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Work was began on block diagrams for a digital com¬ 
puter in February<^1946, At that tima the project v;aß consider" 
ing the use of a high-speed erasable storage using aerially-read 
electrostatic storage tubes plus some photo-electric card readers 
for storing and reading orders,, constants, and tables of functions, 
Studies were therefore made of a serial’»type computer« Since high 
operating speeds were required for the solution of the airplane 
problem,, a three-address codo vías proposed,, allowing the set up of 
storage elements in parallel, A full high-speed v;hiifletreo-type 
multiplier was proposed with non-cyclic operation resulting :.n a 
multiplication time of about 100 microseconds. Since this speed 
was still not great enough for a complete solution of the airplane 
problem, it was proposed to build two arithmetic elementas one of 
which would be used solely for interpolation, while tko other would 
be used for the numerical calculât!onsA A study was mad® of this 
system by Everett, Rider, and Tilton. . h.)ne of the proposals Is 
discussed in E-24 by Peter ïb Tiltoni 

^n the fall of 1946 it waß decided that an electrostatic 
storage bube could be developed which could be used in a parallel 
digit transmission system, uft was further decided that if such a 
system was used, it would lie possible to solve the entire airplane 
problem with a single computW and yet have greater flexibility and 
simplicity than the serial computer considered first. Detarlac. 
block diagrams were made for this system and are described in tols„ 
5 and 6 of this report. Omitted from Fols, 5 and 6 is the discussion 
of the electrostatic storage control, the input find output to the 
computer,, a large part of the checking, the control desk, and certain 
of the additional orders. The input and output devices are described 
in the reports of Vols, 11 and 12, A proposed set of block diagrams 
for using these devices is presented in M-156 in this Volume. A 
tentative proposal is also given for electrostatic storage control 
M-136,, The computer equipment required for performing the additional 
orders is discussed'in M-lll and M-123, Some of the checking problems 
are also considered-in'M-12? and M-161„ while several comments on 
the control desk by Jay W, Forrester are given in M-11?, 

As an indication of the flexibility of the system, M-136 
describes how a modification could be made to allow automatic 
accumulation of products in the Whirlwind Computer, This modifica™ 
tion could be made even after the computer is built and running,. 
Some comments are made in M-134 on how alphabetical information could 
be handled in the Whirlwind Computer,, 

4 uMiihk :s¡i¿>»í2ií ti i- i.uiiiiíM 
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M-»-137 diaousses the code proposed for Whirlwind I in 

somewhat more detail than is given in Vol» 5» A comparison is 

also made in this Memorandum between the code proposed for 

Whirlwind I and the code proposed by the Insti ;;ute for Advanced 

Study for their digital computer0 
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SUBJECT; COMPUTER CODES FOK WHIRLWIND, 1 

To; Jay IV0 Forrester 

From: Robert Ra Everett 

Date: November 4» 1947 

la INTRODUCTION 

Th© first fifteen orders for the code proposed for Whirlwind I 

are described in detail in the Block Diagram Report ;; í;=I27o The basic 

reasons for choosing this typo of cod© are not discussed in any great 

detail in this Report, It is the purpose of this memorandum to consider 

the basic problems of code selection and compare the codo chosen for 

Whirlwind I with those codes chosen by other computer groups, particularly 

that chosen by the Institute for Advanced Study0 

By computer codes is meant the group of orders or elementary 

operations built into the machins and available to the operator for 

instructing the machín© in the solution of a problem, 

2, SELECTION OF A CODE 

First I would like to quote a paragraph used in the Institut® 

for Advanced Study Report entitled, "Preliminary Discussion for the Logical, 

Design of an Electronic Computing Instrument11, paragraph 3 J-j page 4? 

"It is easy to seo by formell logical methods, that, there exist 

codes that are in abstracto adequate to control and cause the execution of 

any sequence of operations which are individually available in the machino 

and which are, in their entirety, conceivable by the problem planner0 The 

really decisive considerations from the present point of view, in selecting 

a code, are more of a practical nature: simplicity of the equipment demanded 

by the code, and the cliirity of its application to actually important problems 

together with the speed of its handling of those problems.." 

It is possible to perfora any of the arithmetic operations using 

only very slapis orders,, such as: the ability to examine a single digit to 

determine if it is a 0 or a 1, and the ability to create or destroy digits0 

GOHHMÍ-nAL 
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With these operations only n© can add or subtract? and uain^ tho 
additions and subtraction© wa can multiply? divido^ and carry out 
all the other operations desired for a machins of tils typo0 Th® 
problem then is not one of discovering whether or not m can devise 
a code adequate for our purposes » but rather how good a codo we can 
devis© in view of our own particular problems* The basic conflict 
then is botwoen cost asid the ease and rapidity with which the machino 
can be used» By coat, ï me,an not only monetary coat but the limita¬ 
tions of apace and weight, the complexity of the equipment with 
resulting trouble shooting and maintenance difficulties, and possible 
set-up complexity requiring highly trained operators 0 This conflict 
between cost and performance is inevitable In any kind of design work,, 
The resulting design must be an engineering compromisse. 

It is first necessary to discover what would be desired as a 
cod® and then to compare it with what is readily available 0 In parti¬ 
cular, the operations which would facilitate the solution of the kinds 
of problems in which we are most interested, must be discoveredc There 
ia no such thing as a completly general-purpose machine«, The computing 
machines have not reached the stage of speed and flexibility where they 
can be said to handle satisfactorily all types of problems«, Instead, 
the computers are intended for specific classes of problems0 These 
classes are very large, to be sure, comparad with what has been possible 
in the past and the computers are able also to handle with less efficiency 
problems outside their specific design classes but the fact remains that 
the computer must be designed with certain, specific requirements in mind«, 
These requirements are dictated by the kinds of problems to be encountered«! 

Going beyond then the simple logical operations mentioned above, 
we can state that almost ell classes of problems require large numbers of 
th© arithmetic operations of addition, subtraction and multiplication«, 
For this reason, it is desirable to build in those operations oven though 
the amount of the equipment required may bo considerable* We also basically 
require the ability to examine a digit of a word in the computer and to 
order the further operation of the computer according to the condition of 
this digit* 

Bpyond these simple operations is a second category which would 
bo desirable in almost any cas© and which will be built in if th© amount of 
equipment required ia not excessive«. Among those c per at ions ares transfer¬ 
ring data from one part of the coaiputor to another without arithmetic 
operations, absolut© as well as conditional transference of control, the 
shifting of information within tho computar without requiring multiplication 
and transferring parts of a word without requiring a lengthy shifting operation«, 
These operations are sufficiently valuable and used sufficiently often to 
warrant their inclusion although they can be fairly readily made up of tho 
simpler operations* In fact, the very readiness with which they can be made 
up indicates the simplicity of the additional equipment needed for their 
automatic accomplish)ivent «, 
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Thon thore ia a third category containing operations oí. a 
nor© special nature whose general value ie not aoinüaedxately apparente 
Once again it is possible to maleo up these operations írom. the s.unp-.or 
ones 5 the question is shall they bo made automatic.. Among these op ï 
tiens are others such as addition and subtraction using the absolute 
values of numbers, division,, and square root which would be ^eluded only 
if they were either very easy to add or it the problen© under pasuiuu, a 
consideration require them in such quantities as to make economic bhcu 
inclusiono Among these operations are still other» whxch would nob bo 
included at all unless the particular problems required them„ 

It so happens then that the first two categories involved ax'© 
decided without, regard to the mathematical problem» involved, the xirsv 
category, arithmetic operations, because it would be included anyway* and 
the second category, convenient, operations, because of xts general value 
and the ease with which it can be added to the computero happons 
that the third category, special operations, tenda to be decided acc r 
ing to the cost in machine complexity unless the need for- them in special 

problems is immediately apparent 0 

3» BASIC CODISS. 

Orders in general consist of an instructional operation code 
plus the positions or addresses of one or more of the words in the ^”^s0° 
Orders are called single or multiple address order» depending on whaha 
there are one or more references to storage for each operation.. 

The choice of the nuuaber of addresses to be used in the order 
is once again largely dependent on the physical nature of the machino. 
Sine© most arithmetic operations require three numbers, two oi ^hich are 
combined in some fashion to form the third, a three address code might at 
first be thought beet, since two of the adorasses could be for the two 
original numbers and the third address for the disposal, of the r®s^° 
However, many times only one or two of the addresses are requiied ^ul.ing 
•In considerable waste of order storage,, The address position °f ^single 
address code is almost always used thus making it somewhat more efficient, 
particularly m it is not necessary to store the results of operations ~f 
they" are to be used again immediately0 Four address codes are also useful. 
Th/fourth address can be mod to select the next order to be performed? 
thus it is no longer necessary to store the orders in approximate linear 
sequence in, the machine and considerable numbers of transfers the 
sub-program operations are avoided. However, all these consiaei ations aro 

secondary,, 

In the first place the single address cod© requires the simplest 
kind of eouiomont since only one elementary operation is being carried on Ti timeoTho effective of a triple addreae code requires ÇoneideraM, 
duplication of control equipment. In the case ox a paralle_ ui^pe macnin 
such as Whirlwind the increase in control equipment woulo; be considerable 
and the saving in time small. In the case of serial typo machines where 
the time required to extract information from storage is long, the use of 
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ï. mult/ipl© addi‘ees cod© allovjs these extractions to be carried oui., .ui 
parallel with a considerable saving in time. For this reason a laalniple 
address cod© was selected for the early serial, computer invesbxgatxon ol 
Px'ojact Whirlwind and has aJ.so been selected for some of fche EDVAC 
machines0 * , 

‘There is another important consideration,, howeverj and that is 
word length* Ths length of an address is fisted by the memory capacity, of 
the machine and is of the order of ten to fifteen binary digits0 A triple 
addresss cod© is thus of the order of 50 binary digits in lengthy Thirty 
to forty binary digits are usually considered adequate for most typos ox 
computing,. If the word length is made 50 or more digits long just, to 
accomodate the length of ari order, there is a considerable was cage both 
of memory capacity and quipmsnt„ If, howevera the order is cut in two 
parts or stored in two words, each part need only be about 25 digits 
which is now too short for most computing purposes,, Therefores when 
múltiplo address codes are considered ths four address code exhibits tfao 
advantage of nicely filling two word lengths of an ordinary conputer« 
Although the triple address cod© was used in the coding investigations 
carried out in the serial computer study of the Whirlwind Program a four 
address code or a modification of it was proposed for the actual machine» 
At the moment there seems to be no advantage in using a two address codo 
or in using .more than four addresses. Both the Whirlwind and Instituo® for 
Advance Study machines use a single address code as is beet suited to 
their basic system which is to perform operations in series while handling 
digit columns in parallel. Two complete single address orders fit easily 
through a single word length of a machine such as Whirlwind I.C or the 
Institute for Advance Study Machine while a singlo address order was used 
to determine the word length for Whirlwind I0 & 

There are other possible modifications such as an early EDVAC 
code which filled a full word length with a single address order and 
included space for such information as the number of transfers to be 
performed. The Naval Ordnance Laboratory machines proposed providing 
space for "stop orders" which were indices carried along with orders to 
facilitate keeping track of inductive processes. 

The selection of a fixed or floating point system has considerable 
effect upon the code to be used. In order to facilitate certain operations 
it is desirable to have a fixed point system available. If a floating 
point system is desired for ease of setup then usually both fixed^ and 
floating point systems must be provided. It has been decided that the 
Whirlwind machine and most of the other proposed machines.use a.fixed point 
system only because it has not been felt that any simplicity gained by the 
floating point in setup is warranted by the extra complication and .loss of 
speed of the computer. 

The procedure for handling signs also has; an effect upon the code. 
The particular convention used has no effect when elementary arithmetic 
operations are considered but has considerable effect when multiple length 
number operations aro carried out or when the digital character of the 
numbers are considered as in comparisons in conversions of on© bas© system 
to another, A 9“s complement system was chosen for the Whirlwind I. Computer 
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because of the oijoplicity obtained thereby in the arithmotic element 

although the tens complements system is used by the Institute 2.or 

Advanced Study appears to result in occasional coding simplicity. 

The rounding procedure used also has a considerable effect 

upon the code selected« In general during ordinary arithmetic computa¬ 

tion, it is desirable to round off numbers as carefully as possible. 

When the digital characters of the numbers is considered it is desirable 

not to round off the numbers. There are 3 possibilities0 The first is 

to round, off whenever dosirable from the point of view 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, elthei. 

accepting the resulting error or rounding off when desired by application 

of th© elamontary operations0 Tho third possibility is to duplicate 

orders for rounding off or not rounding off accepting the coot in machin© 

complication for ease in coding. Th© Whirlwind machine uses a combination 

of tha first and third method. Since the problems for which it is intended, 

in particular simulator and other physical problems, are arithmetic in 

nature g rounding off is performed whenever desárabl®. In some instances 

special orders are provided to avoid rounding off, in particular to facili¬ 

tate operations with multiple length numbers0 These points will be mude 

clear in the paragraph below«, 

ho THE INSTITUTE FOR ADVANCE STUDY AND WHIRLWIND CODES 

The IAS and Y7W machines are physically very similar as dictated 

by the similarity of their storage devices0 Their differences 11©.in the 

extra, complication of th© Whirlwind machine added to obtain the very high 

computing speed required for the problems -considered for Whirlwind. Since 

thoir physical natures are very similar and their physical natures have a 

very great effect upon the codes as shown above, tbs codea proposed for the 

IAS and TO machines are also very similar0 Those codes are given below and 

compared and discussed in detail. I shall first, give a short summary of the 

major differences between these two codes. 

SUMMARY OF THE DIFFERENCES BETWEEN THE IAS AND TO CODES« 

There la no appreciable difference between the ordern required for 

addition and subtraction. 

In multiplication the- Whirlwind machine multiplies the number selects 

by the order by the contents of tho accumulator in the arithmetic 

element and leaves the product in this accumulator. It is thus possible 

to perfora!, repeated multiplications without restoring tho products at 

each step. The IAS machine multiplies tho number selected by the order 

by the number which is in the shifting register of the arithmetic element 

and loaves tha product in tho accumulator. Th© only path between th® 

accumulator and the shifting register is via the storage thus requiring 

a transfer omitted in th© Whirlwind machin© if repeated multiplications 

are to be carried out. 

b. .L-i , Allí- vY'1 . 1¾ ’ S../. A, ' jiV'A j 4 i',,-:..; L,'‘ "’V-■■ -r-i..1. V. • 
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3., The Whirlwind codo providos two orders fea" multiplication oro of 
víhich includes i*ouiid.iiig off arid one of which does noc,, ihe lAo 
cod.® has but one order which always rounds off the product bun 
loaves an indication so that the rounding can be cleared, later il 
dosiredo 

4c In division th® remainder is cleared from the accumulator in the 
Whirlwind cod© and ia left in th® accumulator in th© IAS cod®, 

5o Since there is but one order per wo I'd in the Whirlwind machine as 
compared to two orders per word in the IAS machine only half as 
many control modification orders are required-, 

6., The shift orders in the IAS cod® .cause the accumulator in th® 
arithmetic element to be stepped but one apace to the right or 
left for each shift order0 In the Whirlwind code shifts up to the 
full length of the accumulator can be ordered by a singlo órdor0 

70 Thera are also some special orders provided in th© Whirlwind cod® 
for facilitating operations with multiple length numbers0 ri'b.ÎÆ 
facility is desirable in Whirlwind I because of its short register 
lengthso 

’So Since data is not available no comparison is given between the 
input and output order© proposed for the two machines.-, 

Th© detailed comparison of the codes now follows; 

Order Number_Code_Symbol _____Descri Description 

1 IAS Clear accumulator and add 
number located at position x. 
in the selecirons into it- 

MI ca Clear and add. Clear AC and 
add the contents of register 
X into it„ 

These two orders are identical as far as the operator i 
concerned 

2 IAS Clear accumulator and substruct 
number located at position x 
in the selectron into It„ 

MI Clear and mbs tract. Clear AG 
and substract the contenta of 
register x into it0 

These two orders are Identical as far as the operator is 
concerned;, 
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Or-der ilumbor Code Symbol Description 

3 IAS 

WWI 

H Cleax* accumulator and add 
absolute value of number 
located at position x in the 
Solectron into it0 

cm Cleax* end add magnitudec, 
Clear AC and add the absolute 
magnitude of th© number in 
register x into it* 

These two orders are identical as far as the operator is concerned0 
The absolute value operations are not described in R~127->____ 

Clear accumulator and substract 
the number located in position x 
into ito 

IAS M 

WWI run Negative Magnitude clear AG and 
substract the absolute magnitude 
of the number in register x into 

it« , 

These two orders are identical as far as the operator is conceraedc 

IAS b Add number located at position x 
in this selectron into the accumu¬ 
lator a 

Adda Add the contents of register 
x to whatever is in ACo 

WWI ad 

These two orders are identical as far as the operator Is concsrnecL 

6 IAS 

WWI 

h» 

su 

Substract number located at posi¬ 
tion x in the a elec tren into the 
accumulatoFo 

Substract« Substract the contents 
of register x from whatever is 
already in AC. 

concerned» 

These two orders are also identical as far as the operator is 

IAS HM Add absolute value of number 
located at position x in the 
Solectron into the accumulator0 

RMI am Add magnitude0 Add the absolute 
value of the number in régis tax" x 
to whatever is already in AC Q 

Those two orders are also identical as far as th© operator is 
concerned 
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COMM DEIWI Ati 

SjE'bdl Deocription 

IAS h~M 

concernodo 

Substract absoluto valu© of 

number locatod in position x 
in the d electron into the 

accumulatora 

Substract magnitude, Substract 

the absolute value of the number 

in register x from whatever is 

already in AG. 

These two orders are also identical as far as the operator is 

MI s.m 

IAS R Clear register and add number 

located at position x in the 

selectron into it ..- 

There is no counterpart to this order in the Whirlwind code,, The 

register mentioned is equivalent to Whirlwind 3- Register,. In Ui© IAS Coda 
this order is necessary prior to a multiplication,;, 

wTU'JULraat»! ru J n 

10 IAS A Clear accumulator and shift nimbar 

held in register into it0 

There is no counterpart to this order in the Whirlwind Codo0 When¬ 

ever It is desired to shift the number in the B-Rogister into the accumulator 

the regular shift left operation is used« 

11 IAS X Clear accumulator and multiply the 

number located at positiaft x in tho 

selectrons by the number in the 

registery placing the left hand 39 

digits of the answer in the accumu¬ 

lator and the right hand 39 digits 

of the answer in the register« Tho 

sign digit of the register is to be 

made equal, to the extreme left 

(non~sign) digit« If the latter is 

19 then 2-39 is to be added .into the 
accumulator,. 

Multiply and round off0 Multiply the 

contents of register x by whatever is 
in AC and round off the result to one 

register lengtho 

This is the first important difference between the IAS and Whirlwind 

codeo Since.the multiplier is originally in the accumulator in tho Whirlwind, 

cod©order 9 described above is not needed« Since the product also appears in 

the accumulator successive multiplications can be carried out without transfer™ 

WWI mr 
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ring the product into the memory at each step0 3ii the Whirlwind operation the? 
product is roimded off and the contents of the B register are c3.es.rGdo lij 
then, it is desis*ed to retain the less significant half of the producta 
special order described below is needed. In the IAS order not only is the lees 
significant half of the product retained,, but an indication is left in the sign 
digit position in the register so that the rounding can be cleared if desired«, 
The IAS order is perfectly complete as far as allowing double length multiplica“ 
tion operations^ but is less convenient if many of theta are to be performed a:, 
is the case in Whirlwind It 

11 WWI mh Multiply and hold full producto 
Multiply the contents of register x 
by whatever is an AC but do not round 
off« 

This is the order mentioned in the paragraph above« 

12 IAS 'Clear register and divide the number iî 
th© accumulator by the number located 
by position x of the select ron* leavinj 
th0A remainder in the accumulator and 
placing the quotient in th® registar« 

WWI dr Dividto Divide the contents of AC 
by whatever is in the register x0 

Although the two orders 
differences 0 In the IAS code the 
the Whirlwind code the rounding is 
into the accumulator« Secondly, t 
is cleared from th© accumulator in 
of th© Whirlwind code and is due to 
accomplished within th© machine« 3 

ir© superficially alike there are two 
quotient is rounded automatically, while in 
not performed until the quotient is shifted 

■ $ remainder is retained in the IAS code and 
:,h® Whirlwind code« This is as a shortcoming 
th© particular way in which the division is 
do not fee], that the result ie seriouso 

13 IAS Shift the control to the left hand 
order of th© order pair located at 
position. X in th© selectron« 

MI Sub-program« Transfer the register 
number x to the program count ore 

These orders are identical, as far as the operator is concerned except 
that since there is only one order por word in the Whirlwind machine it is not 
necessary to designate which half of the word is to be used. 

14. IAS Shift the control to the right hand 
order of the order pair located et 
position X in the selectron« There 
is no counterpart to this order i:r: 
th© Whirlwind code« Since WIT. has 
but one order to a word« 
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Order Number Codo Sjv:òol Doacription 

15 IAS cc If fcho number in tho accumulator 
is ^ 0 shift tho control aa in 
ordor 13o 

WWI ££ Conditional prograsa. Transfer the? 
registei- number x to the program 
counter if the number in AG is 
greater than zero«, 

There are two cliff arencas between these orders ? th© first is the ono 
mentioned above that sine© thoro is only on© order por word in the Whirlwind 
machine it is nob necessary to designate which half of the word is to be usod. 
Tho second is that sine© the Whirlwind machine used 95s complements while the. 
IAS machin© used 109s ccauplomonts$ zero has a zero sign digit in the XAS machine 
whil© it has a 1 sign digit in the Whirlwind machine<, Zero is thus allocated 
to the positive numbers in the IAS machin© and the control is shifted for a 
zero number* whil© in the Whirlwind machin© zero is allocated to the negative 
numbers and the control is not shiftecU 

16 IAS Cc If the number in th© accumulator is 
shift th© control as in order .14» 

There is no counterpart to this order in the Whirlvdnd machine since 
there is only one order per word« 

17 IAS 

WWI 

s Transfer the number in the accumu¬ 
lator to position x in the selectronc. 

ts Transfer to storage0 Transfer the 
contents of AC to register x Q 

These two orders are identical as far as th© operator is concerned„ 

18 IAS Replace ihe left-hand 12 digits of 
tho left-hand order located at 
position x by the 12 digits 9 to 20 
from the loft in th© accumulator,, 

WWI td Transí©ï digita u Transfer the left- 
hand 3*1 digits in AC to the regie tor 
position section of th© order in x» 

Th© differonce here lies* first* as usual* in the number of orders 
per word and also in th® selection of which digits in AC are to be transferred 
to th© storage stored order0 At present th© WWI cod© abatas that the left-hand 
11 digits in AC aro to b© transferrode This digit selection is not entirely 
satisfactory since the first digit is also the sign digit which puts certain 
limitations, on arithmetic operations performed on th© numbers to be transíerrado 
The digit selection will therefor© be changad* but it is not yet known what the 
final choice will be0 The decision is not needed in th© design until the final 
cabling diagrams are made0 
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Order Nijmber Code Symbol. Description 

19 IAS SP Replace the left hand 12 digits of fth 
right hand order located at position 
X by the 12 digits 29 to 40 from the 
left in the accumulator. 

There is no counterpart to this order in the Whirlvdnd code because 
there is but one order per worcl0 

20 XAS R Replace the contents Eq Ej Bp. 
E-^g E^o of the accumulator by 

6 

MI 

% % % o.o 11 

ax" Shift righto Shift the contents of 
AC and BR to the right the muabor of 
digita designated by the number in 
the register number section of th© 
order0 

There are two differences betoeen these orders.. First the Whirlvdnd 
order allows shifting by aa many digits as desired as compared to the IAS order 
which allows shifting by only one digit at a timoo Secondly, the contents of 
AC are rounded off in the Whirlwind I order and are not rounded in th© IAS order. 
The sign handlang methods aro th© sam9 

21 IAS L Replace the contents Eq 1¾ Eg o.o 
Eoß Itjcj and Kq 1¾ Kg «.. K-jg Nyy of 
the accumulator in tho registei'*, by 
Eq Ep Eg » « ° Ego 0 and Kj. % 
«.o Eg 9 Ej_. 

MI si Shift 3.9fto Shift the contenta of 
AC and DR to the loft the number of 
digits designated by the number of 
the register number ¡section of the 
order. 

There are again two differences between those orders« Th© Whirlwind 
order allows shifting by any desired number of digits while the IAS order allows 
shifting only by one digit at a timo. Secondly, the digits of the register ere 
shifted into the accumulator avid the result rounded off in the Whirlwind order 
while there is'no round off in. the IAS order« The sign handling methods are the 
samso However, in the IAS order the digits shifted off the left hand end oí' the 
accumulator are saved in the B register, while they are completely discarded in 
the Whirlwind order« 

Those orders are the only ones available fox- the IAS code that have 
been reported to us to date« Below ar© described some further orders proposed 
for Whirlwind 1« 

1WI sa Special add« Add as in ad but retain 
any overflow for use in double length 
number position0 

¿LiiOikL. ¿i¿¡&Wi*iMbüi 
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This order allows a complets doubl© length addition to bo performed 
in 6 orders while mor© than this number of orders is required in the. IAS codo 
without modifieation0 

This additional order seems to be warranted in the case of Whirlwind 
first because of its short register length* and second because the handling of 
doubl© length numbers is more complicated in 93a complement than in 10’c 
complement 0 

WWI as Automatic sub-program,, Put th© 
contonta of AC in BIL Put the 
contents of register x in ACo 

This order is the preliminaiy stop to the automatic sub-program 
operations discussed in M-123o 

Will ax, ay»aa These are the three automatic sub¬ 
programs to be alloted in T/Mrlw:md I0 

WWI sd Store aad display,, Transfer the 
contents of AC to register x and also 
to the output elemento 

This is a very single output order to fca provided in Whirlwind I for 
use in test storage only0 The more complicated special output orders have not 
yet been described in detail0 

5~ CODING CHANGES FOR WHIRLWIND I„ 

The control of Whirlwind I is so designed that changes in the codo* 
such as changing round off procec ores or retention of digits in shifts or 
multiplications can b® readily made at any time even after th© machine is 
operatingo If it is discovered later on that certain of th© minor différences 
between the Whirlwind I and IAS codo occasioned by decisions made in th® light of 
th® arithmetic problems proposed for Whirlwind I should be adjusted* they can. bo 
changed readily without serious physical change in th® computer Itself0 

It ie also possible to us© some of th© spar© order positions left in 
the control order to set up modified additional orders while retaining the 
original ones0 

Robert R0 Everett 
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Project Whirlwind 

Servern©ohanisma Laboratory 

Massachusetts Institute of Technology 

Cambridge, Massachusetts 

SUBJECT : ALPHABETICAL INFORMATION IN VffilRLWIIJD COMPUTERS 

Tos 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 alphabetioal information could 
be worked out if more time were available. 

1. are is nothing that prevents the insertion of 
alphabetic data into a binary machine such as WHIRLWIND. The 

twenty-six characters of the alphabet plus the few extra which 

are needed for certain kinds of punctuation and markers can 

be written in a base thirty-two system which requires five 

binary digits. The information may be inserted in the computer 

in this binary coded base thirty-two system. Five binary digits 

are needed for each letter; thus, three letters could be stored 
in the sixteen digit word length of WHIRLWIND I with on© digit 

left over for a marker. WHIRLWIND II oould store about eight 

alphabetic characters per word. Since either three or eight 

characters is insufficient for most alphabetic data, particular¬ 

ly names, the actual alphabetic words would have to b© broken 

up into several registers in the computer. There are several 
possibilities for handling this: 

ac Assign for each alphabetic element a certain 

number of registers large enough to contain 

the largest possible case. This system is 

probably too inefficient to be very useful. 

b. Transmit, probably first, a register tolling 

how many words are required to contain the 

following alphabetic information. The com¬ 

puter can use this information as an induction 

index to keep track of* the alphabetic processes. 

Use the digit left over in WHIRLWIND I or an 

equivalent digit in other computers as a 

marker. The first word, by word I mean 

computer word, in the alphabetic sequence 
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could have a soro aígn digit or marker. 
From thon on, all worde coming along with 

sign digits equal to ono would be under¬ 

stood to be part of that alphabetic in- 

formation« The next time that a zero sign 

digit appears the computer would know that 

a new alphabetic word had appeared« The 

computer can handle this problem easily 

beoauee of the conditional sub-program 

operations» 

A typewriter or teletype style of keyboard would 

replace the ten-digit decimal keyboard. Each key punched 

could, probably through a matrix switch, provide the five¬ 

digit binary code equivalent to it. These codes would be 

inserted in the keyboard register in sequence without con¬ 
version since it is desired to keep the information in base 

thirty-two. 

It is desirable to have at least some punctuation 

marks since alphabetic information may consist of a number 

of parts; for instance a man's surname, followed by his 
given name, followed by his middle name. It is desirable 

to separate these sections, since in a comparison for 

alphabetic order, the first initial of a man's given ntune 

has a different meaning than if it were a corresponding 

last digit in his surname. In this case, a comma given a 
base thirty-two notation which is greater than any of the 

alphabetic numbers could be inserted between the surname * 

and given name, giving the desired result. Also, it will 

be necessary to attach base thirty-two numbers to the 

alphabetic characters in descending order such that A will 

be the largest and Z the smallest numerically« The alterna¬ 

tive is also possible of attaching numbers in increasing order 

instead of decreasing. In this case the comma should be 

smaller numerically than any of the alphabetic numbers, 

2« I cannot see where it would be desirable to 

perform any arithmetic operations on the alphabetic data 
within the computer, since, in general, words and names 

have no quantitative moaning. The only operation I can 

see of value is the comparison operation; that is, the 

choice of whether or not two names or numbers are alike 

and, if they are not alike, which comes sooner in an alpha¬ 

betic sorting. It is true that alphabetic order is obtain¬ 

ed by assigning numerical meanings to the alphabetic characters 
but this is done merely for convenience in reference and does 

no^; mean there is any logical moaning to the sequence except 

in the particular case mentioned above of identity or equality 

between words or parts of words. 

For instance, in examining a sequence of names, 

each one of which is represented in the surname, given name. 
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middle name order, two names may be considered as belonging to 

the same person only if they are identical in all parts« How¬ 

ever, two names can. be considered as belonging at least to the 
same 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 correct 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 decimal number may be written in binary code re¬ 

quiring 4 binary digits. The second digit may also be so written 

requiring 4 more binary digits. If this process is continued, 

the result will be a binary coded decimal number requiring 4 n 

binary digits where" n is the number of decimal digits in the 

original number. Now several things are apparent. Since four 
binary digits permit 16 possibilities and we are only using 10 

df 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 ind'istinquish- 

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 thisj process 

into account. I 

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 casesî 

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 aero 

in the machine 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 number of these groups may 

be equal, but eventually we will come to 

group in which the Ciinuend is larger than 

the subtrahend. The difference In this 
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group will bo a positivo binary number. Further- 

morOj, since the smallest digit in this group has 

a greater significance than the sum of all digits 

to the right considerad in binary or any other 

base, the result of subtracting groups to the 

right oannot affect the sign of this difference. 

The sise of this group and the moaning of the 

result can be affected, but the sign will remain 

and it is the sign wo are after. The subtraction 

can be thought of simply as a comparison process 

■whore the result can bo obtained by examining 
the first unequal pair of digits starting from 

the left. 

c. 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 naiues written in binary code. The code used 
is an ascending on© with AO, 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. 

ADAMSS 0.00000 00011 00000 01100 10010 

- ADLERs 0.00000 00011_01011 00100 10001 

i.iiiii mu loioi oiooo ooooi 

The result is negative; therefore ADAMS come before ADLER, 

ADAMS 0.00000 00011 00000 01100 10010 

AB0RN: 0.00000 00001 OHIO 10001 01101 

0.00000 00001 10001 11011 00101 

The result is positive; therefore ADAMS come after AB0RN. 
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Since we are dißcriminating only on the sign of the 

retrait the binary etibtraotion is adequate. For example„ if two 

names, conelderod temporal1 ily 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 zero sign digit, then we know 
immediately that the first was greater. If the difference were 
negative or zero as represented by a one sign digit then we know 

that either the second name is greater or the two names are 

identical. By greater I mean comes sooner in an alphabetic 

sorting. Now if the latter case obtains we can 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 zero. We can thus determine 

identity. 

If we are comparing two names consisting of several 

parts, for instance surname and given name, we can examine for 

identical surname by flx*st subtracting one from the other. 

In the check for identity, however, instead of adding the test 

one in the right-most place we will add it in the right-most 

part of those sections we are comparing, for instance, in the 

right-most digit of the surname part only of the words being 

compared. By shifting it is possible to put second or third 

parts of the alphabetic information in the first part section 

and to compare on the basis of these, having discarded the 

first part. Using these methods it is possible to take a 

string of random names and put them in alphabetic sequence 

or to aort 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. 

3. The problem is complicated somewhat if numerical 

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 the beginnings or ends of alphabetic words 

requiring more 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 numerical information 

since the range of numerical data for a given quantity is 
usually considerably loss than the rang© of alphabetic data 

considered as numerical. This difference is due not to a 

preponderance of alphabetic words over numerical possibilities 
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but rather to the greater efficiency of numbers as compared to 
the written equivalent of spoken language. In any event it 
ehould be possible to dissociate the alphabetic and numerical 
parts of the information being handled either by index marks 
carried along with the information or by standard conventions. 
In particular, once the numerical part of the information has 
been extracted the problem of applying conventions iß really 
no greater than that customarily met in ordinary computation . 

Since the kinds of operations to bo performed on 
alphabetic data appear to be very limited it ^ 
to code 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 capacity of Whirlwind computers would permit 
fast handling of alphabetical information. Several input 
tapes could be controlled .simultaneously and che internal 
storage could be used for arranging blocks of information in 
order before reading to the output. 

4, The output printers for the actual prinking of 
the numerical results have not yet been given any considera- 
tien for Whirlwind. In all likelihood, however, those printers 
ehould be able 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 ma © 
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 he 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 suggest for this purpose that one of the 
spar© 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 lax ge 
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 erasible output medium would be a great help. The _ 
presently proposed equipment should be satisfactory for handling 
small quantities of alphabetic information in cccasiona! problems 
If the machine is to be used for large problems of this type, as 
for instance in census work, an erasible output medium, probably 
magnetic tape, should he developed if not already available from 
other sources. The required modifications within the computer 
itself should not be serious. 

ERE?bb 
Robert. R. BtfereU 
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October 6,: 194’? 

ÏM.0 memorandiua le In respono© to your request mode at 
a. conference with Sylvania on Fridayf Septonber 12» 'it is an attempt 
to list the present objectives of block diagram work and to define . 
the expected result a of that work in sufficient detail to îùJ.ov; 
aatinating its affect on Whirlwind ï computer design« 

ï hope in the near future to produces concrete diagrams ami 
timing otudles, accurately defining theeo matters. Shin work will 
be greatly expedited by the return of F« S» Swain who is expected . 
early this month« I would appreciate comments of any sort on the work, 
particularly on the order in which the different "problema should be 
studied in order to beet meet project needs» 

SUMMARY; The block .diagram distributed to data sad 
described in R-127 (expected publication date October 15) doacribo 
the elements of a working computer« The control and arithmetic 
aloiaont arc og senti ally complot© as they stand. The storago described 
is the test storage proposed for Whirlwind ï. Tho input and output 
devices described are only those needed for this teat «tarage« Before 
the block diagrams can be considered completo for Whirlwind 1, tho 
following work must b® dono» 

1) Tho affects of adding electrostatic storage must 
bo examinado 

2} Tho input and output device® needed in order to 
use Whirlwind I with electrostatic storage at all efficiently• 
must be described in fair detallo 

3) Purthor work must b® dono on checking. Thl® work 
should include specifying not only additional.equipment required 
for continuously checking computer elements but also more or lose 
complote analyse a of all the checking methods to be used for 
determining and isolating failures« This latter information, can 

subject? 

To; 

From s 

date; 
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be used for detemilKing ^ouM-e^ohooting p roo ©dura « rud 
aecoBsary equlprooat as well as for dleoovering tho infcrmation 
«hich raust bo brought from tho ooraputer to tho coitro.'. decís:- 

4) Tho additional orders required in the code must 
be fully Investigated» 

5) Moro exact methods and timing mast bo determined 
for generating restorer pulsos for e c coupling» 

These problems are diecuoeed in the latter part of this 
mcnorsadunu 

Ths expected effects on Whirlwind 1 design ares 

1) The roqulroraent of a fair number of gate tubes 
and matrix epsoe in the control beyond that now defined.-, This 
provision is* ï believe, being mado but should be adequate for 
additiona beyond those conceived at present« 

2) The possible addition of a special register for 
storing program counter numbers during automatic aubprogremoe 
It may bo possible to avoid tho use of thin register-, k ßtudy 
of this problem could probably bo made in a few dsçra if worth¬ 
while et this tima» 

3) Modifications to the program counter to allow up 
to thro© special pro-sot numbersc- The problem is the game aa 
that presented by pre-setting tho stop counter«, 

4} The design of a control for electrostatic storage. 
Although, the .necessary information for a final design ip, not 
available, an- approximate design could now be made« 

5) »©sign of shifting registers for input sad output 
devices. These must bo designed eventually and provision mast 
bo mode for connecting them to the bus. Control cables to th® 
registers and to the film devices themselves aro needed. 

6) Design of counter controls for storage buff era 
between computer and input and output devicos s.a well as 
coautera for film position. The same comments hold es for 5« 

7) Modification of tho stop counter to provide 
restorer pul«es during lengthy oparatlone« 

8) Ho diaoussion of checldng or control desk problems 
Í® given in this mémorandum. 

j 
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SgXjjjAgg GONTffiL;' «ho possihllity of oori- 
siderablo change end the uacortainty of time requirements have üo far 
prevented any exact description oí the electrostatic ssorage coïiuxol 
hut a possible sequence of events in using electrostatic storage has 
haon given some considération« An outline of this sequence and the 
necessary control equipment is as follows; 

«here will he 2 hanks of 16 electrostatic storage tubes each, 
ïwo 33-way switches will he provided, one to set the vertical deflection 
voltage and the other to set the horizontal deflection voltage, «hese 
voltages will he applied simultaneously to oil tuoes. A way switch 
vÆll he provided for selecting which of the 3 storage hanks is to he 
used. 

On the output of each tubs will h© a ^position .tlíp^-¿J.op, 
When this flip-flop is set to its neutral position it will he switched 
to one position hy a positive pulse and to the other by a negative 
pulse. «Ms flip-flop is connected to the hus hy read-in and read-out 
gates and is also connected to the screen of the storage tube. 

«he sequence for getting information from the storage is then; 

X) Gloai' all storage flip-flop es (:1. e., return them to 
neutral). 

2) Transmit the control order to the storage switches. 

3) A period of time will he required for the deflection 
voltages to reach their final values. 

4) The screens of the storage tubes will ho set to 
neutral hy the storage flip-flops« «he beams of the tubes are uow 
turned on. «he selected spot will charge up or down depending on 
whether a 1 or a 0 was stored. The signal coming from the. signal 
plate will thus ha positive or negative and when applied to the 
3-way flip-flop will change it to one or the other of the non- 
neutral positions. 

«ho connections from screen to flip-flop are arranged to mo ye 
ths screen to the original potential of the cpot charge, It is 
necessary to keep tho screen potential nt neutral during the enlixe 
reading step« borne sort of corrective delay must therefore ho introduced 
between the signal plate and the screen, setting« 

The 3-way switch for selecting the hank may be used either to 
select which beams aro to he gated or else to select which ilip-flops 
are to ho road onto the 'bus. 

5) The flip-flop a are then examined to make sure that 
none aro in the neutral position. A flip-flop in nanti-el position would 

■4 I 
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represent the faS.luvo of that pertlotular tube to read, out« 

6) The row of flip-flops will then hs road out onto 
tho main hua and the check 1111110 

7) The flip-flops remain 00t to the position corresponding 
to the original contents of tho tubes* Tho stored signal in the 
tube has been ©rased In tho reeding process« The aereen» are then, 
sot according to the flip-flop settings and tho beams again pulsed,. 
The signal will thus be replaced In the tubes« 

The outputs from tho signal platea during tho rewriting 
procedure will bo sent to the flip-flop inputs resetting thorn to their 
neutral positions« Examination of the posit ion 3 of all flip-flops 
following the restoring will discover if any tube has failed to operate* 

At tho clooe of the operation, tho original contents of ths 
storage tubes remain» The number has been read out to main bug and 
check bus and all parts of th© operation have been chocked* 

Tho use of a holding beam complicateb th© above ooquenco* It 
iaey be necessary to cut off the holding beam during writing end reading* 
It will b© necessary to keep th© screen at oom© potential ether than 
neutral during th© normal holding beam op oration.,. It may even be 
desirable to provido 3» 3-way flip-flops, on© for ©croon potentiel and 
on© for tho number,, connecting them by gat« tobes in order to have 
better control ovar screen potentiale 

« 
Storing a number Is done in similar maimer. Depending on 

the timings tho old number may bo read out, tho flip-flop0 cleared and 
reset» and tho navi number stored instead of ths old, or th© new number 
may bs stored without reeding out tho old« 

Because of tho complexity of tho sequence end the lock of 
knowledge of tho timing, ths control for tho electrostatic ato rug© will 
be a separate entity from the main control of the computer. The control 
sequence will be insertad in the main timing sequence in the came aamner 
m several of the other operations. In effect this special control 
sequence will be inserted in place of the delay counter delay. It is 
doubtful If tho overlapping which will be resorted to in ths 00,00 of 
Whirlwind II for the purpose of increasing operation speeda will bo 
worthwhile for Whirlwind 10 

INPUT AMD OUTPUT DSVIGKS;; Tho input end output devices, vMch 
arc under development at Eastman Kodak Go., require soma special equip¬ 
ment for connecting them to the computar. 

SSS'iUPSEl ;';ÍVÍA-.»rd iH 
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A alngl© mechanlcaX houoing and film drive design is planned* 
the devico haine suited to Its particular purpose hy dii'ferancoa in the 
optical and electronic systems» Thore will also ho a aeperate design 
for a múltiple»-element graphical recorder» 

DICJ-T.Ah HP'UTS; The input rendors consist of a film drive, 
a cathode-ray tube and optical system for sweeping a spot of light 
across the filmt end e, photocell« ®i<o film has stored on it both the 
number and its complemento Tho reader reads both number and complement 
and sends those out serially on a single cable» There isa clutch film 
drive which can be started or stopped on receipt of an order from the 
computer« 

The computer equipment is as followa« 

1} Two registers capable of shifting» The information 
coming serially from the reader is shifted into the end. of the proper 
register, the number into tho number register and the complement 
into the complement register« EVilowing this shift the number is 
added to its"complement in the complement register« Any reading 
errors will appear as discrepancies in the aura» . 

The number may then bo read from the number register onto 
bua« 

>) Xt la desirable to allow the computer to continue 
calculations while the film ia being read» A possible, method of 
accomplishing this end and at the same time simplifying the 
ordering process la as follows» 

Allocate a section of storage, perhaps 64 registers, to serve 
as a sort of flexible connecting link between the computer and the 
tipo» Conaidor this section as a ring., Bach new number coming from the 
tape is put in the first vacant space« Bach number taken by tho 
computer ia taken from the first full opaco » Two counters keep track 
of the positions of these arpaces» if the reader has gotten ahead to the 
extent that the ring ia nearly full, a signal will be sent to the film 
drive to stop» if the ring ia empty* the computer will be stopped to 
allow the reader to catch up» 

3) Another counter will, be provided for each reader to 
keep track of film position for use in scanning rather than 
extracting large blocks of information» Each transfer from the 
reader registers to storage should bo checked« Tho computer mure 
be stopped while the bus find storage ere in use for ^his purpose» 

4) An input typewriter and decimal-to-binary convertor 

> ., 
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Will be attachad directly to th® bug» A nunber oca be typed la 
along with tha de aired storage locatlouo ïho computer will thon 
stop Its standard procedure long enough to store the nev 
lafcmaatlono 

DIGITAL OUTPiraSs The output irritara ers similar to tho 
readers except that tho spot of light from the cathodo^ray tuba xa visad 
to expoee the raw film in. the writer,, 

Tha computer equipment is at; follows: 

l) Two registers of tho samo typo as used with the 
readers, Th© number from the bus Is sont to tneso register3¡, the 
number baing placed in one and its complement in. tho other, Th® 
number is shifted out serially onto a single cable to the writer. 
The writer recorda both amber and complement, recording l'1 s in the 
number lines if the digito shifted in aro l"s and I’c in the 
complement lines if tho digits shifted in are O'®, 

’ s) Photocells are provided to determine if tho writer 
has recorded 'and whether it has recorded in the number or 
complement lins, Tha recorded digits are shifted Into the 
vacated end of the number register. If all digits have been 
recorded and all recorded properly, tha exact number will have 
been replaced in the number register«. This fact is checked by 
adding the contents of the number register Into the complement 
register. The result should be all Io a. 

3) A buffer section In the b to rege can be provided 
for each reader. Koto that setting up those buffer sectlone does 
not prevent their use for Internal -computer needs«, Thu siso of 
the buffer section can be adjusted at will by setting the cormier, 
or tha section can bo omitted entirely and tha film controlled 
by direct stop and start ordsrs. 

AHALQGlia INPUTS? In general these will bra measures of shaft 
positions or other mechanical or electrical amplitudes. One or more 
converters to binary cod® will be provided. The computer will o ataña 
th© desired information by transmitting to the convertor first, an order 
to convert, a certain quantity and, second,, an order to transmit to the 
bus with th® number of the register which is to receive the information. 
These orders will ba separated by enough tima (used for other 
operations) to allow the converter to select the desired quantity and 
perform the conversion«, The time involved is unknown at present. The 
converter will be a solf^containcd unit with ita own control0 

AWAhOGÍIB 0ÜTHJTS? Such outputs will be used for positioning 
open-cycle or closed-cycle Instruments or mechanical servob. In 
general the conversion will be from binary code to ,¾ electrical 

_„CUBhSjkÍ :--:0. ..,.1 V-i... -:.--- . . •> . _ 
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joagnltxiâo which can. then be transfornsd into any deslrsd. aaslogua 
quantity« Severe! converters will be provided depending cm the 
number, sensitivity, and accuracy of the quantities converted« 

The number to be converted will be sent to the converter 
unit along with an order designating the ultimate destination of the 
quantity converted« The converter will perform the necessary con¬ 
version and switch the rosuit to the desired place« No further orders 
are required but care must be taken nob to order another conversion 
by the came unit until the previous one Is complete« If another con¬ 
version is ordered before the convertor Is ready or if the input 
converter is asked for information before it is available, the computer 
will be stopped until the orders can bo carried out« 

An alternative possibility is to retain the new order until 
it can bo performed, the computer proceeding meanwhile? If the order 
storage is full» the computer can then be stopped« This method vioulcl 
reduce stoppage time for a given care in programming but does not seem 
whortbwhile for Whirlwind I« 

Graphical recorders are but one form of analogue output and 
will be handled with the others except for the addition of start-stop 
orders and passible speed selection and scale factor recording« Scale 
factor recording might be carried out less efficiently by the use of 
another recording channel« Another possibility is to note scale factor 
changes by some definite trace in the recorded channel« 

owpaictnCt AND OONTHOL DESK: This category is probably the 
least understood.and yet most important of all at this time« However, 
since this problem is to be discussed in detail by concerned parties in 
the noer future, it seems preferable to defer its discuosioiî.» 

ADDITIONAL OHDjgRóy These ordere fall into three categorias: 

1) Extension, of c&, eg. pj,, to handle absolute 
magnitude of'numbera. Absolute magnitude may be obtained using 
existing orders but the greater speed and simplicity of special 
orders faeoiiiß warranted here« It is estimated that further equip«' 
ment inclutles control connections and possibly two extra gata 
tubos in the operation timing matrix« 

Into this category also go possible modification" in existing 
orders« The only modifications now under consideration arc in rounding 
procedures» It is not expected that additional equipment except for con« 
trol matrix connections will be needed for these orders ©von if they 
entail the actual construction of new orders for different rounding pro¬ 
cedures (as mr and rr¡h)0 

2} Orders required for the control of the input and 
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flor íiira readers - 

a. Start film x - go to position marked 'by next order,, 

Do Desired film position» 

c„ Head in. x words» 

3j'or film writers - 

a» Start film x.0 

If Duffer storage cectiona ara rased, no further orders si‘o 
necessary » In fact, if 'buffer sections are permanently allocated to _ 
a film, no orders at all oto needed» Such a system would be «astefiu 
of storage» and would prevent scanning« 

The above orders require control lines, control matrix 
connections and control gate tubes» 

for analogue inputs - 

a. Convert quantity x,. 

b» Store last converted quantity in storage register x« 

For analogue outputs « 

&.n Convert quantity' supplied and seal to %» 

b. Start film x, at speed 

Scale factors can. probably be recorded in the same channel ay 
special marks or in a separate channel» 

Co Orders for automatic subprograms» 

?ho coding of Whirlwind ï with its short register length, would 
»6 simplifié IE mmy proUem, if KElUple length nM ePfratio« nmild 
tie ordered an simply as single length, in Whirltaml il mail a 
rai-ht also be desirable, for instance in ordering Interpolations or 

length number operations» ®he system proposed is basically a 
wsy of allowing the operator a small imber of special operations co be 
selected at random by'himself snd hrmcllod as if they were 07i-j.lt invo uhe 
computer» «he following method ha,a been proposed« 

TOwa« «rdarn aro needed» One id ves the number of the register 
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hold!nr the first half of the first number tc oe opened ou. X'he 
ScondVee the n^er of the regier holding the ^'of 
■r-hc- racout1 aunnher to ho o^parared oïl, Ij-Q thiJ.d to--/oo • 
S ^r«MLOh t. to told «to rnrt tólt OÍ «to ««X«. *Ke 

«rs; Oto Of «to «h», orfto* -to* 
doaignate the operation to ♦he pericnmecu 

Tho 3-order register ncmhers era mads available to the 

su'bxorogram ae followed 

A new order is derivad which doss the following - 

1) ïranam1¾a the contents of AO to BRn 

2) Transmits the contents of AR to AC. 

3) Transmits the order itself to AHn 

Two explications of this order will store the first two 
orders in AH .end AC. Another new order is needed whi.cn » 

l) Doss the same as the above order. 

3) In addition, transmits the contents of rO to some 
special register provided for its storage. %ia register wi-l 

** .. M •j-n _ -n 1-0.-= f* op register to be provided in aht-iixoi- -o probably be a ilip-iiop W h Bho,m that 5.¾ iW 
present reglet era. A little rowcnt ,., a . . storage, 
ha -nossî'ble to store the contents of PC- in olecorostawc storage. 
Tf ?hifl .1,, -nos sí bis- and some timing studies should discovöA 
S ml U Ä «ira a^toter as toll a. W «tra ordo, 
can be evo ido cl. 

3) Sets PO to one of several possible permanently (&* 
torn« .mitUrlM) mm* rmm* *»*•;«»»«? 08 
toW ^ «to- o^eto » «»« T. «to J- ivpniHded Tn Whirlwind I there r,ught bo 3 leu c.xu...v.w.a„ e • 
pi o video.» 1 «mi tinl Iration of multiple-length nuraber s. 

Cínni/^nl«..!- «A to *» «HW*» «W ”«« 
«roSaniB of «toto o,m. «to ®,.bpfO,sfaas to <**«** a“ 
even at the behest of the machine itself. 

The result of S applications of the first order above 
followed by 1 application of an order of the second kind U. 

MÜs 
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1) f|?he de si rod 'regi ster nusnibers nr« at-cxr:, 
3. 1 ir'x ßü 1 hi B3, 

L"0 Üh'.:,* ULoSi-ù. ... i;i .‘...0. ..,’ ‘--J 

'.vbî”! orã‘$r zx'iibBi* io i;hio]i the imcfrhie b/^duícL 

ío iHuliprogrSiUi nov et í ar ta-, isa first o’cep xs v.o röiaov® ti* 
ord.er in./;’.' oy a ¿a 02* M c<rcle3.% ©ia ordar ia BE :1 r. fcñen traB.si’orred 
to AO and ramovad. She orde^.in AS is transí or red to AC using tias 
sacie typa of order as put iv/nM in the irrst plano® ‘lho subpjíogrean 
then proosods... 

Whan the subprogrtaa In complote the last order is a eui> 
program order returning the control to the main program® If a spocial 
register is used for storing' the return JMsmbor, a spécial order is 
needed. If the return number is stored in electrostatic storage, the 
standard subp?.*ogram order will cuff loe s tho umher being transferred 
to it by a M order® 

iïâSÏOmj^.gLSlS:, /.,t present the restorer pulses ara to 'be 
generated by the delay counter during storage setup® The high speed 
33-pos:ltion ev,fitch remoras the necessity for the delay counter which 
remsina» however, as a, restorer pulse ocurce. When electrostatic 
storage 'Is added tho restorer pulses am be generated by the storage 
control. Certain op er at ions pœ'ticuljaÆy division, require sufficient 
time between storage operations so that restoring must be done while they 
are being carried out. The step counter may be used for this purpose, 
stopping the flow of clock pulses part. way through the Operation and 
generating a pair of restorer pulsos in. the off interval. 

An alternative if. a restorer pulsa generator which counts 
clock pulses and generates restorer pulses at regular intervals. 
This possibility has been discarded In the past as wasteful since 
restoring con usually be don© at times when the computer is normally 
idle. If more accurate information as to electrostatic storage control 
timing were available,, a final decision as to restorer pulse sources 
and timing could bo made. 

.Robert B« Everett 
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Suhert H.j Lverefi 

í’roni:; Harria Ealingr/bocic 

Dates Octohor 90 194? 

Tha Sylvanla acheduie calla for ntartlng design of cabineta 
November 3« !hlsi means we must; have a good ostirrate of number of .cabi.nots 
and their height by that timo,. A critical cabinet la that which will hold the 
Arithmetic Elomant and the Register Panel® Arltbnatlo Element design in under 
way® W© mat soon decide what the Register Panol must carry® The Sylvania 
ßchodulö aleo calla for starting the Register Panol final design Rovombor 10® 
Accordingly with roforonc® to l would roccmnend the following priorities 
for our Informations 

A) page 3e (2)« Must wo add epoolai register for storing program 
counter numbers during eutomatio nub-progran? 

B) page 2,. (8}o Gan w® do high spaed ¡-spot chocicing by using the 
present check register dOl, without adding the recently discussed 
“memory check register"? 

0) page 2C (5)® Kust m add four register® for input and output or 
can ws get along with two! ffurnlnb. completa functional specifications« 

D) page 2(, (3)® Program counter modification details needed November 10® 

E') pago 2ç, (X) o An estiaste on amount of additional matrix 8pe.es before 
Brown wants to start matrix design® 

CIXÁAía -h^AßM 
Harris Pflhnostock 
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From; 

Dato; 

Harris Fahnestock 

Hah art He Forsrett 

October 22, 194V 

In response to your request for further information about the 
number of additional regatera needed for Whirlwind 1 beyond those ^ 
already described in the block diagrams* ï have made a brlea. sttb-j ox ^ 
problem with the results given in this memorandum. These results may oe 
s'ummai’iasd as follows; 

1) A separate trouble-shooting register will not be^ 
needed. The present check register or the proposed input and output 
registers can he satisfactorily used Ins^eadc, 

3) A separate register for storing program counter contents 
as part of automatic subprogramming will not be needed. One of the rs^guiaj. 
electrostatic storage registers can. he used instead,. 

3) One pair of stepping registers for input and output xa 
needed but is probably enough, at ioast at first. Another pair, perhaps 
in a small package, could he added in the future if ^problems being ¿anuie- 
aoem to warrent it. This requirement should not arise for at ¿east wo 
years. 

I believe these three points cover the problems in which you 
are most interested at this time. The specie! controls needed for <>hese 
services as well as additional equipment to he added to existing registers 
have not been detailed and cannot ha until the checking problem aas , 
received more consideration. I hopa to have out next week for commas a 
preliminary memorandum on checking. 

The rest of this memorandum consists of some discussion or items 
1 and 2 above« This di sue sesión is given, to substantiate the conclusions 
drawn and. for criticismo 

of Trouhle-Siiootlng Reglster^gSHs All elements of the 
computer including those not now so fitted are to have gate tubes for 
reading out to the main bus. A t~s register with gate tubes for reeding In 

.:1,...1 :-:..:1... .IM l'.,-..! . 1 (¿ill: il:;.'.'.':. . :■ ... 
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from the bus can then receive, upon reçusst, the contents of say 
computer element., Whis reception can le carried out at high speedU If 
ÏÏSR is not immodiately roused, its contents can be read from its neon 
bulb indicators» rfhe contents of any part of the computer can thus be 
examined visually although the contents so examined occurred during 
high-speed operation« Manually set counters and switches must be 
provided for selecting the element and timo for reading« 

MY^^gaajaSE.J$§Ezkirr.slga_OsfiSaSloa» ®h© advantage:-3 of 
this system over the fstsp-by-step operstio». system are 

l) Information is obtained during normal computer 
operation. 

2) It should be easier and faster to set switches and 
get essentially instantaneous results than to push the single pulse 
button many times« The counter system can be used for getting the computer 
in some desired position for starting a step-by-step process or can be 
used to stop the whole computer for complete examination or for performing 
a step-by-step operation where the steps are no longer single time pulses 
but groups of time pulses, either regular or irregular in length. If 
this equipment only is added, the flexibility of single pulse operation is 
greatly extended but the additional equipment needed for TSR is greatly 
reduced. In fact,, if TSR can bs combined with OR, very Tittle computer 
equipment is needed for the high-speed examination. The control equipment 
will be very valuable in examining control pulseo and computer operating 
details i:a general. 

Examining. .Multiple. .„QuantltlQg^ With a Ingle SR it will be 
possible to examine only one register at a time. It, would be very 
desirable to be able to examine several, either the same one or different 
ones at different timos. There aro several possibilities proposed for 
this. 

i) Provide several banks of neon bulbs along with TSR« 
These neon bulbs are driven from Ï3R but are provided vdth gate tubes 
and holding circuita so that they may register the contents of TSR s.t 
different times, TSR is probably still needed since it can be sot in a 
microsecond while the neon bulbs are slower acting. It is at the moment 
•undecided whether to provide sufficient counter controls to select ell 
quantities to be registered in a single computer sequence 033 to perform 
the selection manually, requiring long time interval». In the latter 
case, the neon bulb banks servo as storage elements and remove the 
necessity for writing down register contents for comparison« 

Another desirable feature would be a comparison circuit which 
would automatically compare a neon bulb bank either with T3R contents 
or with a set of toggle switches« 

.::1-.1: Xiv.r'-hV'. ‘-'iVl'V.. 
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2) Uß© the stepping re^isterr, fox* iapu« end oivsput to 
supply information to a cathode^ray tubo* As many quantities coul.d. be 
examined as lines could be provided on the GET face, A difficulty with 
this system is that the information would have to bo available 
recurrently for continuous vision« She multiple control would bo needed 
if more then one quantity wore under consideration» Possible ways out of 
this difficulty are: 

a) Continuous recirculation of a number in the stepping 
register* The register forms a delay storage element 
vdiich could provide a continuous display with only ono 
setting. ïhe second stepping register might be used 
to give a maximum of two displayed quantities« 

b) Uso a long-porsi stance or darto-trace tubo which would 
require only a single sweep for continuous viewing« a 
single control would suffice for this viewing means.^ 

c) Use the regular film output device. With automatic develop-- 
nie:?.! the approximate delay time between expo aura and 
visual examination would bo three to five minutes which 
is ordinarily excessive. It might bo possible to perform 
s non-permanent developing job in loss time. 

Uge of the stepping registers should be seriously considered. 
An automatic comparison can be easily made using the second stepping 
register with switch inputs since comparing circuits áre required for 
normal uses« 

TSa Control : The control for any of the TSR methods might bo 
abolit as follows: 

]J Type /in on ths direct input typewriter a subprogram 
order to et art at some desired place in the sequence. If a standard 
trouble-shooting sequence is being used, this operation is unnecessary. 

2) Set the order number counter for the operation, number 
following the start in which the examination is to be made. 

in to be made. 
■ 3) Set the TP counter for the TP number when examination 

TPD if desired. 
4) Set high-speed TP counter for selecting TP not in 

5) Set selector switch for quantity to be determined. 

When the time determined by the counters arrives, the clock 
la shut off. The desired quantity is road out to the bus and from there 
to TSR. The clock ir» then restarted and the sequence proceeds. 
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The multiple control would require several settings on each 
counter. When the first setting of the order counter iu reached, a 
gate tube is opened which can then be pulsed when the SP counter reaches 
its first setting. She output of this gate tube can. then open a gate 
tube for the high-speed 'S’ counter first setting, ihs second setuiugs 
are also lined up by gate tubes. She quantity selector switch can eiuo 
be gated by the order counter setting. Assuming five possible measured 
quantities, five settings are required for each counter and the switch. 
If the settings are not completely distinct, l.e., usa the same order 
number, clock pulse, or quantity, it is only necessary to raalce the 
proper settings the ss-meo If less thon five quantities are using measured, 
the unused settings caa be left random or & switch for blanking unused 
settings may be provided. 

Clearing and restarting pulse; 
switch for automatic comparisons. 

will be required as well as a 

Conclusions; It. will be coon from the above discussion that 
the proposal for the use and control of TSR iß still nebulous. Any 
thoughts, suggestions, or simply desires which anyone has would be very 
valuable. There is, ï bolievo, enough information, however, to consider 
the present problem which is whether or not an additional register beyond 
those so far considered is needed for T5R functions. 

There are two possibilities for performing TSK functions with 

present equipment ; 

X) Uso the stepping input and output registers as 
described above. If the CRT display is used, these registers are not 
only possible but desirable. 

a) They are thoroughly checked in their normal 
operation. 

b) They are not a part of normal computer 
operation. 

cj They not only reçoive from the bus but also 

step and compare. 

d) It is possible to moke automatic photographic 
records of the checking result a. 1¾ might be • 
desirable to make the computer cr a separat© 
comparator perform a comparison between the 
tan© so obtained and a standard trouble¬ 
shooting tape made for the particular check 
problem. 

greiwwH i t. f-iiq 
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e j If neon "oulbs bxq vmr-.teá,, thsy are already 
available for a single quantity and can \>e 
put in banka for multiple quantities» 

2} jjgg the check register OR., The nee of this register 
was the first thought for avoiding a separate TSR» 

0 Although a part of the noritisl computer 
operation OR can bo removed from the system 
without affecting computed results» The 
transfer check is lost but this check xs 
completo enough so that if the trouble is 
there it can bo isolated and corrected by other 
means» A small complication in the control is 
needed to allow removing the transfer check» 

b) Multiple quantities can be examined using neon 
banks» 

As considered at present there is no desirable function that 
could be performed by a separate TSR that cannot be done as well by 
assisting equipment. It does not seem worthwhile to plan on a separate 
register for trouble-shooting. The control for trouble-shooting should 
b3°worked out in detail as soon as checking ideas have been crystallized. 

SUBRRQMffl_smMgKJ^ISglS 

SaSBOgf- of Siqb-prograia Storage Register: The automatic subprogram 
described in, M-lll require« for an important part of its operation somo 
place where the contents of the program counter PC may be stored without 
requiring a separate order» It is also necessary that this place be 
always the same so that PC may be easily restored to its previous condition 
at a future time» It was originally proposed that this storage place 'be 
a separate flip-flop register which had no other use» A desirable 
alternate is to use one of the regular electrostatic storage registers 
thus gaining;: 

l) The same result with lass equipment» 

2) The ability to remove the stored information using 
orders already available within the men hine» 

There is no basic reason why electrostatic storage cannot bo 
used» The question is simply one of whether the necessary operations can 
be fitted into the time available. The study is complicated by the fact 
that the timing diagrams for the automatic subprogram have not yet been 
worked out. 

The operations that must bo carried out during automatic sub*- 
programming are 5 

i£wiÜlíü¡B0i»¡iliüklL » ,:ií 1 :!LV, 

", 
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:0 
2) 
3) 
4) 
5) 
6) 
7) 

Clear BE 
Transfer AG to BE 
Clear AO 
Transfer AR to AO 
Gleax' Alt 
Tranefer Storage to AR 
AR to Bus-transfer Check 

This seme sequence is used in the earlier orders of the 
automatic subprogram,, Seo M-lll, pp 3-10„ 

The storage switch is sat on TP5. If steps 1 through 5 are 
then performed, the read in from storage cannot ba done until TP3 of 
the next cycle which is very bad since the bus use is pretty well fixed» 
Step 6, the transfer on the bus from storage to AR must be done on TP? 
if the whole computer timing is not to be disrupted. To accomplish 
this end note that the automatic subprogram order which actually 
determines the operation is different from the two which precede it end 
which simply insert orders in AB. These two orders, which are desirably 
Identical^ do not have the extra complication of the subprogram. 
Therefore, resequence these operations as follows? 

X) Olear AR ™ Clear BE 
2} Transfer storage to AR and AC to M 
3) Clear AC 
4) AR to AC 

The first application of this sequence puts the first order in 
AC with AR open. Tho second application puts the first order in. Mi and 
the second in AC, again with AR open. How use the following sequence for 
the automatic subprogram» 

l) Clear AR 
3) Transfer storage to AC 

The result is the first order in BE, the second order in AC, 
and tho third in AR as before but now all bus transfers can be dono as 
early as TP7 as desired. 

The price to bo paid for this change is that there is no 
longer any method available within the standard orders for getting the 
order out of AR, This step could have been performed in tho other 
sequence simply by another application of that sequence. The price, 
however, Is only another order; In fact, tho order previously requirac. 
to get information out of the special sp storage register snay be used 
resulting only in less of a gain for the now system than at first supposed. 

Returning now to this new sequence, the transfer to AR is 
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citôcked on TPS« TPS is ntsod to trsnsfor FC eontosits to fclio storage 
switch., TP1 1b open and can "do used for transferring PG contenta to 
storage. There is no time available for checking this transfer If the 
main sequence tisse pulseo are used. The transfer check car. be omitted 
in this enea (not very had since all elements concerned &<-■ used and 
checked at other timos) or the check can be accomplished while the 
storage control has charge. 

The delay counter (or, actuallyD the electrostatic storage 
control) must he started if the storage is to receive the program 
counter number. The time required for this operation will thus he 
longer than normal but will do no ham.. 

la order to simplify the storage switch and also to remove 
the need for clearing the switch before the next order is set up, use 
the ell O*® or cleared register position for storing the counter number. 
On present timing diagrams the storage switch clear pulse ie put in 
TPI. ït can just as well be in TPS. Thon, for automatic subprogram 
start the delay counter or control at TP8 oleo. This will be done by the 
operation control. On ÏP1 read out of KJ onto the bus and into storage. 
ÎP2 will find the storage stitch clear and ready to receive. 

The timing of this and, for that matter, all the other 
operations, is dependent upon the final timing of electrostatic storage. 
However, it seems reasonable to assume that if the new operation, con be 
performed In the present, timing sequence, there is as good a chance that 
it can be done later as any of the others. 

The final sequeue.• is then 

TP6 Olear AR 
TP7 Storage to AR 
TP8 Transfer Ohack 

'» Clear Storage Switch 
« Start Balay Countar 

TP1 Program Counter to Storage 
11 Sot Program Counter (Beley ifz) 

TPS-3-4 Not used 
it 

The electrostatic storage can be used for the automatic sub¬ 
program return order storage and the operation fitted into the present 
timing secuancQ. 

Robert E. Svorsfct- 



t 



6345 
Mamo ravidum ÍÍ-^IS? 

ÖOIW'XMiäiiM. 

Page 1 ci' .v8 

Project Whirledïi4 
Servómeohealams Páhox*c/cory 

Massachusetts Institute of Technology 
Camhrlãge,, Massachusetts 

SUBJECTS CHECKIKG 

Toî 
Wo Porro st er t 1). R. Brown, He Taylor, E„ Pahnootock, 

qo \U Watt, J. A« 0«Brien 

From« Robert R. Everett 

October 2V, 1947 

The sub loot of checking has recently become of increasing 
importance for the final design of Whirlwind I. Thin memorandum ou.Xxues 
fome ¿ouglita <» oheoklng of «rio«, kUA». *» P^osentation .vo *«*» 
and is intended mainly as a basis for disc as alone 

The memorandum first considers the elements of g 
order with their possible failures and ways of checking, Uma-uieiatio . 
is then given to check problems and trouble-shooting problems, 

T.TST op thxhgs TO BE CHECKED-. 

100 00HTR0L 

101 Master Clock 

a) Producing pulses without skipping, 
b) Pulses of right si-z© and shape, 

102 Program Counter 

a) Read- out, 
b) Read in, 
a ) Count 

103 Program Register 

a) Read out, 
b) Read in, 

104 Control Switch 

a) Proper getting, 
b) Unused setting, 

■lOK, nnrt 107 Generation 1 A -r^ Oi'h ’7 i mp 
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106 ïïima False Distributor 

a) All pul bös,, 
b) Ko extraso 
a) Right sequence o 

108 Generation of Program ÍP 

S00 STORAGE 

Storage Switches 

a) Switches,, 
o) Reflection, amplifiers^ 

Storsgo 

a) R®aci out0 
b) Re ail in» 
c) Storing 

Storage Control 

300 MimæcjMLS 

301 /iR 

a) Receiving from bus« 
b) Tranemitting to Iß« 
c) Ab s„ valueo 

302 AC 

a) Receive from AIR 
b) ïriMismit to RR» 
c) Mdo 
ci) Carry. 
e) Shift. 
f) Divide sMfto 
g) Shift and Carry. 
h) Abs. value. 

303 3R 
a) Rece r'ing from AC. 
b) Shifting r and 1. 
o) , Examination of rt. dig! 
A) Ro'fondof f. 

304 Signal Control flip-flop 

a) Set. 
V b) Reset 

• Arithmetic Chock 

Special Add 
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305 iitop Cowx'ter 

a) Clearing« 
b) Setting» 
c) Counting» 
d) End pulae» 

306 and 307 ïlip-flop Controls 

308 Divido TFd 

400 and 500 IMPUÜ AliD OUTPUT 

600 CHECKING- 

Transfer Check 

OTHER 

Mathematical. Checks 
Check Problems 
Trouble«"shooting problems 

CHECKINGS 

101 Master Clock 

Possible Failures 

a) Complete Stoppage» 
b) Missed pulse« 
c) Frequency variation» 
d) Loss of pulse shape» 

CHECKlNG 10STHQD: « A pulse checker cm the line from the Master 
Clock will check 

1) For pulse height and shape (Checking (d))« 

2) Tims between pulses (Chocking (a)n (b), and (c))» 

Small variations in frequency will be unimportant since the 
machine is asynchronous» If desired, a more accurate frequency check 
could be employed» Actually, a missed pu3.se would do no harm except as 
an. indication of serious trouble» 

If there are two frequencies,' a-missed pulse iri one, not the 
other, could be very troublesome » 
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The chock for space between pulsea could be changad with ^he 
n.irv'V rm-;- rtff On a3 n^’Je pulse operation, it would be desxrabxe « ''4 

cLlcli M#i i* simps and .-iso to shock ogol^t J»«™»«« 
ynore than, one pulseo With operating frequencies below n0i ma.. Uf uso 
for trouble-shooting purposes) the check for pulse space aou... 9.«.* • 

adjusted or omitted* 

102 Program Counter 

Possible Failures 

a) Failure to count at alio 
b) Miscount* 
c) Imjproper read out* 
d) Improper read in* 

(o) anft (4) arc checked by the transicr 
should bo mode to neks euro the transfer check is completo on cl . ,• 

Counter operations* 

(a) might be checked by mixing switching signals and choking to 

make sure at least one flii^flap switched* 

(b) is most difficult to check without duplicating the counter* 

A proposal iss 

For checking a counter without high-speed carry ~ 

Koto the followings 

■\) yov oach addition there is exactly on© flip-flop that 
switches from 0 to 1* An exception is the addition that overflows the counter* 

2) Ho section of the counter can switch unless the previous 

section has switched* 

Take the outputs of the 0 sides of the flip-flops (that is* the 
sidos opposite from those that generate triggers for switching ng 
E ;, , /, V «>,o-rñ states that ono and only one of uh.o fl-p-nops 

:«* ^r **=». ^0*. —*t 

them as in the figuro below* 

ADD 
PULSE 

-—1¾ 

PROM —¡11—^ 

O SIDES " ’ 

Í_J 1 i,»*' fc. 1 
! 1 

—i ALARM 
; y 5—■ 

ïJ f 

jMyjaMA-^w^^ViWWiorwwn«»—tc*’»ur*111 »MHWm»**»» 

r i_. 

p 

.iS, 
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The add pulse comes lu, resets the flip-flop» and opens GrT0 
If no pulse cornos from tha 0 sides, the OT will remain on and the 
delayed add pulse will sound an alarm« If one pulse comas in from the 
0 sides, the flip-flop will switch, G-T will go off, and there will he no 
alarm« If two pulses chics in, the second will reset the flip-flop, tho 
reset'signal going out the alarm line« More than two axe unimportant 
since the alarm will have sounded. 

for checking a counter with high-speed carry 

The above method can he used hut is only a partial check since 
a flip-flop.can fail to reset (go from 1 to 0) without affecting 
succeeding sections. Since the number of reseta in an addition id a 
variable, a check similar to that above must he modified« 

Consider the follov/ing system; 
Qbí—— ■*6t> 

FF DS. 
_ ! 

nnuM»»»««'*»»«»»>gäl| (•} T w«~W^i» 

If a carry GT, ia crpen, the add pulse will pas® through, and 
add Into the next flip-flop« Meanwhile the pulse vrt.ll have added into 
the first flip-flop and resetting to 0« If the reset fails to'-op er ate, 

- a. . — 

the GÏ, and GT., will remain on. The pulse that has passed through CÆ, 
Is delayed and sent hack through GTg» 
will boundo 

If 0To is still open., the alar m 
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A simpler version 'but roughly the same idea iss 

If the first flip-flop is a 1- the add pulse will pass 
through the GT, The pulse will return through the delay am again 
supplied to CrTo If GT is now shut, nothing further occurs. Diodos are 
provided to prevent '.improper additions. If GT is opon, the pules w.l.U. 
pass hack into the arid line and will cause a set (0 to l) on some 
flip-flopo This extra set will cause the one-set chock to work. 

This combined check seems to runction under olmos j all. con¬ 
sidered tjrpes of failure. 

Both output pulses from the last flip-flop, highest order# 
should he supplied to the check flip-flop. 

103 Program Register 

The operation of the Program Register seems to do 

thoroughly covered by the transfer check. This statement should he 
checked to make euro all operations aro covered» 

104 Control Switch 

Possible failures 

a) Failure to receive correct order data. 
Is) Failure to sot according to order data received# 
o) Setting of more than one line or of no lines. 

The transfer check should catch type (a) failures. A coding 
matrix may bo used in conjunction with che transí er chock for checking 
both (a) and (b). 

There is an automatic check against the failure of the switch 
to select a line at .all. The final transfer is ordered by DO but the 

i 
-f-rr-y 

-y ■''K.y 
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•fcrav-.aíor check pulso cornos from PC0 If the '00 does not oró....:• n traasfo:;\ 
the transfer check vill discover it?. 

Hotos Check on OR clear and correct settings» 

If it appears desirable to check for sirrra.ltancons selection of 
i,-.oro than one line, it can bo dono at the expense of some oçnipnrent« 

105 and 107 - Operation '¿inring Pul tie 3 

The ready checking of the appearance of all operation 
timing pulses is very difficult without duplicating the equipment Involved» 
The pul « 03 appear at random times and in. random order» The operation of 
the switch and the distributor are checked separately» Failures in tho 
diode matrices themselves seem unlikely,, The row of output gata tubes is 
a source of trouble« 

A possible check? 

Check for a control puls® out for each TP in» Insert dummy gato 
tubes and TP8s for each operation to avoid blanks« Simultaneous pulses 
are not checked. Many of the simultaneous sots of TP9®, however, are 
connected with the transfer check and con be omitted from this check» 

Another possible chock is to count total number generated for on 
operation and compare against the standard number for that operation« The 
operations could bo grouped according to the number used, or by- the use of 
dummy pulsas the total for all oporatiojis could bo mode the aasna» 

106 Time fules Distributor’ 

Po sslbl0 Failure 3 

a) Mis sing a pulse with and without losing sequence, 
b) Inserting sa extra pulse» 
c) Interchanging pulsos» 

(a) is pretty well chocked by the transfer check., Seven TP*a 
aro used for throe transfers with check«» The omission of my of these 
covan, with or without losing sequence, will signal an alarm,. 

Tho remaining pulse is simply a delay to allow storage setup0 

It is not chocked at present« One possibility is to use a dummy transfer 
and the transfer check« Or, one flip-*flop can be used to chock the 
omission of tha pulse» 

It is possible to check TPD by its approximate equivalent 
perhaps by a ring of 8 or a count or of 8 counting timo pulsos and chocking 
on the end carry« 

Missing in sequence ia probably gat© tubs or matrix failure., 
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Hissing out of soquonoQ is probably ooimfcer faiiuro« 

(b) will in general upset the transfer check,, 

(c) will in general upset the transfer check. 

Some attention should be given to the non-transfer pulse,, it 
is probably worthwhile to study the effect on the transfer check of all 
simple failure combinatiomn 

108 Generation of Program TP" 

The checking of these pulses iß essentially the 
same as checking TPD since the program TP are almost all transfer pulses 
checked by the transfer check. 

The appearance of the add pulse cari be checked as described in 
the counter check above by obtaining the counter check pu3.se from the 
program instead of from the add pulsc » 

200 STORAGE 

Storage Switches and Deflection 

Possible failures 

a) Improper, switch setting. 
b) Improper output line selection. 
c) Improper deflection voltage to any or all tubes. 

(a) is checked by the transfer check. 

(b) can bo chocked by a coding matrix checking (a) also. 
See Section on. Control Switch,, 

(o) is more difficult to chock» One possibility is to recode 
the electrical magnitude taking the far end of the line. This check corda 
include (a) and (b) except that (a) at least is very easy to check and, 
probably worthwhile«, (bj is easy to check visibly in case of a (c) checjc 
alarm. 

A check proposed in the pact is to provide m astra bank of 
electrostatic storage tubes used only to chock deflect,ion voltages» 'She 
tubes are cot up and read out the setup number which can be checked 
againat the original order. 

One tube con be used in each axis if the entire setup number is 
read out by sweeping. This method is slow and requires a different type 
of storage,, The patterns on the faces of tubos would look; 
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ïhero would le eleven tules in the lank for Whirlwind I. île patternn 
would le actu&l stored charges in standard tubes«. These tules actually 
constitute a recodar fox- the electrical magnitude of the deflection 
voltagoc 

There ie no chock j gainst the failure of the doll action voltage 
at some particular tube rather than all tubes.. 

A check against a single space out can bo accomplished with 
one tubo storing alternate j> A partiealcr setup should be either 
mistake of one position will result in the wrong polarity» 

The storage can- bo thoroughly checked by some procedure such so 
described in M-lilc 

The .S.-(-,pr.fi,g.e.„.G.o.ntrol 

The Storage Control has not bson laid out in detail but can 
probably be chocked readily by the storage checke which should opérât: 
the control makes an error.. 

VJ. 

SCO 

The Arithmetic Element is difficult to chock continuously oxesp- 
fcy duplicating equipment« The equipment is both fast end complicated» 
Thera is little time for checking since alracst all the parta are .working 
at ncosr Ensimua ratos« 

A usual suggestion is to duplicate the Arithmetic hlcraent, Such 
n duplication is quite oxponsivo since -the Arithmetic Element is a largo 
pert of the computer« It would be nice to go further and provide three 
arithmetic slemg-nts in order to detormioe net o:¡ly the eoJ.:--tonco of a 
failtîre but which unit failed* An oztonsior. lends 1:. the «..v/gostlon tinet 
two or three completo computers be provided and clxeckod ngeinst each other 
r.i every step» 
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mèn-b' '-;hich must l)c kept running,, It seou»- at this tine Ijstter to chaok 
whore possible with small anovmtö of ocaipmoat and low tima less, ®hoa 
smeothusss checks will be usecl for overall results and occaaional check 
problems to pick up permanent failures» 

301 AH 

Possible failures 

a) llooxl in from Bus,, 
b) Transmit to A0» 
c) Abe» value 

(a) is checked by the transfer check. 

(b) Is not at present checked» One possibility in to put in a 
special transfer check for this on &&«, 2he' contents of AH are trans¬ 
ferred to AC on this operation. If they are transferred back and added to 
ARs the result should be all 0»ao This check would require gates for 
reading from AC to AR, add inputs to ML and a check for all O'c» 

Tho check does not warrant this equipment, It is i nt ©rml ï t an à ; 
it will check only about 20$S of tha trensf&rs from AH to AC„ 

Check Px-oblora chock 

Transmit 1,00» » » » » » 03. to AC 

Aid Qollo » » » » » H to AC 

Tho sum should bs positive» 

Thie chock checks a lot of other things too.: 

(c) could bo cheeked if a method were available for seeing if 
any of the AH flip-flops had not switched,, 

303 AC 

Po asibla feiluree 

a) Improper reception from A3« 
b) Improper transmission ro BR» 

2?o5.3.uro to add» 
failure to carry 
failure to shift loft» 
Failure to divido shift loft, 
Failure to shift aad carry» 
AhCo value 

c) 
d) 
e) 
f) 
g) 
h) 

(a) is discussed briefly undor AE,, 
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(b) ließ roughly in the same -^iwcgoxy ae the tï,ei'.e?.,e.t’ ¿'^oïa 
¿p. Lo AC. The tronsfer le doue only in nelUplication. BP. olwai-s is 
cleared hofors receiving» The numoer could be sent hack xo AC oiii 
added in using the adding ability ox’ A0o She addition covuLu "be macl& 
after the carry gate tubes if checking for ell Ocs is desired, Either all 
1 ja or an o"b is satiefactory since they both represent 0 or AC cleared* 

It might he desirable to have a clear check on AC anyway since 
AH to AG will probably not ha checked,, 

The row of gate tubes needed for transmitting BE to AG could 
be used instead of shifting when actual information is to he transferred 
but there seems little advantage to this modifieatioiu 

(c) o A possible partial check is to take the switching signs]- 
from the partial sum flip-flops in AC and transmit them to the complement 
gate tubos of the corresponding AH digits. Passing a pulso would represent 
the unwanted switching of a flip-flop« 1f another gate tube could be 
added to provide a pulsa on non-switchings this pulsa could be supplied to 
the direct gato tubes of the corx'aeponding AH digita} chocking for 
failure to switch which is much more likely» -hio check would also check 
( a) « 

A timing study would be necessary to discover if this chock can 
be accomplished. .The check does not consider the carry flip-flop3» 

(cl) can be checked as is the high-speed carry in P0„ Th^ 
operation of the gata tubos on the carry flip-flops iß not checked oy 
this nor is the falluro to operate ox the co.r?.',y G-T-So lo ¿.b also 
necessary to chock the ropasosge of the carry pulsos by some other method 
than PCr probably a method requiring one additional G-5? per section» 'SbB 
check does not look very satisfactory. 

A second GÏ on the carry flip-flops could bo used to cheeky the 
or or/sr carrying end c3. earing of those íiip^-flopo« A second row ci iu-gi-— 
spaed carry G2«8 could very easily check the carry« Those GT»s would he 
placed in parallel with tho present ones and supplied with the samo 
pulseo delayed ono flip-flop operate time. Passed pulses indieato errors 
of omission end commis«ioj'u 

(o) has several po ssibiliti s s fox’ checking « A definite sin.-', t 
pclaa should appear on one or the other but not both of the shift lines 
leading from each digit« A. check could bo made of tlvls bun 1¾ would be 
expensive of equipment. 

Another poBaibiiity is to send shifting pulcos over.to the next 
digit but interchanged to seo if tho flip-flop had set corre-cciy. 

(f) « Some as (e) except check left digits also« 

(g) 0 A check could bo provided for checking tho appearance of 
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S'cr (h)c ss8 diacuaeion rader ARr, It v.-ovld 'bs poesí-Mc to 
check for proper clearing of AC„ 

304 S3.ppa Control Flslp-'flope 

This device could ce checked by dupl3.ce.tlon it 
desired. It does not geera particularly valuable to do so iv rlev of the 
lack of checkingelsewhere in AB6 

The arithraatic check and special add fall in about the aarce 
category« 

305 Stop Counter 

Po38.1 ola Failures 

a) Clearing« 
b) Sotting« 
c) Counting«. 
d) End puleOo 

The clearing and setting from the bus (a) and (b.) are both 
covered by the trnnofar check« 

A possible check against failure to sot properly on multiply 
or divido iß to provide a getting system for CIl. Then,, the; first tir.o 
the bus is vacant (vary soon) est GE and. read out of Step Counter for 
t ran sfer check «, 

(c) may bo handled like PG if thera is sufficient tira?,., 

(d) « The end pul ce is ono of the signals that 0/:-. tuafe tho ' 
chock of (c)«, 

306, 307., 303 - Flip-flop Controls -» Divide TPE 

These items fall in .about tho onme category pi the 
sign control flip-flop« 

It is vary difficult and orpensivc of equiprcsnt to provide ary 
adequate continuous checking of tho Ax-ibhmatic EXeraent« The araount of 
chocking that can be done easily is so ah'otchy as to discour040 tho r.,sc 
of continuous checks ':at all in AB« 

0 

4€0-- 300 IMPOT AB) CUTO) 

The sa '.fill bo checked separately. Sao H-lllr, 

Bus Systems ■•- These seora to be adequately checked by the 
transfer chscly 
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checkin'’ cfuity^-r.n.i'. ¡r- .í.t oe '•■i'ckecl i.tacj.’.'.'«. . r.-srev:'? 
6he chocking eqnipaor.'-; rp.as5 trice nn active pert iu tho pro^z-caiags ;:o 
that any fail^ras in the checking equipment will alno Buuti'V. tbs i-Xsx:?.v 

An ocaatple io the transfer chec!: vhcra the equinuent itssli’ im¬ 
part of ths checking loop» Sven, here, however, failnre of the chocking 
ragister or of the equipment vrhích examinos the condition the regi-.itr.r 
following tho check will completely destroy the entire trer-.î-.fer check..- 

The operation of the register itself can he check.?:! by checking 
the cloared wositioa as well as the euau 

The alera circuí 1 can bs checked by gating the alr.rr pulse as 
well as the check pulse ene checking on intermediate stage9- Xf the check 
ï3 made on tho transfer ox the order but before the repeat transfer and 
tho all Xa s position is omitted in. the order code, the failure of an 
ungatod alarm pulso to appear will signify an error» Since tho orders 
contain 0's in all positions at different timas, tho check is complete r.mcl 
automatic, although infrequent. If do si rod, special Kupar.fluouo orarrs- cor. 
be inserted, by tho prograasor for tills chock. 

The srlthmstic check should also be examined at intervals. 
The problem, in goneral, .1-- to effoct those chocks automatically if 
possible end without requiring special orders, i'ho difficvlty arisen in 
chocking tho alarm without stepping the computer, A chock tapo for v;hich 
this is but one of many uses could "be v.eeu v.'hicn wcvJLu choc.1: tho aritdvrotlc 
chock by purpoasly ovorfloi’ing it, i'hs eporator coula rey-'art tho iFmcrano 
&t each stop (there aro only a fay), if who machine stoppoa 3.¾coif :::/.::.-1 
out an ¿Larra, thoro is a fault, X'his and other checks could be porforx ed 

, perhaps at tho start and clc sr of octch Ary, 

Xa checking a. count or, perhaps PC., by tho method mentioned, 
Osch of the maviy poosibla errors must bs committed and tha alarm checkte 
Ty wouJ.d bs possible to gate thin alar»: uid toy a check pviloa when, tha: f 
hsjs beou no add. pulse to check for check flip-flop sotting, i'his does 
not choc!.: against a high-^ecd carry feilui’©« A check ogainofc the doub' 
ad.d failure may bo obtained by clearing tho flip-flop sftao* each regula: 
chock by adding into the trigger input snd noting the cJ.ax':n,, It is 
unfortunatolj- true that those méthode require gating tho alara pulses r: 
that theso gatos aro cuepsct and unchocksde A complete check in only 
•ooosiblo if e& actual erro::' is corícittecl and the alarr all./1 to stop 
tho ffinchinso In this inatrcce the alarm gatos can be doublai or even, 
tripled .:a a protection aus checked, uorhaps aananlly- at alio interval. 

A tape input, possibly a combi/ation of exi order tepe and c. 
special tapö( providiag specific contre 1 pulseo only, can be used tc o/- 
chocking procedures including non-uitauAarA orders and definite, failt'a'an 
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to check checlclng erroï’s« ïn company i^-th this can he a device which is 
put in operation when the checking is proceeding and which will clear 
all faults and restart the machine at each alarmo If an alarm fails to 
appoars the computer oexi stop without an alarm and the stoppage during 
check "brought to the attention of the operator» %ls typo of checking is 
in addition to the normal checking which is to find faults in the 
non-checking parts of the machine0 

CHECK PROBLEMS AMD TROUBLE-SHOOTING PROBISMS ; 

Check problema discover the existenca of an error without 
determining the nature of the failure or the location of the failed part» 
it la desirable In a check problem to cover the greatest possible amount 
of equipment in the fewest possible operations so that the check probieu 
may be carried out frequently without appreciably reducing the 
efficiency of the computer« 

A check problem Is mentioned on page 10 which consists of? 

Transmit loQ0<, » ° » 0! to AC 

Add 0„'JL1„ » » » « 11 to AC 

The sum should be positivo» 

This problem checks? 

1) Read gates from AH to AG„ If any gate fails to 
transmit, the sum will be negative« Throughoutc It 
is still assumed that only one failure occurs at a 
time» 

2) Proper reception by AC of single digits per section« 

3) Proper addition in AC15 only» 

4) Gariy operation AC15 only« 

5) High-speed-carry in all digits« 

If the answer Is negative0 there is no way of telling from the check 
pioblea where the error occurs« A possible trouble-shooting problem 
procedure for discovering the error source might be? 

Pi ret try 

Transmit 

Add 

loOO 

Ooll o o o o 

„ 010 to AC 

„ 111 to A.C 

.-:-::-7- 
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Examine sign of saxo« 

Then try 

Transmit 1--00 

Add Onllo 

û o o Q o 

o o o o 

0100 to A0 

mi to ao 

Continue until a positive result is obtained« This test will 
limit the failure to a single digit« The fault is in the first successful 
column if there is a high-speed-carry failure« Otherwise, it ie one 

column to the right» 

Then, to check whether the failure is in AR read out gates 

or in AC receptions 

Transmit raintts(c?jj) 0,11» « » » » 10 to AC 

Subtract 1,,00- « » « « 00 from A.C 

Result should bo positive if AR gates were at fault since only 
the AR complement gates have been used« 

Then, to check whether the failure has been in AC reception 
or in high-speed-carry, if the fault is not in AR 

Transmit 0»00» » » « Q10° » « « 00 To AC 

where the 1 Is in the last unsuccessful digit column as determined by 
the test above« 

Md the same 0,-.00» » » « 010» „ » » 00 to AC 

Then add 1,. 11« « « « 100« « « » 00 to A.G 

If the column is receiving „the; sum will be positive and the 
fault will be in the high-speed-carry« Otherwise, the digit testad 
will bo known to be faulty« 

All five possible failures can. be isolated by the above 
sequence« The computer could, if desired, try the check problem and cn 
discovering the failure go on through the trouble-shooting sequence 
automatically« %en the failure is determined, the computer can. stop 
either pending its last order number to an output decimal printer or _ 
leaving it to be read from the neon benks« The operator can then fcelx 
from a code book both the kind of error and the panel in which the failure 
is located» 

I do not suggest that the above sequence has a real velue 

except as an example« 
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The trouble»»shooting register car?, 'be used to acccwnplieh 
the same end with the help of the operator,, 

In this case tho machine would stop when the' chock problem 
failed» ïhe operator would read PC and get from a code hook the teat 
'being run and the proper settings for the TSR controls» The machin® 
would then be started and go through the check problem over and over 
again while TSR extracts the following .Informations 

1) AR contents for first addition» 
qgp 

Should he lo00» » „ » » „ 01 

2) AO contenta after first addition» 

Should 'bo 1,,00,, „ „ 0 0 0 01 

3) AR contenta for second addition» 

Should he 0olll„ » » „ 0 U 

4) A.C contents after second addition hut before carry» 

Should he loll, » 0 „ 0 » 10 

5) AS contents after carry» 

Should ho O0OO0 0 » » » „ OX 

The different failures have a distinctive appearance» It is 
not poBSihlet however, to tell whether AR has read out incorrectly or 
A has received incorrectly if one of these errors has occurred» It is 
necessary to repeat with complementa as doscribed above under trouble- 
shooting problems in order to use tho other AR gates and isolate tho err 

Much work must he done in da signing both check problems end 
trouble«shooting problems in order to get thorough and efficient checks» 
Wherever possible, those parts of the machine which ara undamaged should 
be used to reducá tho load on the operator by automatically carrying' out 
trouble«shooting procedures» 

Robert ä«, läverett 

RES s haa 

Copies? SHI), HRRj FES, SB, JOE«, 
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Pî’ojeot Whirlwind 
Servomoohani sniß Laborabory 

Massachusetts Institute of Technology 
Cambridge,, Massachusetts 

SUBJECTS 

Tot 

From a 

Dates 

This memorandum compares checking by duplication of 
equipment with chocking by mathematical end chock problems«, 

1) The comments of this memorandum may be summarized - 

as follows » 

a. Continuous checking is valuable if the amount 

of extra equipment is small, 

ba In discovering steady state errors check problems 
aro almost as satisfactory and &ro not as costly as duplication 

checking, 

o. For discovering intermittent errors,«, mathematical 
checks, when possible, are almost as satisfactory and far less 
oostly than d\iplioation chocking. Even if a mathematical check j.b 
not possible, a duplication chock can be accomplished with a non» 
continuous chocking computer by simply repeating: the problem. 

d. Where it is imperative, as in certain control 
problems, thatTesults be correct and that no time be lost, at least 
three computers instead of two are required® 

o. Inspection problème may be uced for discovering 

incipient intermittent failures, 

2) Assuming that the problem has been properly seu up ana 
entered in the machine the computer is subject to two types of errors. 

a. Steady errors which are due to the complete failure 
of some part ofthe equipment such as a definite short or open oj:' a ,t 

burned out tubo ü 

b. Intermittent, that is, occurring very seldom under 
the same conditions. Intermittent failures may be due to noise, 
mechanical vibration, line voltage fluctuation, or other random and 
non-reourrenb phenomenon. They may also occur when a part of the 

CHECKING BY CHEGE PROBLEMS 

J. W. Forrester 

Robert R. Everett 

November 13, 1947 
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equipment is beginning to fail and bas reached an operating region 

with an inadequate factor of safety* 

3) There are three general kinds of oheokingo 

a» Continuous * Where each elementary operation of each 

part of the computer is continuously checked. 

b. Spot or occasional«, 

checked only occasionally* 

Where the computei1 elemente are 

0, Mathematical checks, which are performed on the 

solution either part way or completely through the problem under 

consideration. These checks may be smoothness checks on results, 

identity checks, or problem repetitions using the same or different 

methods 0 

4) The three kinds of checking differ widely in the amount 

of equipment required for them and the amount of information delivered 

by them. 

cl* The continuous check is most thorough since each 
elementary operation is checked and both steady state and intermittent 

errors are discovered. Furthermore,, the machine is stopped as soon as 

an error is committed, thus preventing the expenditure of additional 

computing time using bad data. Some indication may also be obtained 

from the condition of the computer at the time of stoppage as to which 

particular element caused the failure. If the continuous check were 

absolutely thorough then each particular element of the computer would 

be checked separately and indications ooqld be obtained from the 

checking equipment as to the exact element which failed. Unfortunately 

the cost of this continuous checking is very high.. In general., th® 

elements of the machine are designed to work as efficiently and at as 

high speed as possible. There is, in general, little time or equipment 

left over for checking. A thorough check usually, although not always, 

requires an amount of equipment which is comparable to the equipment 

being checked. If all th© elements of a computer were to be checked 

by the continuous system, the amount of checking equipment might exceed 

the total in the computer itself because of the indication and alarm 

circuits needed as vieil as the equipment duplication for error detection 

One suggestion is to provide two duplicate computers working 

from the same master clock. The results of these computers should be 

identiaal and can be compared at as many points in the computer as 

desired. Usually the suggestion is to compare at only one point, say- 
in the accumulator since all numerical data being handled passes 

through this element. The accomplishment of this check requires 
double the equipment required for a single computer. It does have 

the advantage that where this check is not desired two computers are 

available for other work. 
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It ie also poosible to perform continuous aheoku on 

ceï’tain small groups of el. eme ires 'within the computer » Tho transfer 

check proposed for lUldrlwind I is of this type* In this chock ail 

transfers on the main bus aro oheeked» 

b0 Tho spot or occasional check is usually performed 

by means of check problems, tho orders for which can either bo kept 

in storags or supplied on demand from input tapes « As long as 

certain cf the basin control elements in the computer are working, 

the computer is capable of checking each of ito elements by itoblf o 

If this basic control equipment is not working, then the check 

problems can be designed to point out this fact as well« It in also 
possible and desirable to check certain elemonts of tho computer 

manually at longer time intervals. Chock problems might be performed 

at timo intervals of the order of 1 second. Complete manual chocks 

might be performed at intervals of the order of 1 day. 

Check problems do not stop the computer the instant an error 

has been made,. If the error is steady state it will be discovered 

when tho next check problem is rumj if the error is intermittent it 

may not be discovered at all. Only a very general indication of the 

source of the error is given since the check problem is designed to 

check as much equipment with ns few operations as possiblee Its 

intention is to discover errors and not to locate them. Check 

problems, however, require relatively little equipment since the 

standard machine components are used in the check. The check problems 

may be programmed and stored once and for all. Very little effort in 

required on the part of the person setting up each new problem because 

the check problems remain unchanged. Probably less than 1% of the 
machine timo is required for running; check problems. 

o„ Mathematical checks can be performed whenever possible 

and desirable during the course of a. problem. They too require almost 

no additional equipment since the computer itself is used for computing 

the check. It is necessary, however, for the person programming the 
new problem to give consideration to how it is to be checked mathe¬ 

matically. Mathematical checks do determine: both steady state and 

intermittent errors since any error which will destroy the result iß 

discovered. The complexity of the checking sot up and tho amount of 

computing timo required for each computation is determined by tho 

particular problem being computed. If the problem is lengthy and its 

resulta important, mathematical checke might be rim at intervals so as 

to prevent wastingcomputing time if an error has boon made. A wall 
designed mathematical check, particularly oí1 the repetition by alterna¬ 

tive computing methods type,, also gives some check on the mathematician 

setting up tho problem and on the people who actually did the programming 

and made the input films. 

5) Consider now the value of each of the above checks for 

discovering a steady state error. These errors are the simplest to 

discover, to locate, and to repair. 



6345 
Memorandum 61 .„4, 

Axiy of the three kinds of oheoking will discover these 

errors « The continuous check will discover the error upon its 

ooourrenoej the check problem will discover the error when the 

problem is next perfonredj the mathematical check will discover the 

error when the result or some part of the result is checked. 

The continuous check will leave the computer in the condition 

it was in at the time of the failure thus making somewhat easier the 

restarting of the calculation when the failure has been cleared® This 

advantage is not of great importance since it is usually possible to 

return to some starting point and repeat the calculation if the error 

ia determined by either of the other two methods. If the calculation 

is very long the contenta of the computer can be read out onto the 

output film at intervals» ^his film can be aunt back into tho computer 

whenever desired to provi.de a convenient restarting point. In the caso 

of the mathematical checks the only possibility is to start over again 

and repeat the entire calculation» It would oeem, therefore, that 

check problems are of considerable value because they do determine the 

error without wasting appreciable computing time, and yet they do not 

require the large amounts of equipment required for the continuous 

check,, 

Once the existence of a steady state error has been deter¬ 

mined, it will be readily possible to locate the' faulty part by means 

of trouble location problems and special examination equipment® 

In checking for steady state errors tho check problem 

method seems to produce almost as good results as the continuous 

check but does not require large amounts ofedditional equipment« 

6) Checking for intermittent errors produces a different 

sort of problem. If the error is relatively frequent in occurrence 

it can be considered as steady state and the oommentâ of section 5 

apply® This section will restrict itself to checking for intermittent 

errors of very infrequent occurrence. 

There are two important, items in chocking; the first is to 

discover the existence of an error, the second in to discover the 

part that caused the error. If it is not possible to locate and repair 

the failed part the check has lost much of its value. The great 
difficulty with intermittent errors lies not in discovering their 

existence but in repairing the failure« Any sort of efficient check, 

herring the complete continuous check on all parts of the computer, 
results only in an indication that a failure has occurred with perhaps 

a general indication of those parts of the equipment which may have 
Caused the failure« If the failure does not repeat, there is no way 

of locating the particular element at fault. Furthermore, even if a 
complete check were carried out and the faulty element were known, 

if this element was found to respond normally to all of the usual 
checks on steady state performance there is no indication at all that 

it is not just aa good as a replacement part. ïn other words, our 
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knowledge oí? the very olements with which the computer was originally 
constructed was based only upon their steady state performance* An 
intermittent failure of vory long periods can therefore neither be 
located not corrected,, The only thing that can bo done is to deter¬ 
mine its existence so as not to accept erroneous results from the 
computer „ 

These comments are particularly true when considering the 
continuous form of cheeking, for here the indication of a failure 
represents merely the lack of coincidence between the computer and 
its checking equipment, ‘There is no indication as to which of the' 
equipments has failed unless some conclusion can b© drawn from the 
conditions of the computer after stoppage. There seems little point 
in using two computers in checking the outputs against each other 
since there is no indication which computer made the mistake. The 
use of three computers would have some value in that the two that 
were equal oould be considered to be correct. In control problems 
where life and property may be dependent on continuous correct 
answers and the computers must produce results without time for 
repeating feiulty computations, the use of three or more computera 
seems mandatory since more than the existence of the failure must 
b© known. Knowledge must also bo obtained as to which is the failed 
computer and which ones are still produo5.ng correct answers. 

In the co,so of calculations whioh can be repeated when a 
mistake has been made there seems to be little advantage in the 
oontinuous f om of checking over the mathematical check if a 
mathematical check is possible. In both oases, for intermittent 
errors, indication is simply obtained when an error has been made, 
and the computation must he repeated. This indication is rooeived 
somewhat earlier for the continuous check, but considering the 
expected small incidence of intermittent failures in the machine the 
time saved should not be an appreciable percentage of total computer 
operating time. 

It is true that some effort must be extended in performing 
the mathematical cheok set up. There may even be problems where it 
is not possible to oheok the calculation without repeating it. The 
repetition of the calculation using an alternative method will 
approximately double the set up time, Aa far as intermittent errors 
go, however, it will be just ns satisfactory to repeat the antire 
problem using the original set up. If an intermittent error has 
occurred in either solution the results will ?aot check. If there 
is a steady state error which would cause the results to oheok it 
will be picked up by one of the oheok problems, 

Inspection problems may be used to discover incipient inter¬ 
mittent errors due to lowered factors of safety oh some of the operating 
components. These inspection problems would probably be manually 
controlled and run at relatively wide intervalo of perhaps a day. All 
the cirouite within the computer are designed with wide factors of 
safety. It will be possible with standard inspection sequences to 

, 1 ■ I .*Í 1 ' '' ■ . , < 
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measure those factors of safety and to discowr whethor the 
apparatus is operating within the designed region« If the operating 
conditions are changing slowly those inspection problems should 
discover the change before the system has reached a region in which 
intermittent failures are possible « If the system is changing very 
rapidly so that intermittent failures are possible before the next 
inspection problem is run* these intermittent errors should soon 
reach a high enough frequency to be picked up by the standard checking 
problems which are automatically performed at short intervals « 

Robert R„ Everett 
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Project Whlrlwiad 
S ©rvoroec h&ai sms Labo rat o:cy 

MaasacfeusottB ïaatitute of Technology 
C araoridgo, Hassachusotts 

SUBJECT:, UHXBLVJIM) I ÍPEOU33I.E 'SHOOTING, COMMENTS 01 MMQRMBUi'i 

To 2 Robert E„ Evorott 

Pro so ï Ja,y W0 Porra st 01* 

Datos October 38, 1947 

The following conmanta occrx to ma after reading Meaoraafinm 
H-123 on the Trouble-shooting Register» 

The Stepping Register aonaally used for input end output bo and. a 
like the best bet for the trouble-sho0ting reqiiiremeat«» 

To simplify equipmentD ï would euggest that w not use more 
than one set of coincidence circuits and therefore read out only one 
number per cycle of the check problau» 

It should bo possible, if desired, to channel the trigger, which 
is obtained from the coincidence circuits for operation of the trouble¬ 
shooting register, into the docto»stop system. It should then b© possible 
to readily restart the check problem at its beginning» The stop order sad 
the restart facility would make it possible to progreso through the check 
problem one; step at a timo until trouble is detected.« This is desirable 
ai22.ee trouble might rormlt in strange and wacspected computer operation 
which would prevent it from restarting on the test problem» 

If no appreciable amount of extra equipment is required, it 
might 'bo desirable to have the coincidence pulso from the counting circuits 
restart the check problem at its beginning in order that the test problem 
op to a given point can b® solved cyclically,-, An error signal from the 
check register could thon be used in the clock-stop circuit ec that the 
computer would stop only if a mistake were made on the number being observed* 
TMs would bo useful for tran aient trouble a« 

» 

ï feel we should consider both neon lights indicating the con¬ 
tante of th® stepping register and a cathode-ray tub® with doubla trac© for 
Indicating both the number and its complement in the stepping register* 
Normal permanent failures would be picked up on the neon lights but the 
cathode-ray tube and stepping register reading both numbers end complements 
could be used for detecting transient disturbances which would restait in a 
wrong number only occasionally« 
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1½ punchad with the order mimher, count or •'-nU-.ai s - 
pZe oowiOT «M«. «» M-üiJ-opoed M» s^« oou..t3r utó too 
eSectlim of *)» qaaaUty to 1» dotoMlMd Bft wl. at; tm . 
«Á* duonti ty »Mol, would do fed IBto tta «teo< 
could then ho dono h,y inserting carda» ono ao a o^«» ln^ 
patil the trouble sequence is located« 

"Jay J» Jorreatter 

JWFïhas 

cepiöss H« S’ahn.ectocsc 
H« Boyd 
1L Teylor 
Lh Brown 
C,. Watt 
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SUBJECTS CONTROL DESK, TÏHIELWIND I 

Toc 

Froîsc, 

Dato c 

Harris Fshaestoak, Robert R. Everettÿ David R. Brooxt, 
Normaa Taylor aaci C« XL Watt 

Jay Wo .Forrestcrr 

October 17,) 1947 

The following niscellnaaoue thoughts occ-ar to m© regtirdilßg the 
control desk and its iatereosanectio» to Whirlwind lu Those ideas are ail 
subject to discraosion sad cori'eiation ^ith other iaiorroa 1.,.101.0, 

The control desk should include a decimal keyboard and conversion 
circuit in order that mimbex’s in the computer can be alter'ed as roqnirea in 
simulation problems end in trouble shooting« it also provides a means j.or 
inserting special orders and numbers for chocking purposes * 

ii spacial register, perhaps the same one as used for normal check-vng 
purposes, should imdicat© any number selected from a repoauing check proDlen 
in the computer« Monitor registers and setting switeacs snoulo. 00 avoxlaa-e 
on coincidence coimters for selecting the proper point in. the toot problem as 
a fonction of the program counter setting and the clock pulse drsurxötreor ^ 
position« The output of this multiple coincidence system saould be ayaiiaw-o 
as a trigger for various scopes as required on the control desk ana also, shoul. 
bo piped "to convenient points throughout the computer perhaps in eo.cn cacineG 
of .the Whirlwind Î system so that test equipment can bo oporui/oL 

Trouble indications should if possible bo of the double ^ acting kind 
indicating both the saiiisfactory state of operation end the unnauxoiiacuoxy 
state of operation to guerd against pilot light and csaociatea cxrcr.ro uroulx.es < 
Hor/evar« during normal operation it should not be required that v.hc operator 
observe'a largo array of light a which are on but rather than n:;.s < axuenuxon 00 
attracted by lights which come on only when trouble exists« A sxngj.e irgnt 
indicatin»? that everything is satisfactory should be so inueixlc-cked ^ that, any 
trouble light win turn off the normal indication and be substituted oy on® 

of several trouble indicators« 

Trouble indicators chcmld indicate the source of clock stop orders 
arising from various checks in the computer, should indicate fixamont poaer 
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plato s'upplio¡3j Magj oto., •m.-tw&tâ in aorao sort of ceded, oyster; to use iöe 
{■smal?.c3t practical mrabor of limita. ’ for os ample j or- 3 li^ht be used 
•to inúLcate plato supply difficulty «folle au other light would indicate the 
cabinet in which trouble has erison. Like-xls© a bias supply inclcator might 
initiate the same light for e given cabineto Interlocks where recosaary ohoulá 
be so arranged that trouble is inclicatod at the priaar-ry source«. For exempleÿ 
fallux-'e of a bias supply should perhaps automaticálly trip various plate 
supply voltages. Trouble indication should appear only on the 'bias supply 
light until that fault has been cleared« Control switches should include an 
emergency stop circuit which can bo located at various parta of the computer 
in case of fire., etc», perhaps also interlocked with thermostats» 

The control desk should provide for stand-by operation, a. def5.nition 
for which must be established, probably meaning filaments on er.-i plate supply 
voltages turned off. 

If at all possible, starting of the computer should be a singlo 
switch operation end probably should have a bo]?' type lock to prevent unauthorised 
use* Proper interlock circuits auot be atailablo for starting motor generator 
sots i?nd turning on filaments first and in proper order* 

Filament voltages should be increased gradually unless we have 
information to indicate this unnecessary.• 

D~G power supplies should probably be equipped with, ripple monitors 
which are essentially a«*c amplifiers operating lock-in relays to inda cate 
ripple or transient voltage disturbances. These should be sufficiently teoao.*» 
band to catch video spikes appearing 5ja the d-c liaos sad probably should 
operate throitgh gao tubes so that single transients will, be recorded. Likevdse 
regulated power supplies should have voltage aoniuors possibly of the type that 
coinpai*© the supply voltage with a stendard cell', through a vibrator earcuit, 
converting the signal to a-p and amplifying for operation of indicating circuits » 

Scopes on the control desk should include one for clock pulses., 
probably a separate one for indication of restorer pulses, end the possible 
continuous presentation of timo. puls© distributor and operation control output 
signals which can be triggered from the coincident circuit or from any other 
source which will give a useful output«, Perhaps for example, one might initiate 
the scope for each multiplication or each addition and watch a sequence of out“ 
put pulses to check for jitter and. irratic operation* 

Should a push-button for inserting singla pulsea into the restorer 
system bo available in order that the triggering of flip-flops 'Jaa bos observed? 

The system must be interlocked with the,air conditioning for 
ature control probably with thermostats in each cabinet* Cabinet doors should 
have interlocks so that opon doors aro indicated in order that the operator 
may know that air flow is interrupted in that cabinetc 
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Coaaridorablo attention should bo given to the looatic:.; one. grouping 
of noon indicator lights considering their relative ijnp^-tanco ¿o one another 
and the probloia of easy reading. An output ragistor froia the dociuaii key¬ 
board should probably lino up with tho diopisy or register iig --o so i>bat 
easj comparison can be mad© fcetuoon -any dociaal nuffibar atid the .jinaxy .'.nllcawlan 
fro«:, the registers o To avoid confusion, slide shutters or other devices might 
be considered .for masking of the aero position .Lights ox’ the iinp-ilop osasept 
when aecessaiy for checking the individual flip^ilop opex’atioxi«, lhe confcriM. 
desk must provido indicators fox'* the film supply in the output unit one* for fcho 
controls necessary for these units, especially the one providing graphical 
recording where the start-stop and speed controls may be manual in many cases« 

Consideration must be given the cockpit simulation prcklem to decide 
whether any control for that system will be on the control doe!-: or merely 
interlocked with the on and off controls of the computer itsel.i, 

It is probable that a cathode ray tube should be provided on the 
control desk which mil be deflected by tbs deflection voltagec of tne storage 
•tubes Eind which will be triggered by the storage tuba triggers* lu snouid 
also be possible to usa the coincidence counter system for triggering >..his 
indicator acopo at any desired storage operation in the check problem« ihe 
scope could have ruled or indicated on its face the proper locardons ox 'the 
various storage positions» 
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Block dlagreao In this momoranclnia on ©laotroatatic atorag© 
are prepared for dlseusoloa pwpOBOSo They arts cupplJUd aa illustrativ© 
information and will b© considered in detail® ravi sed® and extended be¬ 
fore use in the system. 

Thors ar© many changes which can b© proposed for th® system 
about to bo described,, Some of those are listed at the end of the 
memorandum. Tho system described is complete within its limitations6 
however, and improved design© should wait for more exact storage apeei- 
fi cations. 

Drawing B-39391 is a block diagram of a singlo electrostatic 
storage tub® and its associated equipment. The box labeled «One llootro- 
statio Storage Tub®'5 includes any necessary output amplifier, ák? output 
of the storage tube is 8©nt through a delay to a three-position flxp-flop. 
Thi© flip-flop is assumed to have the following; characteristics; 

1. It ha® three ratable states. 

2. It can be set to any of these three stable states by 
the application of triggers to the proper points. 

3. Th© application of a pooltlve trigger to th® trigger 
input will causo it to switch in on® direction; l.e. ® 
from 2 to 1. Th© application of a negative trigger 
to th© same trigger input will causo it to switch in 
th® opposite direction; say from 2 to 3. 

4. 

I 

It is possible to pick off positiv© signals from 
vacuum tub® platetf to correspond to th© three 
stçîie states of th® flip-flop. Fwthermor®, thor® 
must bo at least on® point with thre® potentials 
corresponding to the three states. 
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(Phis flip-flop» and for that matter tho-whole system to oe 
described, has been mentioned in Memorandum M-lll. She positions of this 
flip-flop are labeled write plus. road, and write minus where road is tho 
middl© poeitioa. 

Th© action of the otorago tub© during reading or writing iß 
determined by tha potential of one of its element8» either «/he screen in 
front of the storage aurfneo os* the signal plato behind it« She action of 
the tub©o except for polarities* is unaffected as fsir ao those block dia¬ 
grams are concerned by which element is chosen» In drawing 3-39391. the 
screen or plat® is shown connected through a buffer amplifier to toe out¬ 
put of the three-way flip-flop. It is assumed that this line will have 
a different voltage level for the thro© positions of the flip-flop, Mkeu 
the tube As not being used for reeding and writing» the holding beam, id 11 
b© on. and the screen or plat© should be held in the writ© plus position. 
It will probably bo desirable to turn off the holding beem during the 
operations of road and writ© minus, .-She holding beam is thus shown 
connected to the Gem© line as th© screen or plato in auch, a fashion, that 
when the ©creen or plate is at the write plus potential the holding beam 
will b© on» while if the screen or plat© is placed at som® other potential 
the holding beam will be turned off. 

ïhe sequence of event® for using th© tubo Aa then as follows a 

10 Set the switches which determine tho deflection voltages 
for all th© tube« in the bank, fwo or three microsecond© 
must b© allowed for these voltages to roach their final 
values. During this time it ia denlrablo to keep the 
holding beam on. She screen of the tub© will thus bo 
left at th© writ© plus position» a« will th© three-way 
output flip-flop Bo 

2. Set to read condition. When th© deflection voltages ar© 
almost set and just oaf or© th© high velocity beam is 
pulsedn it A® necessary to s©t tho three-way flip-flop 
to th© read condition; thus sotting the screen or plat© 
voltage to th© road condition and turning off th® holding, 

beam. 

30 Tho high velocity beam is then turned on. 

4. After th© reading tlm© ha® ©lapsed, th® high velocity 
beam As turned off. Th© delay element in th© signs! 
lin® from th© tub© to th© flip-flop is mad© largo enough,„ 
if nocoaaaxy by th© us© of additional tub© element®» so 
that tho aereen or plat© potentiell may be held in th© 
read poeitioa until th© tub© has boca completely read. 
V?hen the boam has been turned off» th© three-way 
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flip-flop raunt îiar© fceeft s©t Into on® oí i»ü v/rito 
pOBltions ‘bacetas© ©3.these a positivo ose^a n<!/,aU v© 
output, must havo coir© from th© tubs0 It la 
possible to chock to so© whether th© three-way 
flip-flop iß in on© of Its writ© set position a» ■ W o 
is Bhowa schma-Ucally &e diodo aiadng onto a check zot 
write line which cob mot« to all tuhoo io tho ösßk. 

S„ Sond a single pul «a to th© rao-Uv. control tia© “pulsa 
diatrihutovo It is a©Burned the,t the control puloss ^ 
for the ©loctroatatic storage tub© han’t bjq derives :-.roH 
a spoolal ©iBotrootstic »tarage control which hae nc 
informe,tion a© to whether the tubas aro to be reaa or 
written on, fh© Bi»gi© pulse ©«at to the 33ain-.con<,.roi 
time-pulo® distributor will return road-out, read-in or 
clear signale to the three-way flip-flop andc. at ^ 
aane tine,, pulsa the noceesary gateo la the other oqu-p- 
ment of tho cowputor. If the storag© is to b© read cut,, 
the read out to tea line is pulsed mil the inxoî-mUon 
is sent out through th© gat© tub© and the bus driver to 
the bus, ïïh,0 three-way flip-flop and screen are io-t 
8©t oo that th© previous eigne! '«dll bo restored urn,a 
th© high-velocity beem is toned on. If th® tuoe ie ^ 
to b© stored on* the read in from bus aigael xiva^ sw«,s 
th© three-way flip-flop to the write minus position., te 
also gates the iu gato tubo, H a on© coraos in from the 
bus the tfer©e»way flip-flop will os rosat to uM w "a 
plus position; othorwlaoe it will he loft in the wrio© 
sninu® position,, 

ge. *Bh© high velocity boom is again, turned on, 

After tho proper time has olapead tho high voiociuy twm 
will* b© turned off-. She signal should have set tho 
three-way flip-flop 'back to th® read or neutral pospon», 
a .fact 'jjMch cm ba checked using the check /.or read—a 

gate tube, 

V¿ {pa© chock is Kuccesafal the three-way flip-flop should he 
reset to the writ© plus condition thus turning on the holding ***>*£ 
leaving the tube in its normal condition, A pulse should also bo ™ 
th© main control restarting it and stopping the ©lectrost&tlc «»-oraj,«- ßs>»,«ol> 

2hs ©lectrostatlc atoraga control prosonts some special problems 
since the times involved ara not finally established and operation should 0 
mad® adjustable over wide limits if possible. Drawing ohc:ws °ns 
-Dosaibl® aothod for accomplishiag tho control of the iiloctrosmtic vm&Go 

! 
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It U8M an ölght, w time pul bo diatrllmtor vdilOa omlQ ^oEttcaL jlth 

ÎS.T.Â« s: Ä- r2£S^ÄÄ- 
The cotintar siiovm her© la a 24 or 16 poslvloa coin „ •■ x 
Tala hetwaon outputo of the tira® putlaa cUotrlbutor of fro® 1 to 16 
mioroaacoiidQo 

Th© start oigaal from the maift control Bwitohoa th© flip-flop, 

opening tto gale Wo. and toTr^rUWar 

Är ‘ShÄ îtacSr^o'ol^nr» po-iwon «» nont paleo «111 WtoI 
do« the high epoed carry Sato Wo IW Inlett« ot^t way ^ P^oe^^ 
dl.trltator and go oui tto ilrnt ïooltlon W rl.m If 

to any or all °f‘““„f^r^ômïor iS^e at eero and no pnloo trill 
no cosmocUoM axe mad©, w© oowcex „ ,, com©otlono are 

Ä W SÄlf Ä °at --- 
reach the tira© puteo di ©tributo ro ní r roa ©conde Whoa, the second pulse 

«“ S S out th. »acond IW Sloh lo 

again connect©d hack into the counter a© (loaired to Prjjuc© ^ ^ 
delays. ífh© ^olo aystem, therefor©® prov eß^p delays between them which 

ræâ “áiod0e . 
soldered la place« 

Drawing B-39393 show® a complete control of the © «postât ic 
afeoraÆ® ®he tubos ar© connected to the hua» there being tw ..... 
corresponding to hanks 1 and 2 connected to each Un© 
the system In its normal b¡Ss will b© on, Tïm 
will he at the write plus condition and the holding cl@fîred pOBiUon as 

wïîîibe île^oStttifstox^e^würol timo pulse distrihutor« VIhon th* 

storage 1® to he used the main C0^SÍWJ2¿1Q^i0a ^pîïfleïs ^d the elngl® 
switches on the horizontal an.u vertical d -.- P n i5Mß ,.^11. rQad 
pooUlou fllp-£lop Wtoh »ich 1. to, jMi Ooeu rood oui 
In the 11 digit address s© t im th0 m&lñ control 

^fn ^°f“Â ï’t eleólroetatlo »iorago couirol ^ viU oioo 
Sp S n”v“f olooh pulseo to its o«h Um. pul» 

ä w>£3-rr 
LÄhÄ - H:î:irS ? pontrol ïïhis nuise is to set the three-way flip~flopa in th© han*, to 0 
°eJl thread condition. She outputs of the hank selection Ulp-flop aro 

thus supplied to the gato tuhoo °4« ?f S Uuo wMoh 
oi static storase tub© control will thus go ouï oiu.ÿ w“»« * . , . ,., 
Se Wu Wocte” TOd «111 switch only thos. illp-flopc ih the »looted h»h. 
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After another ssleotod delay the second pula© will appear whoea 
p-orpooG 5,e to turn on the high volocity heam in selected tub©o Once 
again it ia nocoseary to use the output of th© bonis soloction flip-fl p 
to set the gat© tubes 020 thus allowing the beam pulso to '^r\0B 
thoß® beaaiis in th© eelectod banlss. Sine© the ^/Z eh oot u? a voltLe 
an appreciable time, holding flip-flops are provided «ich so up a voltage 
through the buffer amplifier on th© line going to the selected bou foi 
holding on th® high velocity beeffl» 

After another selected delay, the third pulse will appear fr°m 
the olectroetatic control and will be. applied to th© rowet inpuo® of both 
the baa® flip-flops; thue turning off th© on boms but otU© 
off baams, ïhis pulse will also go to th© gato tub© on the check for writ® 
line, sending out an alarm if any of the flip-flops havo failed to b© 
changed from their read position. 

After another delay, probably of short duration, tho nest, or 
fourth puls®, apeara from th© electrostatic control, fhio *sJT* 
to the main control time-pula® distributor and provides tho reading ana 
writing pulses to the storage tubes. It »ay or may not b© necessary to 
chann^ the read and writ© pulses to gate-tub® pairs selected by the bank 
selection flip-flop, depending on the particular polarities noadod dui.=,ng 
the holding action, 

She fifth pulse from th© electrostatic control turns on the high 
velocity beam again through th® gat® tubos 02 and the holding fl p-_ 0|?®’ 
After a7suitable delay, puls® number six will appear and turn 0*fthöMgh 
velocity beam. It will also chock for read using the chock-for-read lin® 
and gate tube and send out an alaría if any of the three-way flip-flops on 
the selected bank have not boon returned to the reaä, 
is also used after a delay to clear the three-way fLip-flops sack to the 
write plus condition; thus turning on the holding beam 2nd 
in the holding condition, Shis sixth pu3.s® also clear* ^ ^ 
horizontal and vertical deflect ion and bank selection systems, ® 
th® wain control tim© pula© distributor, and resets the electrostatic borage 
control time pulse distributor to Us soro position, 

Th© tubes can then romain in a holding condition as long as 
desired or may be read again iramedl&toly. 

Drawing B-39394 shows the additions to the present computer system 
caused by electrostatic storage, The rest of tho computer i© not shown bu, 
is the same as in Figure 46 in Block Diagram Beport ^127. Tha ©leotro- 
static storage tubes and the selector switches are connected to th© btiß. 
While there is no connection between the bus and the electrostatic control, 
the control must be supplied with dock pulses. 

I 
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ïho control pulsed from th© main control to the electrostatic 
storage are already almost all present in tost storage,, The read-out 
read-in for the switches« the road-out road-in for the electrostatic storage 
tubos themselves, the start for the electrostatic control, and th© restart 
for th© main control are already pro Boat,, Th® start and restart are at 
present used for the delay- counter,. 

®heso "block diagrams are not only tentative hut incomplete,, 
Provision has not been mad© for using the transfer check on either th© 
storage switch settings or in using th© storage itself, except in the case 
of reading out* When reading in to either the switches or the storage, it 
is nooosoary to road out again immediately to the main bus for checking 
purpososo This difficulty can b© easily avoided in the case of th© ewitchoo 
by not stopping the main timo pule© distributor 'until one pulse tisa© after 
the electrostatic control has been started* This on© pulse tlm© can b© 
need for ordering the transfer check. Xn the caa© of reading in to the 
electro static storage^ one possibility is to a©nd two pulses to the main 
time puls© distributor instead of the ono proposed at present* Xt should 
b® easy to work out these details* 

X think that the electrostatic storage control is probably flexible 
enough for our purposes* lot only do00 it possess the advantage of 
adjustable delays between pulsos but it uses our standard and already 
designed eight way time pulse distributor and provides two aparoa for 
unforseon operations* 

Among th© many possible change® in this are the followings 

1* The us© of a single output three-way flip-flop aya tern for 
the tifo tubes in each digit column. Tor systems with ;;ore 
than two banks of storage tabes, all th© tubes in on© digit 
jo luma could be connected to one output system* Some, special 
equipment would be required for mixing but a net saving: of 
tube® should result* 

Th© delay In the tub© output lin© could be avoided by pro¬ 
viding a special holding flip-flop for th© screen m& 
triggering this flip-flop from th© output three-way 
flip-flop* 

The characteristics of th© output flip-flop and the checking 
procedure could be changed to avoid th© effects of ewltoMng 
transients on the tube output* 

4* If the write time on th© tube is appreciably longer than th© 
read Urn®, th© sequence can be changed to only provide th© 
long writ© time when a signai is being stored* Only part of 
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tb.P) charco neotl bo amoved whoR reading 'dhiao allowing 
relatively rapid rectorías if the data is not changed« 

R0 Everett 
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SUBJECTî 

To; 

From: 

Dato: 

ACCUMULATION OF PRODUCTS IN THE.. 

Jay Wo Forreoter 

Robert Ro Everett 

Nove mb or 3.0., 1947 

Thia memo considers briefly the problem of accumulating producta 
in WHIRLWIND I without the necessity for storing the partial sum in the 
memory at each step of the process. Such accumulation oí products mil 
not be included in the original construction but can be aaded laber or 
included in future designs for any application for which the operation is 
sufficiently valuable, I xrould suggest the followiags 

2_o That the problems be accumulated to a sixteen digit shifting 
recia ter similar to the B Registei“ which is so arranged that on snxits 
and carries it will shift one step to the right and at the same time 
insert its right-most digit into the left-most digit position oí the 
accumulator. Suppose then that we are to the middle of the product accumu¬ 
lation process. The sum of the products to date is in this special register 
which I shall call th© Holding Register» HR, We will now order the 
multivjlication by a special multiplication order which I shâll cali ma ioi 
multiply and accumulate, ï think at the moment that it would be bettor to 
us© a special multiplication order for the accumulation process rai-her then 
use a special storage order later on for clearing the holding register. 
This will enable us to carry out sequences of other operations, including 
normal multiplications * between steps of the accumulation process. The 
ma oporation proceeds as in the normal multiplying round-off operation» 

up through time pulso 1 when th® multiply puls© turns tte conoi-ol o^r 
to the multiplication control inside the arithmetic ^^t, lhe multipito 
cation process is exactly the aamo as far as the existing arithmetic exoment 
to concerned but in this special case the shift and carry pulses ^e also 
supplied to HR» shifting its contents one step to the right and shilting . 
r3/Jit--móat digit into the AC0 position of the accumulator. The next multto 
plication addition tóllw add the multiplicand on top of the shiftsa partial 
product plus whatever has been insertad from HR«. When the multxpixcaaon 
process is over» the entire contents of HR will have been added into the 
accumulator to proper sequence. The carry will have been properly carca for 
and no additional time will have been required for this accumulation. 

Consider now Figure 76 to 'the Block Diagram Report R-12?, Tills 
figure to the timing diagram for the multiply and round-off operation. 
The multiply puls® occurs on time pulse 1, Following the additions ox the 
multiplication» the control is returned to the main time pulse distributor; 

îi&â Mi. 



6345 
Memorandum M - 13 ó 

GOHFXMMAL 

2 

Time pulse 2 orders the carry and round-off operations which are. still 
needed«. In order to get the extra time required for replacing the sum 
in the Holding Register, we will move the product sign pulse from time 
pulse 4 to time pulse 3, where it will occur at the same time as the 
clear BR pulse,, At the end of time puls© 3, the correct sum of products 
to date will be in the accumulator0 On time pu3.;io 4.» therefore, we can 
transfer this sum back into the Holding Register« It will be necessary 
to invert the shifting of zeros and ones from the light end of the 
Holding Register to th® loft end of the accumulator, depending on tha 
position of the sign control flip-flop in the arithmetic elemento Or the 
contente of HR can b© complemented as well as AR ai d AC„ 

20 I can so® no objection to this procese at the moment. ?ery 
little change is needed in the main control,, The extra Holding Register 
which can be made identical to a B-Register must be added, as well as 
connections from its right digit to the left digit of AC. The greatest 
change required in the computer is a set of gato tubes which will allow 
reading th© contents of the accumulator back into HR at the completion 
of th© ma operationo A possibility to be considered, particularly if 
this da vice is added after WHIRLWIND I has boon completed, is to shift 
th© contents of the accumulator back into HR, particularly since, if HR 
is mad® lile© BR, it will be able to shift loft0 Than, if we provide a 
special shift-loft lino, including a pair of spacial shift-left gatee 
on AC zero, that is, gates which ar© different fre® the divide shift« 
left gates, w® can shift th© entire contents of AC back into the Holding 
Register without th© necessity for adding an extra row of gate tubes«, If 
this is don©, it vs ID. b© naceos ary to us© the stop counter to count the 
number of operations,, This can be accomplished by resetting it to its -16 
position, using probably the same line that is used for th© multiplication 
operationo Under thus© circumstances an extra flip-flop will be required 
in th© arithmetic element which can be pulsed on time pulse 4 which will 
in turn shut off ths main control, reset the 'step counter,, supply Holding 
Register shift-left pulses to both Holding Register and Accumulator, count 
up 16 shifts, then clear the Accumulator and return the control to ths 
operation control« The transfer pulse can be delayed a half-puls® time 
and used for clearing; the accumulator0 

3o We still need a means for getting the product sum out of HR 
to send it to storage, when the summation is complete0 This can be don© 
in several ways : 

(a) Provide a special order which will transfer the contents of 
HR into AC by shifting on requesto 

(b) Provide another multiplication and accumulate order which, 
instead of transferring th® sum back to HR on completion, will instead 
leave it in AC0 

t 
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(c) If it is considered nob undesirable to lose the advantage 
sugsosted above of being able to carry out other multiplication opera¬ 
tions between summations g the standard multiplication order can be 
modified» Always shift in the contents of HR.S it being the special 
ma multiplication operation only which replaces the sum xn the Holding 
Register» A normal sequence for summing multiplications will 6h©n 
consist of all ma's except for the last one which would be a standard 
mr and would end' up with the total sum in the accumulator» 

:4 
I 
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Jay W. Forrester 

Robert R. Everett 

November 10,, 1947 

The film input and output to b© used with Whirlwind I 

is described briefly in a report by the Eastman Kodak Company 
entitled "Progress Report #1: Film Reader-Recorder tor use 

with Computer" by R. D. O’Neil. A single 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 an estimate of the total number of 
units required for Whirlwind I are discussed in M-73, 

Briefly, these machines consisted of a clutoh control¬ 

led 35 mm. film drive plus an optical system and a combination 

of a cathode ray tube and several photocells for putting informa¬ 

tion on the film or taking information from the film. In writing, 

the beam of the cathode ray tub© is swept across the surface 

of the tube which is supplied with a mask and focussed on the 

surface of the film. Both numbers and their complements or 

inverts are stored on the film. If all is being stored, the 

boom is loft in the number row while If a »oro 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 surface of the film. Approximately 50 channels 

are to be used, A beam-splitter is usad to deflect some of the 

beam’s light to a pair of photo-cells, which both determine 

whether a »ero or a one has been stored and supply confcro. 

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, first across the number line and thon across the 

complement line. Photo-cells behind the film pick up signals 

whenever the beam strikes a transparent spot. For further 

details see the Eastman Report. 

I 
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The charactoristics of this syetem are as follows: 

CM 

1,, Since the beam is swept in time across the face 
of the film, the digits are stored or read in time, sequence 
and must be supplied to and received from the reader-recorder 
in time sequence, that is, serially» 

2. When recording the recorder can transmit back 
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- 
re corder. 

4. As each digit is stored or read the reader-recorder 
can supply a pulse to the computer requesting the delivery or 
reception of the next digit» 

5. The film stores about a hundred lines of data on 
a linear inch 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 1, 
could be stored effectively in on© lino 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 such a fashion as to use all the surface 
of the film.. If fifty-digit data were being recorded two whole 
lines would b© needed although these lines might again be cut 
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 second 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 be supplied to the reader-recorder or received from it 
either at »5 megacycle rat© cr 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 wheel in the recorder 
contains an index mark which is used for spacing the words 
equally along the film. In reading, an index placed in the 

■ margin of the film during the recording is used to indicate 
when a word is in the reading position. In both cases the 
reader-recorder supplies the ready information to the computer. 
Since about one millisecond elapses between readings of words, 
the computer has adequate time for its own control operations. 
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Since the readar^reoordor ie relatively slow in 

operation when compared iirith the rest of the computer„ it has 

been felt desirable to build special equipment for connecting 

the reader-recorder to the compute?.*. This special equipment 

will allow the transfer of information in either direction with 

only a very short interruption of the main computer cycle. 
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 control. It 

is still not clear whether this additional equipment is desirable 

It may be that at first at least, the Whirlwind I computer will 

avoid this special automatic equipment,» The equipment can be 

added later if desired. The decision must wait until further 

study has been made both of the cost of the special equipment 
in extra computer complexity and siae and the saving in operating 

speèâ and in coding. The system will he 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 reader-recorders and the 

equipment necessary for connecting them 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 wild be sixteen digits 

in the case of Whirlwind I. A pair of registers is needed for 

checking purposes. The pair of registers ie referred to as 

SR, the particular registers being called SRN 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. 

The recording process is as follows: 

1. Tho number to be recorded (the source of this 

number will be discussed later) comes in from the bus to the num“ 

ber stepping register through GT01. From there the complement 

of the number is transmitted to the complement stepping register 

through CiT04. 

2. When the index mark in the recorder shows that 

the film line is in the right position, the recorder will send 

out a stepping pulse to the number stepping register thus 

shifting its right most digit off into the out lines and from 

there to tho recorder» 
» 

3. The recorder will store a 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 send a 

signal back 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 is working properly the digit shifted off the 

right end of the stepping register will be replaced in the left 

end. 
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40 The baam«-ßplitt0r signal w5.11 also genore.to 

another stepping pulse to tho number stepping register. This 

process continues until the entire number has been sent to 

the recorder» When the beam has finished swooping, it will 
actuate a photo-cell which will stop tho stopping process and 

send out a signal on the complete line» 

5o Tho number which has actually boon recorded 

will have been replaced in the number stepping register„ The 

actual stored number is again added to tho complement stepping 

register clearing it to all zeros unless a mistake has been 

made in the recording process » A chock pulse to the complement 

stepping register vrlll check to make sure that the register 

has been cleared and will produce an alarm if any error has 

been made. 

The reading process 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 process may 

be different when the final interleaving method has been deter¬ 

mined . The reader will then first provide ones or seros to go 

into the left end of the number stepping register. 

So As each digit is readfl 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 road will be in the number stepping register. The beam 

will then start over and read the complement line« 

6o Stepping pulses are then sent to tho complement 

stepping register end 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 stopping register» The 

number can then be read through its complement output gates 

to the complement stepping register clearing it unless there 

is a discrepancy between the two readings. Once again a check 

pulse is sent to tho complement stepping register causing an 

alarm if an error has been made» 

• •w. 

* 

:.1 

1 I 

! 4 

1 

¡I 

I ,: 

] 1 : 

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 bo possible to use the accumulator in the 

arithmetic element as the stopping register for recording., 

comparing it later with the actual number to be recorded, ones 

again extractad 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 

accumulator, which is also used for the comparison process* 

It is possible with only slight modification to the 

existing control to usó the standard orders already available 

for supplying information to the stepping 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 sequence 

at come strategic point and calling in a sub-program particular¬ 

ly designed for the reading recording process. The computer 

could lœep indexes in the storage for locating the source of 

numbers to be recorded or the destination of numbers road. 

Certain special input and output orders would be needed for 

starting and sto'pping the reader-recordons and for transmitting 

information to and from the stepping registers. Once the 

relatively small group of operations necessary to sot up a 

HOT' word had boon performed, the computer could then return 

to its regular computing sequence. 

A possible way of taking care of the reading and 

recording sequences automatically will now be discussed. This 

way has the following characteristics: 

1. A section of the regular electro-static storage 

is designated as a sort of buffer between the main computer 

and the input and output equipment«. The size of this buffer 

storage is arbitrary and depends upon the amount of reading 

or recording being done. The use of part of the electro¬ 

static storage for this purpose does not in any way prevent^ 

its use for normal computer purposes except at those spociiio 

times 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 sequence. Numbers going into the 

storage would go into the first empty register in the tp 
part of the sequence while numbers being extracted from the 

storage could come from the first full register on the lower 

part of the sequence. If the sequence is considerei as a ring, 

this process can continue as long as there are any full registers 

or any empty registers in the amount of storage allocated. 

3. In order to use this ring automatically, it will 

be necessary to keep track of throo things: 

a. the register number of the first full 

register, used for extracting information 

from the storage. 
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b. the register number of the first empty 
register, used for entering information 
into the storage« 

o» the number of full registers in the 
storage« This number must be kept 
track of einoe spécial steps must b© 
tslcen if the storage section becomes 
either completely empty or completely 
full. 

Drawing B«*39396 shows this system as applied to the 
recording operation. The in-counter keeps track of the first 
empty register position in the storage and is indexed every 
time a new number is entered. The out-oounter keeps track of 
the first full position in the storage and is indexed each 
time a number is extracted. The difference-counter counts 
positively for numbers added and negatively for numbers ex™ 
traoted. The recording process is as follows; 

1. Whenever the computer has a number it wishes 
recorded it transfers this number to the storage, using the 
in-counter reading to select the register in which the num¬ 
ber is to be placed. The difference-counter keeps track of 
these insertions and when the storage ring has been filled 
to a certain pre-determined amount, it starts up the recorder. 
When the index mark in the recorder has reached a recording 
position, the recorder sends a complete signal to the control, 
thus, setting the flip-flop shown in the lower left-hand part 
of the drawing and opening GTOS. It is not possible to break 
into the standard computing sequence at any time 'because so 
doing may destroy a part of an order incompletely carried out. 
However, when time pulse number 1 occurs a new operation is 
just starting. The arithmetic element may be working on some 
old information but the arithmetic element is not needed for 
the recording process about to be described. Time pulse No. 1 
therefore is supplied to GTOS, and thus produces a pulse to 
initiate the recording operation only at this selected part 
of the operation cycle« 

2. The pulse coming from GT05 first stops the 
main time-pulse distributor, thus stopping the computing 
process. This pulse also reads out the information from 
the out-oounter as to the first full register in storage 
and also goes to the electrostatic storage control whore 
it initiates the extraction of this register number. 

3. Thé storage switch automatically accepts the 
out-oounter reading and no further action occurs until the 
electrostatic storage has been set up. 

4. The single pulse from the electrostatic 
storage control, xvhich is normally used to index the main 
time-pulse distributor for selection of reading or recording 
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in fcho storagef is instead supplied to GTO60 This gate tube 
is normally open but is shut when the r soordor x 1 ip ■'■flop has 
been set« Instead, GT07 is on and the single pulse from the 
electrostatic control passes through this gate tube, return¬ 

ing as a read-out signal to the electrostatic storage control 
and opening the input gate tube on the number stepping register« 

The information in the desired storage register is thus transfer¬ 

red to the stepping register« 

5. The electrostatic control then proceeds with the 

re-storing operation in the electrostatic storage. When this 

operation is complete the control returns a restart pulse to 
the main control clearing the recorder flip-flop and re-start- 

ing the main time-pulse distributor. This distributor will 

proceed with time puls© number 2, the interpolation oí the 

recording selection process having had no effect upon the main 

computing sequence. 

This process 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 the difference-counter will again start up 

the main computer, If the recorder gets ahead of the computer 

to the extent of emptying the storage ring the film recorder 

and the recording process will be stopped and not re-star bed 

until the difference-counter shows that the ring has at 

least partially filled. 

Drawing B-39S97 shows how this system can be applied 

to the reading process. The in-counter again keeps track 01 

the first empty register in the ring except that now it is 
supplied with pulses from the reader and not from the control. 

The out-counter again keeps track of the first full register 

in the range but it is now indexed from the control since it 

is the computer itself which is extracting information from 

the storage ring. 

The difference-counter Is again indexed with plus 

pulses from the in-counter and minus pulses from the out- 

counter. Gates are now provided for reading numbers in from 

the bus tc the difference counter. It is sometimes desirable 

for time economy to read in. only a few numbers from the reader, 

perhaps p,s few as one. The computer can then transfer a 
number tj the difference counter sufficient to merely fill it. 

If the reader is then started, it will read only enough numbers 

to fill the counter, thus stopping the reading process. The 

counter must then be cleared. 
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An index ootmter iß also provided for selecting a 
particular number or group of numbers on the film being read» 
The computer can read into this counter 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 th© 
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 can 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 recorders. Thus it la 
possible to read or record at the maximum speed at which 
the film can travel. At the expense, therefore, of a cer tain 
amount of computing speed, it would be possible to accomplish 
this scanning process using only the standard orders in th© 
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 could keep track of the index number itself using 
the arithmetic element as the counter. 

Drawings: B-39395 Hoberfc H0 ISverett 
B-39396 
B-39397 
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2,33 A moalfii factor of so so® po««r of 3 (for 'binary 
baa®) xa usad to r®duc® all poeitiv® nuvabor?j to 
appear in the register as lying betvoen 0 end X 

3,.33 Seal© factors are introduced la problem preparation 
and must always bo acoountod for although they 
novar appear in fch© machín© 

3-331 Numbera to bo added(or eubtractod) 
muet have the same scale factor,, which 
is alao th© scale factor of the amswor, 

3,333 Any two numbars may b® multiplied but 
tbo scale factor of the result depends on 
the rounding' off process es wall as the 
acal®. factors of the multiplicand and 
multiplier- 

3, 333 Seal® factor« muet be chosen to avoid a 
result which runa off tho number regist-fir 
in either dii’actlon.- 

3 4 Tho digit HF is asaumad to be 1 MC, with 1/4 micros of. end pul bo 

3,1 The number regiatar will conotat of 38 digit apaoaa(azoludiRg 

intsillgemcc pulk©} 

3,3 Digit pul cot will bo tranamittod ia tía.« aequauc« with the 

least oigaifleant coming fu-et, and the sign digit being th© 

last.. I .a „ right end of cvimber r agi at or coma« first 

3,3 The number register will ba preoad ad in tranamission by a 

elogia IntaUigeuc® Pulso, IP, making a transmitted length of 

33 digitñ 
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3..4 ¿13. nagatiV'S atiabar s will appear ¡se oomplomeate o .a tv;.. 

t/htta looking Ufe® po al ti ve auabera between 1 «ad 3- !^0J 

aro distlngnlaheA by the presence of « pulao In the elfín 

digit apace6 which ie the last cuts traneEiiSt®dj 

3 5 The arithmetic operations of addition, aubtreotion,. and 

imzltlplleat i.o.ü will be provided: 

4_Further Agaumptionfl 

4.,1 Dynamic storage elements is® typo) will be capable of beta« 

‘'road" several times to permit ueò of the same oomber several 

tlaea in a problem without the neos salty os? restoring 
% 

etrory time it is used., (there la at pro neat no experimental 

confirmation of this poBBibility.) / 

4 jg Storage elements will be fJxU to receive and interpret their 

“set-up'’ orlar» aven while still in th» procesa of exaautiag 

the previous .order 1¾ ie to bo understood that execution 

of the later order will not b©.inf.fciatoö until after aompletlon 

of tho previous one.. 

4.3 Storage el ementa or© each, as mused to hold 38 f5word8,t of a?, 

least 33 digits. 

« 

£L..JaalaMâÈ. 

5 1 Comprit!ng S -..eiaent Chara«t«ri3tí.cr. 

511 ffia© operations of addition/ ®ubtrßOtio:af nnä multiplication 
will ')a performed ae followiii 

£ 111 for addition., a baaio adder will bo madii’3ed 
with m added proví rcor;1, >;o give! & v&Tnîng 11 

- ..'i, 7 ■' ■: .1¾ . ..... ,:. .: 
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iaíprop®^ »3»X® l'ftctoi*® hav® ‘basa «..wi 
oa ti» tambtsT® tedí.-g addaö’,, 

5,,X2J3 for aaltipllcatloß« a ■»hlffle^droe mul -î.pXior 
which will aooosuno&Bte aoga’íiTO as well m 
positivo nmabersi 1b v.mrà for high ape®d,, 
Boundi«g-off noraselly occurs at ths midáis of 
tho product but can ho &0&0 at otlwr poluto- 
ïho laßt partial etm of tho product ie csada 
la thw addar 

5-,113 for oubtractioa,. tlv® cowplomeat oft twc of tho 
miauend will bo fomod andthla i© added to th® 
©ubtrabond in the nâfter 

13 Tho computing «laaont vlll mat llko a 40 aloro second, 
delay for all oporatloae, l..e.»r there will bo 40 ^ 
sec 1 from the start of the numb©**» in uutil tho start 
of the re oui t out, This delay Is aecoaeary to alloy 
& tia® of one word l©nç;ti3. for eraoux© of bha storage 
tub« which iß to receive, tho recuit, plue eaou# ostra 
tlm to tenure full raoovorjr of the awaoç oi roui ta 
(here arbitrarily assayed to b© 8 ^ mo ) 

5,131 Mdltloua and subtract loa® aro purposely delayod 
more than oao wre length,, 

5,133 A Bultlpliaetlo». is soraally delay'3d one word 
length and 5.a this system,, the renlt ic 
delayed a little more to make a'total ¿clay of 
4/J p so»,. 

8-3 Storag» Capacity 

¢.,31 Livo storag® will be used to store partial aaswera or 
trauiSloßt rsßults, 

5 = 31.1 SS, ©lootrostatic type {cathode-ray tube®) will 
too tto«iô,. 

5,313 Sorea tube© will provido &torago for 334 word® 

5-.23 Prog’,raw and aub-pro,graft storage will coat ala, tba order«? 
for solutioa of a probi®»,. 

' 
ti'fÿriih' 

5 311 OK, a©cilio©cops reader type (card raadora) 
w5.ll i.at.rocluc® thft coded order© into tnci 
«yete» frojá a sut of poached card© or :/, similar 
utiadi.«-. 

5 «a Sist0m mibo wi.U provide «tor&g@ for 513 word©.. 

imiÊÊimtÊmmmmmmmsBrviinttippiif nnitviMr mÊmamm0itmKmmÊmmmmimmmimÊiÊÊtÊmSÊÊiiÊmtaÊmÊÊÊÊÊÊÊÊtÊÊÊtÊ 
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5,3s ö'öal st'Oi'age wl 15. coûtain coast^ta --voi 
data,. 

5,331 0ßOi3.I«ecop® Reader ty»o used hero «le* ■ 

5-333 Sevea tube o will pro vid® storage ío'¿* 3½ woras.- 

5.. 34 Recording, for rewuí.v.e, 

g„241 for aioplicity only one unit iß provlô-od» 

5,342 Sype íta not specified, bat it migfet. bo 
oiectric typewritor, curve plotter, or 
oscillograph,. 

5 3 Switehee will 5« M®h«npeed electronic type, 

5 3.!. A 16-way program etorsgo switch i* used to «elect 
each order from Uva program «toragé tub®®.. 

5.. 33 A 18-way otorag® selector «ftdtch sonde the et o rege 
tub® orders to the proper live or dead utorage 
tubas, 

5.. 33 a confute*1 «witch »«paratea tha order to the oaepftting 
fflloroosit 

5.34 A adb-prog!'e® switch eeparates a eob-prograa order 
if aae iæ present., 

5 35 other® are shown ae required la the variou;» co:npoaen.ta 

5,4 timing device« for synohronlalng th® oparatioa- 

5.41 A timing pule® generator provid®» pulo«® at maater 
clock PR.?’of 1 MC o 

g.,43 Trigger generator provides asynohreui «¡i ag pul sc a at 
,35 io PR? for timing variou» part» of th« operation 
cyo i.®.. 

5-.-5 A program »»©lector coat rolo th® sequence oz orders ^ 

5.. 81 It ehooaeo program oreare in mwasriop^. »«queac® and 
«roiusos! th® oorrs-ipondlng switching order»« 

5.53 It also provide» a moma for iatcrroptlng the main 
progTEa» ßeqoaöc« with a eub--program »ycl© and returuo 
'control to ' th® proper piece in the «»in prog*'*® at. 
the «ad of th® ssw.b*~prosraw ôycl«* 
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6,1 

6..3 

5.S3 A reset ov&qv will staa’ti a now pxogrö» cyol» :^cU’.raias 
tb® program »»leetor ta the beginning of the p^y.-jram.. 

Fundamental Oirouita cro dseoribad and ©nplainad ou the following 

drtvMingo« ubloh nbould bo otodied in this order .gima .for bast 

resulto. Sho symbolo need throiighovi.t tare shown and defined on 

B-37000,. 

6,11 0-s.bQ G©n©rator(Gö) 

6-,13 Gate ïïube(Gï) 

6.13 .Fille» Cutoff (PO) 

6.14 Digit ïiiv0rl;0r(BI) 

6.15 Electron!© SwitchlBö) 

6.16 Baela M4®r 

Componento 

6.31 Ooaputing Kloment 

6,,311 Adding Element 

5,313 Multiplier 

6. 313 CcmpiemeateHCG) 

6, S2 S to ;* ago %& t a 

0,,331 Oeoilloacope ReaderCOS 

6,-333 Storage Wbe(3f} 
(EleotrootaUo) 

6 33 Pa’ogjraia Selector 

6.,3 Ordere má Timing 

u„SSI, Oosspoextion of Standard Ordere 

6.33 Hiao Cyola 

S,,4. Sy st, o® 

Sc© 

Xh'awiag B-2,7013 

f! D-217011 

<! . B-37014 

B-37017 

11 11.37013 

lf 37015 

Dv&uín¿¿ 2)-3702,.3 
C -2,7033 

« B-07O1S 

0.-37016 
0.,37010 

« 11.,3-7017 

Br Bit! jjg C,. 37031 

1 0--.37030- 

»ratdi-ig 11-.37036 

Braving B»37034 

r' B-370S5 

c »»&7030 

“-Í 

4 ' M 

-J .¡y 



"..■••i,-. 

; M'.f. ,,,n, .... _ ... ...M«rif-.'>v.,{pflJ^{5^rt:.’1^?!^$«WS^|'flÂÂ^|S|^Í|ÉÉíÉÉteÍ8ÉlM 

Gomimw'.uh 

S¡£tgisiev5í'5.4áí AiOt'¿i45 i''0 />*3% 

©kj fcllovittg 3®c%ioafô» fî 41. 6 4': {•■AZ- .•uici G 44, ^rso.: tj.v.íoi.ig!í 

a ooviJjilofcu’ op9rat3.oil. which caa be ío.v.l.o^cd ço. th© liso Oyolü ítímí/ j..g -¿•‘íQa'ú, 

au voll as on the ay at ©a Block Dil.agraiu 311570^0. Other chas*act arisfiCC', ¿vad 

fa aturo a of operation are described xxi the imbu» quant ooctlons. 

6.4X Pro.«;row Order Soloctlott 

5 411 Program salactor covmY.e the trlggora on traite S*.. 

5. 41;? ïha order 1» aoloctod by a tube amber aud It« 
position on tho tuba /tcoordlag to fei« count 
regietorad by th» program nelootor. 

6 41;Î Tho counted aurobor roprasonto a switch order end 
a tub® lino number on the tube »«Iwatod by th® 
EUitch 

6,41-1- This coded line ivomber from tho aeloctor 1« 
switched to the proper program ste-rags tubo aad 
sets up tho proper deflection 7oli;a<5® icr the 
order desired (Line 4 of Tim© Cyclo» Ö-3703S).. 

6,48 Salt Lotion of-Prograa Order 

6 43;. A3.tomato trigger*, «ppoar on trunk* lía©.» T' aid -1 ' 

C 43:} Trigger on 1 re wie fis st word of program oirdar 
onto 'trunh: linn 0, (Ida«} 5 of Time Cycle) 

6..433 Trigger on 1' which 1» more than one word length 
later then tout :-n lu raedo second word of ordnr* 
onto 0. 

g. 45J Dlapn-eltlon of .OnUr (Sue ulsi,- Coaqpoeitión of Ordore,, . 
Jh. 37034) 

6 43,¡ S’tret aeotioii of a ruer, .vhloh A® to eat up ths 
ettorage* tub-.« to rend one number Into coiaputiivs 
ela-œunt ou îr-unk line u- ops rut ob »tór ago ««lee bn t 

«wlbob. to *sm\ she re»t of tha aí-ctloa. diin).tî«.atia$; 
the tube .Liu® nttiubej\ to th« proper otorf-ga tuts:, 

6. 4¾ 1 Second section si order eefcii up the tube- t.u r-wavV. 
the escond .-suMbej Ir to the oomputing alaufcU' on 
Trunk lia® ä. 

6. 433 Computar swt fech -nd gata. sí-parato V;U» tM rd gee ti aw 
of the erdft.: end ser-.d it h:i the ocsqmtixii;, elenent 
■to so led- 'tu® v-ppra-iioa do :4 rad 

mmmmmr'-. wup »• ami 
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6 434 ffowxth »we'ßioa of orí.er ih silroilax in .‘.ki 
to firß'ö tyo Metióos tut oste t%> tho s'lc^'a^o 
tuba to rocoivö the í-eoult fro» tho oompvvtiag 
olenaat on tmak line C. 

6..435 ffifth aootioa of order i» préeoat only ’whe.n box* 
ordor is to "o® taken frota a sab-program cycle 
It la a*pare-tod by tho uub-progra® witch and .s 
uaod to arrest the normal counting procadrura in 
tho program aalootor rb well as to soleet tho 
propor program atorage tube and line nu»bar for 
the oub-prograta order desired.. 

6 44 Execution of order 

6 441 A trigger on Trunk T'' * oauaes two number a to bo 
read out of storage, cue onto Trunk .4 aa?X on® on 
B (Lines 6 and ? of tho Sime Cyclo) 

6,442 The átono trigger oaußea tho live stor&gs tubo on 
Trunk C to erase, preparatory to racaiving tho 
result to bw stored. (Line 8 ox Time Cyclo) 

6 443 Tho number » from A. end B era held In the computing 
elomect- until the tub® cm C ie ready to aforo the 
result 

6 .444 The oXapttod time between the initiation trigger on 
T5 and the storing of the result tram the ootapating 
alemont is about 200 p. ¡rae 

6,45 Oharactoriatioo of Order<8 

6,,461 The first and second sections» designated A and B. 
may act up either eloctrootatic storage tubes or 
oeollloacope readers on tronico A or 3 . Tho tube* 
on these trunks will olwaye be sot up far reading. 

6 453 The fourth »«cUon of ordo:-.% designated 0, aJ.wsyfi 
iBURt set up en olactro static storage tuba or the 
recording instrument to reçoive tho oompu'sqjf r a suit 
on Trunk 0 

6.453 Sh» fifth »»ctioa,, doelgnated S which will aelact 
the next ordsr to be read when a sub-program cycle 
¡U Uffifi-d., :lis Included only in thou® order® which re- 
qulr« the next order to bo-part of a eub-program. 
Bach sub--progr8® order, j^cept. the* lajl one of tho 
cycle will contain this section specifying th» next 
step in the cyclec but tha other eoctions will be 
similar to teoso of regular ordivra , The ua* of 
section 3 laoeas that sub-prograi« ovd-w® need not 
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Tb© stored consecutively In the program etors 

6.454 The last order of the main program cycle seta the 

storage selector switch to a unique position re¬ 

served for it and is fed hack to the program 

selector to reset the counters to aero, thus 

starting the program over at the beginning. 

6,46 Timing of Operation 

6,461 

6.462 

6.,463 

6.464 

6.465 

6.466 

6.467 

Triggers snaced at 4o microseconds appear alternately 
on trunk lines, T' and T'«. Heneo ©ach trun).!: carrion 

triggers spaced 80 fr* sec. apart. 

Th© triggers on T9 are counted in the Program 
Selector except for nub-program interruptions. 

Heading of the counters Is timed to start after 

th© sub-program section, 9S!1, of th© previous 

order has been read, 00 that when a sub-program 
is to start, the counter can ba stopped to permit 

return to tho propor place when the sub-program la 

completed. 

A trigger on T96 starts th-a sweep of first tube 

where order is stored. 

Th© next trigger on ï” in addition to starting th© 

program selector for th© next order, starts the sweep 

of the second, tube where the rest of the order is 

stored. 

Th© second trigger on T*9 goes to all computing 

storage tubes as well as starting the sweep for the 

first part of the next order. The two tubso which 

were set up by Sections A and B of the order, sweep 

and produce the two number® for the computer on 

tronica A and B. A tube, set up by section G of the 

order, sweops to eras©, preparatory to receiving the 

answer on Trunk G. All other tubes, though triggered, 

do not produce numbers because they have not been 

”set-up" by an order. 

While the ‘“’O'5 atorags tube is ©rasing, th© "A" and 
tubes read numberninto the computing element,. 

Th© result is held In the computing element until 

the f,C" tube has had time to erase and recover from 

the erasing sweep, about 4()tí* sec. 

The answer is stored on tho (,G!1 tube when its ÏP is 

usad as a trigger to start tho “writing” sweep. 

HK *1* bt «•«"‘Wïsmwwî *wp y?::;:::;,: 
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A fixed cycling raba of 33,5 KC ia ttíi«d '.' 
provA viloa far OTerlappiag puytione oi t-sv- ojisr&tiotus.. 
By stiaßgeriag t hi ago this y$y„ a new oparibioa can 
Btar't «very BO microaoconda in sjjll;« of lfee 
«jaaecoaaary 40 p. sac, delay of addition» s-nct »ub- 
tractions in the computing el ament... 

6,4^ Traatiaent of Sub^progrom Cycle« 

Section 'tSrt of mi order contalna the coded in¬ 
formation da rl gnat lag the location of the next ordtor 
to be read,, l.e.,,. the position of pregram stortgo 
snitch, to select ths desired tuba iswitch anti, th® 
line number on the tub® itfsoif,. 

Section "3" to «witched off to repeater the program 
storage through the program storage tiwit,ch,; whc.ro if 
selecta th» next order to be uaed. 

.Sacbioii ’’S'1 ¿dec goes to the program eelector wherfe 
it prevent « the countere from being read.&a in 
normal aolection procedure,, although the count ho» 
already been increaaed for the next program order 

Whan aub-prograxa cycle is completo,, the last order 
haa no section 15S* and the program tialector it; 
relaased to read ths count which was held during the 
sub-program, thus returning control to the-mat*• 
program »»quenco without di scout faulty ir¿ the 
count i si g 

& .4.8 Storage 

6.,.401 She electrostatic storage tubes are always '''erased11 
just before they are required to store a oumbei„ 
.guarding agalnat spoilage cf the number by poariblc 
remains of a previous otorlag* 

6 463 A a tor agí! tut« can bo used 1» t,vo »uccexsoi^i 
op«raV'.oa«, but onnnoi ¡supply bo th uwubaa’* t» ih« 
«ïomput'ar,. 

'fr.axisfor of storage may be aiodo by Bending the valu« 
to be reatored through the adder in the computing 
element whore it t;s not altered but comes out 
enough later to allaw for erasure of the tube to 
rcjoeiiv'i 1¾ 

5,,464 a •!.»» on an electrostatic is to raga tube cpn be used 
several, tlaen but if the signals l‘run.^dowa,s or got 
w®ak„ tho value will have to be roatored for further naa 

ii 5l 
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Drawings; 

B-37OII 

B-37012 

B»37OI3 

B-37OIH 

B-37OI5 

B-37OI6 

B-37OI7 

C-3701S 

G-37OI9 

c-37020 

c-37021 

B-» 37022 

B-37023 

B-37024 

B..37025 

B.-3/O26 

D-3703O 

PDTsvc 

6,465 All operations,, except transfer from 

storage to the recording device will be 

terminated by the storage of the result 

on an electrostatic storage tube. 

Peter D, ïilton 

.¾ r^r»a^rr,ggrx3gaiRaBagiBMaaBii«ÉMi«BÉiiiÉiMiiai^^ .'ííAlÍiiwfetv • U-'•’.'"V-1'1,•' 
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Al. Dlstlnguliahiae Chai'ßCtoriBtio® 

Al l Typo 13 will b® abl» to u«o an eloctroatatlc storaga tube, in 

Huccasslvo opoi'atlona 

Al 3- Both nuBvbertj to the computing oXoraont can ho supplied from a o-»#?11» 

ato re«« tubs (of either t.ype).. It is not possible for a vingU tuba 

to supply both numbers and store the result in the oamo operation, 

or to supply Pia number end «till erase in time to store tho roault. 

Al .3 All other features will b© tho satas as those of Typo IAt, 

.A3,, Modifications Required of Typ« 1A 

A2,l Storage tuba modificatiouo 

A3 ,11 All »toraß« tubes of both typo» met contain circuits 
which vi 11 be able to hold two set-up oMors roceAveO. 
one aft«ir tho other,, bo that the cecond order can be 
**rome»b€.ro4" while the first on« ‘U being execufceo, 

A3 .12 Asacelated with the above provision there should be a 
mma for aendiag a trigger pulso out- of the storegs 
tube whenci’or a doubl« order ie r©c ¡*ved. 

A3.3 Sysfcoca modiflCf,tlono 

A3.31 A single trigger pulse should be admitted fron Trunk ‘P» 
to all computer storage tubes through c. gate controlled 
by t,h© pul »a mat cut from tho tube ceding a doubl«, 
order ' - 

A3,33 ïrunka t% and ï"1' nuot bo isolated fro a each, other whou 
tho trigger from T" goes to the a to rag a tubt-o to prewob 
aooldeutRlly triggering an vtadeeirGd program «tarage tube 
m veil- 

¿2 .33 A dO >,1. if (oc- delay Ha© 1¾ required batv.ean tmake A and B. 
, ce unacted through &■ ewitoh 0.® follows i , 

A-3331 Morasally Trunk» A and B are conaacfced to* 
computing ®l«8»ont input»., , 
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A,22¾ Wh»n Wig^er'tû by the. »F-oc-tal í;U-’-71,:i : r':';'': 
»toragn tub« tho Rwitch. ahould ohaii^o -■< 
««o. L oaua«ct the do'ir-.y bstweem '-rani: 

!.j :,,1, 

:, :.‘,ud 3 

A3. Opn rat toil 

4,31 aVba its “Bet-up1’- by flrct order, auú sacona order i.» heda. 

A,33 Extra trigger admitted from T4 la 40 p v.«c ahead of the norma-, 

trigger on ï!'"1 and roadn first number off tubo onto "‘runte A. 

iv.,33 'Chib first number on A i« delayed 40 p. boo in the added dolay 

before it appoarn on Trunk B 

A,34 Tub« reeetn to fcho oecond order roceiuod as soon a» tbo firet 

order i® oxecui.tsd , 

A.35 Moraal trigger on ï"1 reads aecond arabor required onto Tro.uk A 

yhlch la now clear of the first number 

A. 36 The two numbera« appear almultaneouely at- the computer on A ?.ma 

3 and are operated upo® and «tored lc the normal fashion 

:1 

I 

. ...^vkva.^-Sï-K« .“!í?¡ím4í5- .-ï"’':-u .ííc-^.i; • : .., 17,1..1-,:-. 





-ATE TUBE (GT) 

p. A (rate Tubp is an on-off switch stimulated, by en external signal. It may be either 
fen a 1ly open or normally closed. In either case presence of the signal causes the op- 
|eite connection to be made and when the control signal iß removed the switch reverts 
! its normal position.- When the control signal lr a pulse the -ate Tube acts as a 
[•incideace titnlnrr device to emit a single, pulse 1? a pulse arrives on the input, line at 
tie same time as the single pulse control signal. If there is no coincidence there- will 
i no out out. - 

In some cases the switch may be required to operate only when two external signals 
|e applied simultaneously, operation starting whenever both signals are on together end 
Wping whenever either of the control signals ceases. This is possible only in the 
áse of tubes which are normally, off. 
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Th? erat? Genpratnr Ls a device to produce n g; tisignal of a fixed 

ngth, uoon stimulation from a ninrle pulse or the leading edge of another 

te. Once triggered It will he unresooneive to other nuises or signals 

nearing or; the incut line for the. lenrtV of the gate. The first signal 

boearing after the end of the gat» v 1.1.1 start a new rate. 
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ELKC'iRONIC SWITCH - (ES) ^— 

A multl-polr.r contector which makes a direct contact between an input 

lllne and one of a number of output lines, or conversely. Where there Is 

only e two-way choice one way will be normally closed and the other will be 

normally oner. The presence of a noaitlve Píate signal on the control line 

will reverse the normal connections; when the prate is removed the switch 

will revert to its normal nos it Ion. In the erenersl case of an m-way switch 

the control order will consist of a binary number reoresenting the desired 

connection, i.e. a series of nuises in binary code for e number between 1 

and m preceded by an intelligence nuise. 

The multi-nos It ion switch is shown with a senara te Input channel, for the 

control order, but it is equally feasible to have the order arrive on the 

input line in advance of the word to be routed in the switch. In this other, 

arrangement . the order would set the sv\ten and hold it long enough to allow 

the word to pass through, before releasing the switch so that a new order 

could reset it, 
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PULSE GUTOFE - (PO ) 

The rulee Cutoff Is an arrangement for separetlnp the first pulse of 

a stream of pulses from the rest. it consists, of a (late Generator (GO) 

and a ?-way Electronic Switch (E3) controlled by the gate. The first pulse 

arriving on the line triggers the gate which, in turn throws the switch, 

such that the first pulse le passed down one line out of the switch and any 

following pulses are sent down the other. Because of the nature of the Gate 

Generator once it has been triggered it emits s gate of fixed length regard¬ 

less of any successive stimuli for a given period, thus oermitting the rest 

of a grouo of pulses to be massed on the second swltcir* outout line. 
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BASIC ADDER 

I AUX -1 

fc'THOl 
I CARR'"' 

The Basle Adder is a circuit for add inn: the pulsee re ores ent Ing 

two binary numbers such that the pulses resulting will correctly denote 

the number that is their sum. To add binary numbers. 

: 0 with a carry of 1 

: 1 with no carry 

* 0 with no carry 
SUM 

The elements labelled ”Add without Carry11 perform this operation. 

The two numbers to be added are fed in coincidentally, and whan no 

nuise arrives on either line nothing is the result; if there Is a pulse 

on one linf: but none on the other a nuise goes out on the line marked 

"Sura without Carry"; and, if two pulses arrive simultaneously, a single | 

pulse goes out on the "Carry" line but nothing goes out on the "Burn 

without Carry" line. Carry digits are delayed, one digit time in the 

Delay Element (DE) and are then'added to. the sum in the second n'káõ 

without Carry" unit. 

The adderwill not properly add two numbers If each has an 

Intelligence Pulse, because of the generated carry, but when only one 

number has an IP the answer will hove the same IP and will be numerical]:) 
' •.■■■ .."jyràm 

correct. 
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ADDING- ELEMENT 

The MdlnR Element consists of «, Basic Mder end » circuit to ornvlde 

|o warnlne; If Bn addition results In D nunber which overflows the rerlster, 

|;e- n nu'”'bpI' treater than unity for addition of two positive numbers or 

! n,U"bPr bet'’'"n ? »"O 7 frr addition of two negative numbers. Since this 

¡results In an answer which looks to be of ooooslte slmn from the two originals, 

(the warning circuit registers whenever two numbers of like sign are added 

jiand result in a number of opposite sifrn. 

The date Generator, 0* produces a prate one word-length Ion,- less one 

and the end of this gate releases a trigger from the Trigger Generator l.TG), 

|inCe thlß pul8e 18 tlmed. t0 coincide with the sign digit the two Gate Tubes 

£ (GT) make known the sign of the augend 

and addend. Similarly, the third. GT 

ascertains the sign of the result on 

trunk 0. The warning circuit ie actuated 

2 

GT 

I 

—H-i 

-41 
WARNING 

CIRCUIT 
Ù 1 o MRL. indicate a discrepancy 

V4TRMIHU on'ly by those time or space combinations which 
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I CLOCK 
I PULSES 

COMPLEMENTER - (CC) 

II 

fe 

2 i 
nn 

A Cor¡plementer is 
number with resnect to 
form another number 2-n 
0.001101IOC 1 is U100101001 
digit represents tne Intelligence 
and 
that it is a 

used to form the complement of a 
from a binary number n to 

he comolement of a binary number 
where the extreme rights hand 

Pulse (IP) in both cases 
the extreme left hand digit of the complement signifies 

is a negative number. In the comolement the IP 

1 j GTS 

to and including the next digit pulse are 
number while all the rest of the digits 

number n triggers the Gate Generator GG-1 
Gate Tube (GT-1) and sends a one-word- 

2 as well. The next pulse in n does npt 
starts the gate of (GG-2) which changes 

D! --T- 
iV 

-:K.- 

"'n. 

and all digits uo 
the same as in the 
are the oooosite. 

The IP of the 
which actuates th^ 
length gate to GT- 
affect (GG-l) but 
the position of the Electronic Switch (ES) thus diverting 
the rest of n to the Digit Inverter (DI). At the same time, 
the actuation of GT-2 Is comoleted admitting Clock Pulses 
to DI. 

The DI passes clock pulses for every empty digit space 
in the number and blocks all the digit pulses. In other 
words, if a digit soace was blank it is given a oulee in 
DI and conversely. The I? and the first digit oulse which 
were through the switch before it changed are delayed in a 
Delay Element (DE) which Is Just long enough to compensate 
^or the few digit-lengths lost In. DI, From DE these two 
nuises ere sent out Just ahead of the rest of 2-n. The 
number 2-n is completed when th* gate of GG-l stops and 
blocks GT-2. 
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BASIC MULTIPLIER 

Multlollcatlon Is aocomollehed by taklnpc the 
partial sumo formed by multiplying the multiplicand 
by each succealve digit of the multiplier and then 
adding theoe partial sums In proper time relation 

to get the total product. 

The multiplicand on Trunk A le delayeu one 
digit length In each Delay Element DE-1 for proper 
timing or staggering In the eummlng. The multi¬ 
plier on Trunk B first has Its Intelligence Pules 
removed by the Pulse Cutoff (PC and then le fed 
elmultaneouoly to all the dlsorlmlnatore which aleo 

receive The I P after It has been delayed cne digit 
length in each. The IP trigger to the Discrimin¬ 
ator la thus one digit later In each euooeenlve 
Discriminator and triggers the dnte Tube OT-1) 
In eooh at a time when the next later disit column 
of the multiplier Is on Trunk B. If any euch cUsrlt 

column centaine a pulse the Cate Generator (00) of the 
discriminator opene the Date Tube (OT-2) to admit the 
entire multiplicand to the bank of oddere, the multi 
pileand being already timed properly for each line or 

entry. 

After the oartlal sums have passed through the 
bank of adders'they produce the product which n°w ¡'“î’' 
taina twice as many digit places as the original numbers. 
Rounding off without a correction Is accomplished by 
allowing the first port of the product, (the email or 
least significant end) to be blocked off by the Gate 
Tube (OT) which Is opened by a gate set off by the le 
of the multiplier which has been delayed one number- 
length In the column of discriminators. Thle lets th 
usable half of the product through and at the same time 
orovldee the IP for It, completing the operation. 
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MULTIPLIER (x) 

The multiplier shown here has been modified to be able to 
multiply when either or both of the Inputs are negative numbers. 
It also contains provision for ropndlng-off any result to fill 
more of the number register with significant digits, l.e., to 
alter the norme! scale factor of the product. 

A negative number, on Trunk A means that the multiplicand 
Is actually P-n^. A negative number on Trunk B, however, acts 
like a multiplier l-ng, since the sign digit Is not admitted to 
a discriminator. Thus, the resulting products will actually 
represent: 

n1 X (1 - n2) - ni - n^ 

"2 

or (2 

(2 - n^^) = 2n2 - n-^g 

n^) X (1 - n2) s 2 - 2ng - n^ 

The proper result can be obtained if the following corrections 
are made: 

The multiplicand Is saved In the column of delays DE-1 
and If multiplier was negative GT-4 opens QT-6, letting 
multiplicand through for complementing In DI-1. Mul¬ 
tiplier Is saved In an external delay and arrives on 
Trunk BM where It J.s doubled by a one-dlglt delay,DE-2 
and then Is let In to be complemented In DI-2 through QT-7 
which Is controlled from ÖT-3. After being complemented, 
the corrections are added to Trunk B' before going out to 
be added to the original product. 

Shifting the usable portion of the product In the 
number Register Is accomplished through selecting the. 
timing of the pulse which performs the rounding off, the 
choice being made In a Switch ES. This pulse, selected 
In time relation to the answer from the column of delays 
in the Discriminators Is put on Trunk B' to be added In 
the last partial summing, and Is also sent out to open 
the gate which will start the number register from .the 
last adder. 

For number on A negative 

For number on B negative 

For both negative 

add Complement of twice 
the multiplier 

add Complement of multi¬ 
plicand 

add both corree'¿tons above. 

The Torreotlons are made when Cate Tube GT-3 and GT-4 detect 
negative n..rbera by coincidence of a timed trigger with the last 
digit column of the multiplicand and multiplier respectively. 
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3T0RA0E TUBE 

A Storage tube ie corapoaad of the electrostatic cathode 

ray tube upon which the pulses forming numbers are stored and 

the associated clrcniftry requis to perform all the necessary 

functions when used as a part of a complete computer system. 

The storage tube Is assumed to contain 32 storage spaces 

each capable of holding one number, or word, and as used in a 

system It must be ablo to produce one of these numbers on 

either of the trunks A or B or it must be able to store a 

number oomlm? In on trunk C. To control these actions an 

order must consist of two parts, one being a code number 

designating the line of the tube desired and the other con¬ 

trolling the condition of the tube and determining which line 

It la to be connected to. The order Is shown here as being 

separated Into Its two parts by the switch ES with each 

part being Interpreted by Its own decoder, but It would be 

equally possible to have a single decoder which would pro¬ 

vide the two separate controlling functions from one order. 

If the order Is one for reading, a date Tube ŒT-1 will 

be turned on connecting the tube to one of the Trunks A or B 

and ÖT-2 will likewise be turned on admitting a trigger to 

stimulate the proper bias voltage for reading. After a 

slight delay ln DE-2 the aase trigger starts the sweep 

to produce the number and Is itself sent onto the line Just 

after the Capacity Canceller Amplifier to serve as an 

Intelligence Pulse. 

(3T) 

If the order is to prepare the tube to receive a 

number on Trunk 0 the Cate Tube CT-3 is opened allowlg 

the trigger to erase the preper line before the number 

to be stored arrives. When the number comes on Trunk 

C Its Intelligence Pulse is removed by the Pulse Cut¬ 

off PC and Is used to start the sweep, while the rest 

of the number Is fed to the intensity control circuit. 

The arrangement shown Is but one of many possi¬ 

bilities, and no significance should be attached to 

the particular choice used here. Other methods of 

providing the necessary Internal functions will still 

permit the same scheme for utillrlng the storage tubes 

In the system and the method of control will be the 

same as that shown here. 
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OSCILLOSCOPE READER (OR) 

! 

r 

¡0 
xi 

SNg 

Ü10 
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The OaoilloBoope Reader le a modification of the Storage Tube to permit reading or scanning data 

which can be stored In the form of punched carde which ere placed In front of the cathode ray screen. Like 

the storage tube the 'ecope reader will hold 32 numbers or worde and will be able to produce any one of the 

32 on either trunk A or B, though the only method of changing the stored data la to change the card Itself. 

Like the storage tube the eet-uo order determines the line to be read and solecte the outout connection, 

and then an externally timed trigger starte the eweeo to produce the number for which It also serves ae the 

Intelligence Pulse. The delay element DE Is necessary to have the outputs of OR'a and ST's appear simultaneously. 

a H 
H 0 
s i n 

> R 
r § 
'+ s 





.... .. 

T—' ***™*~nrrii—n 11 ai m iiMtimiTTiir‘û“t i>T,‘"‘"'l,**‘“*,>,*‘"Tninr'iini>«nniniiiii hibiumh ! -i.^iwiiMiÂiirMpííiaíPimw^ísstiBmjí 

— O“'“^ — 

IL—f... 

i».- » ! 

m 
j 

n/ B 

■ -«rtA 

I 

1 

V h/ 

BASIC COMPUTING ELEKE&V 

The basic computing’ element shown will 

perform the functions of addition, subtrsction, and 

multiplication. The operation desired is selected 

by the switch order to the Electronic Switch ES. 

One number supplied retains its Intelligence Pulse 

rX-**« C which la used in the answer but the other has its 

extracted in the Pulse Cutoff PC. For an addition 

both numbers are out directly through the adder. In 

Subtraction the minuend Is complemented In the 

Complementer CC while the subtrahend is put through 

a slight compensating delay in DE. The Multiplier(x) 

is only partial, the last sum of the product being 

made in the adder. 
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COMPUTING ELEMENT TYPE 1 

The complete oomputlnK element shown here 1b 

suitable for Incorporation into a comouter system 

for performance of the functions of addition, sub¬ 

traction, and multlolicatlon to any desired leneth. 

The adder has provision for Indicating Imoroper 

addition of positive or negative numbers. The 

computing element as shown is Intended for use in a 

system with a synchronized trigger to start each 

operation, such that the same length of time is 

available for each operation. In this system 

the results of additions and subtractions are 

delayed one word-length in a Delay Element DE-2 

thus taking as much time as a multiplication. 

This time taken in the computing element can be used 

elsewhere In the system for erasing the storage tube 

that is to receive the answer. 

The operation order to the computing element 

la split by an Electronic Switch ES-U into two parts, 

one part specifying the tyoe of operation desired and 

the other giving the desired roundln^-off position 

If the operation la a multlolicatlon. The former oart 

sets the two switches E9-1 making the oroper connections 

to adder, multiplier, or through DE-1 and the Complementer 

CO for subtraction. As normally set, the Gate Tube GT-1 

and the switches ES-2 and ES-3 ones an addition or a 

subtraction through DE-2 before the result comes out 

on trunk line 0. Actually the order need not be epllt 

into two parto by Ï3-4 ,lne« ektr* ood. Ustlt reader» 

oan be prorlded In the awltohe» SB-1 t*. interpret the 

r*ss4lng"9ff order. 

Fer M imltlpUoatlen the roupdtng-tfi order 

which le cent to the multiplier also appears at 39.} 

where It aotuatee E3-2 and ES-3 to connect the Input 

from trunk Une B to the multiplier through M-S where 

It la delayed one word length no required by the 

multiplier for multiplication of negntlve numbers. 

The multiplier has ae Ite outputs the two partial 

eumo which added together will produce the correct 

oroduct, and a trigger oulee on line 0" which lo 

timed by the roundlng-off order within the multiplier. 

This pulse Is sent directly to line 0 to be the In¬ 

telligence Pules of the product and after a Blight 

delay In DE-3 goee also to a Oate Oenerator OQ-2 

which openo QT-1 at the proper time for roundlng-off 

In accordance with the roundlng-off order. Thuo, the 

first oart of the product, which le the least sig¬ 

nificant Is blocked by OT-1 which opens to let the 

usueble part of the number through to follow the IP 

out on Trunk 0. 

DE-4 Is an additional delay to make the total 

delay time through the computing element equal to 

the eystem cycling time for all types of operations. 

In other words, a number starts to come out at C 

more than one word length after the numbers producing 

it started In on A and B, This time delay is made to 

correapond to the requlrementa of other components of 

the eystem, especially the storage elements.. 
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Time in microseconds 0 10 20 

First Word L^np: 

DESCRIPTION OF' ORDí 

Order Gottlnp; thr first svitch r.c cesser y to 

select the Storage Tube which is to o^oduce 

p number on Trunk a of the computer system, 
GomT)o a ed of i|- d.Ir its to connect one nij t of 

possible RWitch positions. 

AT - Order selecting the tube line, to be used to 

produce a number on Trunk A, Composed of 5 

.digits to set, up deflection voltage on one 

out of ;2 possible storage lines, and 2 digits jjf ■ lía 
to connect the tube to one of the th^ee trunks 

in. the comDUjter system, A, B, nr C. Tubes on '•* 

Trunks A and B will always read; tube on Trunk ill 
* 

0 will always erase first and then hreoar» toll 

write an incoming number. 

81 - Same as A1 but designating the tube on Trunk ,Bfi 

3 - Sç.me es A3, but for the tube on Trunk .B, 

.I 
;|S 

The Intelligence Pulse has been included in all orb err vrhere necessary,^ 
left-hand or leedinir edge of each order. 

A two-microsecond gao has been left between orders vrhere necessrry to of 
resetting tolerance of plus or minus one microsecond. 

Orders designated A?, B2, 02, and .8? hove been omitted since Type lÀf 1 
of switching, but in systems with two stages or seeded these orders vouljf 
be of the same composition and use as their counterparts Al, 51, Cl, anc 

The eight,-microsecond gap between word lengths is for the puroose of 9ij 



CPT I ON OF' ORDERS 

;sspry to 

|>. O^OiluCP 

18 y r t. em, 

out. of 

Êor- 

n”Tu r líõ: n j ¡33 

Go 70 

3 e c o n d Wor d Ue n sr t h 

Cl - Sera -¿.s AI but ßelect iúz the tube on Trunk 0. 

CO - Sßr«f n8 A'v but for tie tube ion Trunk C. 

D Ordc-r d^’tlnlnr the cprroutpr ;ooer£'tion 'to be 
performed, Co*poued of ç diylte to select 

on« of four pop i.'..b ir fiytthr.et ic operations, 

end 1 diy'. t o>:.tr& for ppeeify In?:, m; el ter¬ 

ns t i V e l'ou nd i nr - o f f 1 s n»th , or po a 111 on. if 
1 >■ operation ic a multipiloation. 

Svitchin?: erdur. aimlls.r to A1 but for ¡the.purpose 

cf soleo tiní? a Sub-Program Storage Tube to start 

a uub-program cycle. .. , . .. ¡ 

S} - Sii'illar to A3 but ynithout the P .digita for • 
M i : * 

soecifying the line connection, and1 for the 

sanv- purooee x-.a SI, namely to de a lerna tie the 

starting point, of a su'D-orograrh. 

n p c e p s a r y, p. nd 1 p ? hov n a t th e 

ije p. « a r V t o n o r m 11 tiring or 

Type IA has 
lord err vouid be 

'51, Cl, and 31 

but one stage 
included and voulr 

iroo s o o f 31 or r r e T y b e r a c v c 11 n n 
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Tor detailed composition of Standard Orders see Dwg. B» 37024- 
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Php Program Selector is a control unit tc determine the se-quçnce 

in V.hIch the program orders are rea.ci. As shown, it provides a means 

oí counting: serially ano. will select the orders in numerical order. 

The first scale-of-3? counter counts triggers and governs the 

output oí its Binary Coder, BC in accordance with the count. After 

3? triggers, it resets to zero and rends a pulse to the,eccle-of-l6 

counter wnich counts these pulses and governs the second. 3C accordingly. 

•Me trigger pulse is delayed to allow for the counting and then triggers 

the coders successively to send out first the scale-of-l6 count which 

is a switch order to select the program storage tube desired, and then 

to send out the scale-of-3? count representing the tube line to be read 

to get the urogram order. The last urogram order to be read switches 

itself out oi the rest of the' system into the reset unit which resets 

both counters to zero for a new orogram cycle. 

Men a program order contains an order selecting, a tube and line of 

c? sub-oroe-rsm cycle this order is separated and is used to start the 

Rate Generator, GO, which closes the normally open Gate Tubes' GT-i. and 

GT-2. Timing of this subprogram order within the main order insures ' 

the blocking of triggers to the urogram selector while a subprogram is 

in progress and insures continuity in reading the orders of the main 

program when the subprogram is comoleted. 
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