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iforii was bo cck diagrams for t\ d i g i t a l ooia-
puter in February 1946 At that time the project was ooneider-

•r as able i ;orage using a a r i a l l y - r e a d 
e loo^ros ta t .o storage bubea plus soma moto-a loot r ic oard rwidt r 3 
for s tor ing Q I reading ir i-ii r sti>! jor.f.nnta and tablo* of 
funotlona Studies tfero therefore made of a s e r i a l -t;, •• o<.v..'Utcr 

i,- t ing sp'-3C3 -j.sro i , fir the so lu t ion of 
thti alrplt.rv' pror l iw, n !e was proooaod, allowing 
l e t t ng u p.orag-? oniao ;: - trails and ?. fu l l hifh-spe;id 
v/nifflotroj , p« s u l t l p l l e i eai proposed with non-cyclio ope:-r.-; 

tir.;_- In « mul t ip l ioa t lo i time i£ about lor> adoroaeoond 
a fchl • •• *t 11 uo1 great » ,o>:gh for complete so lu t ion 

>j UP » i t p Mi- p.-ob to build two oompubursj 
f which aould be u laly f?:' n te rpola t lon , while the 

oth<»r would ie -is »d for bho numerJoii oalo »« A s tud / \vo.s 
mad) of t h i s s;ctem by '• I ter and Ti l ton, '•••, ... of 
proposals Is dlsoussed I i S-24 by ." 

In the f i l l of If46 i t was deoided that an e l e o t r o -
Stl o s torage tuba oould ot developed whloh could be used 
p a r a l l e l - d i g i t t ransmission system. I t vras further duoided that 
If suob a system was used i t would 'oe >o:;sible to solve the 
e n t i r e a i rp lane problem vith 0 s ingle mnputer and y e t to h 
greater f l e x i b i l i t y and s impl ic i ty than •Ma ferjtil computer 
considered bofore. Metalled bloc'* diagrams were male for thiB 
systew anc nre described in Vols. 5 "• . t h i s r e p o r t , > i i t ted 
fro/- Vole, 6 and 8 la any discussion oi the e l e e t r o s t i 
oont ro l , the input and oubfjt to the oenputer, a l a rge part sf t h e 
choiking, the oontrol d i l l , and 3er;a5<> of the addi t ional ordure > 
The input and output dericoe are deicr bod in the repor t s of 
VOIB . 11 &nd 12 A proposed set of bloo': diagrams for usi 
thono devices i s preeeiicec' ir K-159 it -.his Volume. A t e n t a t i v e 

sal i a al so givea for o leo t ros ta t -0 storage oontrol i n 
M-I3tj. The computer equipment required Tor the addi t ional 
orders i s dlsoussed in ^airortuda U-i l l sad ii-123., Sorw of the 

ing problems art? a lso considered ; n M-127 >ind M-161, v 
soma ooament.B on the oontrol dea'< b For res te r are g] -or. 

117, 

ai an lad ioa t j 1 >f the flex! l i t y of the system, M-138 
descr ibes how 0 nodi flu »tl on could be viade to allow autossvl 
too tau la t lon of p.-oduots in the SIM - 'omputer. Thia n 
f i cu t lon could be nade oven aftor f ie computer . and 
running* 5onn oossnants 11 3 irndo in II- 34 on hr 
information oould be ba »ind Compu 
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M-137 d iscusses tho oode proposed for Whirlx»ind I i n 
scnewhat morn d e t a i l than i s given in Vol. 5 . A. comparison i s 
a l so made in t h i s Memorandum between the code proposed for 
Whirlwind I and t h e cod3 proposed by the I n s t i t u t e for Advanced 
Study for t h e i r d i g i t a l computer., 
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Project Whirlwind 
Servome onanisms Laboratory 

Massachusetts Instituto of Technology 
Caiibridge, Massachusetts 

SUBJECT: COMPUTER COEES FOR WHIRLWIND I 

To: Jay I, Forrester 

From: Robert R„ Everett 

Date: November 4, 1947 

1, INTRODUCTION 

The first fifteen orders for the code proposed for WhirlwijidI 
are described in detail in the Block Diagram Report, f-127= The basic 
reasons for choosing this type of code are not discussed in any great 
date.il in this Report, It is the purpose of this menerandum to consider 
the basic problems of cade selection and compare the code chosen for 
Wf.irlwlrtd I with those code:) chosen by other computer groups, particularly 
that chosen by the Institute for Advanced Study. 

By computer cades is meant the group of orders or elementary 
operations built into t.ie machine and available to the operator for 
instructing the machine in the solution of a problem. 

2, SELECTION OF A COD.ti 

First I would like to quote a paragraph usee in th; Institute 
for Advanced Study Report entitled, "Preliminary Discission .for the Logical 
Design of an Electronic Computing Instrument", paragraph 3.1, pago 4: 

"It is easy to see by formal logical methods, that thero exist 
codes that are in abstr icto adequate to control and cause tho execution of 
any sequence of operations which are individually available in the machine 
and which are, in their entirety, conceivable by i,he problem planner,, The 
really decisive considerations from the prosent point of vieu, in selecting 
a code, are more of a practical nature: simplicity of the equipment demanded 
by the code, aud the cl.irity of its application to actually :anportant problems 
together with the speed of its handling of those problera." 

It is possibl'i to perform any of th9 arithmetic operations using 
only very sinple orders sveh as: the ability to examine a ar.ngle digit to 
determine if it is a 0 or a 1, and the ability to create or destroy digits,, 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

http://date.il


s . 

6345 CONFIDENTIAL 
Uamoranduw U - 137 2„ 

I 
With these operationo only we can add or subtract, and using tha 
additions and subtractions we can multiply, i i - ' ide , and carry out 
a l l t h e other operations desired for a machine of t l i s type,, The 
problem then i s not one of discovering whether or n i t wa can devise 
a code adequate for our purpose;}, but rather how go id a code we can 
devise in view of our own particular problems. The basic c o n f l i c t 
then i o between cost and the ease and rapidity with which the machine 
can be uucd. By c o o t , I mean not only monetary cost but the l i m i t a 
t ions of space and woight, the complexity of the e -juipaient with 
resu l t ing trouble shooting and maintenance d i f f i c u l t i e s , e,nd poss ib le 
set -up complexity requiring highly trained operator3» This c o n f l i c t 
between cost and performance i s inevi table in any kind of design work. 
The resulting design must be an engineering cowproraise,, 

It i s f i r e t necessary to discover what would be desired as a 
code and then to compare i t with what i s readily avai lable . In p a r t i 
cu lar , the operations which would f a c i l i t a t e the solution of the kinds 
of problems in which we are most interested., must be discovered,, There 
i s no such thing as a conpletly general-purpose naciine., The computing 
machines have not reached the stage of speed and f l s x i b i l i t y where they 
can be said to handlo sa t i s fac tor i ly i l l types of problems• Instead, 
the computers are intended for s p e c i f i c classen of ?roblers„ These 
c l a s s e s are very l a r g e , to be sure , compared with wiat has been poss ib le 
in t h e past and tho computers are able also to handle with l e s s e f f i c i e n c y 
problems outside t h e i r specif ic design claor?s but the fact remains that 
the computer must be designed with certain spec i f i c requirements in mind,, 
These requirements are dictated by the kinds of proolems to be encovaitered0 

Going beyond then the simple l og i ca l operations mentioned above, 
we can state that aliaost a l l c l a s s e s of problems require large numbers of 
the arithmetic operations of addit ion, subtraction and mult ip l icat ion 0 
For t h i s reason, i t i s desirable t o build in these operations even though 
the amount of the equipment required may be considerable We a l s o b a s i c a l l y 
require the a b i l i t y ;o examine a d i g i t of a wo-rd in the computer and to 
order the further operation of the computer according to the condit ion of 
t h i s d ig i t . 

Beyond the le simple operations i s a lecond category which would 
be desirable in almost any case and which wi l l be bu i l t in i f the amount of 
equipment required i.j not. excessive,. Among those operations a?*e; tranofer
r ing data from one p i r t of the computer to another without arithmetic 
operations, absolute as well as conditional transference of control , the 
s h i f t i n g of information within the computer wiihout requiring raultipxication 
and transferring p a n s of a word v<ithout requiring a lengthy s h i f t i n g o p e r a t i c . 
These operations are suff ic ient ly valuable and used suf f i c i ent ly often to 
warrant their inc lus Ion although they can b^ fa i r ly readily made up of the 
simpler operations- In fact* the very readiness with which they can be made 
up indicates tho s impl ic i ty of the additional equipment needed for t h e i r 
automatic accorrpliahnent,, 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



6345 '.'ONmBNTIAX. 
Mejroi'andum X - 1 3 7 3 

Then t h e r e i a v t i . i rd ca tegory containing; operat ions of a. 
vxjca special n a t u r e whcsa general va lue is not so iximediately apparent , 
Unco again i t i s pooaiM'j to nwike up these operat ions from the simpler 
o;er.; the q u e s t i o n i s ihall they be made automatic, Aiaon^ these ope ra 
tions are o t h e r s such as id i t ion and subtract ion us ing the absolute 
v.-\i.ve3 of numbers , c iv i s io" , and square root *hlch would be included only 
i f Ujy nert e i t h e r very easy .o add or if the problems under p a r t i c u l a r 
cons'deration r e q u i r e them ir. euch quan t i t i e s as t(> make economic t h e i r 
incluuiori. Acong these eperfttlooa a r e s t i l l other:: which would not be 
Ir.clided at a l l u n i t 5S the p a r t i c u l a r problems r equ i r ed them. 

I t BO happens then t h a t tho f i r s t two ca tegor ies involved a r e 
decinad without r e g a r d to the nathomr.tJ cal prcbleis: involved; the f i r s t 
cattgory, a r i t h m e t i c operat ions , oecause i t would be included anyway, and 
t h e second c a t e g o r y , convenient ope ra t i ons , because of i t s general va lue 
and tne ease w i t h which i t can b e added to the computer,, I t also happens 
+ hat the t h i r d c a t e g o r y , spec ia l opera t ions , tends t o be decided accord-
ir_, to the cost i n naehine complexity unless the noed for then: i n s p e c i a l 
problems i s immediately apparent. 

3 , BASIC CODES. 

Orders i n general c o n s i s t of an i n s t r u c t i o n a l operation code 
plus the p o s i t i o n s c r addresser, of one or more of t h e words in tho s torage, . 
Orders are c a l l e d s ing le or mu l t i p l e address crdeni depending on whether 
there are one o r more references t o s torage f c r each operations 

The c h o i c e of the nuriber of addresses to be used in the o rder 
i a once again L a r g e l y dependent on t h e physical na tu re of the machine. 
Since most a r i t h m e t i c operations r e q u i r e three numbers, two of which are 
combined in some fash ion to form the t h i r d , a thror. address code might a t 
f i r s t be thought b e e t , since tv/o of t h e addresses could bo for the two 
original numbers and the th i rd address for the d i sposa l cf the r e s u l t . 
However, many t i m e s only one or two of the adcreosos a re requii'ed r e s u l t i n g 
i n considerable w a s t e of order s t o r a g e . The eddrers pos i t ion of a s i n g l e 
address code i s a lmcst always used thus making i t i omewhst more e f f i c i e n t , 
par t icular ly an i t i s not necessary t o s to re the r e s u l t s of operat ions i f 
they are to be u s e d again immediately. Four addrena codes are a lso u se fu l , 
The fourth a d d r e s s can be used t o s e l e c t the react o r d e r to bo performed; 
thus i t is no l o n g e r necessary t o s t o r e the orders i n approximate l i n e a r 
sequence in t h e machine and cons ide rab le numbers o:' t r a n s f e r s using t h e 
sub-program o p e r a t i o n s a re avoided. However, a l l ' .hese considerat ions a r e 
secondary. 

In t h e f i r s t place t h e s i n g l e address code requi res the s imples t 
kind of equipment s ince only one e lenentary opera t ion i s being c a r r i e d on 
a t a time„ The e f f e c t i v e use of a t r i p l e address code requires conaiderablti 
duplication of c o n t r o l equipment. I n the case- of a p a r a l l e l type machine 
such as Whirlwind t r e increase i n c o n t r o l equipment would be considerable 
and the saving i n time small. In t h e case of s e r i a l type machines where 
the time r e q u i r e d t c extract informat ion from s to rage i s long, the use of 
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a multiple address code allows these extractions to be carried out in 
parallel with a considerable saving in time,, For t h i s reason a multiple 
address code was selected for the early aerial computer invest igat ion of 
Project Whirlwind and has also been selected for some of the EDVAC type 
machines o 

There i s another important consideration., however, and that ia 
word lengtho The length of an address i s fixed by the mencry capacity of 
the machine and ia cf the order of ten to f i f teen binary d i g i t s . A t r i p l e 
address code ia thus of the order of 50 binary d ig i t s in length. Thirty 
to forty binary dig i t s are usually considered adequate for most, typos of 
computing,. If the word length i e made 50 or irore (tigits long just t o 
accomodate the length of an order, there i s a considerable wastage both 
of memory capacity and quipmer.t. If, however, the order i s cut in two 
parts or stored in two words, ouch part need cnly be about 25 d i g i t s 
which ia new too short for most computing purpoaou, Therefore, when 
multiple address codes are considered the four address code exhibi ts the 
advantage of nicely f i l l i n g two word lengths cf an ordinary computer;, 
Although the t r ip l e address codo was used in the coding invest igat ions 
carried out in the ser ia l computer study of tho Whi.rlwind Program a four 
address code or a modification of i t was proposed for the actual machine. 
At the moment there seems to be no advantage in using a t*o address codo 
or in using mora than four addresses. Both the Wh:.rlwind and I n s t i t u t e for 
Advance Study machines use a s ing le address code as i s best su i ted t o 
their basic system which i s t o perform operations :.n series while handling 
digi t columns in parallels Two complete s ingle address ordera f i t o a s i l y 
through a s ingle word length of a machine such as Whirlwind II or the 
Inst i tute for Advance Study Machine while a s ingle address order was used 
to determine the word length for Whirlwind Io 

There are other poss ible modifications ;n;ch as an early EDVAC 
code which f i l l e d a fu l l word length with a s ingle address order and 
included space for such information as the number c>f transfers to be 
performed. The Naval Ordnance Laboratory machines propoaed providing 
space for "stop orders" which were indices carried alojig with ordera to 
f a c i l i t a t e keeping track of inductive processes. 

The se lect ion of a f ixed or floating point system has considerable 
effect upon tho code to be used,, In order to f a c i l i t a t e certain operations 
i t i s desirable to have a f ixed point system available. If a f loa t ing 
point system i s desired for eat-e of setup then usuiilly both f ixed and 
floating point systems must be provided. It has been decided that the 
Whirlwind machine and most of the other proposed ae.chines use a. f ixed poino 
system only because i t has not been f e l t that any simplicity gained by the 
f loating point in setup ia warranted by the extra complication and l o s s of 
speed of the computer. 

The procedure for handling signs also hat an effect upon the cod-s
ine particular convention used has no effect when elementary arithmetic 
operations are considered but has considerable ef fect when multiple longth 
number operations are carried out or when tne d ig i ta l character of the 
numbers are considered as in comparisons in converriono of one base system 
to another. A 9'3 complement system was chosen for the Whirlwind I Computo? 
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bacauae of the simplicity obtained thereby in the arithmetic elenwnt 
although the tens complements system is used by the Institute for 
Advanced Study appears to result in occasional coding simplicity. 

The rounding procedure) used also has a considerable effect 
upon tin code selected. In general during ordinary arithmetic coirputa-
i on, it is desirable to round off numbers as carefully aa possiblo. 
When the digital characters of the numbers ij considered it is desirable 
not to round off the numbers. There are 3 possibilities. The first is 
to round off whenever desirable from the point of v:.ew of arithmetic and 
to accept the resulting complications of the coding when other types of 
problems are considered The second is not to round off at all, either 
accepting the resulting error or rounding off nhen desired by application 
of th« elementary operations. The third possibilit;- is to duplicate 
orders for rounding off or not rounding off accepting the cost in machine 
complication for ease in coding. The Whirlwind machine uses a combination 
of the firtt and third method. Since the problems :'or which it is intended, 
in particular simulator and other physical problems, are arithmetic in 
nature, rounding off is performod whenever desirablo. In some instances 
special orders are provided to avoid rounding off, in particular to facili
tate operations with multiple longth numbers,, Thoso points will be made 
clear in the paragraph below, 

4. THE INSTITUTE FOR ADVANCE STUDT AND WHIRLWIND CODES 

The IAS and WW machine.; are physically vai-y similar as dictated 
by the similarity of their storage devices, Their differences lie in the 
extra complication of the Whirlwind machine added to obtain the very high 
computing speed required for the problems considered for Whirlwind, Since 
their physical natures are very similar and their physical natures have a 
very great effect upon the codes as shown above, tho codes proposed for the 
IAS and WW machines are also very similar, T.iese codes are given below and 
compared and discussed in detail, I shall first give a short summary cf tha 
major differences between these 1 no codes0 

SUMMARY OF THE DIFFERS 1ES Bc.TV.EEN THE IA;5 AND WW CODES. 

1 There ie no appreciable dii'f rence between the orders required for 
addition and subtraction, 

2. In multiplication the Whirlw..nd machine multiplies the number selected 
oy the order by the contents of the accumulator* in the arithmetic 
•lenient and leaves the product in this accumulator. It is thus possiblo 
to perform repeated multiplications without restoring the products at 
sach step. The IAS machine multiplies the number selected by the order 
by the number which la In the shifting register of the arithmetic element 
and leaves the product in the accumulator.. Thj only path between the 
accumulator and the shifting register is via the storage thus requiring 
a transfer omitted in the Whirlwind machine If repeated multiplications 
are to be carried out. 
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3o The Whirlwind code provides two orders for multiplication ore of 
which includes rounding off and one of which does not • The IAS 
Icode has but one order which always rounds off the product be". 
leaves an indication so that the rcunding can be cleared later i f 
desired. 

4° In division the remainder is cleared from the accumulator in the 
Whirlwind code and i s l e f t in the accumulator in the IAS ceds 

5« ' Since there i s but one order per word in the Whirlwind machine as 
compared to two orders per word in the IAS machine only half -.3 
many control modification orders are required,, 

6, The shi f t orders in the IAS code cause the accumulator in the 
arithmetic element to be stepped but one space to the r ight or 
l e f t for each s h i f t order., In the Whirlwind code s h i f t s up to the 
f u l l length of the accumulator can be ordered by a s i n g l e or dor. 

7o There are also some special orders provided in the Whirlwind code 
for f a c i l i t a t i n g operations with multiple length numbers. Th J< 
f a c i l i t y i s desirable in Whirlwind I bocause of i t s short register 
lengths o 

8o Since data i s not available no comparison is given between the 
input and output orders proposed for the two machines,, 

Ths detai led comparison of the codes now follows: 

Order Number Code Synbol Description 

1 IAS Clear accumulator and ; d i 
number located at posllioii x 
ir. the aelectrons i n t : i t 

TO'I ca Clear and add Clear AC and 
add the contents of r s , i s t e r 
x into i t c 

Theae two orders are identical as far as the ope-ator i s 
concerned,, 

2 IAS - Clear accumulator and •ubetnict 
number located at position x 
in the 3electron into i t . 

WWI £a Clear and substract Clear AC 
and substract the cent- nts of 
register x i n t o it 

These two orders are identical as far as the operator i s 
concerned, 
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Order Number Code Symbol Description 

3 IAS M Clear accumulator and add 
absolute value of number 
located at pos i t ion x iri the 
selectron into i to 

WWI cm Clear end add magnitude.. 
Clear AC and idd the absolute 
magniUde of ".he number in 
regis ter x into i to 

These two ordera are ident ica l as far as the operator i s concerned) 
The absolute value operations are not described in R-127. 

U IAS U Clear tccumulator and substract 
the nus.ber located in position x 
into i to 

W*I :JB Negative Magnitude c lear AC and 
substrs.ct the absolute nagnituii 
of the number in regis tar x into 
i t . 

These two ordera are id«ntical as far as the opsrator i s concerned, 

5 IAS h Add nmiber located at posit ion a 
in tho selectron into the accumu
la tor . 

WWI ad Add„ Add the contents of regiator 
x to i»liatevar i s i n AC. 

These two orders are identical as far as the operator i s concernec, 

6 IAS h- Substrc.ct murker located at pos i 
t ion x in the se lectron into the 

, accumulator, 

WWI eu Substr.ictc Substract the contexts 
of register x from whatever i s 
already in AC. 

These two ordera are also ident ical as f i r as the operator i s 
concerned, 

7 IAS HM Add absolute value of number 
locate 1 at pos i t ion x in the 
se lect 'on into the accumulator 

WWI am Add magnitude. Add the absoluti 
valuo af the number in register :t 
t o whatever i s already in AC , 

These two orders are a lso ident ica l as far as the operator i s 
RflncwMMd. 
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Order Number Code Symbol Dsucription 

8 IAS h-M Substraot absolute value of 
number located in position x 
in the :ielectron into the 
accumulator,, 

WWI tin Substract magnitude. Substract 
the absolute ve.lue of the nuiiber 
in regis ter x from whatever i s 
already in AC. 

These two orders are a l s o ident ica l as far as the operator i s 
concerned. 

9 IAS R Clear rogis ter and add number 
located at pos i t ion x in the 
selectron into i t . 

There i s no counterpart to t h i s order in the Whirlwind :ode, Ths 
register mentioned i s equivalent t o Whirlwind E- Reilister, In the IAS Code 
th i s order i s necessary prior to a mult ipl icat ion, 

10 IAS A Clear accumulator and s h i f t nu-abtr 
held in r e g i s t e r into it . , 

There i e no counterpart to t h i s order in ihe Whirlwind Code? When
ever It i s desired to shi f t the number in the B-Reg:-ster ixito the accuaulatoi 
the rogular s h i f t l e f t operation i s usedo 

r — — 

11 IAS X Clear accumulator and multiply ^he 
number located at posit ion x in the 
oelectron3 by the nunner i n the 
reg i s t er , placing the l e f t hand 29 
d i g i t s of tho answer in the accunu-
lator .uid the right hind 39 digits: 
of the answer in the register, , The 
sign di<;it of the register i s t o bo 
made equal to the extreme l e f t 
(non-sit;n) d i g i t . If the l a t t e r i s 
1 , then 2-39 i s to be added into th? 
accumulator, 

WWI m r Multiply and round off, jiiultiplj the 
contents of regis ter :t by whatever is 
in AC and round off the r e s u l t tc one 
register length,, 

This ia the f i r s t important difference between the IAS .ind Whirlw.Lrcl 
code. Since tho multiplier i s o r i g i n a l l y in the accumulator in t /» Whirlwinc 
code, order 9 described above isi not needed. Since the product also appears in 
the accumulator successive mult ipl icat ions can be worried out without t n M f i 
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ring the product into the memory at Mob step* In the Whirlwind operation the 
product is rounded off and the content? of the B register are cleared* If, 
then, i t is dssired to retain ths less significant half of the product, a 
special order described belo4 is needed. In th« IAS order not only is the leas 
significant naif of the produot retained, but an indicstior is left in the si,n 
digit positici ir. ths re&:i.oter so thai the rounding can bo cleared if desired, 
The IAS order is perfectly complete as far as allowing double length multiplica
tion operations,, bu\. is 1038 convenient if many of 'ilea are to be performed ars 
is the cfcae in Whirlwind I, 

11 Vflfl ah Multiply and hold f u l l producto 
Multiply the contents of r e g i s t e r x. 
by whatever i s an AC but do not. round 
off, 

This i s t ie n der mentioned in the paragraph above,, 

12 IAS Clear r e g i s t e r and divide t h e number it 
the accumulator by t h e number located 
by p o s i t i o n x of the ^e l ec t ron , leaviii; 
the remsinder in the accumulator and 
placing the quotient in the register-. 

WI dr Divide* Divide the contents of kC 
by what«ver is in the register x» 

Although the two orders are superficially alike there are two 
differences. In th3 IAS code the quotient .'.9 rounded automatically, while in 
the Whirlwind code the rounding is not performed until the quotient is shifted 
into the accumulator* Secondly, the remaincor la retained in the IAS code and 
is cleared from the accumulator in the Whirlwind coce, This is ae a shortcoming 
of the Whirlwind cole and is due to the particular nay in which the division la 
accomplished within the miichine,- I do not feel that the result ie serious 

13 IAS C Shift U e cont ro l to tho l e r t hanl 
order of the order pa i r loca ted a t 
pos i t io i . x in the selectron* 

'fWI aja Sub-program* Transfer the r e g i s t e r 
number J. t o t h e progrton counter 

These orders a re i d e n t i c a l as f a r as the operator i s concerned except 
t ha t since there i s only one order per word in the Whirlwind machine i t i s not 
necessary t o des ign i t e which half of the word i s t o be i s e d . 

1A IAS C Shift Ue control to the right hand 
order of the order pair located at 
positior x in the seloctron There 
is no counterpart to this order is 
the Whirlwind code., Since WWI ha3 
but one order to a word 
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15 IAS cc If the number in the accumulator 
i s £ 0 s h i f t the control as in 
order 13.. 

WWI ££ Conditional program. Transfer the 
reg i s ter number x to the program 
counter i f the number in AC ia 
greater than zero. 

There are two differences between these orders, the f i r s t i s the ono 
mentioned above that since there i s only one order per word in the Whirlwind 
machine i t i s not necessary to designate which half of the word i3 to be used, 
The second i s t h a t since the Whirlwind machine used 9'e complements while tho 
IAS machine used 10's complements, zero has a zero s ign digi t in the IAS machine 
while i t has a 1 sign digit in the Whirlwind machine. Zero i s thus a l located 
to the p o s i t i v e numbers in the IAS machine and the control i s shi f ted for a 
zero number, whi le in the Whirlwind machine zero i s al located to the negative 
numbers and the control i s not sh i f ted . 

16 IAS Cc If the number in the accumulator i s 
£ 0 8h i f t the control as in order 1L>> 

There i s no counterpart t o th i s order in the Whirlwind machine sinco 
there i s only one order per word. 

17 IAS S Transfer the number in the accumu
lator t o position x in the selec'-ron, 

WWI t £ Transfer to storage, Transfer the 
contents of AC to reg i s ter x , 

These two orders are ident ica l as far as the operator i s concerned 

18 IAS Sja Replace ;he left-hand 12 d i g i t s of 
the lef t -hand order located at 
pos i t ion x by the 12 d i g i t s 9 to 20 
from the l e f t in the accumulator 

JIWI t d Tranafex d i g i t s . Transfer the l i f t -
hand 11 d ig i t s in AC t o the regis ter 
pos i t ion section of the order in x. 

The difference here l i e s , f i r s t , as usual , in the number of orders 
per word and a l s o in the se l ec t ion of which d ig i t s i n AC are to be transferred 
to the atorage stored order. At present tho WWI code states that the l e f t - h m d 
11 digits in AC are to bo transferred. This d i g i t se lect ion i s not e n t i r e l y 
satisfactory s i n c e the f irs t d i g i t ia also the sign d ig i t which puts certain 
limitations on arithmetic operations performed on the numbers to be transferred. 
The digit s e l e c t i o n wi l l therefore be changed, but i t i s not yet known what ihe 
final choice w i l l be. The dec i s ion i s not needed i n the design unt i l the f inal 
cabling diagrams are made,, 
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19 IAS SP Replace the left hand 12 digita of tb 
right hand order located at position 
x by the 12 digits 29 to 40 free tba 
left in the accumulator. 

There is no counterpart to this order in the Whirlwind code because 
there is but one order per word. 

20 IAS R Replace the contents E Q E^ ^-•-
E38 E30 of the accumulator by 
EC E0 El ••' E37 ̂ 38 " 

WWI sr Shift right. Shift the contents a' 
AC and BR to the right t'te numbur of 
d i g i t s designated by the numbo;- in 
the register number sect ion of the 
order. 

There are two differences between these orders. First the Whirlwind 
order allows shift ing by as many digi ts as desired aa compared to the IAS order 
which allows shift ing by only one digi t at a time Secondly, this contents of 
AC are rounded off in the Whirlwind I order and are not rounded in the IAS order. 
The sign handling methods are the same* 

21 IAS 

WWI 

Replace the contents E Q E^ E2 
g E39 and HQ HX K2 • • N38 N39 oi 

e accumulator in the regietur, by 
Eo E2 E3 

•39 Zx. 
E39 0 and % N 2 N3 

si Shift left. Shift the contents of 
AC and DR to the lef'i the number of 
digits designated by the numba? of 
the register number nection of the 
order 

There are again two differences between these orders The Whirlwind 
order allows shifting by any desired number of digits while the IAS order allows 
shifting only by one digit at a time„ Secondly, the digits of the rogister are 
shifted into the accumulator and the result rounded off in the Whirlwind order 
while there is no round off in the IAS order. The sign handling methods are tha 
same However, in the IAS order the digits shifted off the left hawS end of the 
accumulator are saved in the B register, while they are completely discarded in 
the Whirlwind order. 

These orders are the only ones available for the IAS code that have 
been reported t.o us to dste. Bolow are describee! some further orders proposed 
for Whirlwind I, 

WWI Special add. Aid as in ad but r 
any overflow for use in double lti 
number posit ion, 
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This order allows a complete double length addition to bo perforcei 
in 6 orders while more than t h i s number of ordero i s required in the IAS codi 
without modification,, 

This additional order seems to be warranted in the case of Whirlwind I , 
f i r s t because of i t s short register length, and second because the handling of 
double length numbers i s more complicated in 9's complement than ill 1 0 ' B 
complemento 

WWI as_ Automatic eub-progran,, Put the 
contents of AC in ER, Put the 
contents of register x in AC, 

This order i s the preliminary step t o the automatic sub-program 
operations discussed in M-123, 

WiVl B£j 'i£»a* These are the three automatic sub
programs to be a l lo ted in 7(hirl*ind I. 

WWI sd Store and display, Trsnsfer the 
contents of AC to register x and also 
to the output element • 

This i s a very simple output order to be provided in Whirlwind I for 
use in t e s t storage only„ The more complicated special output orders have not 
yet been described in detail . , 

5 CODING CHANGES FOR MilRLWI.'jD I . 

The control of 'Whirlwind I i s so designed that changes in the code, 
such as changing round off procedures or retention of d ig i t s in sliirts or 
multipl ications can be readily made at any time even after the machine i s 
operating. If i t i s discovered later on that certain of the minor differences 
between the Whirlwind I and IAS code occasioned by decisions made in the l ight at 
the arithmetic problems proposed for Whirlwind I should be adjustod, they cat) b* 
changed readily without sarious physical change in the computer ltsolf... 

I t i s also poss ib le to use some of the spare ordar posit ions lof t in 
the control order to s e t up modified additional orders while retaining the 
or ig inal ones 

Robert R, Everett 

RRE:hca 
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Projeot Whirlwind 
Servomechanisms Laboratory 

Massachusetts I n s t i t u t e of Technology 
Cambridge, Massachusotts 

SUBJECT: ALPHABETICAL INFORMATION TO WHIRLWIND COMPUTERS 

To: Jay. W. Forrester 

From: R. R. Everett 

Date: November 13, 1947 

The following comments have been prepared hurriedly 
in response to a Bureau of Standards request for information. 
Improved methods of handling alphabetical information could 
be worked cut i f more time were avai lable . 

1. There is nothing that prevents the insertion of 
alphabetic data into a binary machine Buch as WHIRLWIND. The 
twenty-3ix characters of the alphabet plus the few extra which 
are needed for certain kinds of punctuation end markerB can 
be writ ten in a base thirty-two system which requires f ive 
binary d i g i t s . The information may be inserted in the computer 
in this binary coded base thirty-two system. Five birary d ig i t s 
are neoded for each l e t t e r ; thus , three l e t t er s could be stored 
in the s ix teen digit word length of WHIRLWIND I with one d ig i t 
l e f t over for a marker. WHIRLWIND II could store about eight 
alphabecio characters per word. Since either three or eight 
oharactors i s insufficient for most alphabetic data, particular
ly names, the actual alphabetic words would have t o be broken 
up into several registers in the computer. There are several 
p o s s i b i l i t l o s for handling t h i s : 

a. Assign for each alphabetic element a certain 
number of r eg i s t er s large enough to contain 
the largest possible case. This syetem i s 
probably too inef f ic ient to be very useful. 

b . Transmit, probably f i r s t , a register t e l l i n g 
how many words are required to contain the 
following alphabetic information. The com
puter can uso th i s information as an induction 
index to keep track of the alphabetic processes. 

o. Use the d i g i t l e f t over in WHIRLWIND I or an 
equivalent d i g i t in other computers as a 

• martcer. The f i r s t word, by word I mean 
computer word, in the alphabetic sequence 
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could ha-rs a sero sign di^.it or marker. 
Prom t h m or». a l l words ooming along with 
sign digi ts equal to one would be under
stood %o h'S part of that alphabetic in -
fo.-mr.tion. The next time that a tero sign 
d i g i t appears the computer would know that 
a aew alphabetic word had appeared. The 
oomputor can handle this; problem eas i ly 
because of the conditional sub-program 
operations. 

A typew-lter or teletype s ty le of keyboard would 
replace the ten-dig i t decimal keyboard. Each key punched 
could, probably through a matrix switch, provide the f i v e -
d i g i t binary code equivalent to i t . These codes would be 
inserted in the keyboard register in sequence without con
version slnoe i t is desired to keep the information in base 
th ir ty- two. 

I t i s desirable to have at l e a s t some punctuation 
marks since alphabetic information may cons i s t of a number 
of partsj for instance a man's surname, followed by his 
given name, followed by his middle name. I t i s desirable 
to separate these sec t ions , since In a comparison for 
alphabetic order, the f i r s t in i t ia l of a man's given name 
has a different meanly than i f i t were a corresponding 
la s t d i g i t in his surname. Tn this case, a comma given a 
base thirty-two notation which is greater than any of the 
alphabetic numbers could !>• inserted between the surname 
and given name, giving the desired r e s u l t . Also, i t w i l l 
be necessary to attach base thirty-two numbers to the 
alphabetic characters in descending order such that A w i l l 
be the largest and Z the smallest numerically. The alterna
t i v e i s a lso possible of attaching numbers in increasing order 
instead of decreasing. In this oase the comma should be 
smaller numerically than any of the alphabetic numbers. 

2. I cannot see where i t would be desirable to 
perform any arithmetic operations on the alphabetic data 
within the computer, elnoe, in general, words and names 
have no quantitative meaning. The only operation I can 
see of value Is the comparison operation; that i s , the 
choioe of whether or not two namer or numbers are alike 
and, i f they are not a l ike , which comes sooner in an alpha
b e t i c sorting. I t i s true that alphabetic order i s obtain
ed by assigning numerical meanings to the alphabetic oharacters 
but thiB Is don« merely for convenience in reference and does 
not mean there i s any log ica l moaning to the sequence except 
in the particular case mentioned above of ident i ty or equality 
between words or parts of words. 

For instance, in examining a sequence of names, 
eaoh one of which i« represented in the surname, given name. 
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middle name order, two names may be considered or belonging to 
the same person only If they are identioal in all parts. How
ever, two names can be considered as belonging at least to the 
Bame general family If only the first part of their alphabetic 
information, that is, their surnames, are alike. 

The ability to compare two numbers written in binary 
oode but in any base is already available within the Whirlwind 
machine. The difference between these two numbers will be 
arithmetically oorreot only if the numbers are truly binary, 
but will have the proper sign in any case. 

This remark requires some clarification. First, by 
a number written In binary code but not in base 2, I mean that 
each digit of the original number Is written in binary code, 
but not the whole number. For instance, in base 10, the first 
digit of the deoimal number may be written in binary oode re
quiring 4 binary digits. The second digit may also be so written 
requiring 4 more binary digits. If this prooess is continued, 
the result will be a binary coded decimal number requiring 4 n 
binary digits where n is the number of deoimal digits in the 
original number. Now several things are apparent. Since four 
binary digits permit 16 possibilities and we are only using 10 
of these, there are unused gaps in the resulting number. The 
number is thus not truly binary. If the base we are using 
happens to be a power of two as proposed above, then all the 
possibilities would be used and the number would be indistinquish-
able from a truly binary number; in fact, it would be truly 
binary. Our binary coded number has a distinct meaning as long 
as we know the process by which it was obtained. Any arithmetic 
operations on this number will also have to take this prooess 
into aocount. 

Now, to see that the result of a subtraction in
volving binary coded numbers with non-binary bases will have 
at least the proper sign, consider the three possible cases: 

• 
a. The numbers are equal. If so, they are 

also equal If considered as truly binary 
numbers and will thus exhibit the con
figuration and sign associated with zero 
In the maohlne when subtracted. 

b. The first Is larger than the second. 
Consider the subtraction as being carried 
out In groups corresponding to the binary 
digits of the original number. Starting 
at the left a nuuber of these groups may 
be equal, but evantually we will come to 
group in which the minuend is larger than 
the subtrahend. The difference in this 
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group will be a positive binary number. Further
more, since the smallest digit in this group has 
a greater significance than the sum of all digits 
to the right considered in binary or any other 
base, the result of subtracting groups to the 
right cannot affeot the sign of this differenon. 
The sire of this group and the meaning of the 
result can be affected, but the sign will remain 
and it is the sign we are after. The subtraction 
can be thought of simply as a comparison process 
where the result can be obtained by examining 
the first unequal pair of digits starting from 
the left. 

o. The second is larger than the first. This case 
is the same as b. except the signs are reversed. 

Note that if base 32 is used for alphabetic representa
tion the result of the binary subtraction will be arithmetically 
correct although meaningless. 

An example is given below of the comparison by subtraction 
of two alphabetic names written in binary oode. The code used 
is an ascending one with A«0, B=l, etc Subtractions in the machine 
are carried out by complements but are done here directly for 
simplicity. The selection process for determining identity is 
omitted; the purpose of the example is simply to illustrate that 
the difference has the proper sign. The subtractions performed 
are truly binary and the magnitudes of the differences are alpha
betically meaningless. 

ADAMS: 0.00000 00011 00000 01100 10010 

ADLERz 0.00000 00011 01011 00100 10001 

1.11111 11111 10101 01000 00001 

T?ie result is negative j therefore ADAMS come before ADLER. 

ADAMSS 

ABORNr 

0.00000 

0.00000 

00011 

00001 

00000 

OHIO 

01100 

10001 

10010 

01101 

0.00000 00001 10001 11011 00101 

The result ie positive; therefore ADAMS come after ABORN. 
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Since we are discriminating only on the sign of the 
reBult the binary aubtraction is adequate. For example, if two 
names, considered temporarily as having the same number of 
alphabetic characters, are represented as suggested in paragraph 
1 above and are subtracted one from the other with a positive 
difference as evidenced by a sero sign digit, then we know 
immediately that the first was greater. If the difference were 
negative or zero ao represented by a one sign digit then we know 
that either the second name iB greater or the two names are 
identical. By greater I mean comes sooner in an alphabetic 
sorting. Now if the latter case obtains we oan determine if 
the two names are identical by a process equivalent to that 
used for determining the equality of two binary numbers. If 
a 1, that is, the smallest possible increment, is added in the 
right-most place to the difference, the difference will change 
sign if, and only if, it is lero. We can thus determine 
identity. 

If we are oomparing two names consisting of several 
parts, for instanoe surname and given name, we can examine for 
identical surname by first subtracting one from the other. 
In the check for identity, however, instead of adding the test 
one in the right-moBt plaoe wo will add it in the right-most 
part of those sections we are comparing, for instanoe, in the 
right-most digit of the surname part only of the words being 
compared. By shifting it ic possible to put seoond or third 
parts of the alphabetic information in the firnt part section 
and to oompare on the basis of those, having discarded the 
first part. Using these methods it is possible to take a 
string of random names and put them in alphabetic sequenco 
or to ».ort through a sequence of alphabetic names correlating 
them according to the identity of given names or surnames, or 
middle names, or initials, or any other criterion desired. 

S. The problem is complicated somewhat if numerioal 
data is carried along with the alphabetic data. This problem 
is of considerable importance, however, for in general the 
alphabetic data will be in the form of names or tags or position 
marks along with which are carried pertinent numerical informa
tion. Once again it is necessary to set up some sort of a 
convention or criterion for handling this problem. If, for 
instance, the extra digit in Whirlwind I were used as suggested 
above for marking tho beginnings or endB of alphabetic words 
requiring irore than one register length in the computer, the 
convention might be added that information appeared only in 
pairs of which the first section was alphabetic and the second 
section numerical. It will in general be possible to assign 
a fixed number of register lengths to the numerioal information 
sinoe the range of numerioal data for a given quantity it 
usually considerably less than tho range of alphabetic data 
considered as numerical. This difference is due not to a 
preponderer.ee of alphabetic words over numerical possibilities 
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but rather to the greater efficiency of numbers aB compared to 
the written equivalent of spoken language. In any event it 
should be possible to dissociate the alphabetic and numerical 
parte of the information being handled either by index marks 
oarried along with the information or by standard conventions. 
In particular, onoe the numerical part of the information ha6 
been extracted the problem of applying conventions is really 
no greater than that customarily met in ordinary computations. 

Since the kinds of operations to be performed on 
alphabetic data appear to be very limited it should be possible 
to oode most of them once and for all, the coding being simple 
enough not to present any particular problems if done infre
quently. The use of sub-programs should also facilitate the 
construction of special coding sequences. The high speed and 
large storage oapacity of Tfhirlwind computers would permit 
fast handling of alphabetical information. Several input 
tapes could be controlled simultaneously and the internal 
storage could be used for arranging blocks of information in 
order before reading to the output. 

4. The output printers for the actual printing of 
the numerical results have not yet been given any considera
tion for Whirlwind. In all likelihood, however, these printers 
should be aole to print alphabetic information as well in the 
form of headings, groupings, and special notes. The printers, 
therefore, must be able to decipher alphabetic information 
probably appearing as codes on film. If the printers are made 
to recognize alphabetic information given in base 32 coded 
binary such as is proposed for the handling of alphabetic 
information in the computer, they can be used essentially 
without modification for printing alphabetic information 
received from the computer. It will be necessary for the 
printer to discriminate between alphabetic and numerical 
Information. I would Buggest for this purpose that one of the 
spare channels on the film be used. 

5. If large amounts of alphabetic information are 
to be handled, our presently proposed film input and output 
methods will probably not be satisfactory because of the large 
amounts of film required and the difficulty of processing. 
Particularly in certain types of sorting and collating processes 
where the total body of information must be transferred many 
times, an eraslble output medium would be a great help. The 
presently proposed equipment should be satisfactory for handling 
small quantities of alphabetic information in occasional problems. 
If the machine is to be used for l(irge problems of thiB type, ae 
for instanoo in census work, an erosible output medium, probably 
magnetic tape, should be developed if not already available from 
other sources. The required modifications within the computer 
itself should not be serious. 

RRJEjbh Bobort It. Bf«r»U 
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Project Whirlwind 
Servomechanleaa Laboratory 

Macsachusettg Inst i tute o- technology 
Cambridge, Massachusetts 

SUBJECT, BLOCK DIAPRAH WORK 

To; H„ Fahnestock 

jjrora: Re R. Everet t 

Jate: October 6, 1S47 

This memorandum I s In reaponne to your roqueat mtde at 
a conference w i t h Sy lvania on Friday t tieptemtar 12 , I t Is tin attempt 
to l i s t the present object ives of bloc': dlagraa work and to define 
the expected reault3 of that work iu sufficient d e t a i l to allow 
aatinatlng I t s e f fect on Whirlwind I computer des ign. 

I hope In the near future to produce concrato digrams and 
timing studies, accurately defining these matters. This work will 
be greatly expedited by the return of T, X< Swain who in expected 
early t h i s month,, I would appreciate comments of any sort on tho work, 
part icularly on the order In which tho different problems el.ould be 
studied in order to beet meet project iiands-

S'JMMAKY: The block diagrams distributed to dote and 
described in K-127 (expected publication date October 15) describe 
the elements of a working computer- The control and arithmetic 
element sra e s sent ia l ly complete M they stand. The etorai, c.oscribecl 
Is the t e s t storage proposed for Whirl*!nd I. 'Die input eaC output 
devices described are only those noeded for t h i s teot itorage< Before 
the block diagrams can be considered complete for Whirlwind I, the 
following work must be done. 

1) The e f f ec t s of adding e l ec t ros ta t i c storage must 
be examined 

2) The input and output lovlces needed in order to 
uiie Whirlwind I with e lectro static titora^e at a l l e f f ic ient ly 
must be described In fa i r detail* 

3) Further work ir.uat bs Jono on checking, Phil vork 
ijhould include specifying not or.l,. •Adltlonai equipmont required 
:for continuously checking computer elements but also more or l e s s 
oonrplote analycet; of a l l the checking methods to bo ue*c\ for 
determining and i so la t ing f£J.:.uroE, This l a t t e r Ir.for-ration can 
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be used for determining troubls-ohuotlng procedure I 
necessary equipment as well r.s for discovering thq»l on 
which must be brought from tho co:.iputer to the control & 

4) The additional orders required In the code muut 
be fu l ly Investigated. 

5) More exact methods nd timing must be d )termined 
for generating restorer pulses for a c coupling. 

These problems are discussed '.n the l a t t e r part •) 1 t h i s 
menoranduro. 

The e j e c t e d e f f e c t s on Whirl-vlnd 1 design are: 

1) The requirement of a fair number of gato tubes 
and natrlz apeoe in the control barond that now defir.id. This 
provision la, I bel ieve , being Bad* but should be adequate for 
additions beyond those conceived at preuent, 

2) The possible addition of a special regir/ier for 
storing program counter numbers dd-'lng automatic subjngrairs: 
I t may bo possible to avoid tho USJ of t h i s reg is ter A eV-icy 
of t h i s problem could probably be made In a few days 11 worth
while at th i s time, 

3) Modifications to ths program counter tc alloi 
to three special pro-sot numbers, the problem i s the same aa 
thiit proaented by pi-e-settlng the :top counter. 

4) The deelgn of a control for e l ec tros ta t i c storage. 
Although the nocoaawy li.forr..-itloi for a f inal deaigr . s no ; 
available, an approximate deoign iculd now be mrdeu 

£) Design of shi f t ing registers for Input and o-
devices . Those m a t bo designed aventuolly and provi i 'ou I I 
be nrtie for connecting than to the bus.- Control Sables to ~;he 
rer? stsrs and to the film devices •,horasolvos are nee' 

6) Qecign of counter control? for storage differs 
between computer and input end out; ut dn/ lcos as wel? 
counters fcr f l l n pos i t ion . The n̂ jno comments hold, as for .3 

7) Modification of tho atop counter to pro/ido 
restorer pulses during lengthy opa:-ations« 

8) Ho dleousslon cf clucking or control 
I s given In th i s memorandum. 
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^fSlfHaStpyric STQIUQB COHTKOII; Th« p o s s i b i l i t y of con
s iderab le change and the uncer ta in ty of t i n e requirements have BO f?r 
prevented any exact descr ip t ion oi' the e l e c t r o s t a t i c storage cor.;rol 
but a poss ib le sequence of events in using e l ec t ro s t a t i c s torage has 
been given some" considerat ion. An ou t l ine of t h i s sequent I and the 
nocessary control equipment i s as follows; 

There wi l l be ii banks of 16 e l e c t r o s t a t i c n t a r a r i tube3 each. 
Two 32-way switches u i l l be provided, one to set the v e r t i c a l de f lec t ion 
vol tage and the other to set the h o r i r e n t a l def lec t ion vo l t age . Thfse 
vol tages v/ill be applied simultaneously to a l l tubes. A 2-way switch 
w i l l be provided for soloct lng which of the S storage bank a 13 to Tse 
used. 

On the output of each tube w i l l oe a 3-posi t ion f l i p - f l o p . 
When t h i s f l i p - f l op i s set to i t s neu t ra l p o s i t i o n i t wi l l he switched 
to one pos i t i on by a p o s i t i v e pulse ani to the other by a negative 
pu l se . This f l i p - f lop IK connected to ihe bus by read-in .and read-out 
ga tes and i s also connected to the scraon of the storage tube . 

The sequence for ge t t ing l a f : - n a t i o n from the storago i s then. 

1) Clear a l l s tor j^e iTf.p- f lops ( i . e . , r e tu rn them to 
n e u t r a l ) . 

2) Trp.nsr.lt the control order to the stori-^e awltc.'i 

3) A period of tir\e w i l l be required for the def lec t ion 
vol tages to reach t h e i r f ina l va laos . 

4) The screens of the storage tubes w i l l be cot to 
neut ra l by the storpge f l i p - f l ops - The bearas of the tubes are no-; 
turned on. The selected spot wi l l charge up or dovm depone1 in,'; on 
whether a 1 or a 0 was s tored. The s ignal coming fro:', the l ignal 
p l a t e wi l l thus be pos i t ive or ne? t i v e and when s p i l e d tc . 
•3-wa.v f l i p - f l o p \r i i l change i t to one or the other of the 
neu t r a l p o s i t i o n s . 

The connections from screen to f l i p - f l o p are arr-.Tigad to move 
the screen to the o r i g i n a l p o t e n t i a l of the npot chargo 
necessary to keep the screen potential , at neu t ra l during tha e n t i r e 
reading s t ep . Some sor t of correc t ive delay must therefore ho l ^ t r 
between the (signal p l a t e and the screen s o t t i n g . 

The 2-way switch for pelectin,- the bank n 
ee lec t which beams are to bo gated or / i3e to celect which f l i p - elope 
pre t o be. read onto the bus,. 

5) The f l i p - f lops are t an e;:ajilned to make sure tha t 
none aro in the neut rp l pos i t i on . < flop l a neutral yiosi t isn would 
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represent the fai lure of that particular tube to rend out. 

6) The row of f l ip - f l ops v l l l then be read jut or.to 
the main bus end the cheok DUB. 

7) The f l ip- f lops remain set to the posit ion corresponding 
to the original contents of the tubes. The stored signal in the 
tube has been erased In the reading process* The screens ore than 
set according to the f l ip-f lop se t t ings and the beans again pulsed. 
The signal w i l l thus be replaced in the tubes. 

The outputs from the signal p lates during the rewriting 
procedure wi l l be sent to the f l ip- f lop Inputs reset t ing them to their 
neutral pos i t ions , anamination of the pos i t ions of a l l f l ip - f lops 
follovdng the restoring w i l l discover \2 any tube has f a i l e d to operat6.-

At the c lose of the operation, the original contests oi the 
storage tubes remain. The number has been rand out to main bus rnd 
check bus and a l l parts of the operation have been chocked 

The use of a holding beam oonpllcntoa the above a3quenra-. I t 
nay be necessary to cut off the holdln,,; beam during writing and reading. 
I t w i l l be necessary to keep the screen at none potent ia l other than 
neutral during the normal holding beam operation,. It may even be 
desirable te provldo 3, 3-way f l ip - f l ops , one for tcreen potentlrJ. and 
one for the number, connecting theu by gate tubes in order "o have 
better oontrol over screen potentlale 

Storing a number i s done In u-ivilar manner. Depending on 
the timing, the o ld number may be rend out, the f l i p - f l o p s cleared and 
reset , and the new number stored iastesd of the old, or the r.cv number 
may be stored without reading out the oldc 

Because of the complexity of the sequence and the lack of 
knowledge of the timing, the control for tho i l ec trootot lo storage wi l l 
be a aeprcrate entity from the main control of the oomputer. The control 
sequence wi l l be Inserted In the main timing sequence In tha sane amnner 
as several of tho other operations I;: effoct t h i s Bpeclai control 
sequence wi l l be Inserted in place of ihe delny counter delay. I t l e 
doubtful If the overlapping which w i l l be resorted to In the cast' of 
Whirlwind II for the purpose of lncreaelag operation speeds: wil l ba 
'•worthwhile for Whirlwind I . 

II1KT AND OUTKTJ DSVIOKJ Tre lnpu4; and output davicoi, which 
aro under development at -iastman Kodak Go,, require some special equip
ment for connecting them to the conputor. 
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A 3lngle mechanical housing and film dr ive design l e planned, 
the device being suited to i t s par t lcu l r . r purpote by d i f fe rences in the 
o p t i c a l and e lect ronic systems. There wi l l elao be a separate design 
for a multiple-element g raph ica l recorder . 

DIGITAL INPUTS: The input readers cons i s t of a i l lm d;:ive, 
a cathode-ray tube and o p t i c a l system for swooping a spot of l i g h t 
across the film, ami a p h o t o c e l l , The film has s tored on i t both the 
number and i t s complement. The reader r.»ad» both number and complement, 
and sends these out s e r i a l l y on a single cab l e . There i s a c lu t :h film 
d r ive which c.in be s ta r ted or stopped or. r ece ip t of an order fror. ths 
computer. 

The computer equipment i s as follow*; 

1 ) . Two r e g i s t e r s capable of oh l f t ing . The information 
coming s e r i a l l y from the reader i s shif tod Into the end of ';he proper 
r e g i s t e r , the numbor i n t o the number r e g i s t e r and the complnment 
into the complement r e g i s t e r . M l o w i n g t h i s shif t the numoer i s 
addsd to i t s complement i n the conpleaont r e g i s t e r . ' Any readir.g 
e r rors w i l l appeal- nt dlscrepancloB in the sum* 

bus . 
The number may then be read fron the number r e g i s t e r o.ito the 

2) I t l e d e s i r a b l e to allow the computer to continue 
ca l cu la t ions while the f i lm i s being reed.. A poss ib le method of 
accomplishing th i s end and at tha same time simplifying the 
ordering process i s as fo l lows. 

Allocate a sect ion of storago, perhaps 64 r e g i s t e r s , to serve 
as a sort of f lexib le connecting l ink between the computer :md the 
t ape . Consider thin sect ion as a r ing 3ach new number ccning fron 
tape i e put in the f i r s t vncant space, .3ach number taken t>7 the 
computer i s taken from tho f i r s t f u l l space- Two counters keep .rack 
of the p o s i t i o n s of these spaces . I f tho reader has got ten ahead to 
extent tha t the ring i s near ly f u l l , a s ignal w i l l be nent to th * film 
dr ive to s top. If ;he r ing i s empty, the coirputer wi l l be stopped to 
allow the reader to Catch up. 

3) Another countor Will be provided for each r e n a w to 
keep t r ack of film p o s i t i o n for uio in scanning r a the r thaB 
ex t r ac t ing large blocks of informiit ion. Saoh t r ans fe r f ror the 
reader r e g i s t e r s to s torage shoulc jo checked. The conpute- must 
be stopped while the bus and s tonv? ' ere i n ueii for t l i s pu.-pose, 

4) An Input typewr i te r and declmal- to-binary conver ter 
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w i l l ba attached direct ly to the bo«. A number one be type;.. In 
along with the desired storaga locat ion . The computoi- wil l then, 
atop I t s standard procedure long onough to store the aew 
Information. * 

UISITAL OUTPUTS. The output vr i t ers ere similar to the 
readers except that the spot of l i ght from the cathode-ray tuba .« used 
to expose the raw film In the writer. 

The computer equipment i s as follows; 

1) Two registers of thu sane typo as uned with t >e 
readers. The aumber from the bus i s sent to these registers , the 
number being placed In one and I t s complement in the other- Ths 
number i s shifted out ser ia l ly onic a single cable to the writer. 
The writer records both number an'l somplement, recording 1 i In t'sa 
number l lneo If the d i g i t s shifted In are l J s and l ' s in the 
complement l i n e s i f the dig! in shifted in are O'a. 

2) Photocells are prov-dsd to determine II the »: l tcr 
has recorded and whether i t has recorded in the number or 
oomplement l i n e . The recorded d i g i t ! are shifted Into the 
vacated end of the nunber reg i s t er , If a l l d i g i t s hart beea 
recorded and a l l recorded properly, the exact number wi l l have 
been replaced in the number regle'ser. This fact la chocked by 
adding the contents of the number register into the comp'Jemont 
regis ter . The result shouli be a'.l l"s . 

3) A buffer section in tne storage ceil be provided 
for each reader. Mote that se t t ing a? these bufior sections does 
not prevent their use for Interna", computer neaia. The sl2J of 
the buffer section can be ai.VinteU at wi l l by jetti iv; the ooun 
or the section can be omitted -sntiraly and the film controlled 
by direct stop and s t .vt orders. 

AJIAXQC'JS i;pyjra^ In general these wi l l b.* meaeuret of shaft 
posi t ions or other mechanical or e lec t rloal amplitudes. One or nore 
converters to binary code wi l l be provided. The conputer wi l l obtain 
t~o desired information by transmitting to the conv>jrtt>r f i rs t , 
to convert a certain quantity and, seconc. an order to to the 
bus with the nurbar of the register wMoh Is to recelvo t Lnformi 
These orders w i l l be separated by enough time (used for ot 
operations) to alio-* the converter to select the Aeslrei 11 and 
perform the conversion. The time lave'fed l c unknown at prcsont 
converter wi l l be a self-contained unl: /1th i t s own control. 

AJWiOGUS JPTrUTS. tJuoh outputs wi l l be used for posit on! 
open-cycle or c loso l~cycle Instruments or mechanical aorvo ; In 
general the conversion wil l be from binary code to w olec leal 
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m&gnitudo which can then be t r ans : ormod Into any desiret analogue 
quant i ty , Several conver ters wi l l be provided depending on the 
number, s e n s i t i v i t y , end accuracy of th.3 q u a n t i t i e s conversed. 

The number to be converted wi l l be sent to the converter 
uni t along with an order des ignat ing the u l t ima te des t inat ion of the 
quant i ty converted. The converter wi l l perform the necessary con
version nnd switch the r e s u l t to the desired p lace• No further orders 
are required but care must be taken not to order another conversion 
by the same un i t u n t i l the previous one i s complete. If another con
vers ion l a ordered before the converter I s ready or i f the input 
converter 1 B asked for information before i t I s avai lable , the computer 
wi l l be stopped u n t i l tho orders can be ca r r i ed out . 

An a l t e r n a t i v e p o s s i b i l i t y i s to r e t a i n the new order u n t i l 
I t can be performed, the computer proceeding meaawhilor If the order 
storage i s f u l l , the computer can then be stopped. TM.3 method would 
reduce stoppage time for a given care in programming but does not seen 
whorthwhlle for 'Whlrlwina I . 

Graphical recorders are but one form of analogue output and 
wi l l be handled with the o the r s except for the addi t ion of s tar t - -s top 
orders and poss ib le speer. se lec t ion and ecolo fac tor recording. Scale 
fac tor rocording might bo ca r r i ed out l e s s e f f i c i e n t l y by the use of 
another recording channel. Another p o s s i b i l i t y I s to note scale f ac to r 
changes by some de f in i t e t r a c e In the rocorded channel. 

CHrGifrffl} AMI) COHTHOL 1)&>K: Tills category I s probably th^ 
l e a s t understood and yet most Important of a l l a t t h i s time. However, 
since t h i s problem 13 to bo discussed In d e t a i l by concerned p a r t i e s In 
the near future, i t seeing p re fe rab le to defer I t s discussion. 

ADDITIONAL OUDxIRS: These ordora f a l l Into three c a t e g o r i e s : 

1) Sxtenision of c_̂ , njj, CJJ. .gu., to handle nbsoluto 
magnitude of numbers. Absolute magnitude may bo obtained us ing 
ex i s t ing orders but the g rea te r speed and s implici ty of spec i a l 
orders seems warranted here. I t I s es t imated that further equip
ment includes control connections and poss ib ly two erstra gr.te 
tubos in the operat ion timing matrix. 

Into th l a category also go poss ib le modification? In e x i s t i n g 
o rde r s . The only cod i f i ca t ions now under considera t ion arc in rounding 
procedures. I t i s not e x a c t e d that addi t iona l equipment except for con^ 
t r o l matrix connections Mill be noeded for these orders area i f they 
e n t a i l tho ac tu r l const ruct ion of new orders for dlfferont rcundln-
cedure6 (as jar and ah.). 

2) Orderu required for tho con t ro l Of the input and 
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output dev ices . 

For film r e f e r s -

a. S t a r t fi lm x - go to pos i t i on marked b; - next o rder . 

b . DaBlrjd film p o s i t i o n . 

c . Bead in x words. 

For film wr i t e r s -

a. S t a r t film x« 

I f buffer s torage sec t ions a r e j i s ed , no fu r the r orders are 
necessary . In fac t , i f buffer s ec t l on t are perr.anently a l loca ted to 
a f i lm, no orders at a l l are needed. Such a system v o u l i be wasteful 
of s torage, and would prevent scanning. 

The above orders requi re con t ro l l i n e s , con t ro l Matrix 
connections and cont ro l ^atu tubes . • 

For analogue i n p u t s -

a. Convert quant i ty x. 

bo Store l a s t converted quant i ty In storar 'J r t g l r t a r 

For analogue o i t p u t s ~ 

a. Convert quant i ty supplied and seal t o 

b„ S t a r t f i lm x. a t speed x_. 

Scale f ac to r s can probably be recorded in the e^w chinnel by 
spec ia l marks o r In a separate channel . 

c„ Orders for automatic subprograno.. 

The coding of Whirlwind I wi th I t s short r<••.' • on.^th world 
be simplif ied l a many p u t l e m s i f mul t ip le length nur >er operations, could 
be ordered aB simply ae s ingle length . In .Whirlwind I I euoh a " ac l l l t y 
ralght also bo des i rab le , for Instance In ordering In t e rpo l a t i ons ov 
mul t ip le length number o if r a t i ons . Si S3 itfin prc.TO*..!d la )a t l laU 
way of allowing the opera tor a sna i l ) ;1OHS to be 
se lec ted at random by hl-nself and ban 1 i f thoy - I t i n to the 
conputer . The following method has boen proposed., 

Three orders ere needed. Os.e gives the t imber of '.he r e g i s t e r 
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holding the f i r s t half of the f i r s t nuaber to be operated an. 
second gives the number of the r e g i s t e r holding the f i r s t half of 
the second number to bo operated on. The t h i r d gives the noajber of 
the r e g i s t e r which i s to hold the f i r s t half of the r e s u l t . The 
second halves of a l l numbors are assumad to be in reg i s t e r* 
immediately following the f i r s t ha lvec . One of tha three Trdert mu t 
designate the opera t ion to be performed. 

The 3-order r e g i s t e r numbers are made avai lable to t h e 
subprogram as fol lows: 

A new order i s derived which does the following -

1) Transmits the contents of AC to BR. 

2) TrnnBT.lts the contents of AH to AC. 

3) Transmits the order I t s e l f to AR. 

Two a p p l i c a t l o r s of t h i s order v i l l s t o r s the f i r s t tvo 
orders l a AH and AC. Another new order in needed which -

1) Does tha ssene ns tha above order . 

2) In addi t ion, t r a n s n i t 6 the contents of PC to soma 
opec ld r e g i s t e r presided for i t o s torage . This r e g i s t e r w i l l 
probably be a f l l u - r l o p r e g i s t e r t^ be provided i a addi t ion to 
presont r e g i s t e r s . A l i t t l e recent study has shova tha t i t may 
be poss ib le to store the contents of tC in e l e c t r o s t a t i c s to rage . 

' I f t h i s i s pos s ib l e , and some t i n i n g s tudios should dlaOOTW 
i f t h i s i s so, tho e x t r a r e g i s t e r as well as any axtr.i o rder 
can be avoided. 

3 ) Sets Hi to one of several poss ib le pemenen t ly ( c t 
l e a s t seml-parmanontly) se lec ted r?g io te r numbers. Ihara -u s t be 
as many of theso o r to r s as the re are Bpocial operaticna t o be 
provided. In Whlrlvind I thore night bo 3 for addition, eub-
t r ac t l on , and mul t ip l i ca t ion of mul t ip le - leng th cursbi —.- o>;e, 
however, t h a t the fcin&a of opera I r a s tha t mry be perlormef have 
not been specif led, onl~ t h e i r number. The oparatloai the; .selves 
w e as general^os tha subprogram? 3tored i n the r ag l a t a r s queace 
beginning/the number sot in PC. Tha subprogram rcny I m ub-
progrwns of t h e i r own. The aobprograma tiny bs change-: at \ i l l 
or-n a t tho behoct of t h j naohlne i t s e l f . 

The rosu l t of 2 app l i ca t ions of the f i r s t order ,-bovo 
followed by 1 appl ica t ion cf r\n arder of the second kind 1st 
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1) The desired r e g i s t e r numbers ore stacke-. in 
AE, 1 ia AH, 1 i n AC, 1 In BR.. 

2) The start ing r e g i s t e r ntrahor of the lubprogr 
to DO U3ed I B in PC. 

3) The order m iiber to which the mr.chine should 
re turn i s in a known place -

The subprogram HOW starts- , "ho f i r s t stop in to renov. ' 
order in AC by a t ^ or td orde; , The order in BR io then t ransfe r red 
to AC and removed. The order.^n AR 1 B t rans fe r red to AC usin;; t te 
same type of order us put ln/„A!t in the f i r s t place- The subprc; 
then proceeds-. 

When the subprogram Is conplnto the l a s t order i s a su 
program order r e tu rn ing the co i t ro l to the main program. If a t ieolal 
r e g i s t e r i s used for s tor ing t-ne r e t u r n number, n spec ia l order I t 
needed. If the r e t u-n number i s s to red in e l e c t r o s t a t i c storage, the 
standard eub^*ogran or .er wil l suf f ice , the number being t ransfe -ret 
to i t by a i i o rde r , 

RDO'.^ORVI •-.''I'ljoxS • . t present the r e s to r e r pulsea are t ; be 
generated by the delay counter during storage setup. The ; oed 
32-posi t ion switch restores t i e neces s i t y for the delay counter which 
remains, however, as a res torer pulse •c i rca When s leotrost&t] 
s torage i s added the r e s to re ! pulse:) can be generated by the storage 
c o n t r o l . Certain operat ions , p a r t i c u l a r l y divis ion, requ i re »• i c l an t 
time between storage o orat ions 30 that r e s t o r i n g must be done w l i e they 
are being car r ied o a t . The step count or niay be used for t h i s purpose, 
stopping the flow of c LOC'-: pulses pa r t way through the ope: t .or. i 
generat ing a p a i r of r e s t o r e r pu lce i In the off i n t e r v a l . 

An a l t e r n a t i v e if a r e s to r e r pulse generator which co\ 
clock pulses and genera tes r e s to re r pull 3C at regular i n t e rva l s . 
This p o s s i b i l i t y I.a3 'jeer, a i sca r led In the pant as wnstefn.'. sine 
res tor i r i ' ; c<ui usua l ly be i me n i 'ion the computer l l y 
I d l e . I f mor'j aconrate infor;; to e l e c t r o s t a t i c etc -.trol 
t iming were aval? able , i final. dec is ion as to r e s to re r pu" or 
and timing coulr. oe cad t . 

:;. f' 
iobo t t t 

RRSl.has 
c zw, HRB, SHL ns, n , UICJ JOE 
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T o : Robert •' Everet t 

J'rom Harris iVihne stock 

l a t e Octobei 9, 3.947 

The Sylvcnla nohedule o d l e f . i s t a r t ing design of eabUtate 
i-ovenber 3- This i.eane we Bast hf.ve e. good eatlPBte ct number c" sabineta 
sad the i r height by tha t tlma A c r i t i c s ! cabinet l e that which wi l l hold She 

"Bt-c ilonxer ; and the Eof! etn r Panel Arithmetic lilarant d>nifn i s a n I 
t>ay 's'e uust soor. doolce what tbi Regie te r fanel m e t carry. She Sylvanla 
schedule t-lao c a l l s for s ta r t ing 'ho Reg i s t e r / aue l f ina l design November 10. 
/^oordlnglj ' with reference la K- l l l , would recommend ths following p r i o r i t i e s 
t o r cur Informal' 

i.) pnfp • 2 ) . Must v= add s p e c i a l r eg i s te r for a i . t a 
counter umbers during aatommtlo eub-progr 

B; pp.gs 2C (8)o Can we to V.lgii speed spot Q y usl:ie the 
present cbeoic reg is te r , 601, without adding th* « .cent l : ' digcueeel 

sory c ioc i r ag i s t 

page 2, (&)• Must uo add four r eg ia t e r i .-d r>u<,put or 

can we get along with two J fu rn i sh complete funct ional speoifica 

pi • ii * Pre •. : a t e r modification dat led d Hovembe: 

tt) page 2, ( 1 ) . An estimate ca naount of r .ddi t lor ; ; matrli apaoa Before 
Brown vru t n so s t a r t c a t r i x daalj 

n J -* 
jlAAxo 4ttJua^l'W^ 

tocif 

I AO'B 
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Pro jec t Whlrlwl 
iervoicfchnnieaB Laboi/itory 

Ilaosa-Jhusetts I n s t i t u t e of Technology 
Cambridge, Massachusetta 

SUBJ1SCT: ADDITIONAL KSOIliTOIKS TOR WlIlJIL'fUID I 

To: Harr is i'ahneatoc:!: 

From-, Robert R. Uvorett 

Date: October 2,3, 194V 

In response to your request for fur ther f.iformation about t h i 
number of add i t iona l r e g l u t e r e needed for Whirlwind I beyond tlio .?c 
already described l a the bl'.ock dlagrnmu, I hove made a br iof stu \y of the 
problem with the r e s u l t s ;;iven In th i s r.^orandun. These r e s u l t 3 . 
summarized as fol lows: 

1) A sor.cjate trouble-shooting rugij tf jr w i l l not be 
needed- The presen t check r e g i s t e r or the proposed input and output 
r e g i s t e r s can be s a t i s f a c t o r i l y used liiEiead. 

2) A separate r eg i s t e r for storing progren counter Bontante 
as par t of automatic subprogramming will not bo needed, Cno of the r e 
e l e c t r o s t a t i c s torage r e g i s t e r s car. be used instead 

3) One p a i r of stepping r e g i s t e r s for input and ratput i s 
noeaed but l e probably enough, at loas -. it f i r s t - Another p a i r , p< 
in a small package, could oe added In tba future If problems being ham 
seem to warrant i t . 1'hle requirement jhould not a r i s e for at l e urt 
y ore 

I be l i eve those th ree points cover the p ro t l r ae i n whl :h p u 
are most l n t e r e p t e d at t h ' i t i n e . The special c o n t r o l s needed f jr ':/ia3e 
services as well as add i t i ona l equipment to be added to ex i s t ing rer ' .o tera 
have not been d e t a i l e d and cannot Xa u:H,:.l the checking problom IRS 
received more cons ide ra t ion . I hope to have out n>)Tt weir for c nnsent a 
prel iminary memorandum on checking; 

The r e s t of th in memorandum consists of some dlscueslo.i of l.ems 
1 and 2 above™ This d l sucaes ion lc glvan to subs tant ia te the co \clusi ma 
Irawn and for c r l t l c l c : ; 

Purpose of Trouble-Shooting K r i s t e r TijR All element a of the 
computer incluillng Ihoeo not now so fi t ted are t o hava gate tube t for 
rending out to the main ban. A t-g r e c i t e r with g s t e tubes for refull 
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from the bus can thon receive, upon r e r u e s t , the contents jf any 
computer element, This recept ion can l e ca r r i ed 01 speed. 
TiiH I s not imnodiately rouned, I t s sonter.ta can be read from i t s nson 
bulb Ind ica to r s . The contents of any j a r t of the computer car. t 
examined v i sua l ly although the contents RO examined OCCUR i dnr a 
high-speed operat ion. Manually net counters and switches isaat b 
provided for se lec t ing the element Mid time for reading. 

Advantages over Stop-by-'Jtep Operation,: The advantage • of 
t h i s system over tho step by-s tep operation system ere 

1) Information 1 B obtained during normal compute 
operat ion. 

2) I t should be eas ie r and f a s t e r to net r - l tcher , arc. 
get e s sen t i a l l y instantaneous r e s u l t s then to pueh the s ingle pu." 31 
button many t lne9 . The counter system cm be used for ge t t ing the computer 
in some desired pos i t ion :"or s t a r t i n g 1. Btep-by-stcp procoos or r an be 
used to stop the whole comouter for conplete examination or for pe r i or til rig 
a s tep-by-step operat ion where the s teps are 10 loriger s i n g l e t i r e puiues 
but groups of ';ime puloeB e i t h e r regular o r i r r e g u l a r in length I f 
t i l ls equipment only l a addod, the f l e x i b i l i t y of s ingle pulse op.-ration lu 
great ly extended but the addi t ional equipment needed for BSH i s g r e a t l y 
reduced. In fac t , i f iSR can be combired with CR, very l i t t l e Oonqputer 
oquipmont i s noeded for the high-speed examination., The con t ro l equipment 
wi l l be very valuable in dxrr.inlng control pu l ses ar.d conrj.'ter o;, err.v 
d e t a i l s in genera l . 

axaialnlng Multiple ^ u a n t l t l e t : With a Angle SR i t wilT be 
possible to examine only one r e g i s t e r at a t i n e . I t would be ve. y 
desi rable to be able to axanlM a tvera l , e i t h e r the Bano 0.0 c r d i f f e r en t 
ones a t d i f fe ren t time 1, -here are several p o s s i b i l i t i e s ropoeid 
t h i s , 

1) Provldo several banks of neon bulbe alo^ , wit] CSU. 
These neon bulbs nrr driven from Tail b i t ara provided with gate tubes 
and holding ci;-cuiti ao t ha t they r.sy 1 ag i s t e r the content<: of T.'H at 
different t i n e s . ToS. i s probably s t i l l needed since i t c a i be eot in n 
.alcrosscond while the '.leo'i bulbs are slover noting l t i s at thu moment 
undecided whether to provide suff ic ient counter controls t o s e l e r t a l l 
quan t i t i e s to be r eg i s t e red in o s l a g l ; computer sequence >r to j orform 
the se lec t ion manually requi r ing ! ong time iatervr-lo In ba 1 fctar 
case, the neon bulb banks aerva tia litoiage elements aad ro~.ove t! a 
necessi ty for wr i t ing down reg i s t e r cor.tants for comparloc 

Another des i rab le feature would be a comparison c i r c u i t whloh 
would automatically compare a neon bu.lt bonk o i ther with TiR con'.euto 
or with a set of toggle svntches, 
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2) XJue the s teppl i for l i p ; . . out to 
supply information to a cnthod«-rc.y tuoe = A: ma'iy qu d bo 
examined as l i n e s could be provided on the OUT frica, A d i f f i c u l t : wi1 
t h i s system i s t ha t th6 in forua t icn woild nave to be ava i lab le 
racur ren t ly for continuous Tision. Tin iiiultlple control would ha nasded 
i f more than one quan t i ty were under cons idera t ion , P-.iseible wtyt, out of 
t h i s d i f f i c u l t y are-. 

a) Continuous r a c i r c u l s t i o n of a i-orator in iha nte-i-
r e g i e t e r - The r n g i e t e r forms /•. delay st iraj 'o e 
which could provide a coi t tnuous d i sp l ay with only one 
s e t t i n g . The second ste-jping r e g i s t e r might be used 
to give a maximum of two displayed q u a n t i t i e s . 

b) URO a long-pora is tance or darte- t r a c e tube which wc i 
r e q u i r e only a s ingle svoerp for continuous viewing.. A 
s ing le con t ro l would suffice :'or t h i s viewing means. 

c) Use the regu la r f i l n output d e - I c e . '.^it;i automatic dor 
merit the approximate del iv time between exposure and 
v i s u a l examination would be th ree to f iv? minutes which 
i s o r d i n a r i l y excessive I t might bo po3oit_ln to > 
a non-permanent develop! •.,: ,'ob in l e s s t i r .e l 

Use of the stopping r e g i s t e r s should "OJ s e r i o u s ! " can?. ' 
An automatic comparison can be e a s i l y Lng the second sfepoing 
r e g i s t e r with switca ln;.iuts since col;; . - c u i t 3 a>*e r o q u l r e l for 
normal uses. 

TsSfl Control Iha control fo r any of the TSR methods migh'v be 
about a s follows. 

1) Type in on the d l rec typewr i te r a subprogram 
order v> s t a r t a t some des i red p l a c e in tl moe. If a s tandard 
trouble-shooting; sequence i s being used, t h l e opera t ion i s unnecessary 

2) :iet the order number counter for the operation, nunber 
following the s t a r t in which the examination I s to be nade. 

3) i e t the TP counter for the iY -lumber wlion exnnint ' t ion 
1B to be ir.ade 

4) oet hlgh-rpeed IF count i se lec t ing "V no-; i n 
TrD if d e s l n d . 

5) iet s e l ec to r switch for quan t i t y to be 

When the time determined by the counters BIT *e -slock 
l a shut off. The doslreo. quant i ty i s read out to the bus and f ion thl 
to TSR, The clock i s then r e s t a r t e d and the sequence procoedso 
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The mult iple control woiild r3"tuire several r»ott' iach 
counter , When the f i r s t s e t t i n g of the order countor l a reached, a 
{--\te tube l a opened which can then be r i l aed when the TP counter reaches 
i t a f i r s t set t ing. , -he output of t h lo gate tube can than open t pa te 
tube for the high-spend "!' counter f i r s t s e t t i n g . The set ond s e t t i n g s 
are also l ined up by gate tubes . The quontl'.y se lec tor •witch can also 
be gated by the order counter set t ing. . Assuming five poss ib le iiaasurod 
qurttl ' i j ioa, five s e t t i n g s ore required for e'ich counter and the ar/ltch. 
I f the se t t ings are not completely d i a t i n c t , i . e . , use thn same ordar 
number, clock pu l se , o r quant i ty , i t i s only necessary to mako tho 
proper s e t t i ngs the sarao, If l e a s t h a i five q u a n t i t i e s aro being measured 
the unused se t t i ngs crm be l e f t random or a switch for bl inking unused 
s e t t i n g s may be provided. 

Clearing and r e s t a r t i n g pulses wi l l be required as wall as a 
switch for automatic comparisons. 

Conclusions- I t w i l l be aeon from the above d iscuss ion tha t 
the proposal for the use and control of TSR ; s s t i l l nabulous. Any 
thoughts- euggestions; or simply des l r a s which anyone has would be very 
va.\uable. There 16, I be l i eve , enough -information, however, to consider 
the prasent proMen: which ia whether c r not an addi t iona l i -egister beyind 
those so far considered lr. needed for 'WR funct ions . 

There are two p o s s i b i l i t i e s for performing Till funct ions with 
present equipment: 

l ) Use the stepping Input end output r e g i s t e r s as 
described above. If the CUT display i s used theeo r e g i s t e r s a re not 
only poss ib le but des i r ab le 

a) "hay are thoroughly checked in t he i r normal 
operat ion 

h) They are r.ot a pa r t of normal computer 
• ra t ion. 

c ) They not only receive from tha bun but el30 
utep ind .:ompn> 

d) I t i s poss ib le to make automatic photographic 
<rda of the checking r e s u l t s . I t might be 

des i r ab le to make thn computer or . separata 
corporator perform a comp.vrinon b'tween the 

to so obtained and a s tandnr l trouble
shooting tape mde for the r r check 
.i-oblemc 
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e) If r.eon 'o\x. . a&, thoj i i 
avai lable fcr a 
put I n banktt for :milt i?le quwi I t 

2) Use the check registE:- OR. The UHO of t h l l r e g i s t e r 
was tho f i r s t thought for avoiding a separate TSR,, 

a) .Although a pa r t of the normal computer 
operation GK can ba removed from tho system 
without atffsotisg cor out od r e s u l t s . The 
t ransfer check la l o i t but th ig check i s 
complete enough so t) at i f tho trouble 1s 
there It can bo Isola ted and corrected by other 
means, A small complication In the con t -c l i s 
needed to allow reDO-lng the t r a n s f e r ch >ck 

b) Multiple quan t i t i e s can t e oxariined using r.oon 
banks. 

As conoldflrod at present there i s no des i r ab le function tha t 
could be performed by a separate Ti3H tha t caimot bo done us ye l l by 
e x i s t i n g equipment* I t does not eeen worthwhile to plan on a aeparcte 
r e g i s t e r for t rouble-shooting. The cont ro l for t rouble-shoot ing should 
be worked out In de ta i l as soon as checking Adeaa havo been c ry s t a l 11 a 

3'JBPaOOKAH ST0UA&3 ^IbTBK 

Purpose oT S'fbroro/srrin Storage Jia.^l-ter: The antomatlo subpr 
dascribed In M-l l l requires for an important part of l t a o--
place vhera the con;eata of tho progreu 'joun'.-ir 30 nay be r-tored ivith 
requi r ing a separate order- I t i s also necessary that th i s plana be 
always the aane r>o that PC may b-3 eas i ly r e s to red to 1 ouj cond 
at a fu ture tima. -t was o r i g i n a l l y proposed tha t t h i s StOrags -ilaco 
a separate f l ip - f lop r e g i s t e r which had no other use. A des l r r 
a i t e r n a t j l a t o uoe one of t h e regular e l e c t r o s t a t i c s torage r e g \ s t o r e 
tons gaining 

1) Tha tome r e s u l t with l o s s equipment. 

3) The a b i l i t y to remove the stored information tali 
o rders already avai lable within the machine. 

Then, i s :io bneic reason vrfiy e l e c t r o s t a t i c storage cnn.iot bo 
used. The quoution 13 piiT.p]y one of whether the n 
be f i t t e r , in to the t ins available* The study i s con-plica' he 
tha t the tlmln the automatic subprogram have not y I 
worked out , 

The opsraoione that t:U3t bs carr ied out during automatic 
programming are*. 
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1) Clear BS 
2) Transfer AC to BR 
3) Clear AO 
4) Transfer AH to AC 
5) Clear AH 
6) Transfer storage to AR 
7) AH to 3us-trensfer Cheok 

This seme oequonca i s used in the oarl ier orderp of tl o 
automatic subprogram. See M-l l l , pp S-10. 

The storage switch i s set on TFS I f steps 1 through 5 are 
then performed, the read in from storage cannot be done ur.til TJ3 of 
the next cycle which i s very bad since the bus use i s pretty we.-! 1 f ixed. 
Step 6, the transfer on the bus from Ttoroge to Alt must be done on TV? 
if the whole computer timing i s not to be disrupted. To accorapMah 
th is end note that the automatic subprogram order which actuallj 
deterninos the operation i s different from the two which precede ?.t end 
which simply insert orders in AS. These two orders, which are besirably 
identical , do not have the extra complication of the eubpio.^ram. 
Therefore resequence these operation? as follows 

1) Clear AR - Clear BR 
2) Transfer storage to AR ami AC to 3B 
3) Clear AC 
4) AR to AC 

The f i r s t repl icat ion of t h i s eequonca puts the f i r at order l c 
AC with AH open. The second application puts tha f i r s t order in BK and 
the second in AC, again with AH opon. Few use the following aeruonce for 
the automatic subprog: em 

1) Clear AR 
2) Tiijisfer storage to AC 

The resul t i s the f i r s t order in Hi, the second order i.i AC, 
and the third la AR as before but now al l bus transfers can be roue as 
early as TP7 as deaired-

price to bo paid for th i s chan.;e l a that thoro 1B no 
longer any nethod available within tbt rd ordere for fa t t ing the 
order out of AR, This step could have bean orforued . Uo-
sequence n.ltply by another appllc: t lo t sequence. The pi i 
however Is only another order; la fact , the order previously r< q. 
to got information out of the special sp sto^ego regis ter nay or U 
result ing only in lasa of a gain for Irst sop 

Returning new to thia new aequanca th<i transfer to AR i s 
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ohecked on TP3. TP2 la used to t r ans fe r PC content ito 
sv/ltch. TP1 i s open end con bo usod for t r a n s f e r r i n g PO contonta to 
s torage . There ie no time avai lable for chocking t h i s trnri-for f the 
main sequence tiiao pulson are used. The t r a n s f e r chec!: oan b>» c I t t e d 
In t h i s case (not vary bad alnce a l l elements concerned aro used and 
checked at o the r . t imes ) or the check can be ccconpli shod wiJle ths 
storage control has charge. 

The delay counter (or, actual ly the e l e c t r o s t a t i c s torage 
con t ro l ) must be s t a r t e d i f the storage is to r ece ive the program 
counter number. The time required for tlilo operation wi l l ^hua be 
longer than normal but w i l l do no harm.. 

In order to simplify the storage ml t e n nnd nlao to remove 
the need for c l e a r i n g the switch before the next order i s est up use 
the a l l O'e or c leared r e g i s t e r pos i t i on f o r s tor ing the counter number. 
On present t iming diagram) the storage switch c lea r pulse :''.s put in 
TP1. I t can j u s t a3 well be In TP8„ Than, for automatic subprogram 
s t a r t the delay counter or cont ro l at TP8 oleo. This wi l l be do-ie by 
operat ion c o n t r o l . On TP1 read out of PC onto the bus and into s torage. 
TP2 wi l l find the s torage switch c lear oal ready to receive . 

The timing of t h i s and, for that rar.tter, a l l t he other 
opera t ions , I s dependent upon the f ina l t lmiig of e l e c t r o s t a t i c s torage. 
However, i t aeema reasonable to assume that if t he new oporr.tlon can bs 
performod In the present timing sequence, there i s a s nood a chp.ice tha t 
i t can be dons l a t e r as any of the o t h e r s 

The f i na l sequence i s then 

TP6 Clear AH 
TP7 Storago to AH 
TP8 Transfer Check 

" Clear Storrge Switch 
« S ta r t Delay Couatur 

TP1 Program Counter to Storage 
• Set Program Counter (Haley 1/2) 

Tl-2-3-4 Not used 

The e l e c t r o s t a t i c s torage can l)e Mbod i'or tho automatic sub
program re tu rn order storage and the operation f i t t e d in to the present 
t iming sequence^ 

Hooert R. Bver-jtt 

HUE,has 
Copies:. JWF, HHB, NT, DHB, CWW. JA0'B l SHU, 8.B., JOS, FES, Sylvanla(3) 
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ProjMt Whirlwind 
i«TTOM ihanlMM Laboi'tit 

Kaanachusatts I n s t i t u t e of Tao mology 
Cambridge, Maosnchunetts 

. UJJECT, CiaCKIKG 

" o ; Jay Ki xo r r e s t e r , D. E. Browr. M Teylor, H. 1'ahn- ,look. 

0. \1. Matt, J . A, C-Brian 

i'rosi: Bobert U. 3verot'.. 

l-'ate; October 27, 1947 

Iha sobjecl of cliacking has r w e i t l y bacone oi." Ino anai'.g 
Lmportanoa for the f ina l design of Whir?.vi id I . s o n i--'. i 
yjma thought• :a OlMOki] ; ' •:,.'. >ui J i. The p r r s e n t i f 
Jid i s iri^endiad n: in ly as a basl a for d l a c u t t i o n . 

"ho norccrandu-T. j i . - , - ; coiiEidai t l ahea t a r> 
Lsr with t h e i r cosoibl r f-il lures ;. >n 

' .a t h e - • tk :io and t r 

U.$T 3x ?:iXHGJ T i 

100 001. 

101 K u t a r 01c. 

i) ilaea .' frpiae. 
J ) Pol 

10S 

i) He ail out. 

o) Count 

1C3 i'i . : i n t e r 

a) Head ov 
')) ' • 

Jontrcl M 

i) Proper 
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106 'lima Falsa Ulatrlbv, • 

i) i d i pu l ses . 
b) No iwtraoo 
o) Right sequencer 

108 Generation of Program OT 

200 SSQSMlg 

^torags Swltchon 

a) 
b) 

Swltche*.. 
Deflection anpl:.:' r 1 

Storege 

a) 
b) 
o) 

Sto 

Heaa out. 
Head. i n . 
Stor lcg 

rage Control 

.TOO ARITHMETIC BLBlSJff 

301 

302 

303 

304 

AB 

a) 
b) 
o) 

40 

a) 
b) 
o) 
d) 
•) 
f ) 
g) 
h) 

BB 
a) 
b) 
c ) 
4) 

r.ecolvii'4; from lmn. 
Transmitting to . 
At 3 value. 

Resolve from AR, 
Zranamlt to 3R. 
Add. 
Carry. 
Shif t . 
Divide sh i f t . 
Shift and Cau-ry. 

value. 

Receiving from £ • 
Shift ing r «iEd }.. 
Examination cf rl 
Roindoff. 

Slfjcal Control Flip- flop 

a) 
b) 

1 M t l o l hoc* 

• 1 •' 
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305 Ste ber 

a) Clsfirlngo 
1.) Set 
c) Counting. 
u) Jind pulro . 

306 and 307 H i p - f l o p Controls 

308 Divide V'Pd 

400 and 5a) IMPUT AIO OUT?lTT 

600 cracKiiHg 

Transfer Check 

QZB 

Mathematical Ch9Cke 
Check Problems 

Xroabi a-shooting problems 

CH3CKOG. 

101 Master Clock 

PoB3lblfj i 'a i luras 

a) Coraplote Stoppi: 
b) Ml93cd pulso-
c) FracUfincy var ia ' 
d) LOQU of pulso shape. 

CHBCKINO HJffTHJl): - A pulse checker on th . the Master 

w i l l check 

1) For pulse; height .-nd shape (Chei 

2) Time between pu l se s (Checking ( a ) , (b ) , and ( c ) ) . 
Small v a r i a t i o n mency w i l l bo unimportant r.ince th3 

i asynchronous. ;'ed, a taore . 
cou3 . ic i ; i ! i ; . ; , > would 

o 

If thers are two frequenc pi 
•, could be vory trout)] 
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The chock for epice betweo ; pulsi ? -euld tz -^' 
c l o c k cut off. On single pulse o p e r a t i o n i t would be d e s i r a b l e tc 
t l n u e checking h e i g h t and ihape and a l so tc c:h9ck Dgftlii3t gnioration of 
m o r e than one p u l s e . With operat ing f rcauao ies belc\> normal (If u 
f o r trouble-shooting purposes) tho crxeck f< r pulse epase could ei ther bo 
a d j u c t e d or omi t t ed . 

102 ITogran Counter 

Possible F a i l u r e s 

n) 1's.llure to count at a l l . 
t>) Miscount. 
c) Improper r e a d out . 
d) Improper r e a d I n . 

(c) and (d) are -.necked by the transfer check. An inves t iga t ion 
s h o u l d be nade t o make euro the t r a n s f e r check Is complete on e l l Pror.r 
C o u n t e r operationa. 

(a) n i g h t ho checked by n i x i n g snitching s l g n a l a ;iri checking to 
make sure at l e a s t one flip-flop switched 

(b) i s most difficult to check vithout d u p l i c a t i n g the counter, 

A p roposa l i s 

for check ing a counter v i t h o u t ligli-ipced c a r r y -

Bote t h e follovl ig: 

1 ) ?or CBCI eda i t l on ths re 5. < exactly one f l ip-f lop I 
erwltches from 0 t o 1. --a exception i c the audition t h a t ovorflowc tha 

2 ) No 3*ct'.on of t h a counior can switch un le r s thr pi tfi 
s e c t i o n has switched^ 

lake t h e outputs of the 0 r i d r s of the f l l p - f l o p a (that la . 
s i d e o opposite from thoee that e c u e r - t o trlggtra for switching eu< c 
s e c t i o n s ) . IJote (1) etove -totue t h a t »l J only one of tha f l l p - f l -
s h o u l d generate a t r igger on t h i s a ide for encb a d d i t i o n . Thcr., connect 
t h e n as In the f i g u r e bale I 

ADD 
PUL&E 

frj~ 
FROM W" 

- « • , 

E 
J 

__A.MV 
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The idd pul In , r e ; . *-'lop, an 
If no pulse o. an the C c l d e s , t.L remain oa I fch 
delayed add p u l s e wi l l Bound on a larm, If .ma pu l se sone'J ! n from the 
0 iddes, the f l lp-i" .op will swi tch, GI will t,o off, and there wi l l he no 
elarm, it two pulsus cone in, t h e second will r e s e t the f l ip - f lop , tho 
reset slrjaal <jjlng out the alarm l ine , . Mare thar: two are unimportant 
since the a lann wll:. have sovuiced. 

fo r chookr'.ng a counter w i th hltu-apeed c u r r y ~ 

Ihe above method can he used but in on]y r. paj -
a f l ip - f lop can fal". to rese t (go fror. 1 io 0) without affsctiafi 
oucieedi.ig sec t ions , since the number o:.' raaate In an addition i s a 
variable, a chack ai.Hiilar to t h a t rbove ma t be mo. 

Oon-jidar UM followlr^; e; 

DEL 

I t 

I f o c*\r • • VI. 1 .,) w i l l pa s t :,ad 
add Into the noxi fl ip-flop, l.wui 'c pulse w i l l have added 

->-flop and re - je t t ln^ to >' so t f a i l : ; to-'-oper 
remain on. let has passed ;b the G ^ cnC OT wll 

i t delayed end eent ->ack t: 
W i l l PO'_ 

OT. Is s t i l l ope 
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Memorandum K-1^7 

» 

A simpler version out roughly w idor; las 

-«» DE|—» P F 

-#H[ 

t *© 

or, H* F F 

- j M " * - S T ~r» 

A 

I f the f i r s t f l ip - f lop i s a 1. the add pulse wi l l pa3S 
through the M Tho pulse wil l r e t u r n through t h e delay and again 
supplied to GT. I f OT I s now shut , nothing fur ther occurs. Diodes rxe 
provided to prevent improper a d d i t i o n s . If BT I s open, tho pulse wi l l 
pace hack in to the aid Una and w i l l cause a se t (0 to l ) on some 
f l i p - f l o p . Thlg ex t r a set wi l l cause t.'io one-set chock to .Trie 

This combined check seams to .'miction undor alBOSt a l l con
sidered types of f a i l u r e . 

Both output pulses fron the l a s t f l i p - f l o p , h i g h e r ordor, 
should be supplied to the chock f l i p - f l o p 

103 Program Regis te r 

The operation of the Program Regis te r sews to bo 
thoroughly covered by the t r ans fe r check. This statement efcoald be 
checked to inake sure a l l opera t ions <-i--o (.ovsrod, 

104 Control Switch 

-'oseiMo f a i l u r e s 

a) l ' d l u r e t o race " 9 cor rec t order dr. 
b) f a i l u re to reaelvad. 
o) Sott ing of •'.ore than one U n a or of no Hi 

The t r ans fe r check should Batch typa (a ) f a i l u r e s , A codliig 
matrix may he used In conjunction ha t r ns fer chock for checking 
botl (a) and (b)„ 

There i s tvi aatomatlo check against the f a i l u r e ov tr.o switch 
to select a l i n e at mil. The f i n a l trn:u>for i s ordered by DC but tho 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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; PC, ?6 
. . . . . 

To to: 

bio to for - • ••• '•' 

i t h a n o m l i n e • I t c . . . •: - > •• • , ' . ' • ' • 

108 and 1 7 - .' rat iln ; PUIBOB 

- ',- Chechia ; o of 
t indn ' • ; . ' . Lcult l i c a t l n i 

. on orde; '. tJ o 
itrlbutor -
.' unlikely - J. _ i 

A , . 

•" for a COT." ol l e e out for I • 
for ' bli oka, ? - ] 

.-...' . . ' ' • . ' as seta • i 
th the t check t t h i s oh 

• pos s ib l e check 
' .. I • i • ' i t i c 

. . 
-

106 Tli 

! 

- -' 

ivv\ t ! 

I t i , 
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o 

(b) w i l l i n general up 

(c) w i l l I D general upi • • 

Seine a t t en t ion should oe fiver, to the non ulsi , I t 
i s probably worthwhile to study the effoot on the t r a n s f e r heok ci' ; .1 
: inple f a i lu re comblnatlo 

103 Generation of Pro 

The checking - I less pulses 5. s -
sar.e a3 chocking 7PD since '*.:? irogr ' a r e almost 
checked by the t r ans fe r ohec.<. 

The appearance o:' the add pul s car. bs c as descr; ' 
the counter obeok ,-v;ovo by obtaining the counter c i the 
program ins tead of from the adu . 1 

200 S2B3J k2S 

Stor I tch »a and Defl - ' 

Posiii"b].e f a i l u r e s 

t ) r- ' ' :h 

b) • l ec t ic 
• c) 

(a) '. 

( b ) C-J-. OR ... -
icti n on Control 

(c) 5.3 more . 
thu e l e c t r i c f the l ini - b 
iucludo ( it ( a ) a t 
probably worttawhl 
alarm. 

A oheok propoeod i a 1 t ia 
tro s t a t i c ntorn&a tun I 

• 

.T, 

e n t i r e 

! 
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2ZZ222Z 

5 - 0 
Vi r t io 1 I 

;.-' 

ZZZ 

5zz:z?2 
' • 

rhere would be sloven tubas In the bank for Whlrlwim I . 
vould be uttunl stored charges In standard tu^on. • act 
constitute a recover for ih-i e lect r t tade of the I ictJ 
vol: age. 

Than i s nj ,. inBJ; t!v ' a l lu re of t 
at sow p a r t i c u l a r tube rat] .r thai ")63r 

A c:.:;c;- against a s ' '. • pacs out con so • . 
oua tuba storing alternati +. A par i 
mistake of one pos i t ion wi l l -resul t In the 

stoi age can be thor • • 
Lll. 

itrol . n l a i d out . I LI but 

control makes an -. '.. 

.100 

i 

I 

• 

• 

:*ep„ 

I 
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A l l -
neat mot ba kept .n a t t h l a tl i 
•••hare p o s s i b l e with sir.irll -mounts of or lip lent on 
BBoe ; hecks w i l l b LI r e s u i t a and occt lional o 
problems to p i ck up pe1.1nr.3nt f a i l u r o s . 

301 AR 

iJofiEill<i i 'ni lurea 

a) Rend in fron B\.. -.. 
•b) Tranaadt to ACt 
0) Abe. value 

(a ) i s checked by th9 t ransfer check. 

(b) i e not c t p resen t checket One p o s s i b i l i t y i s to pat In a 
specia l t r a n s f e r check for t h l a on fig. She content a 0? AR are tr.vne-
ferred t o AC on t h i s ope ra t i on . If that' are t ransfer : 
AR, the r e s u l t should be a l l O ' s . Thl would require gatea for 
reaO-ing fron AC to AH, ndC input a to AR and a chock for* a l l 

The check doer, ra ' ; warrant t h l a egjulpnent. I t ie l n t e m l t t e i 
i t w i l l chock onlv about 20$ of the t r ans fa ra froa A3 to - -

Check Problem check 

Zra&anlt 1.01 01 to AC 

/dd 0 . 1 1 . . . . . . 11 t 

The sum should bo p03it i" 

Thic chock ehaoka n l o t of o the r 1 

(c ) could Tjr ' If a ae'. 
my 0:: - f lops t ad not • 

3C 

.. 

a) '. *B» 
b) 

d) 
e) 
f) t . 

Lure to .-ry„ 
h) Ah!-. Ta -

' • • 
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( 

(b ) l i e s ; 
o AC, The t r a Lona only L BP 

cleared before receiv ing. The nuo' be sent buck te 
added In ising the adding a b i l i t y 
af ter the cr:rry gats tul 5 cur e l l O'o i s dord^ 
i ' s or n i l O ' B i s EUV: nee they be Mi represen t C 

* I t might,be des i rable to hare a clonr check 0:1 AC • 
AH to AC wi l l probably not bo choc: 

The rou of guto tubee new ed I : t r ansmi t t i ng BF. te .' ! • 
be used ins tead oi" sh i f t i g whan ac tua l Information i s to be tran . 
but there rooas l i t t l e it age to t h i s modification^ 

( c ) . * possible p a r t i a l check in to take the r. 
from the p a r t i a l sv.a f ipa in AC .' t r ismit then to tho compl :iD:it 
gate tubos of the corresponding AB d ig i t s* Passing a poise would r - . 
the uavar.tod switching of a f l i p - f l o p . It another gate tube could be 
added to provide a pulse on non-switching, t h i s pu l se could be sop] 

t r ac t ga t e tubes of the correspond^ .. d i g i t s , shacking for 
fcdluro to switch whioh Is inch acre 1' cely, - h i s shack would alec ch ik 
(a).. 

A t iming study would bs ry to d iscover i f t h i s oh 
be acooapllehed. The ch >as not cc Ider the ca r ry fXJ 1 3 

(&) can 1 . . . 
operation of tho gate tubes on the - . - 1 n ' 11 
th i s nor i s the f a l l u i t > n r ry CKT's. I t la also 

•si rj to c:.£ ck the repns other 
than PC, probabl; secti< 
check does not look v.. 

A seooi • •-. lops could be *; t check the 
1 f l lp-f lopi tco] 

speed oarry CT*3 cool lack tho car ry . 1 1 1 . 
placed in p a r a l l e l with the p r a m 
pul&as delayed one f l ip - f lop opei; I F'^ase.i. 
of 01 

.Mil 
he o ther but not b 

f thi i ild 1 
• . 

Ly. 

(f) 

( g ) . 1 be pro-.: Log tbi 
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b " • 
: for pre 

304 31 pa Control F1J -flop, 

• ea could to checked by dupllc 
doc'.roci,. It does not tan partici:' ] la t-> dc so 
lock of checklngelsewhere In A2. 

Tho arithmetic c] sck: rj. : odd i'all in ab 
category. 

305 Stop Counter 

Possible Failures 

a) Clearing. 
b) Sotting. 
c) Countli 
d) . ." se° 

The clearing and sottii 
covnred by the trnn 

A ponn:.blc oheok 
i s to pre : 

the bu-j i s yti. int (yar i 
fer check. 

nay be I 

(d) . The s :. : 
: oi" ( c ) , 

303, 30 

Th 

• 

: 

! 
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Keforandum H~lii7 - 14 -

to check checking errors. In company with t h i s con be a device v i l ch In 
put In operation when the checking Is proceeding and which w i l l c l ear 
a l l faults and restart the machine at each alarm. If an alarm fal lB to 
appear, the computer can ctop without an alarm and the stoppage during 
check brought to the attention of the operator. This type of checking la 
in addition to the normal checking which i s to find faults la the 
non-checking parts of the machine. 

CHECK PROBLEMS AND TROUBLS-SHOOTIHG PROBLEMS; 

Check problems discover the existence of an error withoit 
determining the nature of the fai luro or tho locat ion of tfce f a l l 3d paro,. 
It i s desirable In a check problem to co^er the greatest possible amount 
of equipment in the fewest poss ible oporntlons so that the check jrobl6"i 
may be carried out frequently without appreciably reducing the 
eff ic iency of the computer. 

A check problem i s mentioned on page 10 which consists of; 

Transmit 1.00 01 to AC 

Add 0.11 11 to AC 

The sum should be p o s i t i v e . 

This problem checks: 

1) Read gat.se from AH to AC. If any gate f a l l s to 
transmit, the sum wil l be negative. Throughout I t 
Is s t i l l assumed that only one fai lure occurs at a 
time. 

2) Proper reception by M of t ingle d ig i t s per sect ion. 

3) Proper addition in A0U only. 

4) Carry operation AC15 only. 

5) High-speed-carry in a l l d i g i t s , 

If the answer i s negative there I s no way of t e l l i n g from MM clank 
problem where the error occurs. A posaiolr. trouble-ahootlr'. protleu 
procedure for discovering the error source night be. 

a i r s t try 

Transmit 1.00. . . . , 010 to ^C 

Add 0 ,11 . . . . , 111 to AC 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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Sxanine sign of suit. 

Then t r y 

Transmit 1.00. . . . . 0100 to « 

Add 0 .11 . . . . . 1111 to A3 

Continue u n t i l a posi t ive r e s u l t I s obtained, " h i s t e s t w i l l 
l l ro i t the f a i lu re to a s?.n,*le d i g i t . r he f a u l t I s In the f i r s t lucoe 
column I f there I s a high-epeed-cm-ry f a i l u r e . Otherwise, I t l e o n 
column to the r i g h t . 

Then, to cb.3ck whether the f a i l u r e i s in AH rer.A out (jata-* 
cr In AC recept ion; 

Transmit i"lnag(c,fl) 0 , 1 1 . . . . . . 10 to AC 

Subtract 1 .30. . . . . 00 from AC 

Result should Ve pos i t ive I f AR ga t e s were a t f a u l t since o?\y 
the AH conplenent ga te s have been used. 

Then, to chock whether the f a i l u r e has been in AD recept ion 
or In high-speed-carry, if the faul t i s not i n AR 

Transmit 0.00. . . . 010. . . . 00 To AC 

uhere the 1 i s i n the l a s t unsuccessful d i g i t column as dotsnulr.ed by 
the t o s t .above. 

Add the earae 0 00. . . . 010. . .. „ 00 to AC 

Then r i d 1 .11 . . . • IOC. . . . 00 to AC 

If the column Is r sos lv lngt tbe sum wil l be p o s i t i v e ar.d the 
3-ault w i l l be in tba l . igi-speed-Carry. Otherwise, t t t e c t s d 
w i l l be known to be f a u l t y . 

All five poss ib le f a i l u r e s can ba Isolated by till BOOT e 
sequence. The computer could, i f l e e l r e d , t r y the check p rob l s j -sad en 
c.lncoveri.'ig the f a i l u r e so on through the t roubls-shoot lug cequence 
nutometical ly. when the fa i lure i s determined, the computer car stop 
e i t h e r sending i t s l a a t order mnber t o an output decimal p r i n t e r cr 
leaving i t to be read from the neon benitB. The operator oca th in t e l l 
j'rom s code book both the kind of e r r c r sad the pasel i n which the 
i s l oca t ed . 

I do not < tha t the s t o r e •eiTUence b si value 
except a s an example 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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The t rouble-shoot ing r e s i s t o r can be used to nccorapllth 
the same end with the hoip of the operator* 

t 

In t h i s ca3o the machine would stop when the chuck problea 
fa i led- The operator would read PC and ge t from a code book the t c« t 
being run and the proper Bettings for tbe TSR con t ro l s . She machine 
would then bo s t a r t e d and go throivh the check problon over end over 
again uh i le TSR e x t r a c t s the following information: 

1) AR contents for f i r s t addi t ion . 

Should be 1.00. . . . . . 01 

2) AC contents after first addition. 

Should be 1.00. . , . . .01 

3) AR contents for second addition, 

Should be 0.111. . . . . 11 

4) AC contents u f t j r jocond rddl t lon but hofore carry, 

Shoi'Jd be 1.11, . . . . . 10 

5) AC contents af ter c a r r y . 

Shoidd be 0.00. . . . 01 

The di."- « r ' i luras have a d l o t i n c t l v I . I t i s 
r o t pos s ib l e , however, t< t o l l vhether A3 has read oi.t l a e o r r e e t l ; 
AC has received i n c o r r e c t l y i f one of these e r ro r s hi <. j 
necessary to repeat with complements ne described above n 'ale-
shooting problemo in order to use the o;r .tos ind i s o l a t e t h j orror 

Much work must bo done in d<- both :1.93k problesig and 
trouble-nliootlng problems; in order to »et thorough ai:d e f f i c i e n t chocks. 
Wherever pos s ib l e , thoai> p a r t s of the aachlno vhlco ,-xo ur.-lctfiaged tho -
be used tc reduce the l o id on She operator by auto antIcal ly corr fXl 
t rouble-shoot ing procfduras . 

• 

RES;has 

Oople. MS, ZB, JCa. 
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Project Whirlwind 
Servoraechanisms laboratory 

Massachusetts Inst i tute of Technology 
Cambridge, Massachusetts 

SUBJECT; WHIRLWIND I TROUBLE SHOOTING. COMKBNTS ON Ma-iOBAMMJM ^ 1 2 5 

To: Robert R. Everett 

Iron'- Jay W. Forrester 

Date; October 28, 1947 

The following coramenti» occur to ma after reading Memorandum 
M-123 on the Trouble- shooting Register. 

The Stepplcg Register normally used for Input and output Rounds 
l i k e the best bet foi the trouble-shooting requirements. 

To eimplifj equipment, I would suggest that we not uee more 
than one set of coincidence c ircui t s and therefore read out only onra 
number per cycle of the check problan. 

It should t e possible, I f desired, to channel the trigger, which 
i s obtained from the coincidence c i r c u i t s for operation of tLo trouble
shooting regis ter , l i to the clock-step system. It r.hould thee be poss ible 
to readily restart the check problem at i t n beginning. The stop order eat 
the restart f a c i l i t y would make i t poss ib le to progress through, the check 
problem one step at t. time unti l trouble l e detected. This io desirable 
since trouble might zesult in strange and unexpected computer operation 
walch would prevent i t from restart ing on the tes t problem. 

If no appreciable amount of extra equipment i s r e h i r e d , i t 
might be desirable tc have the coincidence pulse from the oountlag olrou t i 
restart the check prcblem at i t s boglnning in order that the tes t problem 
up to a given point can be solved c y c l i c a l l y . An error slgr.i l frcm the 
check register could than be used i n the cluck-stop c i rcu i t ro th;.t the 
computer would stop enly i f a mistaka were made on the numb?- being observed. 
This would be useful for transient trouble*, 

I f e e l we rhould consider both neon l ight c lndioating t! e con 
tents of the stepping register and a cathode-ray tube with double trace for 
indicating both the r.umber and i t s complement in the o;.epplrt register,, 
Normal permanent fa i lures would be p: eked np on the neor li.;':tFi b i t the 
cathode-roy tube and stepping reg i s ter redding both numbers rod ccmplomeutst 
could be used for detecting transient disturbances vbich wovad result in i_ 
wrong number only occasionally. 
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Automatic uomperison of the umber read Into the 
shooting r e g i s t e r * i t h the pre-siot corroc: valufi vovld be of oonaiden 
halp and f a c i l i t y l a probr-iily already ava ' l ab i a for t h i s opera t ion . 

I would suggest considering the use of punched oari a on which 
caa be entered the proper qu&ntltieg for a check t e n t . Kea5.i ag would be 
done in c. simple, manually operated contiu-ilng device. The i -vrd could 
be punched with the order number, countor i n i t i a l so t t ing , tl J t i n e 
pulue counter number, the high-speed time puleo couivter munbr r, end tl 
s e l ec t ion of the quan t i ty to bo deternnlund as well as the proper ve lu i of 
t h i g quant i ty which *ould be fed In to the check r eg i s t e r - ' eking 
could then be done b / i n se r t ing carda, one a t a time, in to render 
u n t i l the trouble eo-juence lo loca ted . 

JWF: has 

copies: H. Fahnestock 
H. Boyd 
H. Taylor 
D. Brown 
C. Watt 
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Project fihirlaind 
fcervoacchanisms Laboratory 

Massachusetts Institute of Technology 
Cambridge, Massachusetts 

SUBJECT: CONTROL DESK, KHIRLWLND I 

To: Harris Fahnestock, Robert R. Everett, David R. Sro-.ra. 
Norman Taylor and C. V, 7Tatt 

Frc;,; Jay w„ 1'orrestor 

Date: October 17s 1947 

Tha following miscellaneous thoughts occur to r.e rogrrding the 
control desk wa& its interconnection to ?lhirlwind la Tho.~e ideas rre all 
subject to discussion ana oarrolatioB tilth other informat•! en 

The control desk should include a decimal keyboard and conversion 
circuit in order that numbers in the computer can bo altered n.z required in 
simulation problems and in trcublo shooting. It also provides a metms for 
inserting speciel orders and nvxibei-s for checking purposes. 

A special ragicter, perhaps the same one as use.1 tor normal checking 
purposes, should indicate eny number selected froa a repeating check problen 
in the computer., Konitor register:; and setting ovd-tches should be available 
on coincidence counters for selecting the proper point in the teat problem ur, 
a function of the program counter setting and tho deck poise distributor 
position. The output of tM.3 aultiple coincidence system should be avaiJ.ab. 
as a trigger for various .ncope3 as reqiiired on tha control deal anc also should 
be piped to convenient points throughout the computer perhapr. in each cabins 
of tho Whirlvfind I system so t'.it.t test equipment can bo opera 

Trouble indications should If possible be of tho double rcting kind 
indicating both the satisfactory state of operation end the unratieiaetory 
stato of operation to gut-d against pilot light ard tssooiated circuit trouble:. 
However, during normal operation it should not be requir; I i :. aerator 
obser/e a largo array of lighta which are on but rati' i ition bo 
attracted by lights which come on only when trouble exists. I single light 
indicating that everything: 13 satisfactory should he so inherit :ked that any 
trouble light will turn cJ"f tho normal indication and bo uubrtituted by one 
of several trouble indicators. 

• 
Trouble indicators chould indicate the . ource c_" slock stop ore • 

arising from various oheekf ia tho eoapnter, shou d > potter 
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plate supplies, bio9j. etc. arranged in some sort of coded system to use the 
smallest practical number of lights. I?or example, one light night b« need 
to indicate plate supply difficulty v̂hile another light would indicate the 
cabinet in which trouble has prison. Likewise a bias supply indicator might 
initiate -she sairo light for a given cabinet. Intjrlccks libera i:oe< ̂ aary 3hould 
be so arranged that trouble if indicated at the priirrry source. For example, 
failure of a bies supply chould perhaps automatically trip various plate 
supply voltapos. Trouble indication should appear only en the bias 3up.ply 
light until that fault has been cleared. Control switcher, then tlude an 
emerg-ancy stop circuit which cot. be located at variolic parts ox the conputer 
in ca:ie of fire, etc., perhaps also interlocked with thermostat! . 

The control desk should provide for stand-by operation, a definition 
for -ahich must bo established, probably meuning filaments on end plate supply 
voltages turned off. 

If at all possible, starting of the computer should be a ninglo 
switch oporation and probably should have n key t;>pe lock to prover.i unauthorized 
use. Proper interlock circuits •not bo available for starting motor generator 
sets end turning en filaments first and in proper order. 

Filament voltages should bo increased gradually urlesc we have 
infortiation to indicate tbi3 unnecessary. 

D-C power supplies should probably bo equipped 'fith ripple monitors 
which are essentially a-c amplifiers operating lock-in relays tc Indicate 
ripple or transient voltage disturbances., These should be sufficiently b?oac-
bond to catch video spikec appearing in the d-c lines and prcbably should 
opera' e through ga3 tubes so that single transients will be recorded, Likewise 
regulated powor supplies should hr.va voltage monitors posribly of the type that 
compare the supply voltage with a standard cell through a vibrator circuit, 
converting the signal tc e-o end amplifying for operation of indicating circuits. 

Scopes on the ccntrol desk should include one fcr cloc,< pulses, 
probably a separato one for indication of restorer pulses, end the possible 
continuouc presentation of tlmo pulse distributor snd operation oontrol output 
signals which can be triggered frcn t'uo ooincidant circuit cr from any other 
source which will give a useful output.. Perhaps for a m p l e , ona might Initiate 
the eccpo for each ;sultiplication or each addition an-^ watch • seqi Bnce of 
put pulses to check for jittor and irratic operation,, 

Should a punh-button for inserting si'agle pulse;- into ;ho restorer 
oyster, be available in orcer that oho triggering of fllp-flo] z -un bn observed? 

The system r\ist be inter locked with the air conditioning lor tamper 
ature control probably with thermostats in each cabinet. Cattnat doors should 
have interlocks 30 thttt oten door? arc indicated In Oider that the operator 
•ay know that air flor is intorru-ted in that cabinet. 
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CoiriJorable attention .?hould be gives to thj loa I 
;f neon indicator lights considering their relative is 
and the problem of easy reading, An output register from the i 
board should probably line up with the display of register lig! ts nc t] 
swg comparison can to .lado between any deolEal number and tho binary irdication 
fron: tho registers. Te avoid confusion, elide shutters or otb; ' devices might , 
be considered for masking of the zero position lights of tho flip-flop except 
ihen necessary for checking the individual flip-flop operation.. The control 
desk mu3t provide indicators for the film supply in thi output mit and for the 
controls necessary for these units, especially the one providir.j graphical 
recording where the start-step and speed controls may be nanur.3 in many cases. 

Consideration must be given the cockpit simulation pi ..leu t.c decide 
shetber any control for thnt system will be en the control dec'.. or merely 
interlocked viih the on and eff controls of the computer itself . 

It in probtible that a cathode ray tube should be prev.ded on the 
control desk which will be deflected by the deflection voltages of the storage 
tubes and which will be triggered by the ctoraje tube triggers. It 3hould 
also be possible to i:ss the coincidence coxiter system fcr trif paring this 
indicator scope at any desired storage operation in the check proDleu. The 
3cope could have ruled or indicated on its face the proper loct..ions of the 
various storage positionse 

<7»y/'j» Forrester 

TTJF:vh / / 
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P r o j e c t Whirlwind 
Servomeohanisma Laboratory 

Massachusetts Inst i tute of Technology 
Cambridge, Massachusetts 

SUBJSCT: BLOCK DlAQRAMS. ELECTROSTATIC STORAGE Drawings. 

To: Jay W. forrester B-39391 
B-39392 

Trom. Robert H. Sverett B-39393 
B-39394 

Date; November 10, 1947 

Block; diagrams In t h i s memorandum on e leotrostat lo storage 
are prepared for discussion purposes. They are supplied as I l lus tra t ive 
information and w i l l be considered In de ta i l , revised, and extended be
fore use In the system. 

There are many oh&nges wilch can be proposed for the system 
about to be described. Some of tbsse are l i s t e d at the end of the 
memorandum. The system described Is complete within I t s l imi tat ions , 
however, and Improved designs should wait for more exaot storage speci
f i ca t ions . 

Drawing B-39391 i s a blook diagram of a single e leotrostat lo 
storage tube and I t s associated equipment. The box labeled "One S lectro-
s ta t lo Storage Tube" Includes any necessary output amplifier. The output 
of the storage tube l e sent through a delay to a three-posit ion f l i p - f l o p . 
This f l i p - f l o p i s assumed to have she following characterist ics: 

1. I t has three stable s tates . 

2. I t can be set to any of these three stable s ta tes by 
the application of t:rlggere to the proper points . 

3. The application of a pos i t ive trigger to the trigger 
input wi l l cause i t 'o switch in one direotlon; i . e . , 
from 2 to 1. The application of a negative trigger 
to the came tr igger :.nput w i l l cause i t to switch in 
the opposite direotlon; say from 2 to 3 . 

4 . I t i s possible to pick off pos i t ive s ignals from 
vacuum tube p lates to correspond to the three 
stable Btates of the f l i p - f l o p . Furthermore, there 
must be at l e a s t one point with three potent ia ls 
corresponding to the three s ta te s . 
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Thls f l i p - f l o p , and for that natter thu whole system to be 
described, hat beon mentioned In Memorandum H-l l l . The posi t ions of tl i •• 
f l ip - f lop are labeled write pluo, read, and vr'.to minus where read I t the 
middle position. 

The aotlon of the storage tube during reading or writing i s 
determined by the potential of one of i t s elements, e ither the screen in 
front of the storage surface or tht signal plate behind i t . The aotlor. of 
the tube, ezoept for p o l a r i t i e s , i s unaffected an far as these block dia
grams are concerned by which elemeit i s ohosen. In drawing B-39391, the 
screen or plate i s shown connected through a buffer amplifier to the out
put of the three-way f l i p - f l o p . I t Is assumed that this l i n e wi l l have 
a different voltage l e v e l for the three posit ion) of the f l i p - f l o p . When 
the tube i s not being used for reaiing and writing, the holding beam will 
be on, and the soreen or plate should be held in the write plus posit ion. 
I t wi l l probably be desirable to torn off the holding beam during the 
operations of read and write minus. The holding beam i s thus shown 
connected to the same l ine as the screen or plate in such a fashion that 
when the soreen or p late i s at the write plus potential the holding beam 
wi l l be on, while i f the eoreen or plate i s plncod at some other potential 
the holding beam w i l l be turned off. 

The sequence of events fsr using the tube i s then as follows* 

1. Set the switches whlah determine the def lect ion voltages 
for a l l the tubes in the bank. 'JVO or three microseconds 
must be allowed for these voltages to reach their final 
values. During th i s time i t Is desirable to keep the 
holding beam on. Ths soreon of the tube w i l l thus bo 
l e f t at the write pi is pos i t ion , ae wi l l the three-way 
output f l i p - f l o p s . 

2. Set to read conditio i. Vhon the deflection voltages are 
almost set and Just sefore the high ve loc i ty been i s 
pulsed, i t I s necessiry to s e t the three-way f l ip - f lop 
to the read conditio i; thus sett ing the screen or plate 
voltage to tho read condition and turning o f f the holding 
beam. 

3. The high ve loc i ty be o I s then turned on. 

4. After the reading tl-ie has elapsed, the high ve loc i ty 
beam Is turned off. The delay element in the signal 
l i n e from the tube to the f l ip - f lop i s made large enough, 
i f necensaxy oy the use of additional tube elements, so 
that the screen or p .ate potential may be held in the 
read posi t ion unt i l ,ha tube has been completely read. 
When the beam has be m turned off, the three-way 
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f l lp - f lop must hare been set Into one of I t s write 
posit ions because e i ther a posit ive or a negative 
output must have come from the tube. I t l e thus 
possible to check to see whether the three-way 
f l ip - f l op i s in one of i t s write set p o s i t i o n s . This 
i s shown schematically as diode s i z ing onto a check for 
write l ine which connects to a l l tubes in the bank. 

6. Send a single pulse to the main-control time-pulse 
distributor. I t I s assumed that the control pulses 
for the e l eo troe ta t io storage tube bank are derived from 
a special e l eo tros ta t i c storage control which has no 
information a s to whether the tubes are to be read or 
written on. The s ing le pulse sent to the main-control 
time-pulse distr ibutor w i l l return read-out, read-in or 
d e a r s ignals to the three-way f l ip- f lop and, at the 
same time, pulse the neoessary gates In the other equip 
ment of the computer. I f the storage i s to be read out, 
the read out to bus l ine l e pulsed and the Information 
Is sent out through the gate tube and the bus driver to 
the bus. The three- /ay f l ip - f lop and screen are l e f t 
set so that the previous signal wi l l be restored when 
the high-veloolty beam i s turned on. I f the tube i s 
to be stored on, the read in from bus signal f i r s t s e t s 
the three-way f l i p - f l o p to the write minus pos i t ion . I t 
also gates the In gate tube. If a one cosee in from the 
bus the three-way f l ip - f l op w i l l be reset to the write 
plus posit ion; other <iee, I t wi l l be l e f t i n the write 
minus pos i t ion. 

6. The high ve loc i ty be ua i s again turned on. 

7. After the proper t i n j has elapsed the high v e lo c i ty beam 
wi l l be turned off. The signal should have se t the 
three-way f l i p - f l o p >ack to the read or neutral pos i t ion, 
a fact which can be checked using the check for read-in 
gate tube. 

I f the check i s successful the three-way f l i p - f l o p should be 
reset to the write plus condition ".hus turning on the holding beam and 
leaving the tube in I t s normal condition. A pulse should also be sent to 
the main control restarting It and stopping the e l e c t r o s t a t i c storage control. 

The e l ec tros ta t i c storage control presents some special problems 
since the times involved are not ff.nally established and operation should be 
made adjustable over wide l i m i t s 1:' poss ib le . Drawing B-39392 shows one 
possible method for accomplishing ;he control of the e l e c t r o s t a t i c storage. 
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It uaae an eight way time pulse distributor which can be identical with 
the onee uaed in the aaln control of the computer. The d o c k puleea to 
th i s dlatrlbutor are not supplied direct ly , however, but through a counter. 
The counter shown here la a 24 or 16 position counter allowing time in ter -
rale between outputs of the time pulse distributor of from 1 to 16 
fflloroaaoonda. 

The start signal from the main control switches the f l i p - f l o p , 
opening the gate tube, and allowing the one megacycle low frequency clock 
pulaaa to reach the counter, The counter haa been preaet to none particular 
Talue. When i t reaches i t s a l l onea position the next pulse w i l l travel 
down the high apeed carry gate tuba l ine Into the eight way time pulee 
dlatrlbutor and go out the f l r a t position. The f l rat l i n e can be connected 
to any or a l l of the f l i p - f l o p * in the counter by the ver t i ca l l ine* . If 
no connections are made, the counter w i l l b* at zero and no pulee w i l l 
reach the time pulse dlatrlbutor for 16 counts. I f a l l connections are 
made, the counter wi l l be eet at a l l onae and the next clock puJ.se wi l l 
reach the time pulse distr ibutor. Intermediate Bate of connections allow 
any time delay dealrad between 1 aid 16 microaeoonde. Whan the second pulse 
reaches the time pulse distributor It w i l l go out the second l ino which l a 
again connected back into the counter aa desired to produce any desired 
delays, The whole system, therefore, provides pulses In sequence on the 
l ines coming from the time pulee dlatrlbutor with delays between them whioh 
can be arbitrarily aeleoted. The connections can be made through diodes 
soldered In place-

Drawing B-39393 snows a complete control of the e l ec troe ta t l c 
storage. The tubes are connected to the bus, there being two tubes 
corresponding to banks 1 and 2 coniected to each l ine of the bus. With 
the eyatem in l t a normal pos i t ion , the three-way f l ip - f lops of a l l tubea 
wi l l be at the write plus conditio i and the holding beams wi l l be on. The 
switches In the selection devices wil l a l l be at their cleared poeit lon as 
wi l l the e leotrostat lo storage control time pulee distributor. When the 
storage la to be used the main control w i l l aend a read-in pulee to the 
switches on the horlsontal and vert ical def lect ion amplifiers and the s ingle 
pos i t ion f l ip - f lop switch which i s used for bank select ion, '.Ohis w i l l read 
In the 11 d ig i t addreaa sect ion of the order which has jus t been read cut 
of the program registor, see R-127. At the same time the main control 
w i l l send a start pulse to the e leotrostat lo storage control a d w i l l a lso 
atop the flow of clock pulaaa to Its own t in* pulse distr ibutor. The 
def lect ion amplifiers wi l l then be,jln to set up the proper def lect ion 
voltages In a l l the tubes Including both banks. When the delay, determined 
by the I n i t i a l sett ing of the coun.er in the e l ec tros ta t i c storage control 
has elapsed, the f i r s t pulse w i l l uppear out of the e lec tros tat ic storage 
control. This pulse l e to set the three-way f l ip - f lops i n the bank to be 
read to the read oondltlon. The outputsof the bank se lect ion f l i p - f l o p ore 
thus supplied to the gate tubea 01 The i n i t i a l pulse oomlng from the 
e leotrostat lo storage tube control wil l thus #o out only that bank l i n e vhich 
has been selected, and w i l l switch only those f l ip - f lops In the se lect e l bank 
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After another aeleoted delay the second pulse v l l l appear whoae 
pvrpose la to turn on the high ve loc i ty beam In the aelected tube. Once 
again I t la necessary to uee the output of the brack aelectlon flip-flop 
to aet the gate tubes 02, thua allowing the beam pulse to turn on only 
those beams In the aelected banks. Since the beams are to be kept on for 
an appreciable time, holding flip-flops are provided \silch aet up a voltage 
through the buffer amplifier on the line going to the selected bank for 
holding on the high velocity beam. 

After another aelected delay, the third pulse will appear from 
the electrostatic control and will be applied to the reset inputs of both 
the beam flip-flops; thua turning off the on beams but not affeotiog the 
off beams. This pulse will alao go to the gate tube on the check-for— rite 
l ine, aending out an alarm if any of the flip-flops have failed to be 
changed from their read position. 

After another delay, probably of short duration, the next, or 
fourth pulae, appeara from the eleotroatatlc control. This pulse i s sent 
to the main control time-pulse distributor and provides the reading and 
writing pulses to the storage tubes. It may or may not be necessary to 
channel the read and write pulses to gate-tube pairs aeleoted by the bank 
selection flip-flop, depending on the particular polarities needed during 
the holding aotion. 

The fifth pulse from the electrostatic control turns on the high 
velocity beam again through the gate tubes 02 and the holding flip-flops. 
After a suitable delay, pulse number six will appear and turn off the high 
velocity beam. It will also check for read using the chock-for-read line 
and gate tube and send out an alsxa If any of the three-way flip-flops on 
the aelected bank have not been returned to the read condition. This pulse 
i s also used after a delay to clear the three-way flip-flops back to the 
write plus condition; thus turning on the holding b*nm and leaving the tube 
in the holding condition. This sixth pulse aloo clears the switches in the 
horizontal and vertical deflection and bank selection lyotens, restarts 
the main control time pulse distributor, and resets the electrostatic storage 
control time pulse distributor to ita aero position. 

The tubea can then remain In a holding condition ae long as 
desired or may be read again Immediately,, 

Drawing B-39394 shows ths additions to the present computer system 
oaused by electrostatic storage. The rent of the computer is not shown but 
i s the same as in Figure 46 la HLook Diagram Heport H-127. The eleotro
atatlc storage tubes and the sslector switched axe connected to the bus. 
While there Is no connect! on between the bus ,-snd the electrostatic oontrol, 
the control must be supplied with clock pulses. 
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The control pulses from the main control to the e l ec tros ta t i c 
storage are already almost a l l present In t e s t storage. The read-out 
read-In for the switches, the read-out read-In for the e l ec tros ta t i c storage 
tubes themselves, the start for the e l e c t r o s t a t i c control, and the restart 
for the main control are already present. The start and restart are at 
present used for the delay counter, 

These block diagrams are not only tentative but Incomplete. 
Provision has not been made for using the transfer check on ei ther the 
storage switch se t t ings or i n using the storage i t s e l f , except in the case 
of reading out. When reading in to e i ther the switches or the storage- i t 
i s necessary to read out again Immediately to the main bus for checking 
purposes. This d i f f i cu l ty can be eas i ly avoi lad in the case of the switches 
by not stopping the main time pulse distr ibutor unt i l one pulse t l ae a l t er 
the e lec tros tat ic control has been started. This one pulse time can fc 
used for ordering the transfer check. In the case of reading i n to tho 
e l eo tros ta t io storage, one p o s s i b i l i t y i s to send two pulses to the main 
t ine pulse distr ibutor instead of the one proposed at present, I t should 
be easy to work out these d e t a i l s . 

I think that the e leotros tat io storage control i s probably f l ex ib l e 
enough for our purposes. Hot only does i t possess the advantage of 
adjustable delays between pulses but i t uses our standard and already 
designed eight way time pulse distributor and provides two spares for 
unforseen operations. 

Among the many possible changes in t h i s system are the fo l io lag : 

1. The use of a s ingle output three-way f l ip - f l op system for 
the two tubes in each d ig i t column. Tor systems with more 
than two banks of storage tubes, a l l the tubes in ono dl i t 
column could bo connected to one output system. Some special 
equipment would be required for mixing but a net saving of 
tubes should resu l t . 

2 . The delay in the tube output l i n e could be avoided by pro
viding a special holding f l i p - f l o p for the screen and 
triggering this f l ip - f l op from the output three-way 
f l i p - f l o p . 

3-, The character is t ics of the output f l ip - f l op and the choc l o g 
procedure oould be changed to avoid the e f f ec t s of ewltohlng 
transients on the tube output. 

4 . I f the write time on the tube I s appreciably longer than the 
read time, the sequence oau be changed to only provide t: .e 
long write time when a signal i s being stored. Only pax of 
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the charge need he removed when reading thus allowing 
r e l a t i v e l y rapid restoring If the data 1B not changed. 

s /? 
HoCart R. Everett 
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Project Whirlwind 
Servomechaniscs Laboratory 

Massachusetts Ins t i tu te of Technology 
Cambridge, liasaachusetts 

SUBJECT! ACCUMULATION OF PRODUCTS IN THE V.HIRLWINO 1 COMPUTER, 

To: Jay W» Forrester 

From: Robert R, Everett 

Date: Noveafcer 10, 1947 

This memo considers br i e f ly the problem of accumulating products 
in WHIRLWIND I without the necess i ty for storing thj part ia l sum in the 
memory at each step of the process, Such accumulation of products wi l l 
not be included in the original construction but ca l be added later or 
included in future designs for any application for *hich the operation i s 
suf f i c i ent ly valuable, I would suggest the fol lowiig: 

1, That the problems be accumulated in a s ixteen digi t sh i f t ing 
regis ter similar t o the B Register which i s so arranged that on sh i f t s 
and carries i t w i l l sh i f t one step to the right and at the same time 
insert i t s right-most di^it into the left-most digi t pos i t ion of the 
accumulator^ Suppose then that we are in the middle of the product accumu
lat ion process. The sum of the products to date i s in t h i s special reg i s ter 
which I sha l l c a l l the Molding Register , HR, We w i l l now order the next 
multiplication by a special mult ipl icat ion order which I sha l l c a l l ma for 
multiply and accumulate, I think at the moment that i t would be better to 
use a special multiplication order for the accumulation process rather than 
use a special storage order la ter on for clearing t i e holding register 
This wi l l enable us to carry out sequences of other operations, including 
normal mult ipl icat ions , between steps of the accumulation process, The 
ma operation proceeds as in the normal multiplying round-off operation, 
mr, up through time pulse 1 when the multiply pulse turns the control over 
to the multipl ication control inside the arithmetic element. The mul t ip l i 
cation process i s exactly the same as far an the ex i s t ing arithmetic element 
i s concerned but in t h i s special casa the sh i f t and carry pulses are a l so 
supplied to HR, shi f t ing i t s contents one step to the right and sh i f t ing i t s 
right-most d ig i t into the AĈ  posi t ion of the accumulator• The next mult i 
pl icat ion addition wi l l add the multiplicand on top of the shifted part ia l 
product plus whatever has been ini ertod from HI1.,. When the multiplication 
process i s over, the entire contents of HR wi l l have been added into the 
accumulator in proper sequence. The carry w i l l have been properly cared for 
and no additional time w i l l have been required fcr this accumulation. 

Consider now Figure 76 in the Block Diagram Report R-127. This 
figure i s the timing diagram for the multiply and round-off operation. 
The multiply pulse occurs on time pulse 1, Following the additions of the 
mult ipl icat ion, the control i s returned to the m&in time pulse distributor., 
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Time pulse 2 orders the carry and round-off operations which are s t i l l 
needed* In order tc get the extra time required for replacing the sum 
in the Holding Register, we w i l l move the product sign pulse from time 
pulse 4 to time pulse 3 , where i t w i l l occur at the same time as the 
clear BR pulse* At the end of time pulse 3 , the correct sum of products 
to date w i l l be in the accumulator,. On time pulse 4 , therefore, we can 
transfer t h i s sum back into the Holding Register, I t Trill be necessary 
to invert the shift ing of zeros and ones from the right end of the 
Holding Register to the l e f t end of the accumulator, depending on the 
posi t ion of the sign control f l i p - f l o p in the arithmetic element* Or the 
contents of HR can bs complemented as well as AR and AC 

2„ I can ses no objection to this process at the moment. Very 
l i t t l e change i s needed in the main control, The extra Holding Register 
which can be made identical to a B-Regiater naut be added, as wel l as 
connections from i t s r ight d i g i t t o the l e f t d i g i t of AC. The greatest 
change required in tiie computer i s a set of gate tubes which w i l l allow 
reading the contents of the accumulator back into HR at the completion 
of the ma operations A p o s s i b i l i t y to be considered, particularly i f 
th i s device i s added after WHIRIiVIND I has been completed, i s to s h i f t 
the contents of the accumulator back into HR, particularly s ince , i f HR 
i s made l ike BR, i t f i l l be able to sh i f t l u f t , Then, i f we provide a 
special ah i f t - l o f t l i n e , including a pair of spec ia l s h i f t - l e f t gates 
on AC zero, that i s , gates which are different from the divide s h i f t -
l e f t gates , we can sh i f t the e n t i r e contents of AC back into the Holding 
Register without the necess i ty for adding an extra row of gate tubtiSr If 
this i s done, i t w i l l be necessary to us* the s tep counter to count the 
number of operations., This can be accomplished by resetting i t t o i t s -16 
pos i t ion , using probably the same l ine that i s used for the mult ipl icat ion 
operation, Under those circumstances an extra f l i p - f l o p wi l l be required 
in the arithmetic eliiment which can be pulsed on time pulse 4 »*iich w i l l 
in turn shut off the main control , reset the step counter, supply Holding 
Register s h i f t - l e f t pulses to both Holding Register and Accumulator,, count 
up 16 s h i f t s , then clear the Accumulator and return the control t o the 
operation control,, The transfer pulse can be delayed a half-pulse time 
and used for clearing the accumulator-

3 - We s t i l l need a means for gett ing the product sum cut cf HR 
to send i t to storage, when the summation i s complete,, This can be done 
in several, ways: 

(a) Provide a special order which w i l l transfer the contents of 
HR into AC by sh i f t ing on request., 

(b) Provide encther mult ipl ication and accumulate order which, 
instead of transferring the sun back to HR on completion, w i l l instead 
leave i t in AC. 
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(c) I f i t i s considered not undesirable to lose the advantage 
suggested above of being a b l e to carry out o ther mul t ip l i ca t ion opera
t ions between summations, the s tandard mul t ip l i ca t ion order can be 
modifiedo Always sh i f t in the contents of HR, i t being the spec i a l 
iaa m u l t i p l i c a t i o n operation only which rep laces tha 3um in the Holding 
Register,, A normal sequence for summing mul t ip l i ca t ions w i l l then 
conaist of a l l ma's except for t h e l a3 t one rh ich vroild be a s tandard 
mr and would end up with t h e t o t a l sum in the accumulator,, 

•<-*<2 

Robert R Everett 

RRErhcs 
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Project Whirlwind 
ServomechaninmB Laboratory 

Massachusetts Institute of Technology 
Cambridge, Massachusetts 

BLOCK DIAGRAMS, INPUT AND OUTPUT 

Jay W. Forrester 

Robert R. Everett 

November 10, 1947 

The film input and output to be used with Whirlwind I 
is described briefly in a report by the Eastman Kodak Company 
entitled "Progress Report #1: Film Reader-Recorder for use 
with Computer" by R. D. O'Heil. A sing?.e unit with modifica
tions is used for both purposes. Reader-Recorders are needed 
at the set-up typewriters, at film comparison stations, at the 
inputs and outputs from the computer, and possibly at output 
printers. These uses plus on estimate of the total number of 
units required for Whirlwind I are discussed in M-73. 

Briefly, these machines consisted of a clutch control
led 35 mm. film drive plus on optioal s^ttem and a combination 
of a cathode ray tube and soveral photocells for putting informa
tion on the film or taking information lYoni the film. In writing, 
the beam of the cathode ray tube is swept across the -surface 
of the tube which is supplied with a mask and focusscd on the 
surface of the film. Both numbers and their complements or 
inverts are stored on the film. If all is being stored, the 
beam is left in the number row while if a toro is to be stored, 
the beam is deflected to the complement row. Information is 
stored in binary notation as a series of opaque or transparent 
squares on the surfaoe of the film. Approximately 50 channels 
are to be used. A beam-splitter is used to deflect some of the 
beam's light to a pair of photo-cells, which both determine 
whether a tero or a one has been stored and supply oontrol 
pulses for indexing the beams. 

In reading, much the same system is used except the 
beam is swept across the face of the tube without vertical 
deflection, flrpt across tho number line and then across the 
complement line. Photo-cells behind tho film plok up signals 
whenever the beam strikes a transparent spot. For further 
details see the Fastmnn Report. 

SUBJECTi 

To: 

From: 

Date: 
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The characteristics of this system are as follows: 

1. Since the beam is swept In time across the face 
of the film, the digits are stored or read in time sequenee 
and must be supplied to and reoeived from the reader-reoorder 
In time sequence, that Is, serially. 

2. When recording the recorder can transmit baok 
to the computer the actual number stored. 

3. When reading, the reader sends to the computer 
not only the number but the complement of the number. 2. and 
3. may be used to give a quite thorough check on the reader-
recorder. 

4. As eaoh digit is stored or read the reader-recorder 
oan supply a pulse to the computer requesting the delivery or 
reoeption cf the next digit. 

5. The film stores about a hundred lines of data on 
a linear inoh of film. A word may require either one or two 
lines depending on the length of the word being stored. A 
twenty-five binary digit word, satisfactory for Whirlwind I, 
could bo stored effectively in one line although actually the 
word Itself will be stored on half of one line and the com
plement of the word on half of a succeeding line. The lines 
being interleaved in suoh a fashion as to use all the surface 
of the film. If fifty-digit data were being recorded two whole 
lines would be needed although these lines might again be out 
up Into four or more lines interleaved so as to cover the 
entire surface of the film. 

6. The film moves at a speed of approximately 
twenty inches per sooond allowing a reading rate of the order 
of 1,000 words per second. The beam of the cathode ray tube, 
however, in sweeping serially across the film, sweeps in 
approximately fifty micro-seconds. This time is short enough 
so that the linear travel of the film during the sweep does 
not produce an appreciable alignment problem. Information 
must bo supplied to the reader-reoorder or received from it 
either at ,5 megacycle rate or at a 1 megacycle rate depending 
upon the number of digits being stored and the particular 
storage arrangement being used. 

7. In recording, a glass whuel in the recorder 
contains an index mark whloh is used for spacing the words 
equally along the film. In reading, an index placed in the 
margin of the film during the reoordin,; is used to indicate 
when a word is in the reading position. In both oases the 
reader-reoorder supplies the ready information to the computer. 
Since about one millisecond olapsos between readings of words, 
the computer has adequate tine for its own control operations. 
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Since the reader-reoordor is relatively slow in 
operation when compared with the rest jf the computer, it has 
been felt desirable to build special equipment for oonneoting 
the reader-recorder to the computer. This special equipment 
will allow the transfer of information in either direction with 
only a very short interruption of the main computer cyole. 
This extra equipment can be avoided if the loss of time resulting 
from using the main computer equipment can be tolerated. A pro
posal is discussed in this memorandum for automatically obtaining 
information to be recorded from or read to the main storage of 
the computer without the intervention of the main oontrol. It 
is still not clear whether this additional equipment is desirable. 
It may be that at first at least, the '>fhirlwind I computor will 
avoid this speoial automatic equipment. The equipment can be 
added later if desirod. The deoision must wait until further 
study has been made both of the coat of the special equipment 
in extra computer complexity and sire and the saving in operating 
speed and in coding. The system will be described here plus 
mention of how the same operations can be carried out using 
normal computer orders and equipment. 

D-39395 shows a pair of reador-recorders and the 
equipment necessary for connecting then to the bus of the 
computer. This equipment consists largely of a pair of step
ping or shifting registers which have a number capacity equal 
to the digit length of the machine. This will be sixteen digits 
in the case of Whirlwind I. A pair of registers is needed for 
oheoking purposes. The pair of registers is referred to as 
SR, the particular registers being called SRK for the number 
stepping register and SRC for the complement stepping register. 
One pair of these registers will suffice for handling both 
reader and recorder although more stepping register pairs can 
be added if higher input and output speeds are desired. 

TVie recording process is as follows: 

1. The number to be recorded (the source of this 
number will be discussed later) cones in from the bus to the num
ber steppin; register through GT01. From there the complement 
of the number is transmitted to t^o complement stepping register 
through 0T04. 

2. When the indej-r mark in the recorder shows that 
the film line ia in the right position, the recorder will send 
out a stepping pulse to the number stepping register thus 
shifting it.) right most digit off into the out lines and from 
there tc this reoorder, 

3. The recorder will store • 1 in either the number 
or the complement line depending upon whether the number shifted 
in was a 1 or a 0. The beam splitter photo tubes will .tend a 
signal baolc to the left end of the number stepping register, 
transferring a 1 if a 1 were stored or a 0 If a 0 were stored. 
If the system ia working properly the digit shifted off the 
right end o" the stepping regletor will be replaced in the left 
end. 
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4. The beam-splitter signal will also generate 
another stepping pulse to the number stopping register. This 
prooess continues until the entire number has been sent to 
the recorder. When the beam has finished sweeping, it will 
actuate a photo-cell which will stop the stepping prooess and 
send out a signal on the complete line. 

5. The number which has actually been recorded 
will have been replaoed in the number stepping register. The 
actual stored number is again added to the complement stepping 
register clearing it to all zeros unless a mistake has been 
made in the reoording prooess. A oheok pulse to the complement 
stepping register will check to make sure that the register 
has been cleared and will produoe an alarm if any error has 
been made. 

The reading prooess is as follows: 

1. Both the number and complement stepping registers 
are cleared to begin with. 

2. When the index mark of the next word has reached 
the reading position, the reader cathode ray tube will start 
to sweep. Assume for the moment that the number line is swept 
first and then the complement line, although this prooess may 
be different when the final interleaving method has been deter
mined. The reader will then first provide ones or zeros to go 
into the left end of the number stepping register. 

8. As each digit is read, the reader will send a 
stepping signal to the number stepping register and will at 
the same time, insert the read digit in the left end of this 
register. 

4. When the beam has finished sweeping the actual 
number read will be in the number stepping register. The beam 
will then start over and read :.he complement line. 

5. Stepping pulses are then sent to the complement 
stepping register and digits inserted in its left end until the 
entire line has been swept. 

6. The number is now in the number stepping register 
and the complement in the complement stepping register. The 
number can then be read through its complement output gates 
to the complement stepping register cloering it unless there 
is a discrepancy between the two readings. Once again a check 
pulse is sent to the complement stepping register oausing an 
alixrm if an error has been made. 

There are also stop start lines to the reader and 
recorder for engaging and disengaging the clutch drive on the 
film. 
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It would be possible to use the accumulator in the 
arithmetic element as the stopping register for recording, 
oomparing it later with the actual number to be recorded, onoe 
again extracted from storage. The accumulator can also be 
used in reading, the number being read into the accumulator 
first and stored and then the complement being read into the 
aooumulator, which is also used for the comparison process. 

It is possible with only slight modification to the 
existing control to use the standard orders already available 
for supplying information to the stopping registers when 
recording and extracting information from the stepping registers 
when reading. Signals from the readers and recorders could be 
transmitted to the control, breaking into the main sequenoe 
at come strategic point and calling in a sub-program particular
ly designed for the reading recording process. The computer 
oould keep indexes in the storage for locating the souroe of 
numbers to be recorded or the destination of numbers read. 
Certain special input and output orderc would be needed for 
starting and stopping the reader-recorcers and for transmitting 
information to and from the stepping registers. Once the 
relatively small group of operations necessary to set up a 
new word had been performed, the computer oould then return 
to its regular oomputing sequence. 

A possible way of baking care of the reading and 
reoording sequences automatically will now be discussed. This 
way has the following characteristics: 

1. A section of the regular eleotro-statlc storage 
is designated as a sort of buffer between the main computer 
and the input and output equipment. Tl-e sise of this buffer 
storage is arbitrary and depends upon the amount of reading 
or reoording being done. The use of part of the eleotro-
statlc storage for this purpose does net in any way prevent 
its use for normal computer purposes exoept at those specifio 
tiirea when the input and output are being used. 

2. The number of registers in this storage would 
probably be a power of two. The register section could then 
be considered as a ring or soquence. Numbers f.oing into the 
storage would go into the first empty register in the top 
part of tho soquence while numbers beirg extracted from the 
storage could come from the first full register on the lower 
part of the sequence. If the sequence i3 considered as a ring, 
this process can oontinue as long as there are any full registers 
or any empty registers in the amount of s^ora^e allocated. 

S. In order to use this ring automatically, it will 
be neoessary to keep track of three things: • 

a. the register number of the first full 
register, used for extracting information 
fr OB the storage. 
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b. the register number of the f i r s t empty 
reg i s t er , used for entering information 
in to the storage. 

o. the number of fu l l regis ters in the 
storage. This number must be kept 
traok of since special steps must be 
teken i f the storage faction becomes 
e i ther completely empty or completely 
f u l l . 

Drawing B-59396 shows th i s system as applied to the 
recording operation. The in-oounter keeps traok of the f i r s t 
empty register pos i t ion in the storage and i s indexed every 
time a new number i s entered. The out-oounter keeps traok of 
the f i r s t fu l l pos i t ion in the storage and i s indexed each 
time a numbar is extreoted. The difference-counter counts 
pos i t ive ly for numbers added and nogatively for numbers ex
tracted. The recording process is as follows: 

1. Whenever the computer har. a number i t wishes 
recorded i t transfers this number to the storage, using the 
in-oounter reading t o se lect the reg i s ter in which the num
ber i s to be placed. The difference-counter keeps track of 
these insertions and when the storage ring has been f i l l e d 
t o a certain ore-determined amount, i t s tarts up the recorder. 
TChen the index mark in the recorder has reached a recording 
pos i t ion , the reoorder sends a complete signal to the control, 
thus, sett ing the f l ip - f l op shown in the lower left-hand part 
of the drawing and opening GT05. I t i s not possible to break 
into the standard computing sequence at any time because so 
doing may dostroy a part of an order incompletely carried out. 
However, when time pulse number 1 ocours a new operation i s 
just starting. The arithmetic element may be working on some 
old information but the arithmetic eleirent i s not needed for 
the recording process about to be described. Time pulse No. 1 
therefore in supplied to OTOS, and thur produces a pulse t o 
i n i t i a t e tho recording operation only at th i s seleoted part 
of the operation c y c l e . 

2. The pulse coming from GT05 f i r s t stopB the 
main time-pulse distr ibutor , thus stopping tho oomputing 
process. This pulse also reads out the information from 
the out-oounter ae t o the f i r s t fu l l register in storage 
and also goes to the eleotroetatio storage oontrol where 
i t i n i t i a t e s the extraotion of this register number. 

3. The storage srritoh automatically aooepts the 
out-oounter reading and no further aotion ooours unt i l the 
e lectrostat io storage has boen set up. 

4. The s ingle pulse from the e leotrostat io 
storage control, which i s normally used to indox the main 
time-pulse d is tr ibvtsr for select ion of reading or recording 
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in the storage, is instead supplied to GT06. This gate tube 
is normally open but is shut when the recorder flip-flop has 
been set. Instead, GT07 is on and the single pulse from the 
electrostatio control passes through this gate tube, return
ing as a read-out signal to the electrostatic storage control 
and opening the input gate tube or the number stepping register. 
The information in the desired storage register is thus transfer
red to the stepping register. 

5. The electrostatio oontrol then proceeds with the 
re-storing operation in the electrostatic storage. When this 
operation is oomplete the control returns a restart pulse to 
the main oontrol clearing the recorder flip-flop and re-start
ing the main time-pulse distributor. This distributor will 
prooeed with time pulse number 2, the interpolation of the 
recording selection process having had no effeot upon the main 
computing sequence. 

This prooess proceeds, the computer inserting new 
information in the storage ring and the recorder extracting 
information from the storage ring. If the difference-counter 
finds that the ring has filled up, thus showing that the com
puter has gotten ahead of the recorder, it will stop the com
puting process. The recorder will continue. When the ring 
has been emptied thu difference-counter will again start up 
the main oomputer. If the recorder gets ahead of the computer 
to the extent of emptying the storage ring the film recorder 
and the recording prooess will be stopped and not re-started 
until the differenoe-counter shows that the ring has at 
least partially filled. 

Drawing B-39S97 shows hew this system can be applied 
to the reading prooess. The in-oounter again keeps track of 
the first empty register in the ring exoept that now it is 
supplied with pulsea from the reader and not from the control. 
The out-oounter again keeps traok of the first full register 
in the range but it is now indexed from the control since It 
is the computer itsolf which is extracting information from 
the storage ring. 

The differenoe-counter Is again indexed with plus 
pulses froir the in-counter and minus pulses from the out-
oounter. Gates are now provided for reading numbers in from 
the bus tô  the difference counter. It is sometimes desirable 
for time economy to read in only a few numbers from the reader, 
perhaps as few as one. The computer oan then transfer a 
number to the difference oounter sufficient to merely fill it. 
If the reader is thon started, it will read only enough numbers 
to fill the counter, thus stopping the reading prooess. The 
oounter must then be cleared. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.
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An index oounter is also provided for selecting a 
particular number or group of numbers on the film being read. 
The computer oan read into this oountor the number of words 
from the word last read to the next desired word on the tape. 
As the reader film moves past the index photo cell, it will 
send out index counts to this index counter. When the 
desired number of words has passed by the index photo cell, the 
index counter will send out a start order beginning the reading 
process. If this counter is used in connection with presetting 
the difference counter any desired number of words oan be read 
at any place in the film. Orders are necessary for running 
the film in two directions. Check numbers can be inserted on 
the films at desired points so that the computer can have a 
check on whether the film is in the desired position. 

It is not planned at present to provide scanning 
speeds in the film readers and reoorders. Thus it is 
possible to read or record at the maximum speed at whioh 
the film oan travel. At the expense, therefore, of a certain 
amount of computing speed, it would be possible to accomplish 
this soanning process using only the standard orders in the 
computer and allowing the actual numbers to be read from the 
film at each step. The computer -would simply not put the 
information in storage until the proper word had been reached. 
The computer oould keep traok of the index number itself using 
the arithmetic elemont as the oounter. 

Drawings» B-59395 Robert H. Everett 
B-39396 
B-39397 

RRK:B3 
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Thle deacrlption of a p.^'tioc^ a inr.n n.f »i: et»r.i 

la not ten&eu to be nation of tha meny pr, I 

d ig i ta l < ojnputp.tloA and (!.oe^ noi- attearpl i the c-K.aidc 

letd'ngii'p to the result preeeuteu I .7 a de*o\- Ipt Leo of /bat the 

eyiitaa i s and how It vorita 

>utllaa ooai 

roauit i ; not neeeai nal 

aac uaeraljaaa of tha eysten la g i ' ea in and 

improvtmtnta ire alrs-Miy la proa^. treila.. as v . pal 

atlonr, ere deemed to be begone, t. • I 'ie sytti 

eh&raoterlat 

Aa & guida t 

thct adei be ' Mill ex the 

genes s i a:id by th.' 1 project la pi 

?ho pr.... this ayn ; 

at l l aa nado a considerable muabo; aeota 

Thett. ' each, 

Jnat* iMeaee 

form 1 : 

eveJ 
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5,1 Conputlr.R Sisneaj 

5 11 Operation i 
5,12 Delay 

Storage Unit* 
5 i Switch** 
5 * lining Ualta . 
5 & Prograa Solecto? 
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fanda»an*.ftl Onlt ((Draarlnf 
Ooriponotita(Draw. ija) 
OrrUrt ui4 TiBl^;(Dravlr(ta), 
System 

6 41 Order Selaotloa 
6 43 Order In llatlOB 
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6 44 .tlon. 
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oaaamautt 

Ka>:i!:eo«'iK.e Ho 
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1. Qmat i jd Ob, Jeotlvea of S y t — 

1 1 To provide « tlnple »«i»toT. vhlch can tie used to study lore 

coBpltostuA operations In termu of vtat can . ••' 

vlttk the CBSIC tools of addition, auDtraotloi . ' ' I n oican 

and sub-program cyc.\ee. 

1 i' To provide t Basic Jiyjtan uri angniusnt for pi >J •• • '•; Xa 

arithmetic cparations to vhlch e^uly.mont for -• oosv 

plluated or spMlalixed operation* of d iv is ion, eqoars rooting, 

Integration rnd lntnrpo).a\lcn way be added 

J 3 To rirsvld: t speolf loal l? defined systev. -a.- timing 

son Loss and tha function*] relatloni . rlo 

typos o.' .-sod »rul] « envisaged To ' I CM.; 

of the syeteB chsrn • <vs have oecc 

upI 

dc ' ' 

ile 

. •• i 

8 1 8 'ar a* p. 

. . . . . . . 

. 
pe j - l l s l at 

Ml 
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63 t f 
En«jl; : 

2 3 A Fixed Folire Sys t ea w i l l • U n l n a t i to .bus • i l l ] 

bundling th« l o c a t i o n o f tha p o i n t In the met. 

2 31 The rot'erence p o i n t w i l l be tulceu as OM o-l^it 
In from l e f t s ide o f number r e g i s t e r 

2 32 A sos . ) factor of sooe power of 2 (for binary 
base) i s used to reduce ni l potii'.ive numliors to 
appear In the regln^er as l j l n g between 0 aid 1 

3 33 Scale factors are Introduced. In problen preparation 
and nn at always be aOOoaat«4 for although Viey 
never ypeur In the nachlne 

2 331 Nuabers to be addsddr subtracted) 
nutt have tL'i seme scale fector. wMoh 
Is alto the s:ale factor of the ahrwar. 

2 332 Any two numbort wy te multiplied but 
the scale factor qf the rseult tf.apnndt on 
the rounding-off process as well an the 
scale /actor* of thj nultlplloand and 
multiplier 

3 333 Scale factors must ba chosen to avoid a 
result which runs of l th» nuabar ivg; ate. 
la either Alraotl >a 

2 4 The digit P2 t i e assumed. I i t h 1/4 fticioaacoad pulse 

3 ...JhuwjJ.ni Ireoistot 

3 1 The number n.glster will ooasltt it 33 digit .-p :uj(oxol 

lntel l lgenct puis*) 

3 2 Digit puluei wil l be tram l t in* ssc- t s -

least s lgi . l i 'cent coning I. .hi i I 

las t 1 * ugh 

The Boabnr ;«gl»ter will 1 r i 

igince J ulae '.-' Making • ran. 

33 d ig i t s 
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SoglMal ' •;; Vote)! I 

3 4 A13. negatlv* nashem tfi.lL appear xo co is 1 

thus lookln,? Hire p o s i t i v e number-* b«t<ft<en 1 »al 3. 

are distinguished by the presence of & milse la the t u 

d i^ l t apace, which i* the last or ; traaanltted 

3 5 The arithmetic operations of addition, subtraction, and 

multiplication *>111 be pr:vlde<V 

4 gur'^er Asamnpt'.ons Rageid'iQg I-.'Itiotrs stat ic '"'torftge Tab*s 

4 J. Dynanic ctorago elements i£T type ) wli". be capable of 'oeiflg 

"read" several '.imee. to pemit uc i of '.!>a aans vutnber J07sral 

t i n e s la a jrobleir without the naoaaaltj of -severing i t 

• •ory t:re . Ihera in at present no exper.uoatal 

oonflmatlon oi t h i s poeolMlH.;-

4 3 Stor.ige eleaento M1 I and lnti 

"set up" orlsrs area while sv,i:.?. n it prooeai of e. 

tho prevlout order It I t to be 

of the lata." orcior t - nple1 

of the ^rerlsue 'i 

4 3 Storage tilensnts are each asoUMcd t I 

. i t s 

•• 

5 . 

• 

a 
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0ONnQBNTI;J. 

on tha ntu;.o::a tfrirg tAi 

? BV>r nd . .ut'.cr. r. whlffll tr o it,.-. 
vhloi: wil l -*»X 68 

i :•! La U.;-:t. foi 
Boonu-.i toraajlly .1 a-* I - the <ni :1s of 
tha product Dut cec bo < 
The l , ' . £ • of '-;he 

1 r 

6,1!.3 Hfor subtri tton, t i e complement a two &f ;h* 
minuead v l i l tie formed a idd« . to tha 
Bubtrahuad in U t ndd< 

Tan cooputlojr; elorent i l l l nc;t Ilka «. 40 mler a 
del. iy for al l operations, 1 •• chert w i l l be 
aeo Irou ths start of the uucbora In uxX ] I 
o / 'ihe rea it, 2hl a delay i s see a e aery te a l io* 

>se of ooe ¥0 
tube vbioh l i -o reoelre tb 

B insure fu'.l ro;cvery ol the :;w«op CT. lop 
> ) (he-a arbitrarily enmat-ei to ba 8 p 

5 UU itddltions and subtractions aro j. dol ny^i 
more thau one KC rd lti.ivjth 

3 k multlpllaatlot i s normally delayed o word 
length and in t i l s syRte: tl LI 1 
delfysi • I < o f 
40 n ><*i. 

: 1 ty 

.v«i atorag* l 
-.nt rotu 

6 2 

be used 

s«r*a tuba will pic worda 

am and ju^-p-igraa c t : I rdera 
nolutloa o: ft iroblea 

C -
M < are ^n'.o 

cysts fix a a«t of punched oar • a similar 
• 

5 rda 
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» Ho 2-34 

83 ttoi'l storage will contain uonatjuile and tal '• 
data 

5.331 Oscilloscope Reader typs usee, hare all 

5,333 Seven tuba a wi l l provlda storag* J'os- 234 words. 

5,24 Heoordins, for renultt 

5 211 J'or s l c p l i s i t y only one unit i s provided 

5 313 Tvpo in not specified, but i t night "oo 
e l ec tr i c typewriter, curve plottar, or 
oscil lograph 

tiwitoh.ee wi l l ba high speed electronic type. 

8 31 A 15 way pro great utort^o twitch Is need t: seiact 
each on'.ar iron tho piogran storage tubac. 

5 33 A 15-way storcge selector switch tends tfce stort.£e 
tube orders to tho prcp»)r li.ve or dend stjra£ > 
tubee 

5 33 A computer »*.tcb eaprratot th j ordar to :h3 oonpu 
i ] •.' so t 

5.34 A sab prog."BJH switch tepariiteo a sub progras >rder 

li ' jne i s nresont 

b 36 Othsrs are shown as required in the ••arious coapoaent* 

Sluing darlces for synchronizing the operation 

6 4] A timing pulse generator provldai puieei a"; muster 
cloak FRf ot 1 MC 

5 43 Trigger ga.ierntoi provides synchronising pulses at 
25 :C0 FBI far tiffing variDUs purts o:" the operation 
cycle 

* progreci teloctoi' oontroll iii<i atouaAce o: 

5 61 I t Jhoonea program orderi l.. 
produces the cortaepucdlng r 

It also provides a norAi for interrupting ';ae main. 
. raa seqnenoe with a nub-pro^ram • retuinw 

.trol to the proper place in the I ;i in at 
the end of '••as eub -program oyola 
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COl in JQXMTIAL 

• 

i .' ng Hotel Ho i'-Z4 

••,- '•'-• M l 3 

•3 A roirt oid«r wi l l «tari a nrw program 
ttje program e&lector to ttM beginning ol I * £a» 

6 C'i 

6.1 jPundanontal Circuits ore deeoribud and ixplaine1 on to) following 

drawing*, vatoh enoula. be studied In the order i.lroa for beet 

re su l t i The eynboie nsed throughout a..'e »ho*a end a*?ined on 

B-.37000, 

6 11 Oete JenorBtor(^O) 

6 13 Oat* Tube(OT) 

6 13 Pw.lt • Ctttoff(M) 

6 14 Digit InverMrJIHO 

6 15 Sleotronlc I *ltch 

€ 16 3a»lo Adder 

S 2 Compose;! t>* 

6 SI Ciosp'Atlng E'ioaent 

A&dli.g Klen.out 

li Multiplier 

.. Unite 

313'. Cpci:.l?ocop» 2>9ader( 

l g» Tubj(S2i 
(Aootrootat lo) 

'rog-am Selroto.? 

8 3 Orden ing 

i -d Crdere 

33 Sinn Cycle 

II 

11 

11 

Mil 
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COtfiflMQU'IAL 
• 

• • 

at> veil. n» en ths . • • and 

fea ture e T ' operation a r^ dasoribod In • 

6 41 Program Ordc; I on 

6 43.1 l-Togrj..u l e l e c t o r courts the T 

f> 41.2 T!ia order i t 
posi t ion jr. icoordln i 

,i»tsr*& y thi i 

ij 42 •} Th»i counted nrcj.bi r riipreeente * 
a tube . . tttl £i» 

tch 

Lne i s * ! * from I 
»witeai>'- ' ro ;» r prugrac. atr >i -ĵ e 
t e te 
ordej < of Tine 

• 

I 

: 

* 

• 
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—3^ 

00NJ1MM13AL 

. 

Fourth Motion »1 or&or Lo ilodla: 
to f i r s t "wo sect ion; but eto 
tube to receive the r eeu l t fro» 
e leneat on triialt lln< C 

6 435 F i f th sactio'; of o r d t r lu present onlj I•''-* 
order i s to 09 taken fron • sub- prcgrssi 
I t i t separated by tt.e tab progrnn Hft to i ana i t 
used to axrejt th» M rmu". count.'us pfOOO J 1*3 la 
the pro^ran se lec to r a t woll at. to opines the 
proper program ntorr^.e tube and l i a s number 
the oub progrta o rder desired 

6 44 Execution of order 

6 441 A trij-ger on Trunk 1 causes two number . to bo 
reed out of t torage . ore ex to Trunk .i anil O.T«> ?n 
a 'J .'.io» 6 sua ? 03' tho T I M Cycle) . 

6 442 Th« MM *rl ?Ker oaut.ta tho Uv *_ n-f.se ubo jn 
Trujik C tc eraee pr*.parnlory to roeolTl \& tho 
r e su l t to be stored !h\iii 8 o.; 

»3 Thr nusier* rot i ens' 
olomei't u a t i \ the tab* on C i t ready to etc 
r e s u l t 

6 444 "hi eJa.itad t ine cet< een the n . 
'" IBI -ing o ' the resu l t from tl 
element la about 200 y gee 

. i'M! * t l cs of Crdort 

6 451 (ho f i r s t Md second MO . i t t e d A 
may set up e i the r el ' t i c s torage 
otoil loncope reader* on 
on ihett truokt will oXwoj be let op for r e -

6 483 The fourth t s c t l c 
mast iot up in o loct i storoco t u b : or the 
ro< laenl 
on I 

S3 The f>.fth ser t loo 
the ai *t ord ;r. to t c read, when n tul . • 1 cycle 
l e utcd l i a th.:»« orde: 
qu i r t the nort 01 :irt of e 

• 
cycle will o j n t a l t I 
•tep tons wl• 

t 
section S •* 
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63^5 
Engineering Notes Ho. E-2h - 11 -

be stored consecutively In the program storage. 

6.k^k . The las t order of the main program cycle sets the 
storage selector ewltch to a unique posit ion re
served for It and l e fed back to the program 
selector to resot the counters to zero, thus 
starting the program over at the beginning. 

6,46 Tiwlng of Operation 

6.461 Triggers spaced p.t ho microseconds aptiear alternately 
on trunk l i n e s , T' and T'1 . Hence each trunk carries 
triggere spaced 60 »* sec. apart. 

6.U62 The triggers on t* are counted in the Program 
Selector except for sub-program interruptions. 
3eadlng of the counters i s timed to s tart after 
the sub-program sect ion, •§*, of the previous 
order has been read, so that when a sub-program 
i s to start , the counter c^n be stopped to permit 
return to the proper place when the eub-program i s 
completed. 

6.U63 A trigger on T " s t a r t s ths sweep of f i r s t tube 
where order i s stored. 

6.46U The nest trigger on I 1 In addition to starting the 
program selector for the next order, s tarts the sweep 
of the seoor.d tube where t i e rest of the order l e 
stored. 

6.U65 The second trigger on T'' goes to a l l computing 
storage tubes as well as starting the sweep for the 
f i r s t part of the next order. The two tubes which 
vere set up by Sections A and B of the order, sweep 
and produce the two nunben for the computer on 
trunks A and B. A tube, set up by section C of the 
order, sweeps to eraeo, preparatory to receiving the 
answer on Trunk C. All other tubes, though triggered, 
do not produce numbers because they have not been 
"set-up" by aii order. 

6.U66 While the "C" storage ">ube Is erasing, the "A" and 
"B" tuber read nuibaro'-nto the cowoutlng element. 
Th« result I s held in ihe commitlng element unti l 
the "C" tube has had time to erane ind recover from 
the erasing sweep, about 401* sec. 

6.U67 The answer Is stored on the "0" tube when i t s IP Is 
used as a trigger to n'.nrt the "writing" sweep. 
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63^5 
Engineering Notes No. E-2U 

6.»+65 

Drawings: 

B-37011 

B- 37012 

B-37013 

B-3701U 

B-37015 

B-37016 

B. 37017 

C-37016 

c-37019 

C-37020 

c-37021 

B-37022 

B-37023 

B-3702U 

B-37025 

B-37026 

D-37030 

PBT:ve 

13-

All operations, except transfer from 
storage to the recording device will be 
terminated by the storage of the result 
on an electrostatic storage tube. 

i 

(%kd}.3<£&c-
Peter D. Tllton 
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5-.jfi.ae8i-:: 

«t03v..:;«- tubs tlw j,\ 
*«c '.- aocunct the i s ] 

A3 Operation 

4 31 Jv\bs 1» "set-up 1 ' by f i r s t order , and sf»<ohd or 

A. 32 o i t r s t r i g g e r wlmlttsa from t i* 40 (. s«c a.1, • 

tr lgR«r on 1' irnd rando f i r s t nuabei o f f tube a 

A.33 I h l e f i r s t nuuber on A in do ..•xyf'd 40 JJ- ^»C In th« added ; i l a y 

bofora I t cpp'Jars on 1'ruuik B 

A 34 TU'JB retetK to t.ho socon-i order recelY«< R» soon as I o r » t 

T i e r In executed 

A .>:> ''c.-nal t r i g g e r on T' - r sads *6cend ntnbr:- required onto 

./Men I s nov cl.9nr of the f i r s t nuisb»r 

A ,56 ilia t'«o r.uobers app»ar alaiux'.jinaouslj- a!. the eoaput >• >i 

i! and m e o p o n . i t d Opoa ..<nd iitored l! b] I l o c 

• 
I 
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Q! >1 PP»B L&X3S8LQE2 .1I 

AI Siatingvuahiut: Shaxacterietloa 

Al 1 ?y ;J« IB wLll t o a b l e to use an e l e c t r o s t a t i c e torafu tub* l a 

a u c c e s s l v s optirp.tlous 

Al 3 Both numbers to the Maaputlnti element ct.n be aufol led. f r o * « s'.ngiu 

ntorage tubs (o f c i t h e r type.) I t I t net p o s s i b l e f o r a Binglo tuba 

to supply to.£h numbers aud s tore the r e s u l t In the eurao ope rat on 

or to supply CJJO nucber ink a t l l l e r o s e In ;.lm» ;.o s t o r e the maul t 

Al 3 A l l other f e a t i j - e e w i l l be tr^e eame ae thora of Type IA 

Ai! t'.oc.l f l e c t i o n s R s q u l i t d o f Typo IA 

A2 1 Storage v i t a r - c d l f l c a t l o a s 

AS 11 Al l i t o r i i g i tubus of both t y p e s rust conta in c i r c u i t s 
vhlcb vl 11 be able to hold two se t -up oJftuarc r e c e i v e d 
on» af t^r the o ther so that the CMODA c r i f r can be 
"renerattred" w h i l e th« f i r s t one I t beliu; e : e c u t e ' 

A2 12 A s i o c i k t e d w i t h the atiOTe proTla lon cher* should be a 
eeans fc r s end! ig g. t r i g g e r p u l s e out o f the s t o r e s 
tuos whenever a aoubln order I s J ec .Ted 

A3 3 Systeo, m o d i f i c a t i o n s 

A3 21 A i l n g l s t r i g g e r pulse should be adr .ttec' fiom Trunk T' 
to a l l computer storage tabes throufi t Rate c o n t r o l l e d 
by the t u l e e sent out from tho tube t . o e t r l o g a duu'ole 

' oriler 

A£ 23 Trunks ' and 1' nast b» i s o l n t t d Jrom eacfc o ther when 
tr.'j t r i g g e r Tro;: T gcos to the f tor . igs tubva tJ pro 
a c c i d e n t a l l y crW;gerics an uaeleslraf, • i l v i tune 
as v e i l 

A3 33 A .jC JJI i t c d e l a y l i n e l » r e q u i r e d t . )t»e«n trv.-»)ce A and B. 
connected through a e v . t c h us »ol lo-

A 3931 Normally Trunks A a n ! B tr» :ou^e:t«: 
cosiputj • .at Inputs 
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TOLERANCES NOT OTHERWISE SPECIFIED: 

DECIMAL J 003 FRACTIONAL i & 

• ? 

AT E (OT) 

A Rate Tub* is P.O on-ofr switch stimulated by an external signal. It -".ay b< either 
, pB1. ;iv o n e n or normally closed. In either case oreeenoe of the signal caur-es the op
posite connection to be made and when the control signal la removed the twitch reverts 
to Its lormal position. When the control Blirnal Is s oulse the 3ate lube acta ss a 
a I !l lence timl.ir device to emit a sinele pulse If P Dulse arrives on the Inout line at 
the san e tl-i-o as 
Be no cutout 

the "ingle oulse control signal. If there Is no coincidence there will 

nr 
H 

C 

In some esses th" switch may be reju'.red to ooerate only when two external sign 
r t ' perilled simultaneously, iperatl ':>. ptsrt ' .ng whenever both signals are on together and 
I Lng whenever e i the r of top control signals cessee. This is possible or:ly in the 

•as- of tubes vhlch are normplly off. 
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WO-

TOLERANCES NOT OTHERWISE SPECIFIED: 

DECIMAL i 003 FRACTIONAL ± )£ 

(JAW JENERATCfl 103) 

The Bete Genera tor I s B >'evli^e to produce a g a t i n g s i g n a l of a f ixed 

l e n g t h , uoon - t i n i t i a t i o n frnm a Bln*le pu l se or th» l ead ing edgi - t ' ai i th^r 

•-.it". One* t r l p r e r e d i t i ' . unresoonslve to o t h e r Dulflea or sifrn&ls 

- • - ' . : ; , - :;, the ' : . >>t l i n * *" •" *:" •''. LertPtl of the r a t e . The f i r s t s i g n a l 

; - e a r i n s "'<•'• the °:A o f the e f t * v i l l s t a r t i nev ; r f - tp . 

1 JGEF IN G • 
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WO-
TOLERANCES NOT OTHERWISE SPECIF IED: 

DECIMAL t -OOS FRACTIONAL t J& 

ELKCTRi IU0 SWITCH - (ES) 

' 

10D& 
• l A l 

•OUTPl/T I 
n in •• 

- . " • • • . i i -" 

- ' • 

A i r u l t i - p o l a r c o n t a c t o r which makes a d i r e c t c o n t a c t between an Ir.put 

lllne and •.,-,•• of p number <~>r out out Lines , or c o n v e r s e l y . Where t h e r e Is 

only p two-wey choice one we} wi l l be normally i loeed ; rid the o thpr w i l l be 

normi Liy ooen. The presence of p n o s l t l v e (rate s i g n a l on the c o n t r o l Line 

w i l l r e v e r s e the normal connec t ions ; when the pate If removed the swi t ch 

w i l l r e v e r t t r i t s n o r r t l n o s i t l o n . In the gei e n ' :&j•• of rn m-way switch 

th< « m t r o ] rvdcr wil L ooi s l s t of s Mr.: ry number i*eDrepen1 Lnp t.1-.̂  d e s i r e d 

connec t ion , l . e ." s e r i e s •• r Dulses in binary codf fo r & i . ' vbT between 1 

and m D-reoeded bj < n int* Lflrence o u l s e . 

The n u l t i - o o I t l o n switch 1 ihovi with e : -»" - r - -» Lnput oh tnne l for the 

c n t r o l order , bu1 11 is qui Lly f e a s i b l e t r hrvp I .• >rder a r r i v e an the 

I •• ' Lin* In advance ' ' "• rd to b r rou ted In the switch. In t h i s i thei 

arrangement thi order would set * • pwitci and hold Lt l . •• enougl t a al low 

the word to Dae? throuprh, before r e l e a s i n g the swi tch so tha t a new o rde r 

!ould r e s e t it. 
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DECIMAL t 003 FRACTIONAL + j£ 

ftl « • 

ULSE iVTCFi - '. • C) 

"'hr P ulee Cutoff Is an arranpreirent for BepaOTtlnc the f i r s t pu l se of 

> p ; " of pulse fron the r e s t . i-t c o n s i s t s of & ftate Generator lGG>) 

and a ."-vay E l e c t r o n i c Switch tES) c o n t r o l l e d by the (rati The !'ir:- 't pulse 

prrlvinr on the l i n e t r i r - o r s the arate whloh :.r. t'.;r;. throws the s w i t c h , 

such t h a t th« f i r s t oulse i f passed dowi one Line out of the pwitch and any 

: ' )wli - pulses eve sent '•'•••.. the n the r . Because of the na tu re of the Jat« 

Generator once i t has been trlsrsrered i t emi ts s f?8te 5f flxpri l e n g t h r ewt rd -

•: any success ive s t l r u l l for v trlven o e r i o d , thus o e r r r l t t i n r the r - s t 

of r. trrouo of oUlses t o be oaseec' .• tft F^con^ pwitei— jutout Line. 
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WO-

TOLERANCES N O T OTHERWISE SPECIF IED: 

DECIMAL t .OOS FRACTIONAL ± |£ 

i r 
LINE A , A U G E N D - * 

I 

LINE B, ADOENO -•-» • 

ADD 
WTTH 

CARR- CARRV 
A D : • 

.- rnouTf 

CARRV 
! D\G/lT 

h 
I 

L>t-

CARF?V L ; ' 

BASIC ADDER 

The Basic Adder Is a circuit for adding the pulses reDreeent.ini? 

two blnsry numbers such that the pulses resulting will correctly denote 

the number that 1?. their sur. To add binary numbers. 

\N 1 • 

i + 1 * 0 

1 + 0 = 1 

0 + C = 0 

with a carry of 1 

with no carry 

with no carry 

The elements Labelled "Add without Oarrjr" perfora this ooeration. 

The two numbers to be Pdded are fed in coincidentally, pnd when no 

oulse errivee on either line nothlns is the result; if there is a pulse 

on one lln" but none on th«* other n oulse COPS out on the line marked 

'"run without Carry-; end', if two oulses crriv3 simultaneously, a single 

o\!l?e f̂ oes out on thf "Garry" line but nothing jroep out on the "Sun 

without Crrry" line. Carry dibits are delayed one dirit time in the 

Delay Element (OS) pnd are then added to th<- sur. In the second "Add 

without Carry" unit. 

ihe adder will not Droperly add two numbers if each has an 

Intelligence Pulse, because of the crer.Tfated carry, but when only one 

number hai an IP the answer will have the seme I? and will be numerical 

correct. 
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TOLERANCES NOT 

DECIMAL t 005 

OTHERWISE SPECIF IED: 

FRACTIONAL ± )6 

T S F* 

fe -K-

A^gu. 

AODINO ELEKEM 

The Adding k l e r e n t c o n s i s t s of e Br.flc Adder &r.d e c i r c u i t to orovide 

warning if an a d d i t i o n r e s u l t ? in • nunber which overflows v.-.e r e g i s t e r , 

I . • . n nur'bpr p r e a t e r than un i ty for Dddl t ion i f two p o s i t i v e numbers or 

p nurtier between ? nr.ci '! f'~r add i t i on of two nega t ive numbers. Slnoe t h i s 

T p ' i ' t ^ in nn answer F M H L looks to be of oonoai ta eipr. from the two o r i g i n a l s , 

the wernlng c i r c u i t r e s r l s t e r t whenever two numbers of l i ke C1PV. are added 

< r'^g-jXt in a nurber of oppo I t e slcrn. 

Thp Gate Genera tor , "-''• oroducee & pate °ne word-lenertr long Less one 

!J t i t , Bnd the end of tl I r- t e r e l e a s e e H t r i g g e r f r o r the Tr lpce r Generator ,TG 

S i n c e t h i i • t lse La t i r e d to co inc ide with the slsri dlerlt the two l a t e Tub 

CVT) make known the 3ij*n of the augend 

and adder.cl. S i m i l a r l y , the t h i r d JT 

a s c e r t a i i th« sign of the r e s u l t on 

trunk C. The wernlng c i r c u i t le a c t u a t e d 

i | ,\ v( i j , . m i; by those t i r e ^r sp tce eombln t t ion t 

"5 5NRL, Indici te i d i sc repancy . 
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TOLERANCES NOT OTHERWISE SPECIFIED: 

DECIMAL t .005 FRACTIONAL ± J£ 

ru 
-

COMPLEMENTER - (OC) 
I 

A Comolementer Is used to form 
number with resneot to 2, i.e. frorr 
firm another number ?-n. The comolement 
0.0011011001 is L1100X01001 where the extreme right'hand 
digit reorespr.t? the Intelligence Pulse (IP) in both oasea 
and the extreme left hand dltrit of the* complement signifies 
that it ie a negative nunber. In the comolement the IP 
and all digit! uo to and Including the next digit 
the same as in the number while all the rest of 
are the ooposltp. 

the complement of a 
a binary number a to 

of e binary number 

pulse are 
the dibits 

The IP of 
which aotuates 
Length gate to 

the number n trippers the Gate Oenerator (XI-1 
th« rate Tube (OT-1) and sends a one-word-
0T-? pc well. The next pulse in n does npt 

affect (OO-l) but starts the gate of (00-2) which changes 
the oosltlon of the Electronic Switch (£S) thus diverting 
the rest of n to the Digit Invprter (DI). At the same time, 
the actuation of (JT-2 is comoleted sdrrittl.ug Clook Pulses 
to DI. 

The DI priepi clock oulses for every emoty digit space 
in th« number and blocks all th» dis-lt pulses. In other 
words, if e rHgit ftnaoe was blank it it given a oulse in 
DI and conversely. The I? and the first digit Dulse which 
were throwrti the (twitch before It changed are delayed in a 
Delay Element (DE) which le Just long enousrh to comoensate 
eor th»> few dleit-leneth? lost In. DI. From DE these two 
oulsea are sent out .lust -.head o<* the rest of 2-n. The 
• •-'-"r ?-n if conoleted when th« irate of OJ-l stops end 
blocks OT-P. 

I 

p 

N 

M 

L 

K 

J 

H 

WAS APP DA I f 

G 

r 

E 

D 

C 

R 

A 

WAS APP DA I I . 

ITCH MATERIAL - Dt-SCRIPTION PART NO. OU 

S E R V O M E C H A N I S M S LABORATORY OF T H E 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
D I V I S I O N OF I N D U S T R I A L COOPERATION PROJECT NO. . 

Gt .". ' EMENTER (CC 

•CALI 

TVT i [ « j * 

DR 1 " • . • ; . ' • 

APP B 017 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



<i 

• 
^8*1 GTl 

X 
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BASIC MULTIPLIER I s ) 

Mul t ip l i ca t ion la ace •"• Ilahe i by tiiklnir the 
part ia l aume for«ed by mult ip ly ing tn» multiplicand 
by -•<•- aueceelve dlarlt nf th» m u l t i p l i e r end then 
adding t h e e e par t ia l tuna In oroper t lae r e l a t i o n 
to s e t th» tota l oroduot. 

The multlnlloand on Trunk A la delayed one 
d l s l t lerurth In each Delay Element DE-l for oroper 
timing or atagfterinir Ll the auamlntr. The mult i
p l i e r on Tpun< B f l ra t has l t e I n t e l llo-rnoe Pulee 
reaoved by the Pulee Cutoff (PC) and then la fed 
almultaneoualy t o a l l the d l ior l t t lnetore which aleo 
reoe lee The I P a f ter I t haa been delayed one d i g i t 
lenerth in each. The IP tr l rear tn the Discrimin
a tor la thua one dltrlt l a t e r in eaoh euco*e*lve 
• : - -r ' - i :.•• -• and t r l rrare the kits Tube >7 
In eaoh a t a time when the nest l a t e r dls-lt eolurtn 
of the m u l t i p l i e r la nn Trunk B. If any Mtb d l » l t 

ooluan oontalna a Dulse the Oate Generator (00) of the 
d iscr iminator oper.a the Oat* Tube (IT-?) t o admit the 
en t i re « u \ t l p l l o a n d to the bank nf adders, the mult l -
olleand bel.-it already timed prouerly for aaoh Una of 
•ntry . 

After the o a r t l a l euma haee r-mapd through the 
bank of eddera they produce the product which now oon
talna twloe aa many d i g i t plaeea aa the or ig ina l numbers. 
Rounding o f f without a oorrect lon la accomplished by 
al lowing the f l ra t oart of the product, ( th» email or 
leaat s i g n i f i c a n t and) to be bin tk< I off by the Oate 
Tu*e (OT) which la opened b" a Rate aet o f by the IP 
of the Mult ip l ier which haa been delayed one number-
length In the column of d lacr lmlnatore . This la ta the 
uaable h a l f of the product through and at the aame time 
Gravidas the IP for I t , a<w>pletln£ the operat ion. 
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MULTIIO-IES (x> 

The m u l t i p l i e r shown here hae bean modified to be able *o 
a u l t l o l y when e i t h e r or both of the Intuits are negative numbers. 
I t a leo conta ins provis ion for royndlng-of f any re su l t t o f i l l 
• o r e of the number reir leter with s i g n i f i c a n t M u l ' r 1 . * . , t o 
a l t a r the normel aeala fac tor of the produot. 

A negat ive number, n, on Trunk a means that the mult ip l icand 
la actual ly ? -nj . k negat ive nuabar on Trunk B, however, acta 
l i k e a m u l t i p l i e r l - n ? , elnoe the s ign dlcrlt la not admitted t o 
a d l s c r l r l n a t o r . Thua, the r e s u l t i n g products w i l l a c t u a l l y 
represent: 

"l » 11 ' n?> • « I " n l n g 

tig a (? - n t ) = 2n ? - n i n ? 

or ( ? - n.) i (1 - n-,) s ? - 2n- - n , + n. n_ 

For number on A negat ive add Complement of twice 
the mul t lp l lar 

For number on B negat ive add Complement of mul t i 
plicand 

For both negat ive add both correction! above. 

The c o r r e c t i o n s are made when data Tube IT • * and OT-U d e t e c t 
negative numbers by coincidence of a timed t r i g g e r with the l a s t 
d i g i t column of the mult ipl icand and m u l t i p l i e r r e s p e c t i v e l y . 

The mult ipl icand la aaved in the column of de lays DE-1 
and If m u l t i p l i e r waa negat ive 0T-1* opens Vt-b, l e t t i n g 
mult ipl icand through for complementing In DI-1, Mul
t i p l i e r l a aaved In an external delay and a r r i v e s on 
Trunk B1 1 where I t la doubled by a one -d lg l t delay.DC-? 
and then la l e t In t o be complemented in DI-2 through OT-7 
which la oontro l l ed from QT-y After being c implemented, 
the correc t ions are added to Trunk B' before going out to 
be added t o the o r i g i n a l produot. 

S h i f t i n g the unable portion of the product In the 
number jreglater la aocompllahed through s e l e c t i n g the 
tltrlng of the pulee which perforaa the round li,g off , the 
choice be ing made In a Switch 18. This pu l se , s e l e c t e d 
In time r e l a t i o n t o the answer from the column of delays 
In the Dlaorla lnatora la put on Trunk B' to be added In 
the l a s t p a r t i a l summing, and la a l s o sent out to open 
the gate which w i l l a tar t the number r e g i s t e r from the 
l a s t adder. 
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5 -

-t MB 

If 
|oS 

m 
• z 
.0 

i 

3TCRA0E Ti-'BE 

A Storage tube la coapoaed of the e l e c t r o s t a t i c cathode 

raj t u b ' upen which the pulses foralng n u i b > n "re stored end 

the s s e o e l a t e d elrcut'try required to Darfora a l l the necessary 

functions • - used - • a part of a ooaplete coaDuter syetea 

Tha storage tub* la aseuaed ta contain ft storage specsi 

each capable of holding on*1 nuaber, or word, and m uaad In • 

sy*tea I t auat ba abla ta produce one of these nuabers on 

slthei or t."e trunk! t i r B «r It auat ba able to atora a 

nuaber oonlnr in on trunk C. To contro l these ac t l ene an 

irder smst c o n s i s t af tw* c a r t a , one being- a coda n'isiber 

des lgnat ln* the l ine *>f the tube ueeired snfl t i e other enn-

'ro' .Une the eondl t lon of tha tuba and ee tera in lng which line 

I t la t a b* connected t o . The order l e shown here aa being 

aaparjted Into l t a two parta by tha ewlteh IS with each 

part be ing lntarprated by l t a awn decoder, but It would b« 

equally noss lb l* to have a a l n r l e denodar *hloh would pro

vide the two aaparate control Unit funct ions fro* ona order. 

I f the order la one far reading, a data Tub* .'IT-: w i l l 

b* turnad on connect ing the tube tn one *f the Trunks A or B 

and JT . wi l l l lkewla* ba turned on admitt ing a trltrper tn 

a t lau la ta the proper b ias vo l tage for reading. After a 

alight delay in HE-,' the saa* t r igger s t a r t s the sweep 

!.* produc* the nuaber and la l t a e l f aent anto the l ine juat 

aftar the Capacity Canceller As>plifl*r to N T H a* an 

' n t e l l l g e n c e Pul l* . 

If the order Is to prepara the tube to reoelve a 

nuaber on Trunk 0 tha Gate Tube 0T-"> Is opened e l lovlsr 

the tr lncer to erase the preoer l i n e before the nuaber 

to be stared arr ives . When tha number oaaee on Trunk 

C l t a Inte l l igence Pulse !• removed by the Puis* Cut

off PC and 1* used to s tart the sweep, while the rest 

of the nuaber Is fed %t the In tens i ty control c i r c u i t . 

The s-rantrement ahown Is but one of many possi

b i l i t i e s , and no s ign i f i cance should ba attached to 

the o a r t l c u l a r oheloe uaad hare. Othar aetheds of 

prevldlng the necessary internal funotlens w i l l s t i l l 

p e r a l t the aaae soheae for u t i l l r l n » the eterage tubea 

In the syste*) and the metnod of control w i l l b* tha 

• aae as that ahown here . 
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i'SCILLC8C(PC RUDD 10R) 

Tht Caollloaeooe "iaader la • aodlf Icatloti of the °tora*t Tub- to penult reading or acannina; data 

»hleh ean ba eto-ed in t h t for* of punehad rarde which m placed In front of tht aathoda ray aoreen. Llka 

tht atoraat t\ibe tht ' « I M raedtr w i l l hold V nuaibara or worda ar»d w i l l be able to produoe any on* of tht 

'? on al thtr trunk A or S. thiue*h tht only awthod of onarurlnr tt-e atorad data la t« ehanae tht cerd l t a a l f . 

Llka tht atoraat tuba tht eet-un order dettreMnee tht l i n t to b# read and aalaota tht outout connection, 

and then an a i t * r n t U t t l-ed t r l a r t r atarta tht aveen to produce tht nuaber for which *t alao atrvte aa tha 

Intelllaenee "ulee. Tha delay elee>ent 01 la neoeeeary to haee tht out out a of OB'a and 9T*a appear alanilteneouely. 
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&ABIO OOMPUTIKO ELEKEN1 

The basic cortioutina; element show;, wl 11 

perf>-!•!' the function:- of addition, subtraction, and 

multiplication. The operation desired Is selected 

by the switch order to the c-lectronic Switch ES. 

One number supplied retains its Intelligence Pulse 

"* *" *•• Which Is used in the answer but thr other has Its 

extracted In the Pulse Cutoff PC. For an addition 

both numbers pre nut directly through the adder. In 

Subtraction the ninuend is complemented in the 

ComDlemei ter 00 while the subtrahend is put through 

'. illerht compensating delay In DE. The Multloller(x ) 

is only partiali the last sum of the product being 

mpde 11. the add T . 
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COHPUTIKO tLEMLNT TYPI 1 

The eowolete (•nmputlnjr l l M l l ahown here 1* 

aultable Tor lneorooratlon Into a eorouter eyetea 

for oerformance of the function* of addition, aub-

t ract lon, sort mult lc l l rat lon to any rteelred lenrth. 

The adder haa provlalon for Indicating- lroreprr 

addition of ooeltlve or nematlwe nurbere. The 

commitlne" element « i ahown la Intended for uae In a 

eyeten with a eynehronlred trlite-er M atart each 

operation, aueh that the aame lenjrth of t i re la 

available for each operation. In th la eyateai 

the rea-.il ta nf addition* and aubtractlnna are 

delayed one word-lenrth In a Daley l laaent DE-? 

thua : • • ' . ' . - aa aueh tlae a* a mult ipl ication. 

Thla t i re taken In the computlrur eleaent can be ieed 

elaewhere In the ayetea for eraelr.m the itoraire tuba 

that la to recalve the anawer. 

Tha operation order to the computlr.R eleaent 

la epl l t by an Electronic Switch ES-U Into two narta, 

one part aoeclfylr.a* the tyoe of operation dealred and 

the other frlvlnff the dealred rnundir.r-off poaltlon 

I f the operation la a mi l t lo l lcat Inn. The fnriaer r>art 

aeta th* two ewltchea ES-1 maklnm the nrooer oonneetlona 

to adder, mult ipl ier , or through DE-1 end the Soanieaenter 

00 for aubtraotlon. Aa normally aet, tha Oate Tube IT - l 

an* the ewltche* E3-? and I S - * oaea an addltmn or a 

aubtractlon thrnuarh DE-? before the reault cornea out 

on trunk llr,e C. Actually the order need not be i p l l t 

into two parta by 13 - . . * « • e t t r * aada l i c i t readara 

aao be pravlded la the avltoftaa l» . ta aatarpr«% the 

p — l i a g - a f f emaar. 

rar * • u l t l p U a a t l a * tha raua*Un«-afr ->r*ar 

whloh la aant to the multiplier alao appeare at g«U) 

where I t aotuatea 15-2 and aaV] to connect tha Input 

from trunk line B to the mult ipl ier throufh • * - » whare 

I t la delayed one word len«-th aa required by tha 

mult ipl ier Tor au l t lp l l ea t Ion of negative numbere. 

The multipl ier haa aa I ta outputa the two par t ia l 

auma which added together w i n produce the correct 

ornduet, and a trla-f»r Dulae on l ine C* which la 

t i red by the raundlnff-e" order within the mult ipl ier . 

Thla oulae la eent directly to Una C to be the In

tell igence Pulae of the product and after a alight 

delay In DE-> froee alao to a Oate (Venerator 00-2 

whloh nnena 0T-1 at the proner time for roundlng-off 

in accordance with tha roundlna-arf order. Thua, tha 

f l r a t part of the product, which la the leaat aig-

nlf leant IK blocked by OT-1 which opena to let the 

uauable part of the nuaber through to follow th* IP 

out on Trunk C. 

DI-U la an additional delay to sake the total 

delay time through the ooatputln*. eleaent equal to 

the eyata* cycling t l a * for a l l typea of operatlona. 

In other worda, a nuabar atarta to ooae out at C 

•ore than one word lenmth after the nuabara producing 

I t atarted In on A and B. Thin t lae delay la Bade to 

correapond to the requirement! of other coaponenta af 

the ayatea, eapeclally tha etorage eleaente. 
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DESCRIPTION Of OH >KRS 

Al - Order !?e t r lnp the *"I.rrt tw i t ch :.< c essary to 

s e l e c t the S torepe Tube which Is t o T , T J U C P 

r. number ~n Trunk A of the comouter ' " r r . 

Com^r<-ort ->f U r l lg i t e to sonneot one out of 

1^ o o e s l b l e swi tch oosl t lor . r . . 

A3 - Order a e l e c t l n g th* tube l l n* to be used to 

produce e number oi Trunk A. ,' >r>t>oeed of 

d i b i t s to s e t un d e f l e c t i o n vo l t age or. . 

out of J2 Doscible a torag* l ln .es , ar I 2 d i g i t s 

to connect the tube- to one 8f tht t h r e e t runke 

In t.H.r ooBDUter system, A, P, or c . Tube a on 

Trunks A and B w i l l always read ; t - on Trunk 

G w i l l always era** f l r e t and then o:--"D.ire t o 

w r i t e an tuooming number.* 

Si - Same e.& Al but le lf?natlng th( I i • Trunk ..4. 

B} - 3eT" as A3 but rnr the tube on Trunk B. 

Cl - Sama ELS Al but s e l e c t i n g t he tuba or. Trunk C. 

C- - Sane r s A3 but for tKe tube or. Trvnk C. 

D - Ord< :• d e ^ i n l n r the1 cpraputar ioDerat ipn !to be 

perform* : . Corposed of j> d i b i t s to s e l e c t 

one of four ' I Lie • ' . l thr .e t ic opers.t lor.e, 

and 1 U g l t ix t ra for apecllfyingJan! a l t e r -
1 

n a t i v e rounding*off length*), or p o s i t i o n i f 
1 pi r a t i o n i t a T . u i t i - i i r j a t i o n . 

• . 

CI - Swi tch : Iff p rder Bimiiar t o Al but fo r t he purpose 

of .-• r'lecti:;>~ t Sub-Prograg Storage Tube to atkr-t 

5J - 5 l n l l r r t o H3 nut. wlfchoui the ? d i g i t s : or 

i c l fy ing tii« l i r ie connect^qn, and! f or the 

•ante Durooee 11> S i , nanlely GO d e s i g n a t e the 

• t ing DOlrit 'i** A eub*-Dro«rraai. 

NOTE \ The I n t e l l i g e n c e Pulse he.s been Included ir. e l l o rde r s where r e< r n r y , en-' Is shown a t 1 1 
l e f t -hand or leedlnff edgs of ef.ch or le r , 

A tvo-mlcreateond gao u ? r been l e f t between orders where neoeefltry to oerieil t r ' ~ i r i r or 
r e a e t t i n c t o l e r e n c e or olue o** minus nr.° " i r i s n c n ; J , 

Ordera ^ " I C T P * ^ AT, B?, C?, and 3? hpve mitred alnoa Tyot IA h a s D U t one etagre 
of Rwlt^hlne, bu* In ^yp'oms with two ?*ag rB epeeeded these . . - b< I iolud< 

the eame oomoosl'tlon and ant as t h e i r ooun* r t * M . Bl , J i , md s i . be 

T between word 1.- r . 

-TM-ie cA\Mi(*ea PHT- 7/1 a / - ^ -1 
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GGI 
TRUNK TT 
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ORDER SELECTION 

|-*— STANDARD ORDER 

_ l c | s J A 
ORDERS F R O M P R O G K A M 

B D C | S L C B D C 3 

© TRUNK A 
READ S T - A READ S T - A READ ST-A 

© TRUNK B 
READ ST-B READ S T - B * READ S T - B 

* 

J WRITE ST-C 
TRUNK C 

ERASE. err-C L. J WRVTE ST-C~[ J ERASE ST-C J WRITE S T - C | ERASE ST-C J W R I T E S T - C j _ 

" * -

*» 

T O T A L T I M E FOR 

T I M E RDR CYCLE 
fee MICROSECONDS^ 

1 i 1 

COMPLETE OPERATION ( a o o M I C R O S E C O N D ^ 

1 

1 , 1 . 1 , 1 1 I 

1 

1 1 
2 0 40 GO ao IOO 120 140 l<20 

T I M E IN M I C R O S E C O N D S 
I BO eoo 2 2 0 24C- 26G 

NOTE:- Vord length le assumed to be 7? microseconds lonp, and Storage Tube speed euch as to nermlt 
one sweep every Uo microseconds. 

- fror de ta i led composition of Standard Order? see Dwe- 3 - 3702U 

- i t Is assumed thet storage vjbee wi l l be caonble of receiving and ln terore t Ing ord«r? while 
e t l l l In the process of executing a previous order. 

IMS VISED TOT 7 / 3 « A « - 3 
TITLE CHANCaQ> P\>"f 7 / 1 ^ 4 6 —2 

RVMSeD Pt>T 7/5/tt» H 
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The Prosrrrm Selector LB a control unit to determine the sequence 

In which the •ov^i'rir orders are read. As shown, It provides a means 

of counting serially and will select the orders in numerical order. 

first scale-of-32 counter counts triggers and governs the 

output of its Blnarj Coder, BC in accordance with the count. After 

7P trigsrers, it resets to zero and rends s oulse to the.scele-of-io 

co'int°r which cour.tr these pulses and governs the second 3C accordingly. 

'••r trigger pulse Is delayed to allow frr the counting end then trlvrerers 

the coders successively to send out first the scale-of-l6 count which 

la e. switch order to select the jroarram storage tube desired, and then 

to send out the aeale-of-?2 count reprepentine: the tube Line to be read 

to get the orogran order. The last orbtrrem order to be r-'-ad. switches 

Itself out of the rest of the*" system into the reset unit which resets 

both counters t*~ rero for s new orofrrar" ?ycle. 

Khen a oro«r: ~ nrAer contains en order selecting a tube ar.d line of 

a sub-r.rocrem cyclf this order IF senan ted i nd Li used tc start the 

'rnte Generator, 30, which closes the normally ooer. Oate Tubes 3T-1 and 

ST-2. r'l~lnr ot '•' subprogram '*rd°r within the main order insures 

the blocking of tr t • the program selector while .<-. subprogram is 

in progress and insures continuity In •----F̂11.:<- the orders of the main 

Ten when rosrrara is eomoleted. 
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