in block
form, of certain ones of the analog usage indicators shown
in FIG. 1, to illustrate their operation in providing a
substantially continuous indication of one of the registers
in the look-aside units containing information having the
least recent usage;

FIG. 7 is a schematic block diagram of a portion of
the alteration indicators which provide indications of the
alteration of data in corresponding information storage
registers of the look-aside unit shown in FIG. 1;

FIG. 8 is a timing diagram for illustrating typical op-
erations of the memory arrangement of the present in-
vention during typical look-aside operating cycles when
a word of information being accessed is stored in one of
the information registers of the look-aside unit shown in
FIG. 1; and
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FIG. 9 is a timing diagram for illustrating typical op-
erations of the memory arrangement of the present in-
vention during look-aside and main store operating cycles
when the word of information being accessed is not stored
in any one of the information storage registers of the
look-aside unit shown in FIG. 1.

Referring now to the drawings and particularly to FIG.
1 thereof, an illustrative embodiment of this invention
is seen to comprise a data processing system which in-
cludes a memory 20, a central processing unit 21, pe-
ripheral equipment 23, and an L address register and an
M information register which are located between the
memory 20 and the central processing unit 21. The
memory 20 comprises a main information store 22 in
which the information for executing programs is stored,
e.g., information comprising the instructions which
specify the program to be performed along with the data
to be operated upon in the execution of the program.
Also included in the memory 20 are a look-aside unit 24,
a memory clock source 27, a memory control unit 28
and an A address register and a B information register.
The memory control unit 28 controls the operation of
the entire memory 20 and also sends certain signals, in-
dicating the end of look-aside operating cycles, to the
central processing unit 21.

As shown and described in the preferred embodiment,
the central processing unit 21 (C.P.U.) which comprises
a data processor, a program control, and a peripheral
control, has access to all the words in the memory 20
through the L and M registers. When the address of a
word of data or instruction is placed in the L register
and the addressed word is in the look-aside unit 24, a
transfer of information between the M register and the
look-aside unit 24 is provided in a look-aside operating
cycle at a very fast rate. When the address of a word
placed in the L register is not in the look-aside unit 24
at the time, and the store 22 is not busy, the address and
word are transferred into the look-aside umit for a write
operation or, if a read operation, operating cycles in the
store 22 are initiated to place this word in the look-aside
unit 24 from the store 22.

The look-aside unit 24 comprises an address com-
parator 25, look-aside registers including information stor-
age registers 10 to 16 and address storage registers 10a
to 16a, analog usage indicators 10b to 16b, and alteration
indicators 10¢ to 16¢c. A single one of the information
storage registers 10 to 16 is capable of storing the contents
of any cell (word) in the store 22. Each of the address
storage registers 10a to 16a is capable of storing the
address of any cell in the store 22. The analog usage in-
dicators 10b to 16b provide one indicator for each set of
address and information storage registers in the look-aside
unit 24 to indicate the recent usage of the words stored
therein. The alteration indicators 10c to 16c provide
one indicator for each set of address and information
registers in the look-aside unit 24 to indicate whether or
not the words stored therein have been altered by “writ-
ing” into the information register of the respective set of
look-aside registers.

In the preferred embodiment of the invention as shown
and described herein, each of the information storage
registers 10 to 16 comprises twelve flip-flops for
storing a word of information having a word length
of twelve binary digits. The word length of the
information storage registers 10 to 16, therefore, cor-
respends to the length of the word stored in any of the
cells in the information store 22. Accordingly, the M
register and the B register also each comprise twelve flip-
flops for storing the words during periods of access. The
address storage registers 10a to 16a, the L address reg-
ister, and the A address register each comprise twelve
flip-flops for storing addresses of twelve binary digits to
provide addresses for any one of the words in the store
22 which has a storage capacity, e.g., of four thousand
and ninety-six words.
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As shown in FIG. 1, the storage capacity of the look-
aside unit 24 of the preferred embodiment of the present
invention, is extremely small, e.g., seven words, relative
to the storage capacity of four thousand and ninety-six
words provided in the store 22. This would be expected,
since the store 22, which has been illustrated in the pre-
ferred embodiment as magnetic core storage, provides the
necessary greater storage capacity for the system, for the
structure involved, than the look-aside flip-flop registers.
Accordingly, the words stored in the registers of the look-
aside unit 24 must be displaced, depending on the cur-
rent need for the words stored therein, in order to pro-
vide fast-access to the words currently being accessed by
the processing unit 21.

To the extent of its word storage capacity, words tem-
porarily stored in the information storage registers 10 to
16 in the look-aside unit 24, therefore, comprise words of
information currently being accessed in the execution of
the program as requested by the central processing unit
21, e.g., words of instructions and data for a routine or
sub-routine of the program currently being executed by
the data processing system. Access to the words stored
in the look-aside unit 24 is provided at “logic speed”
which is much faster than the rate of access to words
stored in the main store 22.

In order to keep the words of information stored in
the look-aside unit 24, current, or up to date, with the
words of instruction or data being accessed from the
memory 20 in the execution of the program routines, the
recent usage of the words stored in the look-aside unit
24 is constantly being appraised by analog usage indi-
cators 10b to 16b. These analog usage indicators 10b
to 16b continuously provide an indication of which one
of the look-aside registers 10 to 16 contains the word
which has not been accessed for the longest period of
time. On this basis of evaluation of need for words
in the execution of program routines, the words in the
look-aside registers 10 to 16 are automatically kept cur-
rent with the words being accessed in the execution of the
program. More specifically, the evaluation of need is
based oupon the premise that words currently being ac-
cessed in the execution of a program are, in many in-
stances, accessed again or repeatedly within a very short
period of time and, upon a repeated request for a word,
it will be stored in one of the look-aside registers 10 to
16. Therefore, repeated access to particular word or
words will tend to cause the word or words to remain in
the look-aside unit 24 during the period of time in which
repeated accesses are made.

Referring to FIG. 1, a general description will now be
set forth of typical operations of the memory 20. The
first operation to be generally described is a “read” opera-
tion wherein a word being accessed is stored in the look-
aside register 10. This word, or any other single word

stored in the look-aside registers 10 to 16, is capable of ¢

being “read” at “logic speed” in one complete “read”
look-aside operating cycle. The address of the word to
be accessed is placed in the L register and a read-control
flipflop T1 (FIG. 2) in the memory control unit 28 is
set by the processing unit 21 to initiate the “read” opera-
tion. A comparison is made, in the address comparator
25, of the address in the L register and the addresses in
the look-aside address registers 10a and 16a. Since it has
been assumed, for purposes of explanation, that the word
being accessed is stored in register 10, the like addresses
in the L register and register 10a will produce high outputs
Ks; and Ks,y from the comparator 25. The high output
Ks; is coupled to the memory control unit 28 to provide
control signals which are coupled to the M register. The
output Ksy, is coupled to the register 10 to provide for
the selective transfer of the word stored in this register to
the M register. These control signals provide for the
transfer from the selected one of look-aside register 10 to
16 into the M registers during the following look-aside
operating cycle,
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The next operation to be generally described is the
“write” operation when the word being accessed is stored
in the look-aside unit 24. The word is “written” into unit
24 at “logic speed” in one complete “write” look-aside
operating cycle. An address and word are placed in the
L register and the M register during operation of the
processing unit 21 and a write-control flip-flop T2 (FIG.
2) in the memory control unit 28 is set by the processing
unit 21 to initiate the “write” operation. Assuming the
address placed in the L register is the same as the address
in the look-aside register 10a, the comparator 25 will
produce outputs Ks; and Ksy. The memory control
unit 28 then will provide control signals which are cou-
pled to the register 10. The high output Ksyo is also
coupled to register 10. The combination of control sig-
nals and high output Ks,o, provides for the transfer of
the word of information from the M register to the reg-
ister 10 in a complete “write” look-aside operating cycle.
In the same cycle, the alteration indicator 10c is set to
indicate that the word stored in register 10 has been
altered.

The next operation to be generally described is the
“read” operation when a new word to be accessed is
not stored in the look-aside memory unit 24, but is
stored in the main information store 22. This operation
is initiated in the same manner as the “read” operation
described supra. However, upon comparison in com-
parator 25, an output Ks,” will be produced which is
coupled to the memory control unit 28 to produce con-
trol signals for accessing the word from the main store
22. The operations for accessing the new word from
the store 22 include displacing the least used word which
is stored in one of the look-aside registers 10 to 16.
This register is designated by one of the analog usage
indicators 10b to 16b. Assuming the indicator 10b is
set indicating that register 10 contains the least used
word, then, if the alteration indicator 10c is set, this
least used word and its address in register 10a will be
transferred to the B register and the A register, respec-
tively, in order to be “written-back” into the main store
22. Later, during this same look-aside operating cycle,
the address of the new word in the L register is trans-
ferred to the address register 10a. Still later, during this
same Jook-aside cycle, an operating cycle is initiated in
the main store 22 by a control signal from the memory
control unit 28. Finally, the read-control flip-flop T1
(FIG. 2) in the memory control unit 28 is reset to pro-
vide for continuing the look-aside operating cycles for
accessing other words of information whose addresses
are placed in the L register during the time period of
operating cycles of the store 22.

The operating cycle of the store 22, which was initiated
as stated before, “writes” the displaced word into the
main store 22 from the B register at the address which
is stored in the A register. After this first operating cycle
of the main store 22 is completed, the address of ths
new word in register 10a is transferred to the A register
and a second operating cycle of the main store 22 is
initiated to “read” out the new word. At the end of
this second operating cycle of the main store 22, the
new word will have been “read out” of the main store
22 and into the B register, and a special look-aside operat-
ing cycle is provided to transfer this new word from
the B register to the register 10. This completes the
“read” operation when the word being accessed is not
stored in the look-aside unit 24. It should be noted in
connection with the foregoing, that if the alteration in-
dicator 10c is not set, thereby indicating that the word to
be displaced has not been altered, the first operating
cycle of the main store 22 is neither needed nor pro-
vided, and only one operating cycle of the main store
22 is provided in order to “read-out” the new word.

The next operation to be described in the “write” opera-
tion when the word being accessed is not stored in the
look-aside unit 24. The word being accessed and its
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address are placed in the M register and the L register,
respectively, and the write-control flip-flop T2 (FIG. 2)
in the memory control unit 28 is set. During the look-
aside operating cycle which follows, an output Ks," is
produced by the comparator 25 which indicates that the
address of the word is not in the look-aside registers
10a to 16a. Again, it is assumed that the word in the
register 10 is to be displaced as indicated by a high output
from analog usage indicator 10b. The word in the
register 10 and its address in register 10a are transferred
to the B register and the A register, respectively. Next,
the new word in the M register and its address in the L
register are transferred to the register 10 and the register
10a, respectively. At the termination of this operation
alteration indicator 10c is set. This completes the “write”
operation if the displaced word had not been altered
as evidenced by alteration indicator 10c not initially being
set, If the displaced word had been altered, a high poten-
tial level output signal Vs, (FIG. 7) provided by altera-
tion indicator 10c¢ is coupled to the memory control unit
28 to set a write-control flip-flop T5 (FIG. 2) to provide
control signals for initiating a main operating cycle for
“writing” the displaced word back into the main store 22.

The foregoing description of the operation of the
memory 20 assumed that the main store 22 was not busy,
i.e., the main store 22 is not in a main store operating
cycle, during the look-aside operating cycles. Look-aside
cycles (either “read” or “write”) in which the word being
accessed is stored in the look-aside unit 24 are not af-
fected by the busy condition of the main store 22 and
normal operation includes accessing words stored in the
look-aside unit 24 during operating cycles of the store
22. However, whenever the main store 22 is busy and an
address is placed in the L register for accessing a word
that is not stored in the look-aside unit 24, the control
unit 28 will terminate operations in the look-aside cycle,
send control signals to the processing unit 21 indicating
this condition, and also prepare for accessing another
word (whose address will be placed in the L register)
in the following look-aside operating cycle.

Referring now to FIGS. 1 to 8, a more detailed descrip-
tion will be given of typical operations of the memory 20
(FIG. 1) during a look-aside operating cycle when the
word being accessed is stored in one of the look-aside
registers such as the look-aside register 10. The process-
ing unit 21 initiates the operation of the memory 20 by
placing an address of a word in the L register and setting
the read-control flip-flop T1 (FIG. 2) in the memory
control unit 28 for a *read” operation, or placing an
address in the L register and information in the M regis-
ter and setting a write-control flip-flop T2 (FIG. 2) for
a “write” operation. Upon either a “write” operation or
a “read” operation being initiated in the foregoing man-
ner, a comparison is made between the address in the
L register and all of the addresses in the address storage
registers 10a to 16a by the comparator 25 (FIG. 5) to
determine if the addressed word is in one of the look-
aside registers 10 to 16.

For the purpose of explanation, it has been assumed
that the address placed in the L register is the address
of a word which has been accessed previously in the
execution of a program routine and is now stored in the
look-aside storage register 10. A comparison in the com-
parator 25 of the address stored in the L register and
the address stored in the look-aside address register 10a,
therefore, will produce high level logical potentials at out-
puts Ks; and Ks;y (FIGS. 8d and 8f) of drivers Ksl
and Ks10 of the comparator 25, shown in FIG. 5. The
high output Ks; indicates like addresses have been com-
pared and the word being accessed is stored in one of the
look-aside registers 10 to 16. The high output Ksj, indi-
cates that like addresses are in the L register and the
look-aside register 10a and the word being accessed is
stored in the look-aside register 10.

If the read-out control flip-flop T1 (FIG. 2) is set for a
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“read” operation, the word stored in the information stor-
age register 10 is transferred to the M register during
the next complete look-aside operating cycle. As shown
in FIG. 8, the next complete look-aside operating cycle,
after flip-flop T1 is set to produce a high logical potential
level at output T, (FIG. 8g), is look-aside operating
cycle #2. A control flip-flop T3 (FIG. 2) is set at the
beginning of a look-aside cycle only, and a high output
T, is necessary to produce “read” or “write” operations
in a look-aside cycle. This is necessary to synchronize the
operations of the memory 20 and the central processing
unit 21 which are assumed to be operating asynchro-
nously. If the memory 20 and processing unit 21 were
operated in synchronism, there would be no need to syn-
chronize the operations.

The logical circuitry for transferring information from
the look-aside register 10 to the M register during a look-
aside operating cycle for a “read” operation is shown
schematically in FIG. 4. The high level logical potential
(Ov) of the output Kc;y (FIG. 8f) enables “and” gates
41 in the output circuits of the flip-flops G1-G12 of the
register 10 to transfer the information from the register
10 to the M register. The outputs of gates 41 are coupled
through “or” gates 42 1o “and” gates 43, which are cou-
pled to the respective inputs of the M register flip-flop
M1-M12 through “or” gates 44. The transfer of the word
from the look-aside register 10 to the M register is com-
pleted by the high logical potential level pulse (FIG. 8j)
formed by the inputs of “and” gate 56 and applied onto
“and” gates 43. This high logical level potential pulse
is produced at the output of the gate 56 by high level
potentials from the output Ks; (FIG. 8d), the output T;
(FIG. 8g), the output T3 (FIG. 8i), and the high poten-
tial timing pulse P5 (FIG. 8¢, cycle #2). It should be
noted that control flip-flop T3 (FIG. 2) is set near the
beginning of look-aside operating cycle #2 by the output
of an “and” gate 31 (FIG. 2) having inputs consisting of
a timing pulse P1 (FIG. 8¢, cycle #2) and the output of
“or” gate 32 (FIG. 2). In this manner, the addressed
word in the look-aside register 10 is transferred to the
M register in a “read” operation during look-aside operat-
ing cycle #2 (FIG. 8).

For a “write” operation in the look-aside unit 24, in-
stead of a “read” operation as described supra, the write-
control flip-flop T2 (FI1G. 2) is set instead of the read-
control flip-flop T1 and an equal comparison of addresses
of the L register and the look-aside address register
10a in the comparator 25 (FIG. 5), produces a transfer
of the word of information placed in the M register to
the look-aside register 10.

As shown by the logical circuitry in FIG. 4, the trans-
fer of information from the M register to the look-aside
register 10 is accomplished during a look-aside operating
cycle, e.g., look-aside operating cycle #2 (FIG. 8) by
enabling “and” gates 45 which couple the outputs of the
M register flip-flops M1-M12 to the respective inputs of
the flip-flops G1-G12 of the look-aside register 10
through “or” gates 46. The “and” gates 45 are enabled by
high potential levels from the output Ks;, (FIG. 8f) and
“and” gate 52. The output of gate 52 (FIG. 8k) is high
(Ov) during the timing pulse PS5 (FIG. 8c) when outputs
Ty and T3 (FIGS. 8h and 8i) are high and the output Ks;
(FIG. 8d) is high. Thus the transfer of information
from the M register to the look-aside register 10 is com-
pleted in the look-aside cycle #2 at the time of timing
pulse P5 (FIG. 8¢, cycle #2). In addition to this trans-
fer of information, the alteration of information in the
register 10, as a result of the “write” operation, is indi-
cated by setting flip-flop D10 to produce a high output
D, (FIG. 8n) in the alteration indicator 10c shown in
FIG. 7. An “and” gate 70 (FIG. 7) is enabled by the
high output Ks,y to pass the pulse output of “and” gate
71 (FIG. 7) having inputs connected to high outputs Ty,
T, and Ks; to pass the pulse P5 (FIG. 8¢, cycle #2),

In order to provide an indication of recent usage of



26,624

9

the word stored in register 10, both “read” and “write”
operations in the look-aside register 10 produce a charg-
ing pulse ep (FIG. 81) by enabling “and” gate 156 of the
analog usage indicator 10b shown in FIG. 6. High outputs
T3 (FIG. 8i) and Ks;y (FIG. 8f) enable the gate 156 to
pass the timing pulse P§ (FIG. 8¢, cycle #2), to produce
the charging puise ep at the output of “or” gate 155.
The pulse ep “turns on” transistor 100 to fully charge the
capacitor 110 for reasons which will be clear from the
detailed description of FIG. 6 set forth later in this dis-
closure. Also, a “look-aside operation completed” pulse
X1 (FIG. 80) is produced subsequent to each of the de-
scribed “read” and “write” operations by enabling “and”
gate 33, shown in FIG. 2, by the high output Tj, timing
pulse P7 (FIG. 8¢, cycle #2) and the high output of “or”
gate 34 that is connected to a high output Ks; (FIG. 8d).
Resetting of flip-flop T1-T3, at the end of each of the
above described look-aside operating cycles #2, is pro-
vided by enabling “and” gate 35b (FIG. 2) to pass the
timing pulse P7 to “or” gate 35a to produce a reset pulse
rt (FIG. 8p) at the reset inputs ot;—t; of flip-flops T1-T3.
Resetting of the flip-flops T1-T3 prepares the memory
control unit 28 (FIG. 1) for the next look-aside operating
cycle.

The foregoing completes the detailed description of the
operations during complete look-aside operating cycles
for “reading” and “writing” operations in which the word
being accessed is stored in the look-aside register 10a.
These operations are typical and operations involving the
other registers 11 to 16 are similar. Before a detailed
description of the operations of the memory is presented
that involve accessing words which are not stored in any
of the look-aside registers 10 to 16, a brief description,
that follows, of the memory control unit 28 will provide
a better understanding of these operations.

As shown in FIG. 2, the memory control unit 28 com-
prises a timing pulse source 30 for timing look-aside
cycles, control flip-flops T1-T8 and associated logical cir-
cuitry, and a store timing control 29 for controlling oper-
ating cycles of the store 22. The memory timing pulse
source 30 comprises a clock delay line 35, e.g., a delay
line providing 1000 nanoseconds time delay, which is con-
nected to the output of a memory clock source 27, e.g., 2
one megacycle frequency clock source. From the clock
delay line 35, eight outputs are available from output lines
as shown, the first output line having no output connec-
tions and the latter seven being connected to respective
“and” gates 36 to provide equally spaced timing pulses
P1 and P7 (FIGS. 8c and 9c¢) for timing the operations in
each of the look-aside operating cycles. The gates 36
are enabled by a high output (Ov) from “or” gate 36a
during all look-aside cycles except a “look-aside operat-
ing cycle to complete a store cycle.” Timing pulses Q35
and Q7 (FIG. 8b) are produced each and every look-aside
cycle and are taken directly from the output lines, as
shown, for timing operations of the “look-aside operating
cycle to complete a store cycle” (FIG. 9). The control
flip-flops T1-T3 control the operations of the look-aside
until 24 during all look-aside operating cycles except the
“look-aside operating cycle to complete a store cycle,” in-
dicated in FIG. 9. The control flip-flops T4-T6 control
certain operations of the look-aside unit 24 dupring oper-
ating cycles of the store 22, while flip-flops T7 and T8
control certain operations during “look-aside cycle to
complete a store cycle” which follow each of the “read”
operating cycles of the store 22.

The store timing control 29, as shown in FIG. 2, con-
trols the operations of the store 22 during operating
cycles of the store 22. The store timing control 29 com-
prises a delay line 37 that has output lines, as shown,
which are connected to timing flip-flops including timing
flip-flops E1 and E2. Flip-flops E1 and E2 are set and
reset by sequential pulses supplied from the delay line out-
put lines as a pulse from “or” gate 76 passes through
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the delay line 37. The true outputs of the flip-flops El
and E2 supply the timing control signals for controlling
drivers 64 and inhibit drivers 65 of the store 22, as illus-
trated in FIG. 2a by the drivers 64 and 65 for one of
twelve core planes of the store 22. A control flip-flop
T9 (FIG. 2) is set during operating cycles for “reading”
from the store 22 to provide an output Ty which enables
“and” gate 68 (FIG. 2a) to pass the strobe pulse sp to
sense amplifiers (e.g., sense amplifier 66 shown in FIG.
2a) of the store 22 to pass the amplified outputs of the
core memory arrays of the store 22 during the operating
cycles for “reading” from the store 22 into the B register.
The pulse output of an “or” gate 77, which sets flip-flop
T9 for “read” operating cycles of the store 22, is also
coupled to the reset inputs ¢by—gb;, of flip-flops B1-B12
(FIG. 4) to clear the B register before “read out” from the
store 22.

Referring again to FIG. 1 and also to FIGS. 2 to 7 and
9, a detailed description will next be presented of the
operation of the memory 20, and more particularly, a
detailed description of “read” and “write” operations in
the memory 20 wherein the word to be accessed is not
stored in the look-aside registers 10 to 16. It should be
noted that whenever a new word is to be accessed that
is not stored in the look-aside registers 10 to 16, one of
the words in a selected one of the look-aside registers 10
to 16 must be displaced to provide storage space therein
for this new word.

Considering a “read” operation first, when an address
of a new word is placed in the L register for a “read”
operation and the address is not in the look-aside address
registers 10a to 16a, a look-aside operating cycle is fol-
lowed by at least one operating cycle of the store 22 to
“read-out” the new word from the store 22. In addition,
a “look-aside operating cycle to complete a store cycle”
(FIG. 9) is required to place the new word that is “read
out” from the store 22 into the selected one of the look-
aside registers 10 to 16. The look-aside operating cycle
to produce a “read” operation is initiated in the look-
aside unit 24 by setting read-control flip-flop T1 as shown
in FIG. 2. Since it has been assumed, for purposes of
explanation, that the word to be accessed is not in the
look-aside registers 10 to 16, e.g., when the addressed
word is being accessed for the first time, the comparison
of the address in the L register and the addresses in the
look-aside address registers 10a to 16a in the comparator
25 will produce a high logical potential level output Ks,’
(FIG. 9e) from the comparator driver Ksl, as shown in
FIG. 5. This output Ks,’ specifies that the address placed
in the L register is not in the look-aside registers and a
word in one of the look-aside registers 10 to 16 must be
displaced in order to provide storage space therein for the
new word being accessed.

On the basis of recent usage of the words in the look-
aside registers 10 to 16, described briefly earlier in this
disclosure, one of the analog usage indicators 10b to 16b
(FIG. 6) indicates that its associated look-aside register
contains the word which has had the least recent usage,
and therefore, is the word to be displaced. For the
purpose of explanation, it is assumed that, of all the words
stored in the look-aside registers 10 to 16, the word stored
in the look-aside register 10 has had the least recent usage;
or the word in register 10 is among a group of words in
the look-aside registers 10 to 16 having the least recent
usage and this word is in the lowest order look-aside
storage register containing a word in this group. Thus,
the word in register 10 is designated to be displaced,
which is indicated by a high output Ry (FIG. 91) of the
flip-flop R10 in the analog usage indicator 10b (FIG. &),
to provide storage space in the look-aside registers 10 to
16 for the new word to be “read-out” of the store 22. It
should be noted that the high output of the analog usage
indicators (e.g. Ryg) designates the selected set of address
and information look-aside registers (e.g. 10 and 10a)
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for the transfer of address and information into and out
of look-aside unit 24.

Before the new word can be “read out” of the store
22, the word being displaced from register 10 must be
“written back”™ into the store 22 if it has been altered,
e.g., altered by a “write” operation which has changed
the word while the word is stored in look-aside register
10. The alteration indicator 10c, having a flip-flop D10
shown in FIG. 7, indicates whether or not the word in
register 10 has been altered. If the word in the selected
look-aside register 10 has been altered, the output Dy,
(FIG. 9m) of flip-flop D10 is high and the output Vs;
(FIG. 90) of driver Vs1 (FIG. 7) is high. In the pres-
ence of high output Vs, and other inputs to “and” gate
53 (FIG. 3), the pulse sab (FIG. 9p) is produced at the
time of pulse P4 to transfer the word in the selected look-
aside register 10 to the B register (FIG. 4) and its ad-
dress, in the address register 10a, to the A register (FIG.
3) in preparation for a “write” operating cycle in the
store 22, Also, at the time of pulse P4, read-control flip-
flop T4 (FIG. 2) in the memory control unit 28 is set by
the output of an “and” gate 81 to provide the proper con-
trol signals for a “read” operation involving an operating
cycle of the store 22, At the time of the timing pulse PS
(FIG. 9¢), which is coupled to “and” gate 55 (FIG. 3),
a pulse Ims (FIG. 9q) is produced. The pulse Ims and
high output Ry enables “and” gates 48, which are con-
nected to the inputs of flip-flops F1 to F12 as shown in
FIG. 3, to transfer the address in the L register to the
look-aside address register 10a.

Having transferred the displaced word and its address
from look-aside registers 10 and 10a to the B register
and the A register, respectively, the next timing pulse P6
(FIG. 9c) is passed by “and” gate 38 (FIG. 2) to pro-
duce an output pulse ws (FIG. 9r), which is applied to
the information store delay line 37 (FIG. 2) and to reset
input ot, of flip-flop T9, to initiate a “write” operating
cycle in the store 22. At the time of the next timing
pulse P7 (FIG. 9¢), and during the aforesaid operating
cycle of the store 22, the look-aside cycle is completed
by: setting flip-flop T6 (FIG. 2) to indicate the store 22
is now busy; resetting flip-flop T1-T3 to prepare for the
next look-aside operating cycle; and, producing a pulse
X2 (FIG. %u). The pulse X2, which is produced at the
output of “and” gate 3% (FIG. 2), is coupled to the
processing unit 21 to signal that the look-aside cycle has
been completed but the “read” operation is incomplete
because the addressed word is not in the look-aside regis-
ters 10 to 16. The pulse X2 also indicates that the ad-

dressed word is in the process of being accessed from the !

store 22 and, therefore, is not in the M register,

After the “write” operating cycle in the store 22 has
been completed, and the word displaced from register 10
has been “written back” into the store 22, the pulse ws
(FIG. 9r) will have passed through the delay line 37
(FIG. 2). The next operation is to “read out” the new
word from the store 22. In preparation therefor, the
pulse ws is thereupon applied to an input of “and” gate
61 (FIG. 2) which is enabled by high outputs T, of flip-
flop T4 and Ty of flip-flop T9. The output of gate 61,
pulse rsl, is applied to gate 59 (FIG. 3) to provide for the
transfer of the address from the look-aside address regis-
ter 10a to the A register (FIG. 3) to prepare for “read-
ing-out” of the new word from the store 22 into the B
register. Also, the pulse rs1 (FIG. 9y) is applied to: the
input of the delay line 37 (FIG. 2) to initiate a “read”
operating cycle in the store 22; the input tg, via “or” gate
77, to set the flip-flop T9; and the reset inputs ob;—bys of
flip-flops B1-B12 (FIG. 3) to reset all of the flip-flops
B1-B12 in a clearing operation at the beginning of the
“read” operating cycle of the store 22, The high output
Ty of flip-flop T9 enables “and” gate 68 to pass a strobe
pulse sp to the sense amplifiers, e.g. sense amplifier 66 of
the store 22, as illustrated in FIG. 2a.

At the end of the “read” operating cycle of the store
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22, the addressed word has been ‘“‘read-out” of the store
22 into the B register, and also “written back” into the
addressed cell in the store 22. In order to transfer the
word stored in the B register to the look-aside register 10,
a “look-aside operating cycle to complete a store cycle”
(FIG. 9) is required. It should be noted at this point
that the look-aside operating cycles were not interrupted
during the operating cycles of the store 22. In order to
prevent a “read” or “write” operation in the look-aside
unit 24 involving the L and M registers, when transfer-
ring the word from the B register to the look-aside regis-
ter 10, the “and” gates 36 of the timing pulse source 30
(FIG. 2) are disabled by low logical potential levels
(—10 v.) Ty and Ty’ at the inputs to “or” gate 36a. The
pulses P1 to P7 are blocked, therefore, in a “look-aside
operating cycle to complete a store cycle” as indicated in
FIG. 9c. This special look-aside operating cycle is pro-
vided for by setting flip-flops T7 and T8. The pulse rsl,
after passing through the delay line 37 is passed by “and”
gate 62 to produce a pulse st (FIG. 9z) which is applied
to set input t; to set flip-flop T7. The flip-flop T8 (FICG.
2) is set by pulse P7 passed by “and” gate 63 which is
enabled by the high output T; (FIG. 93’).

The transfer of the word stored in the B register to the
look-aside register 10 in the “look-aside operating cycle
to complete a store cycle” is provided for by passing pulse
Q5 (FIG. 9b) through “and” gate 58 (FIG. 4). This
gate 58 is enabled by high outputs T, and Tg (FIGS. 9v
and 9b"). “And” gates 47 of the selected lock-aside reg-
ister 10 are enabled by the high output of gate 58 and
the high output R;, (FIG. 91) to transfer the contents
of the B register to the look-aside register 10.

In addition, timing pulse Q5 is passed by “and” gate
151 (FIG. 6), enabled by high outputs T, and T,, and
“and” gate 154, enabled by the high output Ry to pro-
duce a charging pulse ep (FIG. 9k) for fully charging
capacitor 110 in the analog indicator 10b. The charging
of capacitor 110 produces an analog signal output in in-
dicator 10b to indicate recent usage of the word in regis-
ter 10. Also, timing pulse Q5 is gate by “and” gates 72
and 73 enabled by high outputs T,, Ty, and Ry, respec-
tively, to reset flip-flop D10 as shown in FIGS, 7 and 9m.

The next timing pulse Q7 (FIG. 9b) completes the
“look-aside operating cycle to complete a store cycle”
by resetting control flip-flops T4-T8 (FIG. 2). “And”
gate 75 (FIG. 2) is enabled by the high outputs T, and Ty
to pass pulse Q7 through “or” gate 85 to provide a reset
pulse (FIG. 9c¢”) at the reset inputs otg—ots.

The foregoing description of a “read” operation in
the memory 20 included the situation in which an altered
word was displaced from register 10 to provide storage
space therein. Because this word was altered, the out-
put Dy, of the alteration indicator 10c (FIG. 7) was high
to indicate that the “write” operating cycle in the store 22
is necessary. If this word had not been altered, a “write”
operating cycle in the store 22 would not be necessary
since the *write” operating cycle of the store 22 is
necessary only to up-date a word in the store 22. Since
there is no need for a “write” operating cycle when the
word being displaced from look-aside register 10 has not
been altered, the address of the new word is transferred
from register 10a to the A register (FIG. 3) at the time
of pulse P6 (FIG. 9¢) to prepare for a “read” operating
cycle in store 22. “And” gate 57 (FIG. 3) having an
output pulse sa (FIG. 9t) provides for the transfer from
look-aside register 10a to the A register at the time of
pulse P6.

The “read” operating cycle in the store 22 is initiated
under the foregoing conditions as shown in FIG. 2. An
“and” gate 69 produces an output pulse rs2 which is
coupled to the store delay line 37 through “or” gate 76
and to the set input ty of the flip-flop T9 through “or”
gate 77. The pulse 152 is coupled to the store delay line
37 to provide for the necessary outputs from the delay
line to produce a “read” operating cycle of the store 22.
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At the end of the “read” operating cycle of the store 22,
when the pulse rs2 has passed through the entire delay line
37, the pulse rs2 is coupled to “and” gate 62 which has
been enabled by high outputs Ty and T,. The remainder
of the operations following the “read” operating cycle in
the store 22 including the “look-aside operating cycle
to complete a store cycle” are the same as described
supra.

The operation of the memory 20 for “writing” therein,
when an address is not stored in the look-aside registers
10a to 16a, is the next operation to be described. As in
other look-aside cycles for “writing,” the address of the
new word is placed in the L register, the new word is
placed in the M register, and the write-control flip-flop
T2 is set. Since this rortion of the description assumes
the address of the new word is not in the look-aside
registers 10a to 16a, the word having the least recent
use is displaced. For clarity in explanation, it will be
assumed again that look-aside register 10 contains the
word having the least recent usage and is to be displaced
to provide space for the new word which is to be “writ-
ten” into the register 10. Thus, the analog usage indi-
cator 10b will have a high output Ry, from flip-flop
R10 (FIG. 6). If the word being displaced from register
10 has not been altered, a single look-aside operating
cycle is sufficient to store the word and its address
in the look-aside registers 10 and 10a, respectively.
Since a look-aside operating cycle involving “writing”
has already been described, i.e., when the word being
accessed is stored in one of the look-aside registers,
such as register 10, the description is not being repeated
at this point. The reason for not “writing” an unaltered
word back into the store 22, when being displaced from a
look-aside register, is that the word is already stored
in the cell of the store 22 at the proper address.

Continuing the description of the operation for “writ-
ing” into the memory 20 when the address of the word
is not in the look-aside registers 10a to 16a, it will now
be assumed that the word being displaced from register
10 has been altered. Because the word is altered, the
alteration indicator driver Vs1 (FIGURE 7) will have an
output Vsl (FIG. 90). Under these conditions, the word
being displaced from register 10 must be “written-back”
into the store 22. In order to produce a “write” oper-
ating cycle in the store 22, write-control flipflop T5
(FIG. 2) is set by the high output of “and” gate 82
at the time of pulse P4 (FIG. 9) to enable “and” gate
38 provided at the input of delay line 37 to pass the timing
pulse P6. The other opertions involved have been al-
ready described and include: transferring the contents of
look-aside registers 10a and 10 to the A and B registers,
respectively, at time of pulse P4; transferring the contents
of the L and M registers to the look-aside registers 10a
and 10, respectively, at the time of pulse P5; and initiating
a “write” operating cycle only in the store 22 at the time
of pulse P6.

Since the new word is stored in the look-aside regis-
ter 10 at the end of the look-aside operating cycle (FIG.
9), a pulse X1 (FIG. 9s) is produced in the output of
gate 33 at the time of pulse P7 (FIG. 9c) to indicate
a complete lock-aside operating cycle. Also, it is noted
that the word stored in look-aside register 10 is avail-
able for access via the L register in the immediately fol-
lowing look-aside operating cycles even though an oper-
ating cycle of the store 22 is in progress. As shown in
FIG. 5, the high output of “and” gate 50 is passed by “or”
gate 51 to enable the “and” gate 52 upon an equal
comparison of the address in the L register and look-aside
register 10a in the immediately following look-aside
cycles. The other inputs to “or” gate 51 would be low
because output R,y is low and the output Ty’ to “and”
gate 53 is low.

In the foregoing description of the operation of the
memory 20, it was assumed that the store 22 was not
already involved in one of its own operating cycles at
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the time a look-aside cycle was initiated. If an output
Ks; is produced upon comparison of addresses in the
comparator 25 (FIG. 5), the fact that the store 22 is
busy is of no consequence and a complete look-aside
operating cycle will result. 1f, however, a high output
Ks;" is produced upon comparison of addresses in the
comparator 25, the high outputs T and Ks,” will enable
“and” gate 67 (FIG. 2) to produce a pulse X3 (FIG. 9j)
at the time of pulse P4 (FIG. 9c). The pulse X3 (FIG.
9j) is produced on the line 86 connected to the output
of gate 67, as shown in FIG. 2. The pulse X3 is cou-
pled to the processing unit 21 (C.P.U.) to indicate that
the operation requested was not completed in that no
access was provided to the word at the address placed
in the L register. The output of the gate 67 is also
coupled to the reset input ¢, to gt; to reset flip-flops
T1-T3 and thereby terminate the operations in the look-
aside operating cycle and prepare for the following look-
aside cycle.

Referring to FIG. 3 for a brief description of the
memory address registers shown therein, it should be noted
that the first and last look-aside address storage registers,
namely the F register 10a and the H register 16a have
been shown schematically. Also, the A address register,
the address register for the main store 22, and the L
address register, the address register for memory 20, have
been shown. These registers, as shown in FIG. 3, pro-
vide an understanding of the transfer and storage of
addresses in the operation of the memory 20. The out-
puts Ryy and Ry from flip-flops R10 and R16 (FIG. 6)
of the analog indicators 10b and 16b, respectively, are
shown coupled to “and” gates in the inputs and outputs
of flip-flops F1-F12 and flip-flops H1-H12 of the look-
aside registers 10a and 16a, respectively. These “and”
gates and similar “and” gates are provided for each of
the registers 10a to 16a to provide for selectively trans-
ferring the contents of the L register to one of the
address registers 10a to 16a and selectively transferring
the contents of one of the address registers 10a to 16a
to the A register. These transfers of addresses occur in
the operation of the memory 20 when a word is being
displaced in the look-aside registers 10 to 16 and a new
word is being stored therein as set forth in the prior
description of the operation of the memory 20, i.e. when
the address placed in the L register is not stored in
any of the look-aside registers 10 to 16.

FIG. 4 shows the memory information registers hav-
ing corresponding address registers shown in FIG. 3. The
B register, the buffer register for the main store 22, stores
the word whose address is in the A register (FIG. 3).
The M register, the buffer register for the memory 20,
stores the word whose address is in the L register. The
look-aside information storage registers 10 and 16 (G
and J register) are provided to store the words whose
addresses are stored in the address storage registers 10a
and 16a (F and H registers, FIG. 3), respectively. As
set forth in the description of the operation of the memory
20, the registers shown in FIG. 4 provide for the trans-
fer of information during look-aside operating cycles and
operating cycles of the store 22.

The comparator 25 is shown in FIG. 5 in such detail
as is necessary for an understanding of its operation.
Thus, the only connections to the comparator 25 that
are shown, are those for flip-flops of the look-aside register
10a and L register which are also shown. The outputs
of the flip-flops of the F register 10a and L register are
connected as shown to provide a comparison of addresses
stored therein. Similar logical circuitry is provided for
each of the other look-aside address registers 11a to 16a
(not shown in FIG. 5) whereby a comparison is made
of the address in the L register and each of the addresses
in the look-aside address registers 10a to 16a. Referring
to the logical circuitry of the comparator 25, shown in
FIG. 5, upon comparison of like addresses in the L reg-
ister and the register 10a, each “or” gate 57a will have
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a high logical potential level (Ov) output which is cou-
pled to “and” gate 52. This gate 52 is enabled by a
high output (Ov) from “or” gate 51. Gate 51 has in-
puts from “and” gates 50 and 53 and an input Ry
The enabling output for gate 52 from “or” gate 51 speci-
fies that the word of information in the register 10 is
valid information. The absence of this enabling input
specifies that the information in the register 10 is in-
valid and that the addressed word is in the process of
being accessed from the main store 22. The output of
gate 52 is coupled to a driver Ks10 having a true out-
put Ks;, and a false output Ks;o'; this output of gate 52
is also coupled to “or” gate 54. A true output KS}Q
specifies that the address contained in the L register is
in the register 10a and the word in the register 10 is
valid. “Or” gate 54 has inputs from other “and” gates
52 (not shown) for each of the other look-aside address
registers 1la to 16a. Thus, a high output from “or”
gate 54 specifies that the address of the word to be ac-
cessed (the address in the L register) is in one of the
look-aside address registers 10a to 16a. The output of
the “or” gate 54 is coupled to the driver Ksl having
a true output Ks;, and a false output Ks,". Thus, a true
output Ks; specifies that the addressed word to be ac-
cessed is in one of the look-aside registers 10 to 16 and
is a valid word; and a false output Ks," specifies that
the addressed word to be accessed is not in any of the
look-aside registers 10 to 16.

Referring now to FIG. 6 for a detailed description
of the analog usage indicators 10b to 16b, there are
shown in detail therein, indicators 10b, 11b, 12b, and
16b which are sufficient to provide an understanding of
the operation of the indicators 10b to 16b of the present
invention. Considering the indicator 10b, it is shown to
include an analog circuit having a capacitor 110 which
stores a voltage that is a function of the usage of the
associated look-aside register 10. The capacitor 110
is fully charged whenever the information in look-aside
register 10 is accessed for “reading” or “writing” and
is allowed to discharge slowly through resistor 120 at
all other times. Each of the indicators 11b to 16b in-
cludes a capacitor, e.g., capacitors 111, 112 . . . 116, and

a resistor, e.g., resistors 121, 122 . .. 126 which are
connected to operate in the same manner in respective
analog circuits of indicators 11b, 12b . . . 16b as ca-

pacitor 110 and resistor 120.

The voltages on the capacitors 110 to 116 are applied
to the inputs of a comparison circuit that indicates one
and only one of the indicators 10b to 16b whose capacitor
has one of the lowest stored charges. This output is used
to set the respective one of the flip-flops R10-R16 so that,
if necessary, the memory control unit 28 can operate to
displace the information in a designated one of the regis-
ters 10 to 16 which has the least recent usage.

The operations of the memory 20 that effect the charg-

ing of capacitor 110 are: “read” or “write” operations in
the look-aside register 10 (FIG. 1). Each one of the fore-
going operations produces a charging pulse ep that is
applied to the base of transistor 100 to fully charge the
capacitor 110. Gates 151 to 156 for indicator 10b, for
example, are connected as shown to produce the charging
pulse ep when any “read” or “write” operation is per-
formed in the register 10. When capacitor 11¢ is not be-
ing charged by a pulse ep, it is being slowly discharged
by resistor 120.

A comparison circuit is provided for the analog usage
indicators 10b to 16b which is common to all of the indi-
cators 10b to 16b and includes transistors 130, 131,
132 . . . 136, transistors 140, 141, 142 . . . 146, and
Schmitt trigger circuits 160, 161, 162 . . . 166, These
Schmitt trigger circuits change the voltage levels at the
collectors of transistors 130 to 136 to digital voltage levels.

The bases of transistors 130, 131, 132 . . . 136 are
connected to capacitors 110, 111, 112 . . . 116 respec-
tively, as shown. The emitters of these transistors are
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connected to a common current source consisting of re-
sistor 157 and the 475 volt source. With this circuit con-
figuration, a resulting common emitter voltage is produced
which approaches the voltage of one of these capacitors
which has the most negative voltage. The most negative
voltage on one of these capacitors of indicators 10b to
16D results from the least recent charging by pulse ep and
indicates the least recent usage of the respective one of the
look-aside registers 10 to 16. The transistor, of transistors
130 to 136, which is connected to the capacitor having
the most negative voltage will always conduct. Some of
the remaining transistors, of the transistors 130 to 136,
will be “back biased” and will not conduct if the voltage
on the respective capacitors is much more positive than
the capacitor that has the most negative voltage. If the
voltage on some of the capacitors 110 to 116 is more
positive but near the most negative voltage of one of the
capacitors, the respective transistors connected thereto will
conduct some current but less than the one of the transis-
tors 130 and 136 that has the most negative voltage con-
nected to its base from its respective capacitor. The pa-
rameters of this circuit for transistors 130 to 136 are
chosen so that if all of the capacitors 110 to 116 have
the same voltage, all of these transistors conduct and the
voltage drop across each of their collector resistors is
large enough to turn on the Schmitt trigger circuits 160
to 166. To summarize, the voltage drop across the col-
lector resistors of only the transistors 130 to 136 whose
base voltage is very near the most negative will be suffi-
cient to turn on the respective Schmitt trigger circuits con-
nected to them, but if all of the base voltages are very
near the same, all the Schmidt trigger circuits will be
turned on.

If only one Schmitt trigger circuit is turned on, it is
clear that the associated one of the registers 10 to 16 has
had the least recent usage; but since a number of Schmitt
triggers may be on at the same time, only one of registers
10 to 16 must be selected by setting one of the flip-flops
R10-R16. If more than one of these registers 10 to 16
have had almost the same usage, very little is to be gained
by attempting to choose the particular register from among
these, that has the least recent usage. Therefore, the
lowest order indicator of indicators 10b to 16b, having a
Schmitt trigger turned on, is selected. This is accom-
plished by the circuit including transistors 140, 141,
142 . . . 146. This circuit is, what is often referred to
as, a “resistor-transistor ‘nor’ logical circuit” and provides
interconnections so that one of the transistors 140 to 146,
which is not conducting, forces the remaining of these
transistors of a higher order number to conduct. In order
to provide high level logical potentials (Ov) from the se-
lected one of the non-conducting transistors 140 to 146,
they are connected to the false outputs 160a to 166a re-
spectively, of the Schmitt trigger circuits.

The outputs of transistors 140 to 146 are connected to
“and” gates 170 to 176 respectively. A high output (Ov)
from transistor 140 for example, enables “and” gate 170
to pass a high output pulse (Ov) from “and” gate 177 to
set input ryq of flip-flop R10. The flip-flop R10 provides
a high output R;, which indicates that the word in look-
aside register 10 is one of the registers that has had the
least recent usage and is the word to be displaced when
storage space is needed for another word in the look-aside
registers 10 to 16. The flip-flop R10 is reset early in a
look-aside cycle if the main store is not busy by the high
output pulse (Ov) of “and” gate 178 at the time of pulse
P2. In this manner, the flip-flops R10-R16 provide a cur-
rent digital indication of the state of the analog circuits
of indicators 10b to 16b.

In FIG. 7, the alteration indicators 10c, 11c, 12¢ and
16¢ are shown to illustrate their operation which is typical
for all of the alteration indicators 10c to 16¢c. “And”
gates 71 and 74 are common to all alteration indicators
10c to 16¢c. A high output pulse (Ov) from either gate
71 or 74 specifies that a word is being “written” into one
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of the registers 10 to 16. “And” gates 70 or 78a, for
example, specify that the word is being “written” into
register 10. A high output pulse from either gate 70 or
71 is coupled to the input dy, to set flip-flop D10. A high
output Dy, for example, indicates that the word in register
10 has been altered and must be “written-back” into the
store 22 when being displaced from the look-aside register
10. The high output Dy, is coupled to “and™ gate 79a
having an enabling input Ry, for example, from the flip-
flop R10 of analog usage indicator 10b. The output of
“and” gate 79a is coupled to “or” gate 79 which provides
a high input (Ov) to driver Vsl. A true output Vs, of
the driver Vsl specifies that the word which is displaced
from register 10 has been altered and must be “written-
back” into the store 22.

Referring now to FIG. 2b, an alternate timing con-
trol circuit 29a and magnetic drum memory for store
22 is shown. This timing control 29a is provided in the
memory control unit 28 (FIG. 1) instead of the tim-
ing control 29 (FIG. 2) when the store 22 comprises a
magnetic drum memory instead of a magnetic core stor-
age as shown in FIGS. 1 and 2a. As is known, conven-
tional magnetic drum memories include a set of read-
write heads (not shown) for “reading” and “writing”
words of information on the surface of a drum of a mag-
netic drum memory, and separate amplifiers (not shown)
for amplifying the pulses to respective read-write heads
of the set. The outputs of the amplifiers are individually
gated for “reading” or “writing” operations. The timing
control 29a (FIG. 2b) provides a timing control flip-flop
T9 having an output Ty for gating the output of these
read amplifiers for a “read” operating cycle of the mag-
netic drum memory and an output Ty for gating the
output of the write amplifiers for a “write” operating cy-
cle of the magnetic drum memory. The flip-flop T9 is
triggered by the outputs of gates 77 or 38 (FIG. 2) to
gate the read or the write amplifiers, respectively. In
addition, a timing control flip-flop T10 is triggered by
the output of gate 76 (FIG. 2) which is delayed in time
by delay 81a to allow time for setting or resetting of flip-
flop T9, in response to the output of gate 77 or gate
38, before setting flip-flop T10. The output Ty, enables
“and” gate 80a to pass the output of a compare unit 80
on output line 79b as shown in FIG. 2b.

A drum address counter 78 and a compare unit 80 are
used in the customary manner, ie., the counter is stepped
by drum pulses reproduced by a read head disposed over
a timing track on the drum surface (not shown) so that
the contents of the counter 78 is the address of the word
passing by the aforementioned read-write heads. When
the proper enabling signals are supplied by flip-flop T9,
as described above, no read or write operation takes place
until the contents of the drum address counter 78 is equal
to the contents of the address register A. When the con-
tents of the counter equals the contents of the register,
the compare unit 80 produces an “equal” output pulse
which is passed by “and” gate 80a to initiate a strobe pulse
spl to the read amplifiers for “reading” the word on the
drum at the address stored in the A register and to the
write amplifiers for “writing” in a word at the address
stored in the A register., Also, the output of gate 80a is
coupled through a time delay 82a to output line 83 to
gates 60, 61, and 62 (FIG. 2), and to the reset input gtyq
to reset flip-flop T10 for the next operating cycle of the
magnetic drum memory. The time delay 82a provides a
delay in time to provide for “reading” or “writing” before
resetting flip-flop T10.

In the light of the above teachings, various modifica-
tions and variations of the present invention are contem-
plated and will be apparent to those skilled in the art with-
out departing from the spirit and scope of the present in-
vention.

What is claimed is:

1. A memory arrangement for a data processing sys-
tem comprising: a main store providing a random access
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to words of information stored therein; a memory pro-
viding a faster access to words of information stored
therein than provided by said main store, said memory
comprising a plurality of registers for storing words of
information and providing random access thereto for
current use in said system; analog indicator means cou-
pled to said registers, said analog indicator means includ-
ing means coupled to said registers and responsive to the
accessing of information therefrom for indicating a regis-
ter which has had the least recent usage; and logical cir-
cuit means coupled to said indicator means for displacing
words of information in said registers which have had the
least recent usage to provide storage space for new words
stored in the main store.

2. A memory arrangement for a data processing sys-
tem comprising: a main information store having a rela-
tively large capacity for storing words of information for
executing programs in said data processing system; means
including main store address and information registers for
providing access to words of information in said main
store; a small capacity, fast-access memory providing
rapid access to words of information stored therein, said
small memory comprising a set of registers for storing
words of information which are being accessed currently
in the execution of programs in said data processing sys-
tem; means including memory address and information
registers coupled to said fast-access memory for accessing
all words of information stored in said memory arrange-
ment including Lmemory address and information regis-
ters] both said fast-access memory and said main store,
and control means for said memory arrangement includ-
ing means for selectively controlling displacements of
individual words of information in said set of registers
of said fast-access memory and replacing said displaced
words in said set of registers by other words of informa-
tion having addresses in said main store.

3. A memory arrangement for a data processing Sys-
tem comprising: a main information store having a rela-
tively large capacity for storing words of information;
means including main store address and information
registers for accessing words of information in said main
store; a small capacity, fast-access memory providing
rapid access to words of information stored therein, said
small memory comprising a plurality of sets of address
and information storage registers for storing words of
information which are currently being accessed and their
respective addresses, means including memory address
and information registers coupled to said fast-access
memory for accessing all words of information stored in
said memory arrangement including L[memory address
and information registersy both said fast-access memory
and said main store; and control means for said memory
arrangement including means for selectively controlling
displacement of individual words of information in said
sets of registers of said fast-access memory and replacing
said displaced words in said sets of registers by other
words of information currently being accessed and their
respective addresses.

4. A memory arrangement for a data processing sys-
tem comprising: a main information store having a rela-
tively large capacity for storing words of information;
means including main store address and information
registers for accessing words of information in said main
store; a small capacity, fast-access memory, said small
memory comprising a set of cells for storing words of
information which are currently being accessed; means
coupled to said fast-access memory for accessing words
of information stored in said memory arrangement in-
cluding memory address and information registers; con-
trol means for said memory arrangement including means
for selectively controlling displacement of individual
words of information in said fast-access memory and re-
placing said displaced words by other words of informa-
tion being accessed; and analog indicator means for said
set of cells for indicating recent access to words of in-
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formation stored therein including means coupled to said
control means for designating at least one of the words
of information to be displaced which has had the least
recent access thereto.

5. A memory arrangement for a digital data processing
system comprising: a processing unit for processing digital
information; a main store providing magnetic storage of
words of information and random access thereto within
the time period of an operating cycle of the main store
including reading-out and writing-back a word of infor-
mation being accessed from said main store; a small ca-
pacity, fast-access memory unit for storing a limited
number of each of the words of information accessed
from the main store including index words and words
of data and their addresses in multiple sets of address
and information storage registers to provide random
access to words stored therein for said processing unit
within a shorter time period of a cycle of said memory
unit; control circuit means coupled to said main store
and memory unit for controlling the transfer of each of
the words of information accessed from the main store
between the main store and the memory unit; and alter-
ation indicator means coupled to said memory unit and
to said control circuit means, said indicator means being
responsive to alteration of a word stored in the memory
unit to provide an output to the control circuit means
which enables said latter means to transfer altered words
from the memory unit for storage in said main store.

6. The memory arrangement in accordance with claim
3 in which said memory address and information registers
for said fast-access memory comprise the input-outpul
registers for said memory arrangement and comprise the
only means of access to word storage locations of said
memory arrangement.

7. The memory arrangement in accordance with claim
3 in which word storage locations of said main store are
accessible only through said fast-access memory.

8. The memory arrangement in accordance with claim
3 in which said control means is coupled to said small
capacity, fast-access nemory and selective displacement
of the word of information stored in a word storage
location of said fast-access memory is determined by
least recent access to the set of registers comprising the
word storage location for said word of information.
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9. The memory arrangement in accordance with claim
3 in which access to any word storage location in said
memory arrangement is provided only by said memory
address and information registers coupled to said fast-
access memory, and said control means is constructed and
arranged to provide access to any selected word of infor-
mation not currently stored in said fast-access memory
and stored in said main store by transfer of the address
of the selected word storage location to one of said address
storage registers of said fast-access memory and accessing
the selected word storage location in said main store.

10. The memory arrangement in accordance with claim
9 in which said control means further provides for trans-
fer of said address of the word location to said main
store address register from said address storage register
of the fast-access memory.

11. The memory arrangement in accordance with claim
9 in which said control means includes word transfer
means coupled to said plurality of sets of storage registers
to provide for transfer of information in any selected
one of said sets of storage registers to said main store
registers.

12. The memory arrangement in accordance with claim
11 in which said word transfer means provides for auto-
matically restoring words of information to said main
store which are displaced from said plurality of sets of
storage registers prior to said transfer from said memory
register and thereafter accessing said selected word loca-
tion in said main memory and Sstorage in said selected
one of said sets of storage registers of said fast-access
memory.
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