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Abstract: Severel core-selecting aystems can te devised that ofifer votler
gelaction ratics than the ziendard “-dimensional arrsy. Immprove!
zelection ratica reault in reduced eloragze accenn Yime bat el
the cost of considersbly increased complexity of Lhe driver
circuits.

INTRODUCTION

A atorage system using a I-dinensicnal array of magnetic cores
Las heen under study in the laboratory for some time. 112 It %8 nasumed
that the r-ader is familiar with the aystem as described in the above
raferences.

Very promising prog-ees hes been nade, especially recently.
It 1s e%ill essenilally true thinat neilther She stesl nor the coremic cores
zov avallable present a satisfactory solution to the atorage problem:

a. The steel cores have the proter roctangularity dut switch
too slowly.

L. The ceresmic cores switch repldly but ere not sufficiently
rectangular.

Both eitustions can be improved if the ratio of aselscting %o
non-seleciing H's can be increased.

1. R-187, "Digital Informstion Storage in Three Dimensione Using Megnetic
Cores" by J. W. Forreater,

2. R-192, "A Coincident Current Magnetic Memory Unit" by ¥. N, FPapian
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a., For the rteel cores the non-seliztirg H car remiln as ie
and the relecting H incressed t: decrease the suliching
time.

b. For the coramli. cores the swit:ilng H can remain as ie
end the ron-selecting H reduce! to improve eigril-noise
ratio, ctec,

The switchinz system described by JWF is simple, clegant and
"hest possible" 3-dimencional in a senee to »e defined later. HNonetheless
it appears worthwhile to consider switchin; systema that rerilt in
improved selccting ratios even though they may result in more selecting
egulonent,

A z-Dimensional System with & 3:1 Selerting Ratio

A 2-dimensivaal system can he arranged to give a 3:1 selecting
ratic. The currents to be applied in the two coordipaies are as followe
when “M is the drive required to swit:hs

X coordinate selected avply 2/3 Hy
" " unselected " 0
Y coordinate selected : "h/3 Hy
" " ungelected too=1f3 H,
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Comparing this systaem with the present ors desciribed in R-187:
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The wirtue of the last mcatloned azystern m:psare when wotie:
coorcinata ia added:
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One way of looking at this syeter %3 o say that svlectlon ie
rale in all Z nlares and then “he unwanted »nlanes are overridden gr inhibiiad
by = negative H.

There 1s no equivalent inhlbitilon scheme for the 3.1 systom.
This Lack is a s2rious resiriction since the ninimum usable switching sysion
for a parallel computer 1s 3=dimensional. The absolute minimm is 2
dimensional, one dinension along the diglts in a register, the other alor:
the regisiers. for large numbers of reglsters the register solecticn;
which ie one-dimznslonal; “econes prohiditive, Note that dig.% column
galection iw necesenry to allow erbltrarily writing 0s or 1'n in each
colwm. 'The nresent 7-dimensinnel nystem is satisfactory fromw this noint
of view slnce 1t mllowe selecting any combination of coree along the Z
exis and not just one,

A Z-dimensional system allows 2-dimensional selectiion of the
regiater number thus reducing the number of drivera to a reasonable .evel
for moderate storage cavaclties. For very large storage capacities it
may be desirable Lo go to U= or more-dimensional nysteme. This voesibililr
lies well in the future.
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Ve will consider the prodolem of selacting n aingle olement Jwor
an n-dimensionel array of such elemente. The 3election will bao mada L., ¢
following menner:

1. The selection will be made by n independent lincar sele
tione, one in each coordinate.

2. Each linear selection will be of an n-l (inmenelonnl-asraj.

1. Lach element will be at the iantersection of n a2cleciing lesmdi:
one for each coordinate.

L. The particular selecting arrangement that results in mazimi:
ing the ratio of selecting to non-selecting switching
signals will be defired as a "beat-poseible" n-dimenslonsl
awlitching system.

(These restrictions hold for what mey be termed "nor-redundant"
selaction aystems. Some systems with "redundart" gelectiion are descrived
in the next section.)

Let the selecting amplitude (Hy in Fanian's terminclegy) de
taken here as unity drive, and let o be the ..rrgest non-selecting amplitud
at nny core. Now conslder a selected core, and then unselect it in onae
cooriinate only; according to restriction (1), above, the other coordinate-
renain unaffected. Since unselecting st remove & part of the select.ng
amoiitude at least equal to l-v, unselecting 1a n coordinates will removs
at lLeast n(l-p). As stated, the remaining amplitude of l-n{l-p) must not
exceed p in amplitude; It must not therefore be less than -p since negaii~
diaturbance is ns bad as vositive disturbance. Then:

r 1-n(1-0v)%p
l1-n + (n*tl)p 2 0

(ntl)p = n-l

2 n=i
~ ot
n-1
ol

P

PMin

1 1 T
(ngx o HHax = Maximum Selecting Batio

A 1 :
tabulation of RMax and pkin va n follows:
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" “Max T T Pyan ¥l
2 3 1/3
3 2 1/2
b 5/3 3/5
5 3/2 2/3
3 7/5 5/7
BT.:?..

The present system has a p of 1/2 and is "best-poesibie"
I-dimensional but not "best-possible" 2-dimensicnel. The 3:1 system
described above 13 "besti-possible" 2-dimensional.

A Y-dimenaional system accorling to the above criterion woull
he;, for exampla:

Coordinates
1 X X X,
H = 4.4 +.2 t.2 +.2
or H = +ou’ *eh -all' _'t'..e

These two systems are equivalent; of the two, the latier is
nreferable since the driving equioment le simolified.

In gensral for an n-dimenslonsl system tre cocrdinate values

are:
b g
Xl 5 x3 o S SR e ih
- 2 T o ° e 8
H= + ;;i.:’ 3T AR ALl ..,.,...l re
= 2 p 2 »_—2. »l
or H-— + |1+ E”'_i“ --E_-r-a.--.---.-.-.uo.e-—lll (n -.dd)

1
g o
S (n even

Redundant Selection ~ 2-dimensional

If the restrictions mentioned at the head of the previous
gection are disregarded, 1t les possible to devlise selection systems that wi:
glve selection ratios higher than 3:1. If a ratio of M is desired, a
systbem ig needed in which the gelected 2lement lies at the intersection of
M lines or planes or other configurations which must not otherwlse inter-
gect. Since the intersectinn of just two of these define the element, the
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ths other M=2 filgares are reduniert. VMoreover, it lg in general nore . l«

tc apply plus or mims voltages to fine figures and thus obtali baiter
than an K to L selection ratlo.

Conaicur firet a 2-dirennlonel array. Oustbomarily an alerqd
io selected st the interseciion of one horisontal wnud cne verileal, un!
othervisea-intersscting lines. A third zroun of nob-otherwlgc-interse: ‘ng
lines are the diagonale.

00 o/ d o ¥ Diagomal
b 00 00 90
00 \( L o u
0 1020
L0 33 O
o1 ’ N 0L 00 01 ~
0. 0L _00_
0. 10 11
10 - oL 11 10
\\\\ \\\\\\ (|30 _00 10
\ N {0 o o
= 1010 00
i ! T . S
: e S > S
| Ao 10
; 1. 1D ol

L S

Ths dlagonal line csnnot be chonen arbiurarily but is s funcilea of tho
horizontal and vertlical linee already choser. See the table,

The dlagonal column may be easily derived from the Lorisontinl
and vertical columns by (in this crse) sudtracting the vertiecal from ihe
horizontal modulo 4. A ohyeical orocedure for thiz derivation would de:

l. Set the dlagonal decoder by the horlzontal address digite.

2. Add the complement of the vertical esadress,

3. Add 1 (corrects for 9's complement).
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3ince sll selected llnen are non-iateisscting oxzuezt ab ono
element, o selecting amplitude of 1/3 may ba usat glylag ain acp.) yals

§ -

the selectel element of L and non-selecting smplituiee of mY waut L7

A better system is possible. ALL unselecteldl alemente 4in 1.a
borizontel and vertical lines must be interascted by tae non-clhiisan
(iegonel lines (they do not interuvect with tha chosan iiagonal imd lhe
diegonsl lines vass througn all elemsnta). Therefore, & negaiive algoe !

on the non-chosen diagonals will reduce the non-gelacting ampliudas. is
& result:

£ coordinate choeean + 2/%

n L non-chosen 0

Y " chosen + 2/%

" " non- choeen e

Diagonsl chosen + 1/5

" non-chosen - 1/5

The largest non-selecting amelituds is 1/5 resulting in
selectipnz ratic of H:l.

There are other 2-dimensional redundant systems. Throagh the2
gelected element may be dravn a large number of Jines of differant slupss
(the number depends on the size o tre array) all of wnich will pass ) rou,
1/n th of “he elements, but not all of which are non-interszcting wilth ore
chosen grouns of selecting lines. Ae an examole =- for an arrny with cven
n, lines with slope of 3 (up 7 rows for emch colwm) will internect witun
%, Y, erd diagonal lines only at the mtually selected elemsnt. Rulec zan
2 worked out for choosing such lines. The vresulting eeleciing ratloe ara
2rm-1:1 vhere m is the number of grouve of lines.

Redundant line selection is also possidle in 3 or more dime..alon

arrays tut a selection among en n-l dimensional array of lines ig nacessar
in each group.

In 3 dimensions, the groups could he the 3 coordinetes nlus the
4 major diagonals. The selected slement will be at the intersection of 7
lines, By a method analogous to that described above a selescting ratio of
13:1 may be achieved. The necessnry selecting equipment is very complicator
and inefficient.
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Redundaat 3deleution - F-Dimensionsl

Redundant selection is not necessarlly resirloted io groune of
lineg. ‘}roups of n-1 dimensiocnal figures mey be uced in an n-Clwonsic:sl

syaten.
In 3 dimansions a fourth nlane gkewed wlth respect o iue no or
3 moy b used, This plene should inlersect with mcre tham onc »ther mliine
only at the sslected eiement. A plene intersectings tne other ° ot U445 vl
Tille the reoulrements.
X coordinate chosern +1)3
. ¢ non-chosen 0
) 4 " choaen + 1/3
. " non-chogen ¢
Z L choaen + 1/3
. " non=-chogen o
Diagoral chosan (el¢)
" non-cho san - 1/3

1 Appiied Signals
' Selacted slement 1

Intersection of any 2 vlanes + 1f7

Ay = <

All planes exceot a%t inter-
gections 0
= All other elements - 1/3

Although thie is a I-dimensional syetem it has the disadvenioge
that only a sirgle element can be aelected and not an arbitraxy grouv of
elenents along one dimenaion.

Redundant selactling 3-dlmensional syetems using more than i
vlanes can be deviged. The methods can be exiended to any number of
dimenaiona.

s
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F Any reference to the form of storgze undar tonsideratlon haw
. two parig:

The uriwvin, Ppoblem

vt el ams i ——

1. A "read" or "write minus", the two being equivalent.
2, A "write plus" in selocted colwma.

Since ths read is dastructive & rewrite nlu« in the colimns
that readout plue iz necesaary.

Since writing minus requires signals of conusite polarity au rll
planes from thoeeo required when writing wlus, write miius muast be cervicc
out at a different time than write pius. This difference can most converde sly
be obtained by writing minue or clearing 211 colwmes vnricr to the wriie
plus. This write minus ‘s equlvalent to reading. It would be poselb.e ‘o
write miaus only in the columnas that are to end uv ninus but there secr.
little advantage to such complication.

i

LT S ————

3-Dimensional Driving
The chosen drivers in the X and Y dinensionn alwaye first write
minus and then write plus without excsotion. The dirlvers in the Z or
digit dimension, which are inhibiting drivers, never d-ive plus (inhiui%
minua) since all columms are always written negntivo. Selected 2
dimension drivers drive regative driving the write plus of the cycle "¢
inhibi¢ the columns that are not being written plus.
Dimension Waveform
' % — . H
7 2
} — L2
e -
P
& Y | &
H
2
A in O columne only e
L
T
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These weveforms can be obtained with simgle tubes., ‘he driving
sections need not even be push-pull,

As o first approximation a normally "ON" tube may be used wiih
an LC circuit in the plate. An inooning negative gate long enough to llec.
one complete sine wave on the plate is then ayplied to the grid, Clipuing
would be needed to s quare up the waveform. It may ,rove deuirable to uso
double~ended drivers to hold comstant yulse ourrents.

A driver of the X, Y kind will bo called an e~type driver Jor
sequence-type.

A driver of the 2 kind will be called an O-type drivor ior
one-shot type.

A driver which must put out both plus and cinus signnuls bui 10t
in fixed order will be called an n-type driver for non-ioguan: -<
type. Such a driver would have to be dcuble=-ende’ and Lo
probebly more complicated than en s-type driver,

3

A best-possible 3-dimensional storage of n2 registers each « dig ©s
long requires

2n s~type drivers nd ¢ ores/driver

d O=type driverss nZ "

e g ) -

2-Dimensional Driving

Consider now a storage made out of best possible 2-dimensicnal
errays. One such array will be needed for each digit columm,

- .

\ 1
The chosen X=-coordinate drivers {irst drive negative to write |
e minus but drive _ositivs only in the digit columns to be writtsn plus. I
seems reasonable, howevar, t hat such a driver should be no mors complisabo
than an s-type, the complication appearing in the control circuits. "he
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T-coordinate drivers mtst pe: oul, ooposile polariilen on selocts’ g
vneel.2cted liaes and nre thersefore of n-tyqe If 8 cormlete a8t of idive

; is orovided on each column w: need:

né e-tyoe dérivers n cores/driver

nd n=type drivers n P "
k3 If an s-type driver requires 3 lubas
i " Q-type " " ? lubes
i " r-type " " L tutes

and. we conelder & storaze of 3?2 == 1020 prcglsters of 16 dliitn
each when =

: The 3-dimensional array requires hl x % = 192
' +16x2=_32
P2 tubew
The 2-dimensional array rsquires 584 tudee

Thls 48 a substantial price to pay for the improved selec:ion
ratio. No conaslderation nas beea given to tle fact thet the ¥ fimepslinpa
drivers drive mors cores and therefore must te jarger than the 2-dime:agionny.
drivers. Thiln size differasnce partially compencates for the Cifferens
complexity of the two systens.

Fortunately it 1z not necessary to go to complete meperal.an af

digit columnas. For example, X-sslection can te mede in each cnlum, he
: selectlons 1n all columns a% once. This arrangement requiraes

nd s-type drivers n cores/driver

n n-type drivers nd " "

Yor the hypothetical astorage we now need 1669 tubes.

It 18 posgible to omit the n-type drivers comsletely Ly biaaiqy:
the ertire 3~dimensional arrey with a eingle 1/3 H e-type driver, olus whe:

writipg mimus; and mimms when writing plus. Both x end y drivers cen the:
bo e~type aleso. The sane nurber of x and y drivers aeg before are requirad
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2—D1mensioqgévﬁgdundant

This system requires 3 3ignals in each colwmn,x, y, and dingurel
Two of these can be s-type with an amplitude of 2/5 11, the otler is n iyt:
with an amplitude of 1/5 H. A bimsing driver such a3 mentioned above cem bo
used with another set of s-tyove drivers instead of the n-type:z., In wvilile:
event only the *+ 1/5 can be common to all columans, '"he requiremente wre:

2nd s-type or 2nd s-type n coras/driver
n n-type n  s-type nd * "
1 e-type ngd . "

For the hypothetical storage we now nead 3200 tubas.

3-Dimensional Redundant

Any two ovlanes can be common to all colums, the ovhers mist
be separate. There will be a J-dimensional array in each column. Therefcre
we require:

2 nzl} s-type nu,Bd cores/drivar
2 n2,3d n-type ny/3 » "

The array should be cubical, i.e., 512, L4096, 3276¢, etc. reglsiers.
It may well be that thle type of system will he important for very large
amounts of storage where L-dimensions arrays becomes desirable but woers t!s
5:3 awitching ratic of the true Y-dimensional system may be unworkabdble.

N Considering a storaze of 16° = 4096 registers of if digits eact,
ve require:

n

12 e-type = 32 x3 96 tubes 4096 cores/driver

512 n-type = 512 x4 = 2048 tubes 256 coresfdriver
2100 tubes total

The 2-dimensional best-possible requires L4288 tubes for this
slze storage or twice as many.

The 3-dimensional best-possidle requirss 416 tubes or about one
fifth as many.

LV
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Soncluaiong

It appears possible, at a sudstantial coat in inersnsed com . .ev
o the aseociated circuliry, to effectively imorove the overaiing chir: :le
iatice of may core materirl by lmproving the salecilon retlo. Some wrellp' iy
tostes made by W. N. Peplan show that tha respoanse tine of a sieel core may
zporoximately halved by using & 3:l ratic lasisad «f 2:1 end muy be *mivad
again by going to H:l. Some of the recent steel cores are almost faet enc: i
for uge in Yhirlwind at 2:1. The decision as to whether to usc one of i
more comnlicated systems must walt until more iaoforration on cora chavache: -
istics and driver deslgn become avallable.
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