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Digital Computer Laboratory 
Massachusetts Institute of Technology 

Cambridge, Massachusetts 

SUBJECT: WWII BLOCK DIAGRAMS MEETING OF MAY 1. 1952 

To: WWII Planning Group 

From: W. A. Hosier 

Date: May 8, 1952 

Abst rac t : This note summarizes the d iscuss ion a t the above meeting for the 
benef i t of those who may wish to t r a c e the course of thought on 
the sub jec t . 

Presen t : G. R. t Briggs 
D. H;"Brown 
H.R.J . Grosch 

R. P . Mayer .' £} 
I v - S . Reird ' 

. A. Hosier N.-H., Taylor ' J | -I 

I h j . '. : ,"• • < J * w 

To begin with, there;J»as» liacussiOn of J. Forreste 
April 29, "Boundary Conditions for WWIJ- Design" >.(M-1468). I 
introductory remark that performance f|rgu,res .frxin columns mo 
units apart should not belcombined, it was somewha^ jnjpzling 
completion time should be {linked "|»if;& the mori dif 

|oi be dra4nvTr8m'Vhis a 
that if an optimum nomput4r could, br anViie'i/ed in the longest time, a com 
promise of a near-optimum computer sooner would be better. 

s note of 
view of the 
than two 

hat brief 
t desilns. D. Israel 

gement is 

N. Taylor observed that reliability figures other th8n the "poorest 
acceptable" are difficult to foresee under present conditions; also that 
probably 36 months is a minimum completion time. Probable speed and storage 
capacity he thought might be 30 jus per order and 4000 registers, using Mo-
permalloy cores and transistors. He mentioned that transistors give promise 
as gates, having a reliability comparable to germanium diodes and offering 
gain besides, with a conservative speed figure of 2 jia. The order code 
was left an open question; it was pointed out, however, that the size of 
the memory would affect such of it as relates to correlation programs and 
terminal equipment. 

For the benefit of those present whoQlid not know what a "B-box" 
was, R. Mayer explained that it is a separat^^fister containing a constant 
which can be added to the address of certaj4^s$ecified orders. The B-box 
itself may or may not be capable of counira^or adding. 
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I t was suggested t h a t the contents of the B-box might on occasion 
b e substi tuted f o r the address instead of being added to i t ; a l s o tha t more 
t h a n one B-box might be u s e f u l . I f numerous B-boxes were used , the p r a c t i c a l 
e f f e c t would be one of a two-address order code; i t was f e l t t h a t a fo r th ­
r i g h t two-address system would be p re fe rab le . (D. I s r a e l says nobody has 
e v e r found any u s e for more t h a n one B-box.) 

H. Grosch suggested t h a t a 3- or ^.-address system might be more 
e f f i c i e n t than t h e contemplated s ing le -address , but t h i s was denied by 
N . Taylor and o t h e r s , par t ly on the basis of D. I s r a e l ' s r e p o r t M-1325. 

Mr. Grosch also o u t l i n e d the " c r i s s - c r o s s " technique of m u l t i p l i ­
c a t i o n : grouping together t h o s e pairs of f a c t o r d i g i t s which a re mul t ip l ied 
i n the product by a common power of the base ( e . g . , 132 x 645 = 10°(5 x 2) 
+ 10 (5 x 3 + 2 x 4) + 10 (5 x l + 4 x 3 + 6 x 2 ) + 103(4 x 1 + 6 x 3) + 
IO (6 x 1) = 10 + 230 + 2900 • 22,000 + 60,000 = 85,140) . While t h i s may 
o f f e r advantages i n a decimal machine, p a r t i c u l a r l y in a s e r i a l machine, 
i t would appear t o be cumbersome in a p a r a l l e l binary one. 

In a genera l d i s cus s ion of whether s impl ic i ty and r e l i a b i l i t y 
a r e more e a s i l y achieved in a s e r i a l machine, I . S. Reed and N. Taylor 
observed that f o r comparable operat ing speeds , the s e r i a l machine offers 
l i t t l e or no advantage , since i t s more complex control adds roughly the 
same amount of equipment as do the multiple channels of the p a r a l l e l machine; 
a n d , f u r t h e r , makes i t harder t o understand. 

N. T a y l o r made a rough "figure of mer i t " comparison of WWI and 
GALAC, as f o l l o w s : (Germanium diodes being considered 10 times as r e l i a b l e 
a s vacuum t u b e s , 10 diodes a r e taken es equal to 1 tube) 

GALAC 

2500 

250 

150 

400 

16 

42 

$100,000 

No. Diodes 

T 10 

No. Tubes 

Ef fec t ive " tubes" 

Operat ions per second 

Word Length 

Est. Cost £y 

if ÔNMH Mtf ML 

WWI 

11,000 

1100 

5500 

6600 

16,000 

16 

$1,000,000 
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Using as a rough f i g u r e of mer i t the product (operat ions per 
second) x (word length) d iv ided by the product ("tubes") x ( c o s t ) , one 
has for CADAC a figure of 1.6 x 10~5, and for WWI a f igure of 4 x 10"5. 

A scheme for doubl ing the s ize of the memory without any change 
i n the number of driving l i n e s was out l ined by D. Brown. This consis ted 
of having two cores ins tead of one at the i n t e r s e c t i o n s of dr iv ing l i n e s , 
so that the cu r ren t s which add in the one core cancel i n the o ther : I 

% 

I n p r a c t i c e , i n s t e a d of the phys ica l ly d i f f i c u l t s i t u a t i o n of 
both cores a t the same i n t e r s e c t i o n , the d r iv ing l i n e s are a l l simply made 
t o cross t w i c e , with one core a t each of the two i n t e r s e c t i o n s : 

A l l that the system then r e q u i r e s to switch the two cores independently 
i s that i t be possible for a dr iving cu r ren t of l / 2 to be put i n to one of 
t h e l ines i n e i t h e r d i r e c t i o n a t w i l l . 

R. Je f f rey and I . Reed then launched a d iscuss ion of magnetic 
stepping r e g i s t e r s , poin t ing out that such a r e g i s t e r uses i t s cores i n ­
e f f i c i e n t l y , assuming only n s t a t e s out of the 2 n which are poss ib le with 
n cores. However, i t was gene ra l ly agreed t h a t t h i s " l i nea r " counter has 
s implici ty of inputs and o u t p u t s that probably compensates for i t s excess 
of digi ts over the " logar i thmic" (2n) coun te r , and t h a t the choice of one 
over the o t h e r for control purposes i s probably a mat ter of which lends 
i t s e l f best t o c i rcu i t s a t hand. 

P o s s i b l y the l i n e a r r e g i s t e r i s b e t t e r adapted to dr iv ing funct ions 
involving l a r g e amounts of power; however, whether or not any grouping of 
magnetic c o r e s can be u se fu l for such d r i v i n g functions w i l l depend on 
whether or n o t mixing of command pulses from several core channels i s s a t i s ­
factory. Tt was agreed t h a t p r i o r i t y must be given to experimental e f fo r t 
on this mixing problem. 

I n t h i s connection, G. Briggs brought up a device now under con­
s iderat ion f o r coupling magnet ic cores a t w i l l by e l e c t r i c a l means: a 
saturable r e a c t o r inductance i n ser ies wi th the two coupled co res , which 
presents i n i t s unsaturatec s t a t e an impedance high^nough to prevent 
switching of t h e driven c o r e , and in i t s s a t u r a t e d / M ^ t e an e f fec t ive 
s h o r t - c i r c u i t . I t i s a n t i c i p a t e d tha t a gate o^S^4« nature may be some­
what slower t h a n desired} t h e sa tura t ing w i n d i « s > d l l probably have to be 
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e n e r g i z e d somewhat pr ior to pu l s ing of the d r iv ing core, ( i t has been 
sugges ted in o t h e r quarters t h a t the orthogonally-wound core proposed i n 
L . Buck's note (E-454) on a Non-Lie s t ruc t ive Read-Out may p rov ide , by v i r t u e 
o f i t s acting a s a one-way t ransformer , the des i red means of mixing command 
p u l s e s . ) 

In c l o s i n g , Mayer and Jeffrey sketched a simple means of switching 
t o one of any number of branch channels of a stepping r e g i s t e r : 

"trtmlfc 

The driving l i n e s A and B are a l t e r n a t e l y pulsed with O's . This w i l l 
p r o p a g a t e a 1 i n s e r t e d at the beginning of the trunk l ine up to the core 
Z, where the propagated 1 w i l l d i e i f switch cores aj_, 82, a ^ . . . . a l l con­
t a i n O's. However, i f previously the cont ro l switch has i n s e r t e d a 1 i n 
one of the switch cores , the 1 w i l l continue t o be propagated down the 
c h a n n e l headed by tha t core, and no other . 
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