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Several core-selecting aystona can te devised that ofYer bettar 
selection ratios than the stsndard 3-dimen3io?.ial a?re;'« Xnproved 
selection ratics result in redusad ttorago accent* tine but at 
the cost of considerably increased complexity of the driver 
circuits. 

INTRODUCTION 

A storage system using a 3"dimensional array of magnetic cores 
has been under study in the laboratory for some tirae.,̂ *̂  It la assumed 
that the reader la familiar with the system aa described in ihe above 
inferences. 

Very promisiJig prog:?ocB has been made, especially recently. 
It is still essentially true tJiat neither the steel nor the aoramic Ooraa 
row available present a satisfactory solution to the storage problem? 

a. The steel cores have the proper roctangularlty but switch 
too slowly. 

bo The ceramic cores switch rapidly but are not juffJciently 
rectangular. 

£olh situations cau be improved if the ratio of selecting to 
non-selecting K'a can be increased. 

1. R-.IS7? "Digital Information Storage in Thres Dimensions Using Magnetic 
Gores" by J. W. Forrester,, 

2. R-192, "A Coincident Current Magnetic Memory Unit" by V. K, Fapian 
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a0 For the r t e e l cores tne non-selct i r .g H car reiu.in as i s 
end the 1 e lec t ing H increased t ; decrease the svltchlng 
time. 

t>„ For the cerami0 cores the swlt ;aing H can reaaili as i s 
and the ron^Beiecting H reduce.', to improve li^au'il-noite 
r a t i o , etc„ 

The switching Bystera described b? Jiff is oi:ople, c.'.egant and 
"best possible" 3-dimaE.cional in a B'jnse to be defined l a t e r , Honethelees 
i t appears worthwhile to consider switching systcraB that rer ' i l t in 
improved select ing ra t ios even though they may re3u.lt in ito/o select ing 
equipment. 

» 

A 2-Diraen3ipj^aj; jfrj*gj'L*?,t*1 R l i ^ - J S ^ ' t i n g Ratio 

A 2'-dinen8iorial system can '>e arranged to f.'ivs a 3*1 se lec t ing 
r a t i o . The currents to be applied in the two coordinates are as followB 
when IL. i s the drxve required to switch* 
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Comparing t h i s systaro with the present osa described in R~lo*7' 
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3*Olnenslonal 2:1 

Tha vir tue of the last- mentioned system appears when .tiaothcx 
coordinate is? added; 

Ono way of looking at t h i s sys te j ia to sfiy that aoleciioa i t 
iraile in a l l Z places and then ''.he unwanted planes art« orerridnen or inhibi ted 
by a negative H„ 

There la no equivalent inhibi t ion ucherae for the 3-1 ayato!s„ 
This lack i s a serious r e s t r i c t i o n nince tha niniaam usnfcle s'fltchini; oytt^a 
for a pa ra l l e l computer i s 3°d- inensional„ Tho absolute miniraum i s 2-
dimensional, one dimension along the d i g i t s in a r eg i s t e r , tho other alor^ 
the regisier«o -?or large numbers of regis teru tno r eg i s t e r select ion, 
which ie one-dlQsnslonali, beconee prohibit ive* Bote thnt dig:.t column 
select ion ie ;»ec8SBary to allow r.rb:.trarily writing 0°s or l"u in each 
column. The present 3~dlm<9nsionel system i s uatiofaotory from t h i s -ooint 
cf view since i t allows select ing any combination of corec along the 2 
axis and not just one, 

A 3-dlmensional system allows 2-dimensional se lect ion of the 
r e g i s t e r number thus reducing the number ol dr ivers to a reasonable Aevel 
for moderate storage capac i t ies . For yery large storage capaci t ies i t 
may be desi rable to go to 4= or mora^dimensional nysteae,, This p o s s l b i l i ^ 
l i e s well in the future. 
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H-Piaea0i0rial ^.Svit^hir^; 

We w i l l cons ide r tne problem of s e l e c t i n g a s i ng l* element 
an n -d inans lona l a r r ay of such e lements . The s e l e c t i o n w i l l be ir.ndo i n th« 
fo l lowing manner; 

1„ The s e l e c t i o n w i l l be irade by n independent l i n « a r sec­
t i o n s , one i n each coordinator 

2. Each l i n e a r s e l e c t i o n w i l l he of on n -1 f l inensionaI-a:rrr . j .• 

3 . Each element w i l l he a t t h e i n t e r s e c t i o n of n 3t>iev;;ing lead .; 

one fo r each c o o r d i n a t e . 

k* The p a r t i c u l a r s e l e c t i n g arrangement t h a t r e s u l t s i n a a x i a i z 
i n g the r a t i o of s e l e c t i n g to n o n - s e l e c t i n g swi tching 
s i g n a l s w i l l he defined as a " b e s t - p o s s i b l e " n«H31rafntional 
awltcning system,, 

(These r e s t r i c t i o n s hold fo r what miy be termed "non-redondaat" 
• • l e c t i o n systems* Some systems with "redundant" s e l e c t i o n a re de sc r ibed 
in the next Boction ) 

Let t h e s e l e c t i n g ampli tude ( % in Fapian1 s t t r a i n o l c g y ) be 
taken here as u n i t y d r i v e , and l e t p bo t h e ...digest non» s e l e c t liig ampli tude 
a t tiny co re . Now cons ider a s e l ec t ed ; :ore, and then u n e e l e c t i t i n o r e 
coord ina te on ly ; according to r e s t r i c t i o n ( l ) , above, t he o t h e r coordinate- , 
remain unaffected., Since u n s e l e c t l n g iaust remove a p o r t of the s e l e c t i n g 
anre.Mtude a t l e a a t equal to l - o , u n s e l e c t i n g i j n c o o r d i n a t e s w i l l retro ve 
a t l e a s t n ( l -p )o As s t a t e d , t h e remaining ampl i tude of l - n ( l * p / must no t 
excoed p in ampl i tude ; I t muBt not t h e r e f o r e be l e s s than «p s ince n e g a i i -
d i3 tu rbance i s as bad as p o s i t i v e d i s t u r b a n c e . Then; 

1 - n ( l - v) * -p 

1-n • ( i fH)p = 0 

( n + l ) p = n~l 

_ Z n -1 
p-nTf 

mBdk 
pMin ~ n+1 

$ 

1^ ir+1 
• ^3 j - • B j j ^ 2 Maximum S e l e c t i n g Hatio 

ax 

A t a b u l a t i o n of B^ and p^ vs n f o l l o w s : 
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n 
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rr>l 
n->l 

B n-1 
pMia ~n+T 
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3/5 
?/3 
5/7 

The present system has a p of 1/2 and i s " b e s t - p o s s i b l e " 
l -d imensional "but not " b e s t - p o s s i b l e " 2-diinen3icnelo The 3 ; 1 nyitem 
descr ibed above i s " b e s t - p o s s i b l e " 2-diinensionalo 

A H-dimensional system accord ing to the above c r i t e r i o n would 
be , fo r example? 

o r 
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Coordinates. 
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These two systems a re e q u i v a l e n t ; of the two, t h e l a t r e r i s 
p r e f e r a b l e s i nce the d r i v i n g eqv.Aom»nt is s imp l i f i ed . 

In genera l for an n-dimensionsl system the coo rd ina t e va lues 
a r e : 

V-- •** 
+ 1 ->.±, 
•»nn • - 5*1 

- A - . . . . - ^ U o d d ) 
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+ ;-qpY (u even ! 

liedundant Selection - 2-dimensional 

If the restrictions mentioned at the head of the previous 
section are disregarded, it is possible to devise selection systems that vi.. 
give selection ratios higher than 3*1° If * ratio of M is desired, a 
system is needed in which the selected element lies at the intersection of 
M lines or planes or other configurations which must not otherwise inter­
sect. Since the intersection of Just two of those define the element, the 
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ilia oiacr k-2 i'i^area are redundant<. Moreover, i t i« in general no*:; , . }.c 
tc apply plus or mimxs voltages to tne f igures and thus obtain bettez 
than an U to 1 select ion railo. . 

Confl!!--*r firefc a 2-d*!rea»;.oaal ar ray . Custooarlly ;n alesuji 
i a ••looted at the in te rsec t ion of one horizontal <!ad ono veriJ.ceC,, &oi 
otimrviea»lntereectlng l inen. A thi'.rd ,~jroup of not.-ot.h<^^vfi8c-I.nt«^s*•.: lng 
l ines ara She dla^on-iiSo 

_oo___QO_„_Qo. 

00 01 11 

00 10 1U 

A\ 

00 
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11 

11 
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00 
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00 
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11 

00 

01 

01 

01 

00 

11 

10 

01 

00 

11 

11 

10 

10 01 

11 00 

Th.3 diagonal l i n e cannot be chouen a r b i t r a r i l y but i s a function of the 
horizontal and ve r t i ca l l inee already chosen, See the table„ 

The diagonal column May be easi ly derived from the iiorironi nl 
and v«r t i ca l columns by ( in th io c o e ) subtract ing the ve r t i ca l from the 
horizontal modulo k, A ohysicai procedure for this? der ivat ion would bo: 

1„ Set the diagonal decoder by the horizontal aadro3<? d i g i t s . 

2. Add the complement of the v e r t i c a l andress. 

3 . Add 1 (cor rec ts for 9 'a complement). 
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Since FJ . I s e l e c t e d l i n e s arc n o n - i n t e r s e c t i n g oxcet t a<-> one 
element, a s e l e c t i n g ampli tude of 1/3 roay bi» u»ed g iv ing »m amplitude B 
the se lec ted element- of 1 and non- se l eo t lng funplituier of at rcout L/3> 

A B e t t e r system i s nosfjible. A l l n n s i l e o t e i elements i i 
h o r i z o n t a l and v e r t i c a l l i n e s must he in to ra^c teo bjr tiie aon^cb/taan 
ui&gonal l i n e s ( they do not i n t e n t o c t with "tha chossn l i agoaa l nad the 
diagonel l i n e s pass t h r o w n a l l eiera3nte). Therefore , a aaga t lve s igna l 
on the non-chosen d iagonals w i l l reduce the a o n - s a l a c t i n g aispli'vudaa. vs 
a r e s u l t : 

'.i coo rd ina te choeea 

" n non- chosen 

Y " chosen 

11 M :xon> chosen 

Diagonal chosen 

" non^chosen 

The l a r g e s t non-Fe lec t ing araplituda if* 1/5 r e s u l t i n g in a. 
s e l e c t i n g r a t i o of 5 : 1 . 

There a r e o the r P-dimeuaional red\indant systerna. Through th* 
se lec ted element may bo drawn a l a rge number of 3ines of d i f f e r e n t 3lcp3e 
( t h e suabor depends on the s i z e of the a r r a y ) a l l of vnich w i l l pass throu». 
l / n t h of who e lements , but not a l l of which a re non- in tersac t f . ' ig with -ore 
chosen gi'ouoo of s e l e c t i n g l i n e s . Ae an example — f o r an a r m : ' with e rea 
n, l i n e s wi'ih s lope of 3 ^UP 3 r o v ' s f o r «Rch column) w i l l l n t e r s t o t with 
* , Y, eiji d i agona l l i n e s only a t the mutually se l ec ted element. Rulee saa 
«e worked out f o r cnoosing such l i n e s . The r e s u l t i n g s e l e c t i n g r a t i o s &r.s 
2rc-1:1 where m i s the number of groups of l inegc 

Hedundant l i n e s e l e c t i o n i s a l so p o s s i b l e i n 3 o r >"o-o dimension. '.. 
a r r a y s but a s e l e c t i o n among an a-1 dimensional a r r ay of l i n e s 1B ;i?c*;',B.*r 
in each group. 

In 3 dimensions, t h e groups could "je the 3 coord ina tor pint the 
U major d i a g o n a l s . The s e l e c t e d element w i l l be a t t he i n t e r s e c t i o n of 7 
l i n e * . By a method analogous to t ha t desc r ibed abova a s e l e c t i n g r a t i o of 
13«1 may be ach ieved . The necessary s e l e c t i n g equipment i s very coarpl;>ca& 
and I n e f f i c i e n t . 

+ 2/5 

0 

+ 8/5 

0 

- 1/5 
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Redundant 3olaotlon •••* y^Dinewion&L 

Redundant selnction ia not nee*Marlly reel r io ted to grout) 1/ at 
l inos , Oroupi of n-1 dimensional figures aay ha med in an n-dlnwnaic: a l 
system. 

In 3 dimensions a fourth plane sVewed with respect '. a the ' , c r 
3 may "09 used. This plane should Intersect with mere than ono >ther plana 
only at the as3.ect,ed element. A plrup in tersec t ing the other " at 45 ttl 
f i l l s the reouirewentSo 

+ 1/3 

0 

t 1/3 

0 

• 1/3 

0 

00 

- 1 / 3 

1 

Intersect ion of any 2 planes + 1/3 

AH planes except at i n t e r ­
sections 0 

All other elements - 1/3 

Although th i s i s a 3-diiaensional system i t has the disadvantage 
that only a single element can he selected and not an a r b i t r a l / grout) of 
elements along one dimension. 

Redundant se lec t ing 3*°^lraensioaal systems using more than 4 
planes can he deviBed. The methods can he extended to any nurehur of 
dimensionso 

X coordinate chosen 

• " non-chosen 

Y " 

M » 

z * 
n n 

Diagonal 

n 

chosen 

no a-chosen 

chosen. 

non-chesen 

chosoce 

no n« chosen 

applied Signals 

Selocted element 
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» 
The J r l v i n ^ J?rpJ)lem 

Any reference to the fora of s torero under :;o7.sidar{V? Ion has 
two parta: 

1„ A "read" or "write minus", tb.R fc^o bein*; equivalent. 

2, A "write pluo" in aeleoted columns. 

Since the read la destructive a rewrite nlu<< in the colvans 
that readout plUB is necessary. 

Since writing minus requires signals of opposite polnrlty em F11 
planes froa theso required when writing -olua, write minus must be carried 
out at a different time than write plus. This difference can noat eonvenies;ly 
be obtained by writing minus or clearing all co.lurann prior to the write 
plus. This write minus *e equivalent to reading. It -irauld be passion lo 
write minus only in the columna that are to end up rdmis but there eeei 1 
little advantage to such complication. 

j-Slmenslonal Driving 

The chosen drivers in the X and Y dimenfl5.onn always first write 
minus and then write plur, without exception,, The d;'lvors in the Z or 
digit dimension, which are inhibiting drivera, never dn-ive plus (inhibit, 
minus) since all columns are always written negative. Selected Z 
dimension drivers drive regative driving the write plud of the cycle ̂ c. 
inhibit the columns that are not being written plus.. 

Dimension Waveform 

X 

T 

Z in 0 columns only 

l 

~~l 

H 
Z 

AL LZ 

a. 

» 
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Thene wavoforns can be obtained wi-ch s i n g l e tubes . vhe driving 
sec t ions need not even be jueh-pul l . 

As (i f i r s t approximation a normally n0N" tube may be u6©d with 
an, LC c i r c u i t i n the ^ l a t e . An inarming negative gate long enough t o *llc; 
ono complete s i n e wave on the plate i s then applied to the g r i d . Clipping 
would be needed to s qua re up the waveform. I t may ^rova dutiirnble t o ueis 
double-ended drivers t o hold constant pulse ourrentn, 

A driver of t.ie X, y kind w i l l bo ca l l ed ari 8-typo driver f o r 
sequence-type. 

A driver of the Z kind w i l l be ca l led an 0~type driver for 
one-shot type . 

A driver which must put out both plus and Linus signnlw but act 
in f ixed order w i l l be ca l l ed an n-type driver for non-aequsni sd 
type . Such a driver would have t o be dcublo-ende:i mid ia 
probably more complicated than un s=type dr iver . 

2 
A best^possible 3-dimen3ional storage of n register:: each d dig n̂ 

long requires 

2n s~type drivers nd c ores /dr iver 

d 0-type driversB n 2 " " 

2-Dimensional Driving 

Consider now a storage made out of best possible 2-d:.mensic ial 
arrays. One such array will be needed for each digit column. 

* 1 
The ohosen X-soordinate drivers firat drive negative to write 

minus but drive ^ositiva only in the digit columns to be writt-m plurj„ It 
seems reasonable, howevar, that such a driver should be no mora ooqplioatoi 
than an s-type, the complication appearing in the control circuits, ".no 
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¥-coordinate* d r i v e n must pus out. opposite polar i t leu on •eloctad an: 
unselacted l ines and are therefore of n-type If a isonrolete set of .•.; . .0 
iti provided ozi each opium we need; 

nd e-tyoe dr ivers n cores/driver 

nd n-tjpe dr ivers n " ' 

I f an a-type drivor requires '5 iubas 

n O-type • " ? tubes 

• retype n * ^ ^ u ^ e 8 

and we consider a storage of 3? B 102W reg i s te r s of 1.6 d i g i t s 
each :hen -

The 3-di3ensional array requires W x J » 1°>2 

+ 16 x 2 * 32 
??h tubes 

The 2-dimensional array requires 358U tubes 

Tale i s a arubutAntial price to pay for the improved selection 
ra«io r No consideration has been giver; to the fact, that the "i £:', ner - l-:r.a. 
drivero drive more cores aid therefore must "ce larger than the 2-dinensio 
drivern, This s ize difference pa r t i a l l y cornyent<ates for* the different 
complexity of the two systems. 

Fortunately i t Is not messeary to go to complete, separa' LOO of 
d ig i t columns. For example, X-eeleotion can be made in each column, :he ' 
8elections in a l l columns at once. This arr&ngement requires 

ud s-type driverc n cores/driver 

n n-typs dr ivers nd " " 

:«pr the hypothetical storage we now need I669 tubes. 

I t 1B possible to omil the n-type dr ivers completely by biasing 
the er.tire 3"^-i'I>enBional array with a s ingle 1/3 H s-type driver* plus vb 
writ ing minus, and minus when writ ing plus- Both x end y dr ivers can the::. 
be o-type a l so . The saae number of x and y dr ivers ae before are required 
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g»P iiBenflionEl Redundant 

This system requires 3 signals in each co.lumn,x, y, and diagontdLa 
Two of these can be s~type with on amplitude of 2/5 '*> the o'i!:er i s n~typ« 
v i th an amplitude of 1/5 H. A biasing driver such a j mentioned abovs MW. be 
used with another set of E;-type drivers instead o:f the n~types. In either 
event only the "+ 1/5 can be common to a l l columns, '-he requiremente arel 

2nd 

n 

s-type or 2nd 

n~type n 

1 

8-type 

a-type 

s-»type 

a corog/tl 

nd N 

n2d • 

r lv 

n 

1 

For the hypothetical storage we now nead $200 tub^s, 

3-Diraensional Redundant 

Any two planes can be common to a l l columns, the o'.hera n»xs% 
be separate. There wil l be a 3-^iu>8nsional array in each column,, Thorefc re 
we require: 

2 n '* s-type n ' *d cores/driver 

2 n2^3d n-type n V 5 " • 

The array should bo cubical, i c e „ , 512, 4096, 3276£, e t c , regist«ra. 
I t may well be that t h i s type of system wil l be important for very large 
amounts of storage where U-dimensions arrays "become desirable but where tJ 0 
5:3 switching r a t io of the t rue U-dlmensional system may be unworkable. 

Considering a storage of l6^ • U096 reg i s te r s of x(: d ig i t s eact, 
we require: 

32 s-type • 32 x 3 = 96 tubes U096 cores/driver 

512 n-type • 512 x U •- 20Ug tubes 256 cores/driver 
2lW tubes t o t a l 

The 2-d linens lonal best-possible requires 1*288 tubei? for t h i s 
size etor.ige or twico as many. 

The 3-dimensional best-possible requires Ul6 tubes or about one 
f i f t h as many. 

> 
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Cojacp.naictna 

I t appears nosaiole , at a substant ia l cost la increased ooap'.ie; 
of the associated" c i rcu i t ry , to effect ively improve tiie OT>ern;?.ng ch-r, it« 
i«t5,co of any core material by improving the selection rat io* SOKR :r« .J.n . r 
t e a t s i&ade "by W. N. Paplan shov that the responsa t ine of a ainiel co.rc mag ) 
approximately halved by using a 3 ! * ra t io instead of 2sl and rrpjy be halved 
again by going to 5*1. Some of the recent et«ol cores are alme>st fa&t ar.c Jgh 
for uae in 'vhirlvind at 2 ; 1 . The decision as to vJiethei* to use one of tft< 
more corailicated ayetemn must wait u n t i l more inforaation on Oora oharaatcf-
i o t i c a and dr iver design become avai lable . 
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