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Abst rac t : This note summarizes the d iscuss ion a t the above meetings fo r 
the bene f i t of those who mav wiah tn I »m | Tiie "coarse \of thought 
on t h e subject . , ~" A r~> " ^ W . D 

P r e s e n t : G. R. Br iggs l ^ " ' HfR.Jj;;Gr4sfch\ ViJC^ahrte^tock 
D. R. BroVrf-^Q^.'WilAi'-Hosiejc 
R. R. E v e k 4 t t _ _ — R v ^ ." . Jef f rey 
J . W. ForTesA«rx W. Qgden ft , 

Jer 
Reet 

the ou t se t of this-.meetxnE»\ e 

ystem of WWII 3 s s i t i y ig) aj'JVv 
tithmeti^ e ^ r i e w s , VVia_thfti_14 

I t was pointed out a t the ou t se t of this~meetxn| j / \as haslbeen 
s a i d before, t h a t the con t ro l system of- WWII •Js s i l l y ig 4\Vwide ojen" 
s t a t e compared t o memory and amthmet i^ qjjertews, Vna_thajL 11. wi'niTfV'be 
most helpful t o have as concrete a propjjg^X-i^-ixiTJK^atunder the con t ro l 
heading as one has under the otneT~"twoT 

J . F o r r e s t e r proposed tha t t he re i s perhaps a hierarchy of com­
ponents and dec i s ions app l icab le to the machine - t h a t i s to say, an order 
i n which i t s a s p e c t s ought t o be considered so tha t l a t e r decis ions w i l l 
have a minimum of undesired r e t r o a c t i v e e f f e c t s on previous ones. He sug­
ges ted that i f t e n t a t i v e systems are e laborated in to enough d e t a i l , we may 
have a be t t e r no t ion of what t h i s order i s , and be able t o impose a p a t t e r n 
of growth on WWII that f u l f i l l s i t s e l f somewhat more e a s i l y and c o n s i s t e n t l y 
t h a n did t h a t of WWI. 

A b r i e f discussion of components ensued: 

(a) w i th regard t o t r a n s i s t o r s , J . Fo r r e s t e r sa id tha t the q u a l i t y 
and quentity observed a t GE the day previous was not encouraging; t h a t for 
ou r purposes, t r a n s i s t o r s a r e s t i l l too slow and subject t o too much v a r i a ­
t i o n . R. E v e r e t t pointed out t h a t t h i s i s p a r t i c u l a r l y t r u e of t h e i r opera t ion 
i n pulsed c i r c u i t s . I . Reed remarked t h a t a tendfclj^ of t r a n s i s t o r f l i p - f l o p s 
t o o s c i l l a t e , due presumably to low input impoMlqfce' of the t r a n s i s t o r , has 
been inhibi ted i n some cases by su f f i c ien t jC*w\ 
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(b) w i t h regard t o magnetic c o r e s , D. Brown observed tha t of 6 
ba tches of f e r r i t e cores r e c e n t l y made by General Ceramics and tes ted by 
u s with our equipment at t h e i r p lan t , only t h e f i r s t batch was accep tab le . 
A l s o , some of t h e Mo-permalloy cores have tu rned up with long switching 
"times, up to 50 u s . 

(c) t h e production of junction d iodes at GE i s not yet under 
adequate c o n t r o l , and the i r o u t p u t i s sub jec t to considerable f l u c t u a t i o n . 

I . Reed outlined b r i e f l y what might be cal led the "operation 
counter" of h i s 4-order computer proposed e a r l i e r . This 3 - b i t counter , 
capable of 8 s t a t e s , was so constructed as t o count through a cycle having 
U alternate b r a n c h loops, one f o r each of t h e A basic o r d e r s : " s u b t r a c t " , 
"•transfer to c o n t r o l " (CJJ) , " t r ans fe r back t o memory and s h i f t r i g h t " , 
a n d "halt". T h i s proposal h a s been wri t ten up in more d e t a i l by Reed and 
J e f f r e y in an unnumbered no te d i s t r ibu ted a t the meeting of Apri l 2U* 

In r e sponse to J . F o r r e s t e r ' s d e s i r e to have a more concrete 
d i s p l a y of how much "hardware" i s implied by an abs t r ac t l o g i c a l proposal 
l i k e Reed's, and to be able t o answer ques t ions l ike how many leve ls of 
d i o d e s are c a s c a d e d , driving and being d r iven by other d i o d e s , c i r c u i t s a re 
suggested in t h e Reed-Jeffrey memo for r e a l i z i n g the l o g i c i n terms of 
( a ) crystal d i o d e s , (b) gate t u b e s , (c) magnetic cores . 

A p r o p o s of Boolean methods, Mr. F o r r e s t e r quoted a member of 
G E ' s engineering staff as s a y i n g that a p p l i c a t i o n of such ana lys is to t e l e ­
v i s i o n t r a n s m i t t e r switching c i r c u i t s enabled them to e l imina te as much as 
8 0 $ of the r e l a y s in some c a s e s . 

H. Grosch then o u t l i n e d a means of ins tantaneous sh i f t ing s i m i l a r 
t o the system u s e d in IBM's 604 ( i t has been suggested by various people 
t h a t if WWII u s e s , say, a 3 2 - b i t word, t hen , since 7 b i t s would probably 
s u f f i c e for o r d e r and 16 fo r address , there would be a t l e a s t 7 b i t s l e f t 
t o designate s u c h other f u n c t i o n s as the number of p laces t o sh i f t l e f t or 
r i g h t ) . B r i e f l y , this c o n s i s t e d of a r e c t a n g u l a r matrix wi th 32-bi t inpu t 
l i n e s yQ to Yy±_> and similar ou tpu t l ines XQ t o x ^ , with a core a t each of 
t h e 1024 i n t e r s e c t i o n s . The 63 diagonals x = y + n (-31 - n - 31) , a r e 
threaded th rough these same c o r e s , so t h a t a pulse of l / 2 on input yjj and 
d iagona l n w i l l give a sh i f t ed output pulse on x, 

R. E v e r e t t thought t h e to ta l time saving so accomplished on the 
average program might come t o 6%; he said t h n t more t ime, perhaps 30%, could 
b e saved by a s i m i l a r condensing of the high-speed ca r ry . 

Such a poss ib i l i t y was shown by a proposal of G. Briggs - a f l i p -
f l o p adder u s i n g paral le l magne t i c gates f o r carrying (see F i g . 1 a t t a c h e d ) . 
I t uses H(n + 1 ) cores in t h e ca r ry matrix, bi*4 at most n of these are 2 &d 
switched s imul taneously . / v C ' 
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R. E v e r e t t ci ted W. Papian as saying tha t a s e r i e s arrangement of 
cores for the high-speed c a r r y would not necessa r i ly have an operat ing time 
equal to the sum of the i n d i v i d u a l core-switching t imes, s ince the d^ /d t 
i n a core would i n i t i a t e swi tching of the core following before the f i r s t 
core had e n t i r e l y switched. 

R. Mayer carried f u r t h e r his s tudy of the "s ing le r e g i s t e r " com­
pu t e r (E-459), de ta i l ing t h e "multiply" o r d e r . This was l o g i c a l l y the same 
a s the MI o r d e r , with the minor exception t h a t at the end of the opera t ion 
mh, i t i s BQ which wil l always hold a 0 r a t h e r than B-jr as in H I . 

The t o t a l time needed for mul t ip ly ing two 1 5 - b i t numbers i s 301 ^ l s . 
Mayer est imated tha t 1* us of program timing could be saved by having an 
e lec t ronic program counter r e g i s t e r ; t h i s could then a l so double as a s t e p -
counter, and would save U ps per mu l t i p l i e r d i g i t . 

In connection wi th the problem of saving t ime, Mr. F o r r e s t e r asked 
Mr. Grosch t o organize a survey of the a v a i l a b l e information on the percentage 
of operating t i m e devoted t o individual o rde r s (see Grosch's note M-I464). 
Mr. Everett mentioned tha t he had more or l e s s done such an ana lys i s for the 
w 2-regis te r" computer. 

Mr. Fo r r e s t e r suggested that i t would be he lpful t o have from the 
components g roups a proposal f o r control which i s as concrete as the p resen t 
i dea s on a memory: for example, that W. Papian end N. Taylor propose a form 
of stepping r e g i s t e r . Engineering problems t h a t a r i s e w i l l probably include 
maintaining p u l s e shape under a var ie ty of l o a d s , and mixing of command po i ses . 

Under the heading of reducing v a r i e t y of components by having one 
component perform more than one function, i t was mentioned t h a t bui ld ing the 
control mat r ix as part of t h e memory might con f l i c t with the notion of a 
high-power c o n t r o l matrix. 

C los ing discussion a t Wednesday's meeting turned on the mer i t s of 
i t e r a t i v e t echn iques for ope ra t ions l ike mr, dv, square r o o t , e t c ; i t was 
generally agreed that the slowness of i t e r a t i v e techniques made them im­
prac t i ca l e x c e p t for inf requent opera t ions . 

i j I U innri! 
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Thursday, April 17 

Present: G. R. Briggs 
D. R. Brown 
R. R. E v e r e t t 
S. H. Dodd 

J . W. F o r r e s t e r 
H.RoJ. Grosch 
R. C. J e f f r e y 
W. A, Hos ie r 

R. P., Mayer 
H. Fahnestock 

Thursday's meeting began with R„ Mayer 's sketch of a stepping 
r e g i s t e r to perform the order aci i n his p rev ious ly proposed computer. The 
same sequence of commands also sufficed for su with the add i t i on of a "com­
p l e m e n t " pulse. 

The q u e s t i o n arose, "Can these r e g i s t e r s work without diodes?" 
G. B r i g g s answered t h a t Harvard has done t h i s - but not r e l i a b l y . The 
s h u n t diode is e a s i l y le f t out of the c i r c u i t coupling two cores , but the 
s e r i e s diode, which decouples t h e driven core from i t s l o a d , i s not so 
e a s i l y dispensed w i t h , and i t s omission in the Harvard system had to be 
compensated by a t r i c k y leakage inductance. Briggs noted fu r the r tha t 
d r a w i n g power out o f such a r e g i s t e r might slow i t down. 

R, Mayer suggested t h a t a possible means of hanging a more uniform 
load on the s t epp ing reg i s te r s might be to have them set up other "command 
c o r e s " which would be pulsed ou t a t a higher power l e v e l ; or tubes might be 
i n t e r p o s e d in t h i s buffer p o s i t i o n . I t was thought that t he l og i ca l design 
migh t have as one of i t s purposes t o even up t h e loads on d r i v e r elements 
as f a r as poss ib le ; fur the i , t o reduce the number of d e s t i n a t i o n s of command 
p u l s e s . 

Of 23 command-pulse de s t i na t i ons i n Mayer's 2 - r e g i s t e r machine, 
he cons idered 10 t o be cons t i tu ted of cores , and the other 13 presumably of 
t u b e s (R. Everett f avors 7AK7's). I t was thought that a reasonable top 
speed figure (with unknown r e l i a b i l i t y ) now r e a l i z a b l e i n a stepping r e g i s t e r 
wi th f e r r i t e cores and germanium diodes, i s 4.00 k c I t was proposed t h a t 
Mayer outline c s t e p p i n g - r e g i s t e r system us ing only 2 c lock-pulse l i n e s , 
wi th a more d e t a i l e d sketch of p u l s e or igins and d e s t i n a t i o n s . 

D. Brown proposed a s impl i f ied WWI con t ro l using ORDVAC techniques , 
wi th co res instead of c rys t a l s ; R. Mayer's control-matrix-in-memory scheme 
was a l s o brought u p ; but both t h e s e plans were shelved because they requ i re 
maintenance of s?*itching vo l tages throughout t h e order sequency instead of 
only t o in i t i a t e i t . 

One f e a t u r e of R. Mayer ' s stepping-r; 
ment o f gate g e n e r a t o r 2nd gate tubes to sho 
t i m i n g in executing the order c £ . R. Ever 
in f r equency of t h e cj> order would permit 
m a r k i n g time dur ing the unnecessary p u l s ^ 
s i m p l i f y the c i r c u i t . # p 0 ' 

i s t e r con t ro l was an arrange-
r c u i t some of the program 

ggested t h a t the r e l a t i v e 
o do i t more slowly, simply 
program timing and thereby 

ffti 
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In t h e i n t e r e s t s of s impl ic i ty and t roub le - shoo t ing , he expressed 
a d i s t i n c t preference for having separate channels for separate orders , even 
i f t h i s means redundancy of equipment, po in t ing out tha t in te rconnect ions 
and time-sharing of channel components are what cause ambiguous symptoms and 
make diagnosis d i f f i c u l t . J . For res te r agrees to t h i s , i n genera l , as does 
S . Dodd. I t was admitted, however, that t h i s argument c a r r i e s more weight 
i n a large machine than a small one. Perhaps a d i s t i n c t i o n can be drawn 
by the question whether or not extra equipment (gate tubes , e t c . ) i s needed 
t o switch channels in and out of t he i r common component - e , g . , i s the s i ng l e 
e l e c t r o n i c r e g i s t e r proposed by Mayer, F o r r e s t e r , Everet t e t a l . inheren t ly 
more d i f f i cu l t t o diagnose than several sepa ra te simpler r e g i s t e r s ? 

There was no objec t ion to using a s i ng l e r e g i s t e r for a l l s h i f t 
o r d e r s , since t h e se lec t ion switch can simply determine where to break i n t o 
t h e chain. 

S. Dodd thought i t a drawback in s tepping r e g i s t e r s i f they can 
n o t be stopped a t a chosen pu l s e for pulse-by-pulse t rouble-shoot ing (N, 
T a y l o r had p rev ious ly doubted the importance of t h i s ) . I t was fur ther 
ag reed that d i agnos i s of e r r o r s would be rendered more d i f f i c u l t by the 
c o n t r o l swi tch ' s not holding t h e order a f t e r i n i t i a t i n g i t , thus necess i ­
t a t i n g a re turn t o storage t o f ind out what t h e order was. 

In concluding the Thursday meeting, H. Grosch out l ined a matrix 
p roposa l for ins tantaneous mu l t i p l i c a t i on of in t ege r s up to 15 , which would 
r e d u c e the number of steps i n a mul t ip l i ca t ion by a fac tor of U but would 
r e q u i r e a minimum of 1040 c o r e s , plus 14.5 more i f i t were to add as well a s 
m u l t i p l y . There may of course be problems i n dr iv ing these cores and in the 
t ime they take t o effect swi tch ing . 

SIGNEL 4/,a tU^ 
A. Hosier 

APPROVE! 

WAH/cp 
N. H, Taylor ' 
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