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M~-13 liscussee the ocode propesed for Whirlwind 1
acnewhat more detail than is pgiven in 1. 5. A comparison is
also made in this Mamorandum betweon the code proposed for
Whirlwind I and The coda proposed by the Institute for Advanced
3tucy for their digital computer
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Project Whirlwind
Servomechanisms Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetts

SUBJECT: COMPUTER CODES FOR WHIRLWIND I

To: Jay W, Forrester
From: Rovert R. Everett
Date: November 4, 1947

1, IKTRODUCTION

The first fifteen orders for the code propoéed for WhirlwindI
are described in detail in the Block Diagram Report, [-127. The basic
reasons for choosing this type of code are not discussed in any great
doteil in this Report., It is the purpose of this memcrandum to consider
the basic problems of code selection and compare the code chosen for
Whirlwind I with those codes chosen by other computer groups, particularly
that chosen by the Institute for Advanced Study.

By computer codes is meant the group of orders or slementary
operations built into tae machine and available to the operator for
inetructing the machine in the soluvtion of a problem,

2. SELECTION OF A COD%

First I would like to quote a paragraph used in the Institute
for Advanced Study Report entitled, "Preliminary Discussicn for the Logical
Design of an Electronic Computing Instrument”, paragraph 3.1, page L:

"It is easy to see by formal logical methods, that thero exist

codes that are in abstricto adequate to control and cause tho execution of
any sequence of operations which are individually avsilable in the machine
and which are, in their entirety, conceivable by the problem plannar, The
really decisive considerations from the present point of visw, in selecting

a code, are more of a practical nature: simplicity of the equipment demanded
by the code, and the clarity of its application to actually mportant problems
together with the speed of its handling of those problaps,”

It is possiblo to perform any of the arilhmetic operations using
only very simple orders. sich as: the ability to cxamine a singlke digit to
determine if it is a 0 or a 1, and the ability to create or destruy digits.
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With theso operations only we can add or subtrect, ind using the
additions and subtractione we can multiply, divide; and carry oul

all the other operations desired for a machine of tils type. The
problem then is not one of discovering whether or nit we can devise

a code adequate for our purposes, but rather how gosd a code we can
devise in view of our own particular problems. The basic conflict
then is between cost and the eass and rapidity with which the machine
can be used. By cosi.,, I mean not only monetary cost but the limita-
tions of aspace and woight, the complexity of the s uipment with
resulting trouble shooting and maintenance difficuliies, end possible
set—-up conplexity requiring highly trained operators. This conflict
between cost and performance is inevitable in any kind of design work.
The resulting design must be an engineering compronmice,

It is firet. necessary to discover what would be desired as a
code and then to compare it with what is readily available. In parti-
cular, the operations which would facilitate the solution of the kinds
of problems in which we are most interested, must be discovered. There
is no such thing as a completly general-purpose macaiine. The computing
machines have not reached the stage of speed and fl:xibility where they
can be said to handlo satisfactorily all types of problems. Instead,
the computers are intended for specific classes of orcoblems, These
classes are very large, to be sure, compared with waiat has been possible
in the past and the computers are able also to handle with less efficiency
problems outside their specific design class2s but the fact remains that
the computer must be designed with certain specific requirements in mind.
These requirements ai'e dictated by the kinds of prooclems to be encountered,

Going beyond then the simple logical operations mentioned above,
we can state thaet aliost all classes of problems rejuire large numbers of
the arithmetic operations of addition, subiraction and multiplication,

For this reason, it 1is desirable to bulld in these operations even though
the amouni of the equipment required may be cansiderable. We also baszically
require tiie ability o examine a cigil of a wo~d in Lhe computer and Lo
order the further oporation of the computer according to the condition of
this digit,

Beyond theae simple operations is a asecond category which would
be desirable in almost any case and which will be built in if the amount of
equipment required is not. excessive, Among those cperations are; tranefer-
ring data from one part of the computer to another without arithmetic
operations, absolute as well as conditional transferance of control, the
shifting of informat lon within the computer wihcut requiring multipiication
and transferring par:s of a word without requiring a lengihy shitting operatim
These operations are sufficiently valuable and used sufficiently often to
warrant their incluslon althoush they can b~ fairly readily made up of the
simpler operations. In fact, the very readineass with which they can be made
up indicates the simdlicity of the additional aquirment needed for their
eutomatic acconplishinent,
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Then there is & tlird category containing operations of a
mepra special nature whesa general value is not 8o immediately apparent.
Cnice again it is possiile to muke up these operations from the simpler
onssj the question is ihall they be made automatlc, Awmong these opera=
ticns are others such as idition and subtraction using the absclug=
valves of numbers, civisiow, and square root which would be included oaly
if thoy were either very easy .o add or if the problems under rarticular
cons’dsration reguire them in euch quantities as to make econcmic their
inclusion, Among these operatlins are still others which would not be
included at all unless the particular problems required them,

It so happens then that the first two cal.egories involved are
decidad without regerd to the mathem:tical preblems involved; the first
categury, arithmetic operations, because it would Le included argway, and
tha second category, convenient. operations, because of its genoral value
and the ease with which it can be added to the computer, It also happens
that the third category, special operatione, tends to be decidud accord-
ir , to the cost in nachine complexity unless the noed iIor them in special
problems is immediately apparent,

3. BASIC CODES.

Orders in general consist of an instructional operation code
plus the positions cor addresses of one or more of t.he words in th¢ storage,
Orders are called single or multiple address crders depending on whether
there are one or more references to storage fcr each operation.

The ~hoice of the nurber of addresses to be used in the order
is once again largely depeideni on the physical nature of the machine.
Since most srithmetic operations require three numbers, two of which are
combined in some fashion to form the third, a threc address code might at
firat be thought best, since two of the addresses could be for tne two
ordginal nupbers and the third address for the disposal cf the result.
However, many t.imes only one or two of the addressus are required resulting
in considerzble waste of order storage. The :zddress position of a single
address cocde is almcst always used thus making it vomewhat more efficient,
particularly as it is not necessary to store the rosults of operations if
they are to bpe used again immecdiately. Fowr addretis codes are also useful,
The fourth address can be used to select the rext order to be performed;
thus it is no longer necessary to store the orderg in approximate linear
sequence in the mackine and considerable numbers o transfers using the
sub-program operaticns are avoi.ded, However, all “hese consicerations are
secondary.

In the first place the single address coie requires the simplest
lcind of equipment since only one alementary operati.cn is being carried on
at a time, The effective use of a triple address c:ode requires considerabl:
duplication of control equipment.. In the case of .1 parallel type machine
such as Whirlwind tle increase in control equipmen'. would be considerable

. and the saving in time small. In the case of serinl type machines where
the time required tc extract information from storage is long, the use of
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a multiple address code allows those extractions %o be carried out in
parallel with a considerable saving in time. For this reason a multiple
address code was selected for the early serial computer invesiigation of
Project Whirlwind and has also been selected for some of the EDVAC type
machines,

There is another important consideration, however, and that 1s
vord length. The length of an address is fixed by the memory capacity of
the machine and is of the order of ten to fifteen binary digits. A triple
address code is thus of the order of 50 binery digits in length. Thirty
to forty binary digits are usvally considersd adequate for most types of
computing. If the word length ie made 50 or more igits lonz just to
accomodate the length of an arder, there is a conaiderable wastage both
of memory capacity end quipment., If, however, the order is cut in two
parts or stored in two words, each part need cnly bte about 25 digits
which is now too ahort for most computing purroses, Therefore, when
multiple address cocdes are considered the four addi'ess coce exhibite the
advantage of nicely filling two ward lengths of an ordinary coopuler,
Although the triple address codo was used in the coding irvestigatlons
carried out 1n the sgerial computer study of the Whirlwind Program a four
address code or a mcdification of it was propcsed f'or the actuel machine.
At the mcment there seems to be no edvantage in using a tro addraess cods
or in using more than four addresses. Both the Whirlwind and Institute for
Advance Study machines use a single address code as is best suited to
their basic system which is to perform operations :n seriees while handling
digit columns in parallel. Two complete single address orders fit easily
through a single word length of a machine such as Whirlwird II or the
Institute for Advance Study Machine while a single address order was used
to determine the word length for Whirlwind I.

There are other possible modifications muich as an early ZDVAC
code which filled a full word length with 2 single address order and
included space for such informaticn as the nuwber of transfera to be
parformed. 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 considarable
effect upon the code to be used. In order to facilitate certain operations
it is desirable to have a fixed point system avail:ble. If a floating
point system is desired for ease of setup then usuilly both fixed and
floating point systems must be provided, It has been decided that the
Whirlwind machine and most of the other proposed michines use a fixad poins
system only because it has not been felt thet any eimplicity geined Ly the
floating point in setup is warranted by the extra complication and loss of
aspeed of the computer.

The procedure for handling eigns also ha: an offect upon the code
‘ The particular conventlion used has no effect when olementery arithmetic
operations are considered but has considereble effect when multiple length
number operations are carried out or when the digital character of the
numbers are conaidered as in comparisons in converzlone of one base system
to another. A 9's complement system was chosen for the Whirlwind I Computo-
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becsuse of the simplicity obtained thereby in the arithmetic elemant
although the tens complements system is used by the Instituvte for
Advanced Study appears to result in occasional coding eimplicity.

The rounding procedurs used also has a consideratle effect
upon tue code selected. In genoral during ordinary arithmetic corputa=-
tion, it is desirable to round off numbers as carefully as possible,
When the digital characters of the numbers i3 considered it is desirable
not 4o round off the numbers. There are 3 possibili tles. The firat is
to round off whenever desirable from the point of v.ew of arithmetic and
to accept the resulting complications of the coding when other types of
problems are consicdered. The second is not to round off at all, aither
accepting the resulting error or rounding off when desired by application
of the elementary operations, The third possibilit ls to duplicate
orders for rounding off or not rounding off accepting the cost in machine
complication for ease in coding. The Whirlwind machine uses a combinatlon
of the first and third method, Since the problems :‘or which it is intended,
in particular simulator and other phypical problems, are erithmetic in
neture, rounding off is performod whenever desirablo, In soms instances
special orders are provided to avoid rounding off, in particular to facili-
tate operations with multiple length numbers. Theso points will be made
clear in the paragraph below,

4. THE INSTITUTE FOR ADVANCE STUDY AND WHIRL#IND CODES

The IAS and WW machine:; are physically va-y similar as dictated
by the similarity of their storage devices. Their differences lle in ths
extra complication of the ¥Whirlwind machine added to obtain the very high
computing speed required for the problems ccnsidered for Whirlwind., Since
their physical natures are very similar and their physical natwres have a
very great effect upon the codes as shown above, the codes proposed for the
IAS and WW machines are also very similar. Taese codes are given below and
compared and discussed in detail, I shall first gire a short summary of the
major differences between these { wo codes,

SUMMARY OF THE DIFFERID °ES BETWEEN THE IAS AND WW CODES.

1, There is no apprecisble dirf rence between the orders required for
addition and subtraction,

2, ln multiplication the Whirlw..nd machine multiplies the number selected
by the order by the contents of the accumulator in the arithmetic
slement and leaves the product in this accumulitor. It is thus possible
Lo perform repeated multiplicalions without restoring the products at
zach step, The IAS machine multiplies the numoer selected by the order
by the number which 12 in the shifting register of the arithmetic elenen
and leaves the product in the accumulator. Tha» only path between the
accumulztor and the shifting register is via the storage thus requiring
a transfer omitted in the Whirlwind machine if repeated multiplications

B are to be carried out,
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3. The Whirlwind code provides two orders far multiplication crc of
which includes rounding off and one of which does not. The 1.5
. ode has but one order which always rounds off the product bu:
eaves an indication =o that the rcunding can be cleared latcir if
desired, "

L, In division the remainter is cleared from the accumulator in the
Whirlwind code and is left in the accumulator in the IAS ccde.

5. | Since there is but one order per word in the Whirlwind machire as
compared to two orders per word in the IAS machine only half ws
many control modification orders are required.

6. The shift orders in the IAS code cause the accumulator in the
arithmetic element to be stepped but one space to the right on»
left for each shift order, In the Whirlwind code shifts up to the
full length of the accumulator can be ordered by a single ordur,

¢ & There are also some specisl orders provided in the Whirlwind code
for facilitating operations with multiple length numbere. Thin
facility is desirable in Whirlwind I bocause of ite short register
lengths.

. 8, Since data is not avellable no comparison is given between tho
input and output orders proposed for the two machines.
The detailed comparison of the codes now follows:
Order Number Code Symbol Description
1 IAS Clear accumulator erd add
number located at position x
ir the selectrons int: it
WW1 ca Clear and add. Clear ..C and
add the contents of register
x into it
These two orders are identicel as far as the operator is
concerned,
2 IAS - Clear accumulator and subpta:st
number located at position x
in the selectron into
Wi ca Clear and substract Clear AC
and pubstract the contunts of
. register x into it

These two orders are identiczl as far as the operator is
concerned,
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Order Number Code Symbol Description -
3 IAS M Clear accumulator and add
absolute valys of number
located at position x in the
selectron inte it.
WHI cn Clear end add magnitude.
’ Clear AC and add the absolute

magnitide of the number in
register x into it.

These two orders are identical as far as the operator is concerned,
The absolute value operations are not described in R-127.

4 IAS M Clear sccumulator and substract
the nwber located in position x
into it,

Wil im Negative Magnitude clear AC and

substrect the absolute magnitudo
of the number in registor x into
it.

These two orders are identical as far as the operator is concernec.

5 IAS h Add nunber located at position x
in tho selectron into the accumu-
lator.

WW1 ad Add, .dd the contents of reglater

x to whatever is in AC.

These two orders are identical as far as the operator 1s concernec

6 IAS h= Substrinct nmunber located at poui-‘
tion x in the selectron into the
accunulator,

WW1 au Substriact, Substract the conterts

of regiater x from whatever is
already in AC.

These two corders are also identical as far as the operator is
concerned,

7 IAS HM Add absolute value of number
locatel at position x in the
select*on into the accumulator,.

Wil am Add maznitude. Add the absolut:
valus >f the number in register :
to whatever is already in AC .

These two orders are also identical as fir as the operator is
concarned.
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Order Number Code Symbol Description
8 IAS h-M Substract absclute valus of
number .located in poeltion x
in the selesctron ints the
accumulator.
WWI s Substract magnitude. Substract
- the absolute velue of the number
in register x from whatever ls
already in AC.

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

9 Ins R Clear rogister and add number
located at position x in the
. selectron into it.

There is no counterpart to this order in the Whirlwind code. Ths
register mentioned is equivalent to Whirlwind E- Reiister., In the IAS Code
this order is necessary prior to a multiplication,

. 10 IAS A Clear accumulator and shift nu'nbe;‘
p held in register into it,

There is no counterpart to this order in the Whirlwind Code. Whan-

over 1t 1s desired to shift the number in the B-Register into the accumulator
' the regular ghift left operatiocn is used,
r -

11 IAS X Clear accumulator and multiply the
number located at position x in the
selectrons by the num:zer in the
register, placing the left hand 79
digits of the answer in the accunu-
latar and the right hand 39 digite
of the answer in the megister. 1hs
sign digit of the register is to be
made equal to the extreme left
(non-sign) digit. If the latter is
1, then 2-39 is to be added into tha
accumuls tor,

15 -

I Multiply and round off., &ultipiy the
contents of register xx by whatever s
in AC and round off the result tc o
register length.

This ‘s the first impartant differsnce belween the IAS and Whirlwir¢
code, Since the multiplier is originally in the accumulator in the Whirlwinc
code, order 9 described above is not needed. Since the product also appears in

the accumulator successive multiplications can be cerried out without tranas.-
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ring the product into the memory ab sach steps In the Whirlwind cperaticn tho
product is rounded off and the conltents of the B reglster are clesred. If,
then, it is desired to retzin the less significant half of the product, a
special order described helcs iy needed, In the IAS order not only is the less
siznificant nalf of the produst retained, bub an indicatior is left in the =i
digit positiciy ir the register so that the rounding cen ba clearsc if desired,
The IAS order 1s pe-~fecily ccmplete as far as allowing double length multiplica
tion operations, bu: is less convericn’ if many of ‘asm are to be performed a3
is the case in Whirlwind 1.

r

Multiply end hold full product.
Multiply the contenta of register x
by whatever is an AC bui do not round
off,

11 W1 i

Thie is tae ..dJsr mentioned in the paragreph cbove.

12 LAS < Clear i-_eE;.-.etcr and divide the number L
the accimulator by the number located
by peeitlon x of the welectron, leavi
the remsinder in ths accumulator and
olacing the quotient in the iregister

W1 av Nivide, Divide the contenta of iC

(] : by whatever is in the register x.

Although the two orders are superficilally alike there are two
differences. In thz IAS code the quotient is rounded automatically, while in
the Whirlwind code the rounding is not performed until the quotient is ahifted
into the accumulator. Secondly, the remaincer is retained in the IAS code &nd
is cleared from the accumulator in the Whirlwind coce. This is ac a shortconing
of the Whirlwind coie and is due to the perticular way in which the division is
accomplished within the machine. I d not fecel that the result is serious

13 IAS o chift tlte control to the lert hand
crder of the order pair located at
rositior x in the selectron,

yifl ap Sub-program, Transfer the register
number x to the program counter

These ord:ra are identical as far as the cperator is corncerned exceot
that since there 1s only one order per word in the Whirlwind machine it is not
necessary to deslgnite which half of the word is to be wsed,

1 [AS c Shift tke cuntrol to the right hand
order of the order palr located a:
positior x in the selectron. There
is no ccunterpart to this order
the Whirlwird code. Since WWI has
btut one order Lo a word
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’ Order Number Code Symbol Description
15 1AS ce If the number in the accumulator
is & O shift the control as in
: order 13.
W1 cp Conditional program. Transfer tle

register number x to the program
counter if the number in AC 1is
greater than zero.

There are two differences between these orders, the first 1s the ono
mentioned above that since there is only one order per word in the Whirlwind
machine it is not necessary to designate which hzlf of the word is to be used.
The second is that since the Whirlwind machine used 9's complements while tho
IAS machine used 10's complements, zero has a zerc sign digit in the IAS machine
while it has a 1 sign digit in the Whirlwind machine. Zero is thus allocated
to the positive numbers in the IAS machine and the control is shifted for a
zero number, while in the Whirlwind machine zero is allocated to the negative
numbers and the control 1s not shifted.

16 IAS Ce If the number in the accumulator is
20 shift the control as in order 1i

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

17 IAS S Transfer the number in the accumi-
lator to positicn x in the selecuron

WAL ts Transfer to storage. Transfer the
contents of AC to register x

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

} 18 IAS Sp Replace .he left~hand 12 digits of
the left-hand order loci:ted at
position x by the 12 digite 9 to 2
from the left in the accumulator

Wl td Tranasfe: digita, Transfer the 1:ft
hand 11 digite in AC to the registe:
position section of the crder in x

The difference here lies, first, as usuzl, in the number of ordere
per word and also in the selection of which digits in AC are to be transferrad
to the atorage stored order. At present the WWI code states that the left-haind
11 digits in AC are to be transferred. This digit selection is not entirely
satisfactory since the first digit 1s also the sign digit which pvta certain
limitations on arithmetic operations performed on the numbers to be transferrod
The digit selection will therefore be changed, but it is not yet known what “he
final choice will be. The decision is not needed in the design until the fi.a]
cabling diagrams are made,
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Order Number Code " Symbol Dascription -
19 IAS SP Replace the left hand 12 digita of &l

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 Whirlwind code because
there is but one order per word.

20 IAS R Replace the contents Ej By Es...
Eqg Egg of the accumulator by

Eo Bp £ v Eyp Bgg o

WwI sr Shift right. Shift the cortents of
AC and BR to the right ths numbur of
digits designated by the number in
the register number section of the
order,

There are two differences between these orders. First the Whirlwind
order allows shifting by as muny digits as desired as compared to the IAS order
which allome shifting by only one digit at a time Secondly, the contents cf
AC are rounded off in the Whirlwind I order and are not rounded in the IAS order,
The sign handling methods are the samo,

21 IAS L Replace the contents Eg Ej Ep
8 Eq9 and Ng Ny Ko ... N3g Nyg of
the accumulator in the register, by
Eo E; B3 ...E390 andMy N, ¥s
«oo E39 By

WNI - 8l Shift left. Shift the contents of
AC and DR to the lef%t the number of
digits designated by the numbar of
the register number nection of the
order

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

These orders are the only ones available for the IAS code that have
been reported to us to date, Below are described some further orders propoesc
for Whirlwind I.

WAI sa Special add. Add as in ad but rots
any overflow for use in double ler,
nuaber position,
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This order allows a complete double length additlan to be performel
in 6 orders while more than this number of orders is required in the IAS cod»
without modification,

This additional order seems to be warranted in the case of Whirlwind |
first because of its short register length, and second becauvse the handling of
double length numbers is more complicated in 9's complement than in 10'e
complement .

Wil as Automatic sub-program. FPut the
contents of AC in ER. Put the
contents of register x in AC.

This order is the preliminary step to the autometic sub-program
operations discussed in M-123.

Wil nx, Ay,az These are the three automatic su-
programs to be alloted in Whirlwind I

W ad Store and display. Trensfer the
contents of AC to register x and alsc
to the output element.

' This is a very simple output order to be provided in Whirlwird I for
we in test storage only. The more complicated special output orders have ncf
yot been described in detail,

5 CODING CHANGES FOR WHIRLAIND I.

The control of #Mhirlwind I is so designed that changes in the code,
such as changing round off procedures or retention of digits in shifts or
multiplicatione can be readily made at any time even alter the machine ins
operating., If it 1s discovered later on that certain of the minor differences
between the Whirlwind I and IAS code occaslioned by decisicns made in the light
the arithmetic problems proposed {or Whirlwind I should be adjusted, they can ba
changed readily without serious physical change in the computer itself.

2

It is also possible to use some of the spare order poeitions left in
the contrecl order to set up modified additional orders while retaining the

original ones.
_‘_)L__‘_.,c._ :
Tt AP S &

Robert R, Lveroti

RRE:hcs
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Project Whirlwind
Servomechanisms Laboratory
Massachusetts Inetitute of Techmnology
Cambridge, Massachusotts

SUBJECT: ALPHABRTICAL INFORMATION IN WHIRLWIND COMPUTERS

To: Jay. W, Forrester
From: R. R. Everett
Date: November 13, 1947

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

1. There 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 end markers can

. be written in a base thirty-two system which requires five
binary dizits. The information may be inserted in the computer
in this binary coded base thirty-two system. Five bipary digite
are needed for each letter; thus, three letters could be stored
in the sixteen digit word length of WHIRLWIND I with one digit
left over for a marker, WHIRLWIND II could store about eight
alphabetic characters per word. Since either three or eight
ocharactors is insufficlent for most alphabetic data, particular-
ly names, the actual alphabetic words would have to be broken
up into several regiestors in the computer, There are several
poseibilitios for handling this:

a. Assign for each alphabotic element e certain
number of registars large enough tc contain
the largest possible cese. This system is
probably too inefficlient to be very useful.

b. Transmit, probably [first, a register telling
how many worda are required to contaln the
following alphabetic information. The ocom-
puter can use this information as an induction
index to keep track of the alphabetic proceeses.

c. Use the digit left over in WHIRLWIND I or an
equivalont digit in other computers ns a
¢ marker. The first word, by word ] mean
computer word, in the alphebetic sequence
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could haws a sero sign digzit or marker.
From then on, all words coming along with
sign digite equal to one would be under-
sloed t» be part of that alphabetic in-
formetion, The nmext time that a zero sign
digit appsars the computer would know that
a new alphabetic word had eppeared. The
computor cen handle this problem easily
because of the conditional sub-program
operations.

A typew-iter 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
ingerted in the keyboard register in sequence without con-
version since it is desired to keep the information in base
thirty-two.

It is desirablc to have at lesst some punctuation
marks since alphabetic information may consiet 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 sectioms, eince in a comparison for
alphabetic order, the first initisl of a man's given name
has a different meaniug than if it were a corresponding
last digit in his surname. Tn this cese, a comma given a
base thirty-two motation which is greater than any of the
alphabetic numbers could ha ingerted between the surname
and given name, giving the desired result. Also, it will
be necessary to attach base thirty-two numbers to the
alphabetio characters in descending order such that A will
be the largest and Z the smallest numerically. The alterna-
tive is aleo possible of attaching numbers in increasing order
instead of decreasing. In this crse the comma rhould be
smaller numerically than any of the alphabetiec numbery,

2. I cannot see where it would be desirahble to
perform any arithmetic operations on the alphabetic data
within the computer, eince, in genersl, words and names
have no quantitative meaning, The only operation I can
see of valus 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 donm merely for convenience in reference and does
not mean there is any logical meaning to the sequence except
in the particular case mentiocned above of identity or equality
between worde or parts of words.

For instance, in examining a saquence of names,
& each one of which is represented in the surname, given name,




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

>
CONFIDENT IAL
6345
Memorandum M-134 =g B
' middle name order, two names may be considered ac 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
samé 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
code but in any base is already availeble within the Whirlwind
machine. The difference between these two numbers will be
arithmetiocally correot 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 cods,
but not the whole number. For instance, in base 10, the first
digit of the decimal number may be written in binary ocode re-
quiring 4 binsry digits. The seccnd 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. WNow several things are apparent. Since four
binary digits permit 16 possibilities and we are only using 10
of these, there are unused gaps in the resulting number. The
number is thus not truly binary. If the base we are using

! happens toc be a power of two as proposed above, then all the

* possibilities would be used and the number would be indistinquish-
able from a truly binary number; in fact, it would be truly
binary. Our binary coded number has a distinct meamning as long
as we know the process by which it was obtained. Any arithmetic
operations on this number will also have to take this process
into account,

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, conpider the three possible cases:

-

a. The numbers are equal. If so, they are
also equal if considered as truly binary
numbere and will thus exhibit the con-
figuration and sign azsocieted with zero
in the mechine when subtracted.

b. The first is laerger than the second.
Consider the subtraction as being cerried
out in groups corresponding to the binary
digits of the original number. Sterting
at the left a number of these groups may
be equal, but eventually we will come to
group in which the minuend is larger than
the subtrahend., The difference in thie
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group will be a positive binary number. Further=-
more, since the smallest digit in this group has
a greater significance than the sum of all dizits
to the right considered in binary or any other
base, the result of subtracting groups to the
rizht cannot affect the sign of this difference.
The size of thies group and the meaning of the
result can be affected, but the sign will remain
and it is the sign we are after. The subtraction
can be thought of eimply as a comparison process
where the result can be obtained by examining
the first unequal pair of digite starting from
the left.

¢. The second ie larger than the first. Thie case
is the same as b. except the signs are reversed.

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

An example is given below of the comparison by subtraction
of two alphabetic names written in binary code. The code used
is an ascending one with A=0, B=1, 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 ie simply to illustrate that
the difference has the proper eign. The subtractions performed
are truly binary and the magnitudes of the differences are alpha-
betically meaningless.

ADAMS = 0.00000 00011 00000 01100 10010
- ADLER= 0.00000 00011 01011 00100 10001
1.11111 11111 10101 010Cc0 00001

The result is negative; therefore ADAMS come before ADLER,

ADANS= 0.00000 00011 00000 01100 10010
- ABORWZ 0,00000 00001 01110 10001 01101
0.00000 00001 10001 11011 00101

The result is positive; therefore ADAMS come after ABORN.




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

'

CONFIDENTIAL

6345
Memorandum M~134 Y

fince we are discriminating only on the sign of the
result the binary subtraction is adequate. For example, if two
names, concidered temporarily as having the same number of
alphabetic characters, are represented as sugzested 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 firet was greater., If the differsnce were
negative or zero as represented by a one eign digit then we kmow
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 surneme and given name, we can examine for
identical surname by first subtracting one from the other.

In the check for identity, however, instead of adding the test
one in the right-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 ic possible to put second or third
parts of the alphabetioc information in the firat part section
and to compare on the basies of these, having discarded the
first part. Ueing these methods it is possible to take a
astring of random names and put them in alphabetic sequenco

or to tort 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 i¢ complicated somewhat if numerical
data ias 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 eriterion 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 lenzgth 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 nurerical. It will in genreral be possible toc assign
a fixed number of regzister lengths to the numerical information
since the range of numeriocal data for a given quantity is
usually considerably less than the range of alphabetic data

. considered ae numerical. This difference is due not to a
preponderence of alphabetic words over numerical posasibilities
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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
should be possible to dissociate the alphabetic and numerical
parts of the information being handled either by index marks
oarried elong with the information or by stendard conventione.
In particular, once the numcrical pert of the information has
been extracted the problem of applying conventions is really
no greater than that customarily met in ordinary computations.

Since the kinde of operations to be performed on
alphabetic data appear to be very limited it should be possible
to code most of them once and for all, the coding being simple
enough not to present any partiocular problems if done infre-
quently. The use of sub-progrems should also facilitate the
construction of special coding sequencos., The high speed and
large storage capacity of "Thirlwind computers would permit
fast handling of alphsbetical information. Several input
tapes could be controlled simultaneously and the internal
storage could be used for arranging blocks of infermation in
order before reading to the output.

4. The output printers for the actual printing of
the numerical results have not yet been given any considera=-
tion for Whirlwind. In all likelihood, however, theee printere

& should be2 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
probebly appearing es codes on film. If *he printers are made
to recognize alphabetic information given in base 32 coded
binary such as is proposed for the handling of alphabetic
information in the computer, they can he naed essentially
without modification for printing alphabetic information
received from the computer. I{ will be necessary for the
printer to disoriminate between alphabetic and numerical
information. I would suggest for this purpose that one of the
spare channels on the film be used.

5. If large amounts of mlphabetic information are
to be handlad, our presently proposed film input and output
methods will probably not be satisfactory because of the large
amounts of film required and the difficulty of proceesing.
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
emall quantitiee of alphabetic information in occasional problems.
If the machine is to be used for large prablems of this type, ae
for instance in census work, an erasible output medium, probably
magnetic tape, should be developed if not already availabls from
other sources. The required modif:cations within ths computer

. itSGIf ghould not be serious.
% / ;

RREi bb Robert . Hferestt

A
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Project Whirlwv.nd
Servomechaniema Latoratory
Maesachusetts Institute o Technology
Cpmbridgpe, Massschigetts
SUBJECT: BLOCK DIAGRAM WORK
To: H. Fahnestoclk
from: R. 1. Everett
dete: October 6, 1947

This memorandum is in response to your request mede at
a conference with Sylvania on Friday, September 12. It is an attempt
tc list the present objectivean of dlock diasram work end to dofine
the sxpectsd results of that work in sufficlent detail to allow

. satinating Lte effect on Whirlwind I computer design.

I hope in the near futurs to produce concrate dlogrems anc
timing etudies, accurately defininpg thuoco matters. This work will
be greatly expedited by the return of I’ « owaln who 1g expected
early thie month. I would sppreclate comments of any sort on tho work
particularly on the order in which the diffarant problems slould be
studied in order to best meet project nende

SUMMAHRY: The block diagrams dinstriduted to date end
described in H-127 (exrected publication date Cotober 15) doacr
the elements of a working computer. The coatrol and arith
alement are epgentiplly complete ns thoy otani. The store
ia the test ntorage proposed for Whirlwind fhe imput m
devices described are only those noaded for this test storsro
the dlock dlegrama can be consldered comulate for Whirlwind I, the
following work muat be done.

1) The effects of nddir; electrostetic storase muet
be examined.

2) The input and outpui devicss needed in order 1o
une Whirlwind I with electrostatic storage at mll efficiently
must be descrited in falr detnil.

3) Murther work must b2 lone on checking s vorlk

. phould include specifying not onl; ~dditionel eaquipnes
for continuously checking compute lenents but =lso o

somplote analyses of all the checking methods to be us
determining and isolating fedlure This latter irforintio:
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be used for determiring trouble-sghooting procedurae :
necessery equipment ns well ss for discovering thapirn“ormatlion
which muet be brought from the computer to the contrel des!

4) The additional orders required in the code must
be fully investigated.

5) More exact methods and timing must be dotermined
for generating restorer pulees for a ¢ coupling.

his

c*

These problems are discusged ‘n the latter part
memoTandum,

The expected effects on Whirlwind I design sre:

1) The requirement of a folr number of gele tubes
and matrlx gpace in the control bayond that now definnd. This
provieion i3, I believe, being male but should be pdequate for
edditiona bayond those concelived al present.

« 2) The possible sdditisn of a spoolal reglster fox
storing program counter numbers dw'ing antomatic subprogrars
It mpy be poselble to avoid tho use of thie register. A studly
of this problem could probebly be made in a fow daye worsh
wvhile at this time.

3) Modifications to ths program counter to sllov up
to three special pre-set mmbers. The problem 4ig the same ae
that prosented by pre-setting the ntep counter.

4) The deeign of & control for electroatet stor
Althougk the necessary information for a final design ls not
available, an spproximate design could naow be mads.

§) Design of ghifting regletors for imput and ouf;
devicees. Thees rmaot bo designed sventually and proviaion mial
bes mpde for connecting tham to thse tue. ULontrol sablos %o
registers and to the film devices Shamselveg are neets

6) Decipgn of counter contrela for atorage fTars
between computer and input end output devices ss well
coantere for film poeition. The seme comments hold oz

7) Madificatlon of the step counter to provide

. restorer pulses uring lengthy opsrations
8) Ho diecussion of chacking or control do: roble

ie glven in thig memorandum.
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ELECTROSTATIC STORAGE COMIROL: The possibility of con-
siderable change and the uncertainty of time roequirements have go far
prevented any exact descriptlion of the electrostatic storags conirol
but a possible sequence of avents in using electrostatic alorage haa
been given some' coneiderntion. An outline of this sequenca and the
necessary control equipment is as follows:

There will be 2 banke of 16 electrostatic storage tubes each.
Two 32-way ewltches will be provided, one to get the vertical deflection
voltose and the other to set the horizontal deflection voliage. Thase
voltages will be applied simultenecusly to all tubes. A 2-way ewlich
will be provided for selecting which of the 2 storage bDanks 1a to be
vsed.

On ths output of sach tube will be a 3-position “1lip-flop
When this flip-flop is set to its neutral position it wlll Le switched
to one position by a positive pulee and to the other by a negative
pulse. This flip-flop 1s connected to the bus by resnd-in and read-out
gates and 1s alsc connected to the scraen of the storage tube

. The sequence for getting informaticn from the storage Lz then.

1) OClear all storzge flip-flops (i.e., return tham to
neutral).

2 Trangnit the control order to the storage aswlitches,

3) A period of time will be required for the deflection
voltazes to reach thelr finsgl valuce.

4) The scresens of the atorage tubes will e eot Go
neutral by the storege flip~flops. The beams of the %ubes are nov
turned on. The seleocted aspot wlll charge up or down depending on
whether a 1 or a O was stored. The signal coming fron the sig
plate will thue be positive or nezative and when applied to th
3=way flip-flop will change 1t to one or the other of the non
neutrel positions.

The connections from gcreen to flip-flop are arrangad to moy
the screen to the origingl potentisl of the spot charge it 1g
nacesgary to keep the screan potential st neuntral during the entirs
reading step. Some sort of corrective delay must therafore bo lantroduced
between the aipgnal plate and the screcn setbing.

The 2-way svitch for gelecting the bank mey De used el
gelect which beame are to Do gated or s=lase to eelect whieh flip-flops
' ore te be read onto the bus.

5) The flip-flope are then axamined to meke sure that
none are in the neutrsl position. A flip-flon 4in neutrs
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represent the feilure of that partlcular tube to read out.

6) The row of flip-flops will then be rend out onto
the maln bus and the cheok bug.

7) The flip~-flope remain get to the poeltion correspending
to the original contents of the tubes. The stored signel in the
tube has besn erased in the reading procoss. The screone are then

set according to the flip~flop settings and the heams ~gain pulsed
The signal will thus be repleced in the tubes.

The outpute from the algnal plates during the rewriting
procedure will be sent to the flip-flop inputs resetting them to their
neutral positions., Z=Zxamination of the positions of all flin-flops
following the restorins will discover 1 auy tube has fallad to operats

At the close of the operation, the origlnsl contexts of the
storage tubes remain. The number has been rend out to maln bus end
check bus and all parts of the operation have been checked

. The use of a holding beam complicates the above ssquence. 1%
nay be neceseery to cut off the holding beam during writing and reading
It will be necessary to keep the screen nt some potential octher than
neutral during the normal holding beam operation. t may even be
desirable te provide 3, 3-way flip-flops, one for scraen potenticl snd
one for the number, connecting then by gate tubas in order %o have
bet*er oontrol over acreen potentiel.

Storing a numbe: is done In sz.milar manner. Dapending on
the timing, the old number may be rend out, the fiip-flops clenred and
resget, and ths new number stored iastesd of the old, or the new mumber
may be stored without resading out tha old

S3ecguss of the complexity of tho soquence and ths leck of
mowlaedge of the timing, the control for the alectroe%atlio storsre will
be a sepnrate entlty from the main control of the computer. The con
sequence will bte inserted in the mnin timing sequence in tho game am
as several of the other operations. In eoffoct this speclel control
sequence will be inserted in place of the delay countaer del:ay, t i

doubtful if the overlappin: which will be rasorted to 4in the case of
Whirlwind II for the purposs of increaelng operation speadc will ba
worthwhils for Whirlwind I,

LPUT _AND QUTFUL DEVICES The inpu® snd output dovices,
are under development at ZJastman rodsek Co., require some spocial squip

. mant for connecting them to the corputer
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A alngle mechanical housing and film drive design is plenned
the device belng sulted to its particulsr purpoee by differencee in the
optical and electronic systems. There wlll elso be & separate deelgn
for a multiple-element graphical racorder.

DIGITAL INPUTS: The input realers conalst of a Zilm drive,
e cathode-ray tube and optical eystem for sweeping a mspot of light
across the film, and o photocell. The film has stored omn it both the
number and its complement. The reader reads both mumber and complement
and sends thase out serially on a single cable. There is a clutch fllm
drive which can be astarted or stopped on receipt of an order from the
computer.

The computer equipment 1a as follows!
1), ™wo registers capable of shifting. The infornation

coming serially from the reader is shifted into the end of the proper
register, the number into the number reglster and the complement

» into the complement reglster. Following this shift the numver is
added to its complement in the complement regilater. " Any reading
. errors will appear pt discrepancies in the sum.

The number may then be read from the number reglster onto the
bua.

2) It ie desirable to nllow the computer to continue
calculations while the film is being read. A possible method of
sccomplishing this end and at tue same time simplifying the
ordering process is as followa.

Allocate a section of storage, perhape 64 registeras, to serve
as a sort of flexible connecting link between the computer and the
tape. Consider this gection as a ring. Zach new mumber coming fTrom the
tape ig¢ put in the firet vecant space. ZHach number taken by the
couputer is taken from the firet full space. 0Iwo countere leep track
of the positions of theee spaces. If the reeder has gotten ghead to the
extent that the ring ls nearly full, e sipgnal will te gent to the film
drive to stop. If the ring ie emty, tha computer will de stopped to
allow the reader to catch up.

3) Another counter will Ye provided for esch resier to
keep track of film position for uwe in ecanning rather tham

extracting large blocks of lnformation. Zach tranefer from the
render reglsters to storgge should e checked. The computer mugt
be stopped while the bus and sSorngs are in uee for this purposs,

. 4) An imput typewriter and decimal-~to-binery converter
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will be attached dirsctly to the bus. A number camn bo typed 1i
along with the desired storage locption. The computer will then
stop 1ts standard procedure long onough to store the new

information.
DIGITAL QUTFUIE: The output writers ere similar to the

readers except that the spot of light from the cathode-ray tubs Ls used
to expose the raw film in the writer.

The computer equipment is as follows:

1) Two registers of the same type as used wlth the
readers. The number from the bue i3 sent to these registers, the
number being placed in one and its complement in the other. Tha
number is ehifted out serlally ontc a eingle cable to the writer.
The writer records both number and complement, recerding 1's in tla
number lines 1f tho diglite shifted in are l's ard 1's in the
complement lines if the diglis shifted in are 0's.

. 2) Photocells are providad to determine i1 the w-iter

has recorded and whether it has recorded in the number or
complement line. The recorded digzits ars ghifted into the
vacated end of the number register. If all digits have been
reacorded and all recorded properly, the exact number will have
been replaced in the number regleter. This fact is checked by
adding the contents o the number raglster into the complemant
register. The result should be &'l 1Ys.

3) A buffer section in the storsze cen te provided
for each reader. lote that setting up thege buffor eectlons does
: not prevent their use for interns. computer needs. The alzo of
the buffar section can be adjusted at will by setting the counta
or the ssction can be omitted antirely and the film controlled
by direct etop and start orders.

ANALOOUZ INPUTS: In general these will ba megsures of ghef
positions or other mechanical or electrical amplitudes. CUne or more
converters to binary cods will be provided., The compuie
the desired information by tranenitting to the convertoer 2
to convert a certaln quantity and second mn order %o tran t
bus with the numbar of ths regleter which 18 to receiva the Lnformat|
Thasé orders will ba esparatsd by anouzh time (used for o

s -

gperations) to allow the converter to asolect the desirec ntity end
perform the conversion. The time involved Le uninown at prosent 1
. converter will be a gelf-contalned uni: with lte own cont

ANALOGUE QUTPUTS: Sooh outputa will be used for nosit ond
open=gycle or closed-cycle instrumants or mechanical aerw In
general the conversion will be from biancy code to an elecirical
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magnitude which can then be transformed into any desired snszlogue
quantity. Several converters will be provided depending on tha
number, sensitlivity, snd accuracy of the quantities converied.

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 necegeary con-
version and switch the result to the deelred place. No further ordars
are required but care must be taken not to order enother conversion
by the same unit until the previous one is complete. If another coa-
version is ordered before the converter is ready or if the inmput
converter is asked for information before 1t 1s avallable, the compmter
will be stopped until the ordere can be cerrled out.

An alternative poseibllity ‘e to retain the new order until
1t can be performed, the computer proceseding meanwhile, If the order
storage is full, the computer cen then be stopped. Thig method would
reduce stoppage time for a given care in programming but does not soem
whorthwhile for Wwhirlwind I.

. Graphical recorders are but one form of analogue outpus and
will be handled with the othare except for the additlon of start-stop
orders and possible speed selection and ecale factor recording. Scale
factor recording might be carried out legs effilclently by %the usa of
another recording chennel. Another possibility 1s to note scale factor
changes by some definite trace in the recorded channel.

CHECIING AND CONTROL .D;,-‘Sig: This category is probesbly tho
least understood and yet most important of nli at this time. However,
since this problem is to be discussed in detail by concerned parties in

the near future, it seems preferable to defer 1te discussion.
ADLUITIONAL ORDERS: These orders fall into three categories

1) Extenslon of ca, ad, £8. 84U, to handle sbsolute
magnitude of numbers. Absolute maznitude may be obtalned usin
existing orders but the greater speed end simpliclty of specd
orders seemg warranted here. It is estimated that further equip-
ment includes control connections and possibly two exira gnte
tubes in the operation timing matrix

al

Into thias catepory also go poseible modifications in exleting

orders. The only modifications now under conslderation are in roundinge
procedures. It is nmot exvected that additional squipmant except for con
trol matrix connections will be needed for these orders even if 7

entall the actuel conatruction of new orders for differont reunding pr
. cedures (as mr and gh).

2) Orders required for the control of the input and
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output d.evicnr....
For film renders -
a. Start film x - go to position maerked by next order.
b. Desirad film position.
¢. BRead in x words.
For film writers -
a. Start film x.
If buffer storage sections are used, no further orders are
neceesary. In fact, if buffer gsectlone are permanently allocated to
e film, no orders at all are needed. Such a system would be wasteful

of storage, and would prevent scenningz

The above orders require control lines, control matrix
connections and control sate tubes. v

For mnalogue inputs -

a. Convert quantity =x.

b. GStore last converted quantity in storass register
For analogue outputs -

a. Convert quantity supplied nnd sexl to

b, Start film x, at speeod x,

Scale factors can probably be recorded in the gmme channel 1
gpecial markas or in a separate channel

¢, Orders for amtomatic subprogrems.

The coding of Whirlwind I with 4ts short reglater lengtn
be simplifiod in many problems if multiple length murier operat
be ordered as simply ae single length In hirlwind IX ) -
might aleo be desirable for instance !n ordering intorpol ns of
mltiple length numbsr ocoeratione The ayatem propoced slcel]
vay of alloving the aperator a small rumber of mpecial o DILE
. selected at random by himeelf and haniled as if they were Lt o the

computer. The following methud has been proposed

Three orders sre needed One glives the rumber he r
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holding the firast half of the firet numuber %o be operated cn, The
second gives the number of the reglster holding the firet Lalf of
the second number to be operated on. The third gives the number of
the register which is to hold the firat half of tha result. The
second halves of all numbors are assumed to be in registers
immediately following the first holves. One of the three orders must
designate the operation to be performed.

The 3-order register mumbers are made avallable to the
subprogram as follows:

A new order is derived which does tha followlng -
1) Tronemits the contoats of AC to ERE.
2) Tranemits the contents of AR to AC.
3) Transmits the order 1teelf to AR,

) Two spplications of this order will stora the first two
' orders in AR and AC. Another new order is needed which -

1) Does ths same se the sbove order.

2) 1In addition, tramemits the contents of PC to some
mpeclel register provided for its storsge. This reglister will
probably be a flip-flop register to be provided in addition to
present registers, A little recent study has showa that it may
be poselble to store the contents of FC in electrostatic storage
'If thie 1s possible, and some timing studies should discover
if thie is e0, tho extra register ss well se any extra order
can be svolided.

3) Seta FYC to one of several possible pernsnently (at
least semi-permanontly) selected register numbere. There rust be
as many of these orders as there are spuclal operations to be
provided. In Whirlwind I there night be 3 for addition, sudb
traction, and multiplication of multiple-length rumbers ole,
howvever, that the kinds of operations that msy be pe Tie
not been gpecified, only thelr number. The cperations thensalves
are as ger}rxr@*tﬂa the subprogrem .‘f.. yred in the reg 8
beginning/ the number set in PG, e subprograms me
programes of their own. The subprogrames may be chang
even at the behest of the machine itself

s

' The result of 2 epplicntions of the
followed by 1 application of an order of the gecond I'ind i
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1) The desired register numbers are gtacked in

AE, 1 in -"L‘J-, lin AC 1l in BR

¥

2) The starting register number of th

to be used is in FC.

3) The order muamber to which the mschine should
return is in a known place
My “L
order in AC by re

to AC and removed.
same type of order ae
then proceeds

When the
program order rstur

register is
needed., If

standard sub—x
&

to it by e

he reat

"OgT am

sed fo

+

order

suboro
ing the ¢
» storing
irn aunber
or.er wil

. » : . i
4 shu 4
'I'n he di c y» widel
rocping, hows ore: ] {
storage is = 1] 1 3 ke ’
control W 18, PI 1cul 1 )
time hetween storay B 0 ¥ > 1 i
nt ) Usk 1
-t through 0 ) 1
L ¥ interval.
An L e a1 | anarntor whi 1
clock pulses ratc L eas o nt f
Ihie posslibili carded 1r 16 f T
res :.alr_l: can I t : 1 (
idle. If mora 'o 1:
timing were ave da ) t
tining coul? be '
.
aar
c. JW¥ B, L Fi5, EE, D




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

M-113



PPROVED FOR PUBLIC RELEASE. CASE 06-1104.




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

M-123



PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

-

CONFIDENTI AL

s
vl

Haseacht

SUBJECT:

To: Harrie Fahnestocl
From: Robert R. Mverett
Date: October 22, 1947

In response to your request for further information about tha
number of additlonal raogluters needed Jor Whirlwind I beyond those
already deecribed ia the tlock diagrams, I have made a brief studly of
problem with the resulta given ia thle menorandum. These results may
summarized as follows

1) A
needed. The present
registers can be sati

le-shootin: reglater will not te
* or the proposed input snd output
inctead,

2) A separate ragls ‘or storing progrem counter content
as part of actomatic subprogrammlng ~l not be neaded ne of the remula
electroatetic storage reglisters ¢an be used instead

3) One palr of gtepping reglsters for input

noerned but ie probadly enough, at loas: at first Another perhans
in a emall package, could be added in the future 1f probl \£ han i
seem to warrant it. Thie requirament should not arise for at least
y.ars

I believe 1ts cover the probler zh 3
are most interecsted The spec controls %5
sorvices as well ns pment to be added to re §
have not been detsiled n ta unt the checking )
roceived more consideration. I hope to have out naxt we i
nreliminary memorandum on checiing

The rest of ¥, iate of some discussion 3
1 and 2 nbove This disucassion ie¢ given to batantiate 8 concl I

irawvn and for criticiem

All elementa o:

gomputer incl ¥ 10 not now =0 fiGted are iave gate tubea fc

rending out to the maln bas. A t~2 reglater with gete tubes for re
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from the bus can thon recelve, upon recurst, the contents any

computer element. Thig raception can te carried out =t hi spoed
T5H {8 not immediately reused, 1te contentz can be repsd from its nson

bulb indicators. The contente of any part of the comouter can thus be
examined visually although the contents so examined occurr during

. high=-speed operation. Manually set couvnters and switches st Db
provided for gelecting the element and time for resding

m

Advantages over Step-by-Step Overation: The advontages of
this system over the glep-by-step cperction system are
1) Information i1s obtained durlng normsl compute:

aperation.

2) It should be easier end faster to set gwitches ant
get essentinlly instantmnoous results then to push the eglngle pulse
button many times. Thes counter gystem can be used for getting th

in some desired positioan for starting = step-by-siep process or

ueed to stop the whole computer for complete examinatlon or for 1

a step-by-step operntion wvhere the aters are no longer single ti

but groups of time pulses, elther reguler or irregular in length
this equipment only is added, the flexitllity of single pulse op:«
greatly extemded but the additional equipment needed for TSR is ¢
reduced, In fact, 1f TSR pmbired with CR, very little comy
aquipment is noeded for the hlgh-speed examinatlon. The corirol
will be very wvaluable in exsmining conir pulses and compiter operst

detailas in genaral

t will de
possible to exam! 0 be very
legirable to be able 0 I oxr dif
ones at different t: tiea proposed
this

1) Provide several banks of neon bulbs alc vit!

Theae neon BYulbs are dr from TSR Dut are provided with gate tubes
and holding circults =o that they r repdi ster the contente of TER
lifferent times. TSR lg probably still needed since it cen be got 1
alcrosecond while the neon bulbs are slover acting [t 18 at th ioment
undecided whether ¢ de sufficien sT controles to select all
quantities to be reglatered ! singls ter senusnce to perfors
the selection manually, ram intervels In the 1t
cage, the neon bulb banks as ments and remove the
necesgity for writing down register cor riac

. Another desi: feature would Dbe rigon reud t cl
would eutomatically cor *6 a neon bult bani ther with T content
or with a set of toggle switches
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to AC

6) Trensfer Stornge to AR
AR %o Bue-trensfer Check

This seme sequence is used 1n the earller orders »f the
automatic subprogram. See M-1ll, pp &-10

The storage switch 1s set on TF5. If ateps 1 th: 5 are
then performed, the read in from storage cannot be done untii 3 of

the next cycle which is very bad since the bus use is pretty well fixed
step 6, the transfer on the bus from astorage to Al must be done on 4
if the whole computer timing is not to disrupted. To mccompliah
this end note that the automatic subprogram order which actuslly
determines the operation is different from the two which preced: an
vhich simply insert orders in AE. These two orders, which are desiral
identical, do not Lave the extra complication of ths subpiogram,
Therefors, resequence these operantions as follows

1) AR - Clear BR
< nefer storage to AR and AC to HR
) i AC
4) t AD
The first application of thie sequonce puts the firsgt ord
AC with AR open " second mpplicetion puts ths first order in 3N
the second in AL ngain with AH opon Now use the follow * secuance
the sutomatic subprogram
] C Al n
Trunefer storay %o
The result is the firet ord in R, the esecond order
and the third in AR as before but now all ™ transfers ]
early as TP7 as desired
The price pald for h ia th t L 1
longer any method avatlable within th rd orde {
order out of AR Ih tep coule ny rfor i
sequence simply by another applicatio 3 ssquonce 1
howave: 3 onl not rde i o order vio rrq i
Lo g informa n out the epoclial 2 C \ t
el only in les a ; Byot 1 L
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A simpler vercion but roughly *he saome ides is
DE}_D FF
W
E (= — i
W} 6T
|
= M = =
£ o 44
! f S o
___..._-.__I f‘E P — S—— S
1 i pass
through ths G I} 11 return Shrough the de)l ) nzain
gupplied t Diodes nre
provided t 1188 &
pace back i 3ome
flip=flop., ! causs the on
This combinzed check geams to “uwnction under zlmost all col
gldered types of fallure.
Both o fl flo rdoz
ghould be suppli 1
103 Progran Register
1@ operat v 16 - 1 ¢ a 4 o a
o y the t o1 s £
(4] .45 ure CpeTE 0one % }
10 l“‘-l -1 W .r
oeetble fr ret
a) e t i ] e d
b) Fellwre © ( 3
\
3) ng ¢ % ) 13
b A T Sy St : s
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to check checking errors. In company with this can be a device walch in
put in operation when the checking 1s proceeding and which will clear
all fanlts and restart the machine at each slarm, If an alarm falls to
appear, the computer can stop without an alerm and the stoppage during
check brought to the attention of the operator. This type of checking is
in addition to the normal checking which is to find faults in the
non~checking parts of the machine.

CHECE PROBLEMS AND TROUBLE-SHOOTING PROBLMS:

Check problems dlacover the existence of an error wlthout
determining the nature of the failure or the location of the fallod par
1t 18 desirgble in a check problem to covar the greatest posaible mmount
of equipment in the fewest posslble operatione so that the check sroblen
may be carried out frequently without spprecisbly reducing the
efficlency of the computer.

A check problem i1s mentioned on page 10 which coneists of

Trensmit 1.00. . . . . O1 o AC
- Add 0.11. - « . - 11 %0 AC
The sum should bte positive.
This problem checks
1) Read gntes from AR to AC. If any gate falls to
transmit, the sum will be negative. Throughout.it
is still assumed thnt only one failure cccurs at a
time,
2) Proper reception by AC of single diglite per section
3) Proper addition in AC15 only.
4) Carry operation ACLl5 only.
5) Figh-speed-carry in all éigits.
If the answer is negative, there 1a no way of tellias from the chack
problem where the error occurs. A possible trouble-shootins protlem
procedure for discovering the error source might be
firet try
. Tronenit 1,005 . 0LO to AC

Add 0.11. . ; 111 to AC
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Examine sign of sur.
Then try
Tranemit 1.00. . . . . 0100 %o A

Add 0.11. « +» » » 1111 %o AC

Continue until a positive result is obtalned. "hia teat will
1imit the fallure to & sinzle digit, The fault is in the first successiuvl
column if there is a high-gpeed-carry fallure. Otherwige, 1t ie opn
column to the right,

Then, to check whather the failure 1s in A rend out gatas
or in AC reception:

Transmlt mimna(gs) C.11. . . « » 10 %o AC
Sabtract 1.00. » » » 00 from AC

Regult should be poeitive if AR gates were at fault since orly
the AR complement gates have been used.

Then, to check whether the falilure has been in AC reception
or in high~gpesed-carry, If the fanit is not in AR

Tranamit 0.00, . . » 010, . 00 To AC

vhere the 1 1e in the last unguccessful digit
tha tost above.

Add the eame 0.00. . « . 010, . 00 to AC
Then add Yells 20 » 206 00 tc AC

If the column is receiving,ths s ]
fault will be in the high~speed-carry. Otherwiegs, the dipgit tertald
will be known to be faoulty.

All five poaglble fallures cen Do lsolated by the sbove
sequence. The computer could, if deelred, try the check ler
clacovering the falluare go oa through the trouble-zhootir T
automatically. "hen the fellure is determined, the comm cat
either gending 1its last corder number to an output decimal printer
leaving it to be read from the neon benks tha operator c then tel
‘rom a code book both ¢ kind of by I he pasel in i
48 locuted.

n' I do not Bl t that the ove 5 AN L 2 onl re Lt

cept a3 an example
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Project Whirlwind
Servomechanisms laboratory
Magsachugette Ingiltute of Technology
Cambridze, !lagsachusette

SUBJECT: WHIRLWIND I_TROUBLE SHOOTING, COMMENTS ON MEMORANUUM 1123

To: Robert R. Iverett
From: Jay W. Forrester
Date: October 28, 1947

The following comments occur to me after readlng Meworandum
M-123 on the Trouble-sghooting Reglater.

The Steppirg Hegister normally used for imput and cutput sounds
like the best bet for the trouble-shooting requirements.

To eimplify equipment, I would suggest that we not uee more
. than one set of coincidence circulte and therefore read out only one
number per cycle of the check problan,

It should te possible, if cleslred, to channel the i{rigger, which
is obtalned from the coincldencs circults for operation of the troubla-
shooting reglster, irto the clock~stop system. It should then be possible
to readily restart the check problem at its beginning. The stop order ané
the restart facility would make it poesible to progress through the checlk
problem one step at & time until trouble ie detected. This is desirsble
since trouble might result in strange end unexpected computer operation
wnich would prevent it I{rom reetar%ing on the test problem.

If no eppreciable amount ¢f exira equipment is regrired, it
might be desirable tc have the colncidence pulge from the counting clrocu te
restart the check prcblem at ite boginning in order that the test problen
up to a given point can be solved cyclicslly. An error eign:l from the
check register could then be used in the cluck-stop circult ro that the
computer would stop cnly if e mietaks were made on the number Lelng obaeem
This would be ueeful for translent “routles,

1 feel we rhould consider btoth neon lighte indicating tre con
tents of the stepping regloter and a cathode-ray tube with doultle trace
indicating both the rnumber and its complement in the nlepplng register.
Normal permanent fallures would be picked up on the paon 111tm bt the

. cathode-ray tube ancd stepping register resiing toth nwrbers rnd comploment:
could be uged for detecting transient disturbances wvbich would resnlt in
wrong oumber only occaslonslly.
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Automatic comperison of tho mumbor read into the 1ol
shooting register with the pre-set correct valus would be o ot (
holp and facllity is probably slrealy avallable for this oporabion.

I would suggest congidering the use of punched carcs on
can be entered the proper quantitles for u check teast. Resllng w
done in o eimple, manually operated contncting device. The caxd c
be punched with the order number, countor inltial setting, le ti:
pulge counter number. the high~epeed time pulee counter pumbor, ¢

eslection of the quantity to be deta:mined as well as the p.r . er valua
thig quantity which would be fed into the check register. ! acking
could then be done by inseriing carda, one at s time, into render

until the trouble sequence 1s located.

Jay W. Forrestiar

JWE: has

ceples: H. Fahnestock
H. Boyd

H. Taylor

D. Brown

C. Watt
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Project Whirlwind
Servomechanizms Laboratory
Magsachusetts Institute of Technology
Cambridge, Massschusetts

SUBJECT: CONTROL DESK, WHIRLWIND I

To: Herris Fahnestock, Kobert R, Everett, David R. Eroun,
Norman Taylor and C. W, Watt

From: Jay W, Forrester

Dato: October 17, 1947

The following miscellanmous thoughts occur to me regerding the
control desk and its intercomnection to Whirlwind I. Thoce ideas ere all
subject to discussion and correlation with other informaticn

The ccntrol desk should include a decimal keyboard and ecnversion
cirevit in order that mmbers in the computer cam be altered as reguired in
simulation problems end in trouble sghootlng, It elso providos & mesns for
inserting specisl orders and nunibers for checking purposes.

A spacial register, perhaps the same one as used for normal checking
purposes, should indicate eny mumber sclacted from a repsating check problem
in tie computer. HMonitor registers and setting switches should be available
on coincidence counters for selecting “he preper peint in the Gest problem as
a function of the program covnter setting and the clock pulse distributor
position. The cutput of this multiple coincidence systemr should be available
as a trigger for verious scopes as required on the conirel desk and also should
be piped to conveniemt points throughout the computer perhaps in eech cabine
of tho Whirlwind I system so that test equipment can bo operated.

Trouble indications should iF possible he of the doubie scting kind
indicating both the satisfactory state of operstion end the wnsetisfactory
state of operation to gusrd againat pllot light ard mesociatec circult irouble:
However, during normal opsration it should not be regulred tha! the operstor
obssrve a lergo array of lights which are on but rather that bie atiention be
attracted by lights which come on only when treuble exista. A cingle light
indicating that everything is satisfactory should be so interlccked thet any
trouble light will turn off the normal indication and be subrtituted by one
of several trouble indicsiors.

Trouble Indicators chould indicate the rource of clock slop order
arising from variova chocks ia the computer, should indicate filament pows
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plate supplies, bles, ete. arranged in some sort of coded syster to use the
smallest practical number of lighta. For example, ome ligat might bs used
to indicate plate supply difficulty while amother light woolc indicote the
cabinat in which trouble hes erisem. Iikewlse a biae supply irdleetor might
initinte the same light for a given cebinmet, Interlocks where necessary should
be so arranged that trouvble is indiecatad at the primery source., For example,
failure of a biass supply should perhaps sutomatically trip varicus plate
supply volteges. Trouble indicetion should appeer only cn tha blas supply
light wntil that fault has been cloared. Control switches shovld inecluda an
emergency atop circuit which car be located at various parta oif the conputer
in case of fire, etc., perhaps elso interlocked with thernoolair,

The control deek should provide for stand-bty operation, & definiticm
for which must be established, probebly meaning filaments on ord plate supply
veltages turned off,

If at all possible, sterting of the computer should be a single
awitch operation and probebly should have a key type leoek o prevent umauthorized
use, Froper interlock circults must be avallable for starting moter generator
sots ond turning on filgments firat and in proper order,

Filament wolteges should be increased graduvally unless we have
. information to indicete this unrecessary.

D-C power supplies should probably be equipped with ripple monitore
which are ecsentially a=c emplifiers opersting lock-in relays teo indicate
ripple or transient voltage disturbances. These shounld be sufficiently broad-
band to catch video spikes appsaring inm the d-c¢ lines emd prcbably should
operate through gas tubee so that singls transients will be recorded. Likewise
regulated power supplies chould have voltege monitors poseibly of the type thal
compare the supply voltage with a standard eell through a vibrator circult,
converting the signal to e-c znd amplifying for operation of indlcating circuit:

Scopes on the control desk should include ome for cloek pulses,
probably a separate one for indiecstion of restorer pulses, end the possible
continucus presentation of time pulse dlstributor snd cperaticon sonirel output
signals which can be triggered from the colneidont eircuit or from any other
source which will give a useful ovtput. Perhaps for example, one might initiae
the scope for cach multiplication or each eddition and metch a sequonce of ot
put pulses to check for jitter and irretic operaticn.

Should & push-button for inserting single pulaes into the restorer
syaten be aveilable in order that the triggering of f£lip-~{lerz cam be oboerved

The system must be intarlocked with the air conditioning for temper

ature contrel probably with thermostate in each cebinet, Cabinet doors should

bave interlocks so that open doorz are indicated in order that the operator
. may know that alr flow 1s interrupted in thel cabinet
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Jongiderable attention should be ziven to tha looats
licator lights considering their relative importance i
and the probleom of easy reading. An output register from the s
board should probably line up with the dloplay of reglater 1ig 3
asy comparison can te asde between any decirzl pumber and the Hinary !
fron the registers. Te avold confusion, slide shuttera or other devi
be considered for masking of the zero position 1lights of the {iip-flop sxeept
when necessary for checking the individusl flip~flop operatior. The conirol
desk must provide indicators for the film supply in the cutput wnit and for the
controls necessary for these units, espacially the one providir: graphical
reccrding where the start-stop and speed coatrcls may be manuel in many cases.
Conglderation must be given the cockpli simulation prolLlem tc decids
shether any control for that system will be on the contrel deel. ur merely
interlocked with the on and off controls of the computer itsell
It is probabls that a cathode ray tube should be provided on the
control desk which will be deflected by the deflection voltagec of the storage
tubes and which will be triggered by the storage tube triggere It should
elso be possible to uvee the coincidence counter system for triggering this
indicator scope et any desired storage operatica Im the check problea, The
acope could have ruled or indicated on its face the proper locetions of the
' varions storege positions,.
0 ‘;?r’ .
W\
'_14
‘_?f‘-‘i-_ Forrestar
TWF:vh /
V
>
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Project Whirlwind
Servomechaniems Laboratory
Massachugetts Institute of Technology
Cambridge, Massachusetts

Drawinge:
To: Jay W. Forrester 3-39:'591

B-39392
From: Robert R, Everett B-39393

B-39394

Date: Hovember 10, 1947

Blook diagrams in this mamorandum on electrostatic storage
are prepared for discussion purposess, They are supplied as illustrative
information and will be considered in detall, revised, and extended be-
fore use in the aystem,

¢ There are many changes wilch can be proposed for the systeam

: about to be described. Some of these are listed at the end of the
memorandum, The system described is complete within ite limitatione,
however, and improved designs should walt for more exact storage speci-
fications.

Drawing B-39391 is a block dlagram of a single electrostatio
storage tube and ites associated equipment., The box labeled "Cme Electro-
static Storage Tube" includes any neceseary output smplifier. The ocutput
of the storage tube is sent through a delay to a three-position flip-flop.
This flip~flop is assumed to have the following characteristics:

1. It has three stable ntates.

2. It can be set to any of theee three stable states by
the application of t:iggere to the proper points,

3. The gpplication of a positive trigger to the trigger
input will cause it %o switch in one direotion; 1i.e.,
from 2 to 1. The application of a negative trigger

{ to the eame trigger ‘nput will cauee it to switch in
the opposite direction; say from 2 %o 3.

4, It ie poseidle to plck off positive signals from
vacuum tube plates to correspond to the three
stable states of the flip-flop. Furthermore, there

’ muet be at least one point with three potentials
cerreeponding to the three states,
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This flip~flop, and for that matter tho whole mystem to ve
described, hae been mentioned in Memorandum K-11l, The positione of thias
flip-flop are labeled write plus, read, and write minus where read is the
middle position,

The action of the storage tube durling reading or writing is
determined by the poctential of one of ites elemonte, either the screen in
front of the storage surface or ths signal plate behind it. The motion of
the tube, except for polarities, is unaffected as far as these block dia-
grams are cancerned by which element is chosen, In drawing B-39391, the
screen or plate is ehown connected through a buffer amplifier to the out-
put of the three-way flip-flop, It is asoumed thet thls 1line will have
a different voltage level for the three positions of the flip-flop. When
the tube is not bDelng used for reailng and writing, the holding beam will
be on, and the screen or plate should be held in the write plus position.
It will probably be desirable to tarn off the holding beam during the
operatione of read and write mimue., The holding beam is thus shown
connected to the same line as the screen or plate in such a fashion that
vhen the ecreen or plate is at the write plus potential the holding beam
will be on, while 1f the ecreen or plate is placed at some other potential
the holding beam will be turned off.

9 The sequence of events for using the tube is then as follows:

1, Set the switchos whish detormine the deflection voltages
for all the tubes in the bank, %wo or three microseconds
must be allowed for these voltages to reach thelr final
values, During thie time 1t ie desirable to keep the
holding beam on, Thas screen of the tube will thus be
left at the write plus position, as will the three-way
output flip-flops.

2. BSet to read conditioa., When the deflection voltages are
almost set and Just Defore the high velocity beam is
pulsed, it i1s necessary to eet the three-way flip-flop
to the read condition; thus setting the screen or plate
voltage to the read condition and turning off the holding
bean,

3. The high velocity beam ie then turned onm,

4, After the reading time has elapsed, the high veloclty
beam is turned off, The delay element in the signel
line from the tube to the flip-flop is made large enough,
if nscessary Dy the use of additional tube elements, so
that the screen or plate potentisl may be held in the
read position until the tube has been completely read,

. When the beam has beon turned off, the three-way
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flip~flop muet have been set into one of 1te write
positions because either a positive or a negative
output must have come from the tube, It ie thus
possible to check to see whether the three-way
f1ip-flop is in one of ite write set positione, This
is shown schematically as diode mixing onto a check for
write line which connectes to all tubes in the bank.

6. BSend a single pulse to the main-control time-pulse
distributor. It is assumed that the control pulses
for the electrostatic storage tube bank are derived from
a special eleotrostatic storage control which has no
information as to wvhether the tubes are to be read or
written on, The single pulee eent to the main-control
time-pulse dietritutor will retwn read-out, read-in or
clear signals to the three-way flip-flop and, at the
same time, pulse the neceseary gates ln the other equip-
ment of the computer., If the storage is to be read out,
the read out to bus line is pulsed and the information
is esent out through the gate tube and the bus driver to
the bus. The three-way flip-flop and ecreen are left
set so that the previous signal will be restored when
the high~velocity beam is turned on, If the tube is
to be stored on, the read in from bue signal first sets
the three-way flip-flop to the write minus position, It
also gates the in gate tube., If a one comes in from the
bus the three-way fllp-flop will be reset to the write
plus poeition; otherviese, it will be left in the write
minus position,

6. The high velocity beam is again turned on,

7. After the proper time has elapsed the high velocity beam
will be turned off, The signal should have set the
three-way flip-flop hack to the reasd or neutral position,
a fact wvhich can be checked using the check for read-in
gate tube.

If the check 1s successful the three-way flip-flop should bs
reset to the write plue condition “hus turning on the holding besm and
leaving the tube in its normal condition, 4 pulse should aleo be sent %o
the main control reetarting it and stopping the electrostatic stornge control,

Ths electrostatic storago control presents some special problems
since the times involved are not finally establiched end operstion should be
made adjustable over wide limite 17 possidle., Drawing B-39392 ghowe one
possible method for accomplishing the control of the electrostatic storage,
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It uses en eight way time pulese distributor which can be identicel with
the ones used in the main control of the computer, The clock puless to
this distributor are not supplied directly, however, but through a counter,
The counter shown here is a 24 or 16 position counter allowing time inter-
vels between outputs of the time pulse distributor of from 1 to 16
microseconds,

The start signal from the main control switches the flip-flop,
opening the gate tube, and al lowing the one megacycle low frequency clock
pulees to reach the counter, The counter hae been preset to some particular
value., When it reaches 1ts all ones position the next pulse will travel
down the high speed carry gate tube line into the eight way time pulse
distributor and go out the first position., The first line can be connected
to any or all of the flip-flops in the counter by the vertical lines. If
no connections are made, the counter will be at zero and no pulse will
reach the time pulse distributor for 16 counts. If all connectlons are
made, the counter will be set at all ones and the next clock pulse will
reach the time pulse distributor., Intermediate sets of connections allow
any time delay desired betweem 1 aad 16 microseconds. When the second pulse
reaches the time pulse distributor it will go out the second line which is
again oconnected back into the counter as desired to produce any desired
delays, The whole system, therefore, provides pulses in sequence on the
lines coming from the time pulse distributor with delays between them which
can be arbitrarily selected. The connections can be made through diocdes
soldered in place.

Drawing B-39393 shows a complete control of the electrostatic
storage. The tubes are connected to the bus, there being two tubes
corresponding to banks 1 and 2 oconaected to each line of the bus. With
the system in its normal poeition, the three-way flip-flops of all tubes
will be at the write plus condition and the holding beame will be on. The
svitches in the selection devices will all be a% thelr cleared position as
will the eleotrostatio storage conirol time pulee distributor. Wwhen the
storage is to be used the main control will send a read-in pulse to the
svitches on the horisontal and veriical deflection amplifiers and the elngle
poeition flip-flop switch which is used for bank selection, This will read
in the 11 digit sddress section of the order which hae just been read cut
of the program registoer, see R-127, At the same time the mairn control
will send a start pulse to the eleutrostatic storage control md will aleo
stop the flow of clock pulses to its own time pulse distributor, The
deflection amplifiers will then begzin to set up the proper deflection
voltages in all the tubes includingz both banks. When the deley, determined
by the initlal setting of the counter in the slectrostatic storage control
has elapsed, the first pulee will mppear out of the electrostatic storage
control, This pulse is to set the three-way flip-flops in the bank to be
read to the read condition. The outputecf the bank selection flip-flop nre
thus supplied to the gate tubes 01, The initiel pulse coming from the
elactrostatic storage tube control will thus go out only thet bank line which
has been selected, end will swltch only those flip-flops in the melected bank,
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After anothsr pelected delay the second pulse will appear whoee
purpose 1s to turn on the Migh velocl ty beam in the selected tube, Once
again it is necessary to use the output of the dbank selection flip-flop
to set the gate tubes 02, thus allowing the beam pulse %o tura on only
those beams in the selected banks., Since the beams are to be kept on for
an appreciable time, holding flip-flops are provided which set up a voltage
through the buffer smplifier on the line going to the selected bank for
holding on the high veloclity beam.

After another selected delay, the third pulse will eppear from
the electrostatic control and will be applied to the reset inpute of both
the beam flip-flope; thue turning off the on beams but not affecting the
off beams, This pulse will also go to the gate tube on the check-for-write
line, sending out an alamm if any of the flip-flops have falled to be
changed from their read position,

After another delay, probably of short duration, the next, or
fourth pulse, sppears from the electrostatic control. This pulse is sent
to the main control time-~pulse dlstributor and provides the reading and
writing pulses to the storage tubes, It may or may not be necessary to
channel the read and write pulses to gate~tubs palrs selected by the bank
selection flip-flop, depending on the particular polarities needed during
the holding action,

The fifth pulse from the electroetatic control turne on the high
velocity beam again through the gate tubes 02 and the holding flip-flops,
After a sultable delay, pulse numbsr six will sppear and turn off the high
velocity beam, It will also check for read using the check-for-read line
and gate tube and send out an alara if any of the three-way flip-flops on
the selected bank have not been returned to the read condition, This pulse
is also used after a delay to clear the three-way flip-flocpe back to the
write plus condition; thus turning on the holding beam snd leaving the tubs
in the holding condition. This sixth pulse alco clears the switches in the
horizontal and vertical deflection and bank selection uystems, restarts
the main control time pulse distributor, and resets the electrostatic etorage
control time pulse dlstributor to 1ts szero position,

The tubes can then remaia in a holding condition as long as
desired or may be read again immediately.

Drawing B-39394 ghowe tha additione to the present computer aystem
ceused by electrostatic storage. The rest of the computer is not shown but
is the same as in Figure 46 im Block Diggram Report R-127. The eleotro-
statlic eterage tubes and the selector switcheo are connected to the bue,
While there is no connection betwesn the bus and the electrostatic contrel,
the control must be supplied with clock pulees.
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The control pulses from the main control to the electroctatic
storage are already almoet all present in test storage. The read-out
read-in for the switches, the read-out read-in for the electrostatic storage
tubes themselves, the start for the electrostatic control, and the restart
for the maln control are already present. The start and restart are at
present used for the delay counter,

These block diagrame are not only tentative but incomplete.
Provision hae not been made for ueing the trensfer check on either the
storage switch settings or in using the storage iteelf, except in the case
of reading out, When reading in to either the switchee or the storage, it
is neceesary to read out agaln immediately to the main bus for checking
purposes., This difficulty can be easily avolded in the case of the ewitches
by not stopping the main time pulee distributor until one pulse time after
the electrostatic control has been ptarted. Thie one pulse time can be
used for ordering the transfer check. In the case of reading im to tho
electrostatic storage, one possibllity is to send two pulses Lo ths meln
time pulse distribtutor instead of the one proposed at present. It should
be easy to work out these detalls.

I think that the electrostatic storsge control is probably flexibdle
enough for our purposes. Fot only does 1t possess the advantage of
adjustable delays between pulses but it uses our standard and already

. deslgned eight way time pulse distridbutor and provides two spares for
unforseen operations,

Among the many possible changes in thia aystem are the followdng:

1. The use of a single output three-way flip-flop aystem for
the two tubes in each digit column, For aystems wita more
than two banks of storage tubee, all the tubes in ono di-it
column could bo connected %o one output eystem. Some special
squipment would be required for mixing tut a net saving of
tubes should roesult.

2. The delay in the tube outpui line could be avoided by pro-
viding a spscial holding flip-flop for the screem and
triggering this flip~-flop from the output three-way
flip-flop.

3. The characterlstice of the output flip-flop and the checldng
procedure could be chenged to avoid the effecte of ewltching
traneiente on the tube output.

4, If the write time on the tube is appreciably longer than the
read time, the sequence oan be changed to only provide the
long write time when - sigoal is bedng stored. Only part of
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the charge need be removed when reading thus allowing
relatively rapld rectoring if the data is not changed.
< %{’f/ﬂtﬁ
'Robert R, Everett
EiE:botvh
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] Project Whirlwind
Servamechanisms Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusettis
SUBJECT:  ACCUMULATION OF PRODUCTS IN THE VHIKLWIND I COMPUTER,
To: Jay W. Forrester
From: Robert R. Everett
Date: November 10, 1947
This memo considers briefly the problem of accumulating products
in WHIRLWIND I without the necessity for stering tha partial sum in the
memory at each step of the process, Such accumlation of products will
not be included in the original construction but can be added later or
included in future designs for any application for which the operation lsz
sufficiently valuable, I would suggest the followiag:
1. That the problems be accumulated in & sixteen digit shifting
. register similar to the B Register which is so arranged that on shifts

and carries it will shift one step to the right and at the same time

insert ite right-most digit into the left-moet digit position of the
accunulatcr. Suppose then that we are in the niddle of the product accumm-
lation process. The sum of the products to date is in this special register
which I shall call the Holding Register, HR. We will now order the next
multiplication by & special multiplication order which I shall cell ma for
multiply and accumulate. I think at the moment that it would be better to
uze a gpecial multiplication order for the accumulation process rather 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 operation proceeds as in the normal multiplying round-off opsration,

@r, up through time pulse 1 when the multiply pulse turns the control over
to the multiplication control inside the arithmetic element, The multipli-
cation procese ls exactly the same as far uan the exlating arithmetic element
is concerned but in this speclal cass the shift and carry pulses are also
supplled to HR, shifting its contents one step to the right and shifting ite
right-most digit into the ACY positdon of the accumulator. The next multi-
plication addition will add the multiplicand on top of the shifted partial
product plus whatever has been inserted from HR. When the multiplication
process is over, the entire contents of HR will have been added into the
accumulator in proper sequence. The carry will have been properly cared for
and no additional time will have been required fer this accumulation.

Consider now Figure 76 in the Block Disgram Report R-127. This
' figure is the timing diagram for the multiply and round-off operation
The multiply pulse occurs on time pulse 1. Following the additions of the
multiplication, the control is returned to the main time pulse distributor.
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Time pulse 2 orders the carry and round-off operations which are shill
needed., In order tc 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 25 the
clear BR pulse. At the end of time pulse 3, the correct sum of products
to date will be in the accumulator. On time pulse 4, therefore, we can
transfer this sum back into the Holding Register. It will be necessary
to invert the shifting of zeroe and ones from the right end of the
Holding Register to the left end of the accumulator, depending on the
position of the sign control flip-flop in the arithmetic element. Or the
contents of HR can ba complemented as well as AR and AC.

2, 1 can ses no objection to this process at the moment. Very
little change is needed in the main contrcl, The extra Holding Register
which can be made identical to a B-Reglster 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 gate tubes which wlll allow
reading the contents of the accumulator back into HR at the campletion

of the ma operation. A possibility to be considered, particularly if
this device is added after WHIRLWIND I has been completed, is to shift
the contents of the accumulator back into HR, particulsrly since, if HR
is made like BR, it will be able to shift left. Then, if we provide a
special shift-left line, including a pair of epecial shifi-left gates

on AC zero, that 1s, gates which are different from the divide shift-

left gates, we can shift the entire contents of AC back into the Holding
Register without the necessity far adding an extra row of gate tubes. If
this is done, it will be necessary to uee the step counter to count. the
number of operations. This can be accomplished by resetting it to its -16
position, using probably the same line that 1s used for the multiplication
operation. Undsr those circumstances an extra flip-flop will be required
in the arithmetic element which can be pulsed on time pulse 4 wvhich will
in tum shut off the 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 te the
cperation control, The transfer pulse can be delayed a half-pulse time
and wsed for clearing the accumulator.

3 We atill need a means for getting the product sum cut cf HR
to send it to storage, when the summation is complete, This can be done
in several wuys:

(a) Provide & special arder which will transfer the cortents of
HR into AC by shiftirg on request.

(b) Provide ancther multiplication and accumulate order which,
instead of transferring the sum back to HR on completion, will instead
leave it in AC,
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If it is considered not urdesiralle to lise the advantay

a

suggested above of being able to carry out other multiplication opsre-
tions between summations, the atandard multiplicatica order can he

modified.

Always shif't in the contents of Hk, it being the special

ma multiplication operation only which replaces the sum in the Holding

Register,

A narmal sequence for summing multiplications will then

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,

RRE:hcs

 h—
I/’,f /‘_l‘z:.‘.-/’, _?r_/

o & FFeec

Robert R. Everett

7
.-’Ir'/ <J

i




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

M-158



PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

CONFIDENTIAL

6345
Memorandum M-158 Page 1 of 8

Project Whirlwind
Servomechanisms Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetts

SUBJECTs BLOCK DIAGRAMS, INPUT AND OUTPUT

To: Jay W. Forrester
From: = Robert R. Everett

Date: November 10, 1947

The film input and output to be used with Whirlwind I
ig described briefly in a report by the Eastman Kodak Company
entitled "Progress Report ff1: Film Reader-Recorder for use
with Computer” by R. D, O'Neil. A single unit with modifica-
tiona 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
rrinters, Thesc uses plus an estimate of the total number of
units required for Whirlwind I ere discussed in M-73,

Briefly, these masohines consinted of a clutch 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 tube 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 ocomplements or
inverts are stored on the film, If all is being stored, the
beam is left in the number row while if a zero is to be stored,
the beam is deflected to the complement row. Informatiom is
stored in binary notation as a series of opaque or transparent
squares on the surface of the film. Approximately 60 channels
are to be used. A beam-splitter is used to deflect some of the
beam's light to a pair of photo-cells, which both determine
whether a tero or a one has been stored and supply control
pulses for indexing the beams.

In reading, much the same system ie used except the
3 besm is swept moross the face of the tube without vertical
deflaction, firet acrose the number line and then across the
oomplement line. Photo-cells behind the film piock up siznals
whenever the beam strikes a tramsparent spot. For further
' details see the Fastman Report.
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The characteristics of thies system are as follows:

1, Since the beam is swept in time across the face
of the film, the digits are stored or read in time 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. Vhen reading, the reader gends to the computer
not only the number but the complement of the number. 2. and
3. may be used to give a quite thorough check on the reader-
recorder.

4. As 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.

6. The film stores about & hundred lines of data on
a linear inch of film. A word may require either ome or two
lines depending on the length of the word being stored. A
twenty-f'ive binary digit word, satisfactory for Whirlwind I,
could be stored effectively in one line although actually the
word itself will be stored on half of one line and the com~

‘ plement of the word on half of a succeading 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 be 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 ehort emough
8o that the linear travel of the film during the sweep does
not produce an appreciable aliznment problem. Information
must be supplied to the reader-recorder or received from it
either at .5 megacycle rate or at a 1 megacycle rate depending
upon the number of digits being stored and the particular
storage arrangement being used.

7. In recording, a glass wheel in the recorder
contains an index mark whioch 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,

. Sinoe about one millisecond olapses between readings of words,
the computer has adequate time for its own control operationms.
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‘ Since the reeder-recordoer is relatively slow in

operation when compared with the reet of the computer, it has

been felt desirable to build special equipment for connecting

the reader-recorder to the computer., Thie special equipment

will allow the transfer of information in either direction with

only a very short interruption of the mein computer cyole.

This extra equipment can be avoided if the loss of time resulting

from using the mein computer equipment can be tolerated. A pro=-

posal is discussed in this memorandum for automatically obtalning

information to be recorded from or read to the main storage of

the computer without the intervention of the main ocontrol. It

is still not clear whether this additional equipment is desirable.

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

avoid this special eutomatic equipment. The equipment can be

added later if desired. The decision must weit until further

study has been made both of the cost o the special equipment

in extra computer complexity and size and the seving in operating
* speed and in coding. The system will be described here plus

mention of how the same operations can be carried out using

normal computer orders and equipment.

D-398395 shows a pair of reader-recorders and the
equipment neceasary 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 nmumber capacity equal

] to the digit length of the machine. This will be sixteen digits
in the case of Whirlwind I. A pair of registers ie needed for
checking purposes. The pair of registers is referred to as
SR, the particular registers being called SRN for the number
stepping rezister and SRC for the complement etepping regiater.
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 spveds are desired.

The recording procese i as follows:

1, The number to be recorded (the source of this
number will be discussed later) comes in from the bue to the num-
ber stepprinz register through GTOl. From there the complement
of the number is transmitted to the complement stepping register
through GTO4,

2, When the index mark in the recorder shows that
the film line 1s in the right position, the recorder will send
out a stepping pulse to the number stepping register thue
shifting ito rizht most digit off into the out lines and from
there to tho recorder.

3. The recorder will store & 1 in either the number

or the complement line depending upon whether the number shifted
in waa 8 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 O were stored.
If the eystem is working properly the dizit shifted off the
right end o” the stepping register will be replaced in the left
end.
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4, The beam-splitter signal will also generate

another stepping pulse to the number stepping register. This
proocess continues until the entire number has been sent to
the recorder. When the beam has finished sweeping, it will
actuate a photo-cell which will stop the stepping process and
send out a signal on the complete line.

§. The number which has actually been recorded
will have been replaced in the number stepping register. The
actual stored number is agaln added to the complement stepping
register clearing it to all zeros unless a mistake has been
made in the recording process. A check pulse to the complement
stepping register will check to make sure that the register
has been cleared and will produce an alerm if any error has
been made,

The reading process is as follows:

1. Both the number and complement stepping reglsters
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. Aseume 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 zeros to go
into the left end of the number stepping register.

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

« reglater.

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

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

€. The number is now in the number stepping register
and the complement in the complement stepping register. The
number cen then be read through its complement output gates
to the complement stepping register clesring it unless there
is a discrepancy between the two readings. Once again a check
pulse is sent to the complement stepping register causing an
alarm if an error has been made.

There are also etop stert linee to the reader and
. recorder for engaging and disengaging the clutch drive on the
film.
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It would be poseible to use the accumulator in the
arithmetic element as the stepping rezister for recording,
comparing it later with the actual number to be recorded, once
again extracted from storage. The accumulator can also be
used in reading, the number being read into the acoumulator
first and stored and then the complement being read into the
eoccumulator, which is also used for the comparison processa.

It is possible with only slight modification to the
existing control to ume 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 end calling in a sub=-propgram particular-
ly designed for the reading recording process. The computer '
could keep indexes in the storage for locating the source of
numbers to be recorded or the destination of numbers read.
Certain special input and output orderc would be needed for
starting and stopping the reader-recorcers and for transmitting
information to and from the stepping registers. Once the
relatively small group of operatione neceasary to set up a
new word had been performed, the computer could then return
to ite 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. Tre size of this buffer
storage in arbitrery and depends upon the amount of reading
or recording being done. The use of part of the electro-
statioc storage for this purpose does not in any way prevent
its use for normal computer purposes except at those specifioc
times when the input and output are beinpg 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 zoing into the
storage would go into the first emply register in the top
part of the sequence while numbers beirg extracted from the
storage could come from the first full register on the lower
part of the sequence., If the sequence i3 considered as a ring,
this process can continue as long as there are any full registers
or any empty registers in the amount of s{oraze allecated.

5. In order to use thie ring automatically, it will
be necessary to keep track of three things: v

‘ a. the register mumber of the first full
register, used for extracting informetion
from the storage.
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, b. the register number of the first empty

register, used for entering information
into the storage.

0. the number of full registers in the
storage, This number must be kept
track of since special steps must be
teken 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 ie entered. The out-counter keeps track of
the first full position in the storage end is indexed each
time a number is extreoted. The difference-~counter counts
positively for numbers added and negatively for numbers ex=
tracted. 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 har been filled

. to a certain pre-determined smount, 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 GT06. 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 ocours a new operation is
just starting, The arithmetic elesment may be working on some
old information but the aritimetic element is not needed for
the recording process about to be described. Time pulse No. 1
therefore is supplied to GT05, and thue produces a pulse to
initiate the recording operation only at this selected part
of the operation cycle.

2, The pulse coming from GT05 firast stops the
main time-pulse distributor, thus stopping the computing
process. This pulse also reads out the information from
the out-counter as to the first full register in storage
and also goes to the electrostatic storage control where
it initiates the extraotion of thir register mumber.

5. The storage switoh automastically accepts the
out-counter reading and no further sction occourd until the
electrostatic storage has been set up.

. 4. The single pulse from the eleotrostatic
storage control, which is normally used to index the main
time-pulse distributsr for selection of reading or recording




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

o .
CONFIDENTIAL
6345
' Memorandum M-158 & ¥
in the storage, is instead supplied to GT06. This gate tube

is normally open but is shut when the recorder flip-f{'lop has
been set. Instead, GTO7 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.

6. The electrostatio ocontrol 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 majn time-pulse distributor. This distributor will
proceed with time pulse number 2, the interpolation of the
recording eelection 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 reccrder, it will stop the com-
puting process. The recorder will continue. When the ring
has been emptied the difference-ccunter will again start up

‘ the main computer., If the recorder gets ahead of the computer
to the extent of emotying the storage ring the film recorder
and the recording process will be stopped and not re~started
until the difference-counter shows that the ring has at
least partially filled.

Drawing B-39397 ehows how this system can be applied
to the reading process. The in-oounter again keeps track of
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 1s now indexed from the control since it
is the computer itssalf 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 reeding numbere in from
the bus tq the difforence counter. It is sometimes desirable
for time economy to read in only a few numbers from the reader,
perhare as few as one, The computer can then transfer a
number to 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 oounter is also provided for selecting a
particular number or group of numbers on the film being read.
The computer ocan read into this counter the number of words
from the word last read to the next desired word on the tape.
As the reader f'ilm moves past the index photo cell, it will
send out index counts to this index counter. When the
desired number of words has psssed by the index photo cell, the
index counter will send out a start order begimning the reading
procees. 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 heve a
check on whether the film is in the desired positionm.

It is not planned at present to provide acamning
speeds in the film readers and recorders. Thue it is
possible to read or record at the maximm speed at wiilch
the film oan travel. At the expense, therefore, of a certain
amount of computing speed, it would be possible to accomplish
this scanning process using only the standard orders in the
computer and allowing the actual numbere 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 mumber itself using

' the arithmetic elemont as the ccunter.

LD ST

Drawings: B-39395 ~ Robert B. Everett
B-39308
B-39397
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be stored congecutively in the program storage.

6.454 The laat order of the main program cycle eets the
storage selector ewltch to a unique position re-
gerved for it and 1e fed back to the program
selector to reset the counters to zero, thus
starting the program over at the beginning.

6,46 Tining of Operation

6.461  Triggers evaced at L0 microseconds apvear alternately
on trunk lines, T' and T''. Hence each trunk carries
. triggere spaced 80 ¥ gec, apart.

6.u62 The triggers on T' are counted in the Program
Selector except for sub-program interruptions,
Reading of the counterz is timed to start after
the pub-program section, "S" of the previous
order has been read, 8o that when a sub-program
is to start, the counter can be stopped to permit
return to the proper place when the sub-program is
completed.

6.463 A trigger on T'' starts thes gweep of first tube
. where order ls stored, .

6. Ul The next trigger on 7' in addition to starting the
program selector for the next order, starts the sweep
of the second tube where tie rest of the order is
stored,

6.u65 The second trigger on T'' goes to all computing
storage tubee as well as slarting the sweep for the
firet part of the next order, The two tubes which
were get up by Sectiona A and B of the order, sweep
and produce the two numbers for the computer on
trunks A and B, A tube, set up by szection C of the
order, swaeps to eraseo, praparatory to recelving the
angwer on Trunk C. ALl other tubes, though triggered,
do not produce numbers becauge they have not besn
"get-up” by an order,

6.1u66 While the *C" gtorage “ube is ermsing, the "A" and
"B" tubes read nuzbarainto the comvuting element,
The result is held in the computing element until
the "C" tabe has had time %o erase and recover from
the erasing aweep, nbout HO¥ sec,

6.L67 The answer is storsd on the "C" tubae when its IP 1s
used as a trigger to a%art the "writing” sweep.
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6,485 All operations, except transfer from
atorage to the recording device will be
terminated by the etorage of the result
on an electrostatic storage tube,

Drawings:
B- 37011
B-137012
B-37013
B- 37014
B-37015
B-37016
B-37017
» C-37018
C-37019
C-37020
C-37021
B-37022
B-37023
B-37024
B-37025

B-737026

D-37030 @gj J “Z,M::_

Peter D. Tilton
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Al Diatinguishiug “harpcterietics
Al.1l Type IB will te able to ume an 2lectrostatic storage tubs in
succesalvs opsrations
Al 3 Botih numbars to the cowputing element cun ba supolied from a single
storage tubs (of elther type) It 19 not possible for a singlo tuba
to supply both numbers and stora the result in the sawe opsrat.on
or to suparly ¢ne number ond atill erzqe in tims Lo store tha rosu

Al 3 Al) other featuvres will be ths eame 28 thore of Type IA

™

. AZ NMocifications Raguired of Type [A
A2 1 Storage tube rcéifications

A2 11 AllL storage tubes of both types rmet contalo ci
which will be able to hold two sel-up oPdars received
he other 30 that the racond ¢rder ¢

on? after ¢t
‘od"” while thy firet cne 1y Lelng arecute

AZ 12 Asaocisted with tl sbove provieion there ahould be
panne for sendiap e trigeer pulese ¢ of th sLoragt
tube whenever a doubln order is rec Lved

43 38 System modificationa

A2 2% A single triget e chould be ads .tteld from Trunk 7T
to all computar af 3 abas tbkroup! pate o t |
bty ths pulee sen it from the tube cotving d
oriier

AL . 23 frunks 1T aod 1% st be Lsolnted {ron b athe
tha trigeer Ire goos to the storags tubwes y roven
socidentelly trigpering an vadesired progran ptorn tube
AR -':._;

s & A 4C 18c 1alay is required ) Y

L inactec thH | ak 3 - 3
.
L 3 Norwall ka A and D ar o
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o 3 1 Vo) (SIS TOLERANCES NOT OTHERWISE SPECIFIED:
DeciMaL 1 005 FRACTIONAL + X
ATE T'BE (GT)

A Tate Tube 1leg an on-off swlteh etimuleted by an externnl elenal., It may be elther
wolly open or normally closed In elther cacse nrecence of the eiznel causesg the op-
yelte ennneetion to be made and when the contrnl elrngl 18 removed the swlteh revertis

tr 1lte normal noeiltion. Yhen the enntrol sierasl 120 8 nulee the Jute Tube 8cts 85 &
lneldence timing device tn emit 2 single pulse 1T A& pulse mrrives on the input llne at
me tiTe ga the alpgle pulse control signal. 1If there 1ls no coincidance there will

r nutout

i ceges the switeh may be requlred 15 onerate only vhen two ternal -

Ar: »lled slmultanenusly, neratlon eterting w never both siziele are on t ana
atooplos whenever elther of the econtrol signuls cepses This i= poselole only
case nf tubeg which nre normelly off,
' ! - -—
-

P G

N F ITEm MATERIAL - DESCRIFPTION FART NO, QUAN

M

L D
L3 Cc
3 . JATE TUSE - GT
~+— ST ] [ SCALE lon Tl 4-~H
sl 1 AJ Addltion POT [2/2/ 3P~ ™ CK APp B" 27011 -1

was APP | DaTe WAS APP. | DATE Yot 6\1'\\%
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B 370 TOLERANCES NOT OTHERWISE SPECIFIED:
DeciMaL t .005 FracTiONAL + X
WO-
GATE ATLR (G7F)
’ ¢ £ ce L yAuee tine lene f fixed
wlaticn from a sioele € or the dine edre of another
it vt € \ 1 e r signals
8 ¢ ir 1 f the Lte The iret ternel
! . 3 . . $ oy gte
Lo >
P G
N ITEM MATERIAL - DESCRIPTION PART NO. | Guan
M E SERAVOMECHANISMS LABORATORY OF THE
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
L. D DIVISION OF INDUSTRIAL COOPERATION PROJECT NO. ., "yl
K c
J a8 QATE GENERATCR (GG)
— — SCALE [nu“"r L=ty M,
H A S " e
Th CH APP B. 17012
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. 3
% ‘ 3
B-_ 370112
5 i il TOLERANCES NOT OTHERWISE SPECIFIED:
WO- DeciMAL t .00S FRASTIONAL *+ X,
1C ¥ 1T - (ES)
e A rulti-poler tactor which mekes a direct contect between an liput
i e T line and ope g number of ~utput ines, r ver \ here there 1
ONTROL e
M 6 twn-wg cl " [e : will e norm 1 op the 1 Y wili .
rrally oper The precerce nf a nreltive gate slenml on the contrel llne
' wid reirares tha rme.] o ectione;: whern the te | ramaved the N1tol
~ U will revert te its noprel onglitd It the gener : £ vn m-wey ewitch
L LJ + W % trnl ridap 1.1 > (IR ; 4 -t v urhey venvecentinge the d ired
it 1Y - -
AR ont ! ] v ar!pe " = . ¥y -~ T ooy . i a e et =
-
o g A 1 1 | e oF 1 F
6w With 8 gensrcte
* rdep 4 1 oy thle t r errlive 3 %
' iine 1n edvanee be routed in t tteh. In thils oth
. 'y - - - . e WO at . W * 12 14 it U * 1
\J
o 3 to e through, hef releageine the swlteh eo thet & ue rde
P t 1 reget 1%
r‘_ [ - -3
= S
P G
-
N F ITEM MATERIAL - DESCRIPTION PART NO Qu
™ SERVOMECHANISMS LABORATORY OF THE
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
L D DIVISION OF INDUSTR!AL COOPERATION PROJECT NO.
K c —
J 8 AL s L1CH ES
SCALF oa T
H A 5 e
T cK APPE B' 21242
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row w
‘- Iﬂ
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o
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' ANC
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5
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P - G
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TOLERANCES NOT OTHERWISE SPECIFIED:
DecimaL 1 .003 FRACTIONAL + }

£ B, ACCEND —%— — o CARR

he Basle Adder ls

two bin

LB num

&ery numbers such

oer thest Ls thelr sue, To adAd binary o

BASIC ADDER

a clircult for addinr tne pulses representlng
that the pulses resultliug will correctly depnote

:mbers.

= 0 with a zarry 1 1

with no carry

NS
v W
- r ; ~ = n
0 f = 0 with no carry
-
- P - - " A " . v
The elementa labelled "AdAd wilthout Carry" perform this oneratlon.
.
The twn numbers to be gdded ere fed in colneldentzily, end when no
nulse srrives on elther line pothlaoe 1s the result; I1f there ls a pulse
on nne lin=s but none l the nther a pulse goeg out on the llnoe rked
"Sum without Cerry": snd, If twn mulzea grrive glmultsneously, & slavle
lee moea out on the "Carry" line bhut nothinz goee out on the "Su
with~ut Carry" line. Cerry diplits sre delayed one dislt time 1un the
ley Zlement (DE) pad cre then added to the sum in the second "Ad
withant Cerry" unlt.
ine adder wlll not properly add two numbers 1f each hag a
Intelligence Pulee, hecause of the cencrated cerry, but w LY Olie
nurber hra an IP the wer Wwill have the same IP and will be merlcal
correct.
P G
N F ITEM MATERIAL - DESCRIPTION PART NO Qu
= T SERVOMECHANISMS LABORATORY OF THE
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
L D DIVISION OF INDUSTRIAL COOPERATION PROJECT NO,. -—.i-
K c e A T
BASIC ADDER
J B —-
SCALE [DR LI .78 ) g |
H A v, o
TR K APP B" 40010
TLY APP DATE WAS app | patr @T&/g;&
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TOLERANCES NOT OTHERWISE SPECIFIED:
DecIMAL t .005 FRACTIONAL + X
ADDING ELEME.!
L . ’ ’
Tre Addlng Elerent conelete of ¢ Basle Adder and & circult to provide
IS, S
‘ | | rnine 1f an eddltlion resulte in nurber whleh overflows the register,
. s 2t GY —it- DE o
| > ) a nurber ecreater then unity for nddiltien of two pnsitive numbers or
= ‘ _?_'_ urber between 2 and T far addltion of two nepntive nurberes. Sinee this
; regulte in rn enewer whieh lonks to be of npnosite slen from the two originsle,
= the wernine clreult registers vhenever two numbers of like sien are added
1
L i regult in a nurber of apnosite sipn
| - |
1 1 S . = .
| The Gete Generator, roduces a rate one word-lensth lonm leses nnie
| RS |
? A . = 11t, and the end of thi rete relezegee s tri r from the Irlpeer Geaerator (TG)
e -t 0 i S1nce thie nulse la tired te colnclde with the =17y Alelt the two Gate Tubs
| | BI p (6T) moke hnown t} 2ien of the pugend
} L none a ee—— ———— %
! | I i adder 1 larly, the third GT
\‘—".}.9__— Ly L N i ¢ =y " | gcertal Ll len of the result o:
¥ gt !“"l H —l trunk C. The rnirs »lrcuit le actuated
Y WAE IR v NN E ly by thoee ti r spece combingtiog teh
— e = —_— —— + -~
| 1 1‘ ’ ) ..J-‘__ i dicst (11 b § i .\’.'r
.- r —— = DE - ' +
| ‘ 1
T S o] |
1 1
| |
S - H W E —_——
P G 7
N T 1 P T item MATERIAL - DESCRIPTION PART NO 1.___.:
4
M i £ SERVOMECHANISMS LABORATORY OF THE
. MASSACHUSETTS INSTITUTE OF TECHNOLOGY
L o DIVISION OF INDUSTRIAL COOPERATION PROJECT NO. (- %< 5
s . ADDING ELEMENT
J i3
] . e . DTG S SCALE o8 DLO - 504
H A =000 1971
’ ™ oK APP B. 2194
ey . AeP | OATE | IRDT )0 46
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B AT T i TOLERANCES NOT OTHERWISE SPECIFIED:
WO- DeciMAL t .005 FRACTIONAL + Jg i
gl CCMPLEMENTER - (CC)
L ]

A Complementer ls used to form the complement of &
number with reanect to 2, l.e. from a binary number n to
: farm another number 2-n. The comolement of & blaary nunmbder
— ' ; 0.0011011001 1s L11001N1NN1 where the extreme right hand

dlglt renrecente the Intelligence Pulse (IP) 1n both cases
and the extreme left hand dipit of the complement elpnifles
| that 1t 12 & negatlve number, In the eompnlement the IF

| and all dlegits un to and ineludling the next diglt pulse are
' | : the same as 1n the number whlile gll the rest of the dlgits
are the onpnelte.

Sl
| I
- 1

]

™ 1
(=T | | = v . ¢
| \ } . ' ; The 1P of the number n tricpere the Gate Generator GG-1

I e |

{ - ]
t == o e, iy e which aetuctes the 3ate Tube (3T-1) and sends a one=-word-
! length gate tn GT=-2 ae well., The next pulse in n doeg net
¥¥-1) out sterte the gate of (35-2) whieh changes
91 1 Electranle Switeh (ES) thus dlverting
» Dirlt Inverter (DI). At the same tlme,
¢ 1o cormnleted admitti:ip Claek Pulges

gffect

~ ) - — o . Al pell DI 2 - B The D
’ 7 ’I 1 the number and bloce%e all the dlelt pulses. In other
vorde, 1f a8 Alelt enece was blenk it 12 mlven & oulse in
DI epnd ennversaely. The 1P and the first diglt oulee which
ore it chenged are delayed in a
t
1

I presea clock pulses for every emnty dizxlt space

o were throrcel $ ewlte

long eiousrh to compensa

n. Di. From Dk th

tha rest of 2-0.

the cete nf Gi-1 stons ¢

ITEMm MATERIAL - DESCRIFTION FPART NO. Gu
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SASIC MULTIPLIER ix)

Multinlication 1e mocomplished by taking the
partial sums forsmed by sultiplyl the multiplicand
by eagh succesive digit af the sultiplier snd then
adding these partial sums in oroper time relatlon
to aet the total produck.

The multiplicand on Truak A 1 delayed one
diglt length in esch Delay Element DE-1 for proper
timing or ataggering in U summing. The sultl-
piler on Trunk B riret hae 1te Intelllernce Pulae
remowed by the Pulse Cutoff (PC)] mnd then in fed
aimultsnecusly to all the dlseriminators which alsn
reoeive The | F after 1t has besn delayed one digit
length 1n sach. The I[P trigwer tn the Disarisine
stor la thus one digll later ln esch succssalve
Disoriainator and triseers the Onte Tube [97-1)

n eah & time whe
of ths multiplier is on Trunk B,

any aush Alglt

eolumn containa & pulse the Oate Oenerator (33) ef the
diseriminator opens the Jute Tube (I7-2) to admlt the
entire su'tiplicand to the bank of adders, the multl-
plicand belng already timed properly for ah llne of
entry.

Arter the vartlal rums have nested throush the
bank of sdd they producs the product which now con-
tulne twioe any dlglt places as the original nusbers.
Rounding off without & correotion is meoomplished by
allowine the first oert of the produet, (lhe small or
least significant end) te be bleoked off by the Gate
Tuhe (OT) which Lm opened br & gate set off by the IP
of the sultiplier which has been delayed one number-
length in the solumn of dlseriminators. This lets the
usable half of the product through and at the same Lime
orovides the IP for it, completing the operation,

i3

L 3
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WULTIPLIER (x])

The multiplier shown here has been modified to be able "o T™he sultiplicand 1e saved In the column of delays DE-1
multinly when elther or both of the ilnputs are negatlive aumbers. and If sultipller was negative OT-L opens OT-5, lettlng
It aleo sontalne m‘ﬂt\llﬂr\ for rounding-aff any multiplicand through for coeplesenting in DI-1. Mul-
more of the num ter with eignificant digite, .o, , to n external delay and arrlves on
alter the noras l factor of the produnt.
H A neFative nusbe en Trunk A mean

is sctually P-ny. A n-"hn nusber on Trunk B, how
1ike a sultiplier l-ny, slnee the elen A1rit 1a not sdsitted to

.

. ® doubled by a one-digit delay DE-2
and then 1s let in to be complemented in DI-2 through OT-7
er, acte Ih)oh 1s asntrolled froe OT-1. After belng oomplemented,
e correctlons are added to Trunk B' before golng oul to

E a dlsoririnator Thus, the resulting products will actually bo added to the original produst.
Lo represent:
Shifting the usable portlon of the product in the
¥ Al - np) =y - myn number regiater 1# accomplished through eelectlng the
3 i 5 2 tiring of the pulse which performs the roundlig off, the
- . ; r ny ® (7 - m) =2n; - nynp choloe being sade in a Switoh E8. This pulse, selected
. —1 " in time relation to the answer from the column of delays
L H or 12 = my) x (1 - ny) =2 - 2ny - gk N Ry in the Disoriminators ls put on Trunk B' %o be added in
= th ng, and is aleo sent out to open
* 2 The proper result can be obtalned I the following corrections art the nuaber reglater from the
o =xh ares made:
s
L - g i For number on A negative ad4 Cosplement of twice
T i-! H the multipller
1 =;§ i1 For number on B negative add Complement of msulti-
: il 3 §ii ; plicand
- ig' For both negative add both sorrectBons above,
i = &
ggg The correctione are made when Oate Tube 0T-7 and OT-U deteot
b L H] negative numbers by colnoldence of a timed trisger with the laast
'__ ni Alglt column of the multlpllcand and multipller respestively.
Q i
g a3s
204 ]
azi
‘2 i
gt
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STCHAGE TUBE
A Sterage tube Le composed of the electrostatic cathode
Fforming nusbrrs are stored and

ray tube upen whiek the pulmes

the ssenclated clrewitry requlred to performs sll the necesssry
funsilons wben used ad a part of a onmplete compuler aystem
The storage tube 1s asrumed te contaln 17 sterage somces

eaoh capable of holdlng ene oum

or word, snd ae uned 1na
aystem 11 mwusl be able te produse nne of thess nusbera on
eliher of the trunks A or B or It must be able to store a
nusber pomine in on trunk C. To contral these aotlens an
arder must sonslet of twe parts, one belng a code number
deslgnatine the line of the tube drsired and the other enn-
trolline the condltien ef the tube and cetermining whish line
belng

it is te be conneated to. The order ir shown he

maparatsd ints 1ts two parta by the awitch ES with each
part belng Interpreted by 1ts ewn decoder, but 1t would be
equally nosslble Lo heave & single decnder which would pro-
wide the tws ssparate controlling functisns froe one order,
If the order 1a one for readlng, a Oate Tube OT-1 will
be turned on cennecting the tube tn one eof the Trunks A or B
and 0T-2 will ilkewise be turned on mdsitting & trigeer to
atimulate the proper blas voltage for resding. After s
allght delay in DE-7 the same trigger starts the swasp

ts produce the nusber and ie 1tself sent ento the line just

after the Capaoity Canoeller Arplifier to serve an

Tatelligenos Pules,

(sT)

If the erder i3 to prepare the tube Lo reoelve a
number on Trunk O the Oate Tube OT-1 1n opened allowig
the tr r to srase the preper line before the nusber

16 be stored arrives. When the number oemes on Trunk
@ ite Intelligence Pulse 10 removed by the Pulse Cut-
of f PC and 1 used to start the sweep, while the rest
of the number 1a fed t> the Intenalty control elroult,
The s-ranzesent shown is but one of many possl
B1l1tles, and no slenificanse should be attached to
the partisular cheloe used here. Other setheds of
previding the necessary internal funotiens will atill

pereit the same scheme for utllirine the aterage tubes

In the system and the =etnod of control will be the

same as that shown here,
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SCILLOSCOPE RMEADER (OW)

The Osellloscooe Reader ie & modification of the Storase Tubs to persit reading or scanning data
which ean be stored In the fore of pupshed cards which ere plaged In front of the ssthode ray sereen. Like
the storage tube the "seone resder will hold W2 pumbers or words and will be able to produce any one of the

we the card 1tself

P on elther trunk & or B, thourh the anly methad of shansine tre stored data 1s tn oh
Like the storaers tube the set-un srder Astersines the line te be resd and selects the outout connectlen,

and then an ssternrlly ti=s4 trieesr startes the sween o preduse the number for which it ales serves ae the

Intellleence ulse The Aelay slement DE i nessssary to have the cutpute of CA's and 3T's sppear slsultanecusly.
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TOLERANCES NOT OTHERWISE SPECIFIED
DeciMAL t .00S FRACTIONAL * My

SIC COMPUTIANG ELENE
The baslic moutl eleme own will

N . : v 750 3
multiclication. The operstlon decired ies selected
l by the switeh order to tke Electronic Switeh ES

1 o - — o |
1 ' [ I f D#C ynich 1a used in the snaver but the other has ite

]

J DR ' T H aextracted in the Pulse Cutoff PC. For an additlion

3 »
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| P | v
- | .. " - e 34 Ty +) vy ond *bha cAdar
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COMPUTING ELEMENT TYPE 1

The cosclete computing element shown here 18

sultable for insorporstion into & esmpuler system
for perforssnce of the funstinne of adAltlon, sub-
traction, and sulticlicstion ta any deslired lenstk,
The adder has provision for indlestine iroreper

addition of cositive or nesatles rurbers. The
eamouting slepent ae shown 1s lotended for use in &
ayatem with a synchronired trigeer to start emch

operatien, such that the same lengih of tire 18
avallable for sach operaticn. In thie system

the results of sdditlons and subiractions are

Awlayed one word=length Iin & Delay Element DE-Z
thus taking sa much time as & multiplloation.

This tire taken In the coeputlne element oan be used

elaewhere in the aystem for erasing the atorare tube

that 1s to recelve Lhe

wer.
The operation order to the coeputing elemsnt
1e split by an Eleotronle Switeh ES-8 1nts two parts,
one part apselfyling the tyoe of speration desired and
the other giving the Aesired roundine-off poaitinn
1f the operation is & rultiolieatinn The former sart
seta the two switehes E85-1 makine the orooer connectlons
te sdder, sultiplier, ar throush DE-1 snd tre Complementer
the Oate Tube OT-1

CO0 for subtraction. As normally set,

ar¥ the switches =2 and ES=7 case an afdltlon or a
mubtractinn through DE-? befors the result comes sut
on trunk line O, Aotually the order need not be split
into twe parts by E3-4 slsee axtrs sede ligli resders
onn be previded ia She avitobes EB-i Ls dsterpre® the
reandlag-eff srdar.

Far & sultiplioatien Wne reusdlog-eff order
whioh 1s sent to the sultipller also appears at gy
whers 1t sotuates E3-7 and ES-3 to oonneet Lthe 1lnput

from trunk line B te the sultiplier throush FE=F where

1t 1 delayed one word length required by the

multiplier for sultlplicatlon of newative numbers.

The sultiplier has a¢ 1te outputs the two partial
sums which added torether will produce the eorrect
oroduct, and a trigeer oulss on line C* whieh 1w
tired by the reundirg-o®f order within the sultiplier.

Tris vulse ia sent Alrectly to line © to be the In-

telligence Pul of the produgt and after a ight

delay in DE-Y goes nleo to & Oate Jenerator 00-2
whinch obens OT-1 at the proner tire for rounding-off
in acoordance with the rounding-eff crder. Thus, the

first part of the product, whieh 1e the least slg-
nificant 1s blocked by OT-1 which opens to let the
ususble part of the nusber through to follow the IP
out on Trunk O
DE-& is an additional Aelay to make the total
delay time through the computing element squal to
the syatem cyoling time for all types of operatlona,
In other words, a nusber starts to come out at 0
wore than one ward length after the nusbers producing
it started in on A and B, This time delay Lo made to
oorrespond to the requirements of other components of

the system, sapeclially the storage slements,
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Crder setting the “iret Awvlteh rnecepag to Sama Al but mRele¢tlisz the tube nn Trunk C.°
22lent the Steorape Tule whiler \ tn v

number »n Trunk & of the comruter tem. y - Same pa AR 1 far tte tube 'nn Truvnk L.

Cnmnn=nd AT d ol B o Ll
15 nosslhle ewlteh nosltlonn. I Cypdd A rrauter ovperatlien to e
! 2 dizite to gelect
A7 -~ Order gelectling the Tul the %ot i1 0 rraur tole enlthretle gperatloneg,

produne g nuToer Trunk A. Corr L, o 1 #1ipd i for asceelfylng.an glter-

igits to et 4 r r - »the or positlion i

t of noe le raze L < £ I lclicetlon
to connect the tubs Lo : Lime trunke -

i, P A _ T ¥ hi r o laT"]
i t 10 3 R L al but I £ Jurnos

Trunks .. ., S lva I . X on Trunk of leatll £ Sup=-Prograr 3torage Tube to =start

C Lwe E
writ i1 W
Y ! he ¢ dligit Y
. Bl - Sume 1 Al 1t dez2irnatlas the ¢ Trunk .B, gnn2ifyl 1= 1llae econuection, and' for the
-
m e <L, eslienate the
B% = Spn A ) 1 Trunk B, oLint F; » &M.
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TIMING PULSES FROM TG

! | 1

@ TRUNK T

318 A S S NS MO 0 R Y e I /SRR 311
TRUNY

] .24 b1 |
ORDER SELECTION : = i .
le— STANDARD ORDER ———f

gilc sl . [A TSPl [CTs] AT sePl sl L Ceif s el erisT L

ORDERS FROM PROGKRAM

| READ ST-A | | READ ST-A | | READ ST-A |

e ®© TRUNR A

| READ STB | | READ ST-8 | ’ ‘| '"READ ST-8 |

@ TRUNK B

_IWRTE sT-C | |ERASE 5T-C | [WRITE sT-c | [ ERASE s™-C |_[WRITE 57-C |_[ ERASE ST-C | _[WRITE ST-C | _
TRUNK C

e TOTAL TIME FOR COMPLETE OPERATION (200 MICROSECONDS) —— -l

—~

p——————TIME FOR CYCLE
(B0 MICROSECONDS)

| | l } e | ] | | e i = SIS SO S WS IES ORI SSS
0] eo a40 &0 80 100 120 140 10 120 200 2eo0 240 260 z
TIME IN MICROSECONDS
NOTE:- Word length 1s assumed to be 32 microseconds lonm, and Storage Tube speed such as to vpermit SERVOMECHANISMS LABORATORY OF THE
one sweep every %0 mloroseconds. MASSACHUSETTS INSTITUTE OF TECHNOLOGY
. - =T
- For detailed composition of Standard Ordere gee Dwg. B- 37024 DIVISION OF INDUSTRIAL COOPERATION PROJECT NO. &Z4-5
. " A .
- It le assumed thet etorage tubee will be csnable of recelving and interpreting orders while TIME CYCLE FOR CONPUTER SYSTEM TYPE IA
8till in the process of executing & previous order i e ID"-T.LEmu -
REVISEDR PUT 7/204€ -3 s o2 ks o=
TITLE CHANGED DT 7/10/40 =2 TR otk s __B' 2{0e5=3
REVISED PDT 7/5/4w =) | TPV 6fpe
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-t RCORAY SELECTOR
ZE =) The Progrem Selector 1e a control unit to determlne the sequence
— i Land .
FROMN L= LS in which the oroerem ordere are read. As shown, 1t provides a meais
~ kT | |
YV T | . = s o
| of counting serisll: 1d wlll eeleet the orders in numerlecal order.
| The flret geale-of-32 ecnunter counte trigerers and governs the
~ e iz r
AL o
“F IF outnut of its Binery Coder, BC in accordsnce with the count. After
HEE o SRS I - i ~ Ve
TERISOES | = 12 triegvers, lt resets to zero and sends & nulse to the, scale-of-10
@ TE R NTEFR
‘ counter which ecom ¢ thece oulses and joverne the second BC zccordlngly.
e
‘he trigeer pulse is delayed to sllow fer the counting end then trizgers
ME - the coders successively ¢t end ~»ut first the scale-of-1lc count which
'wiltch order to select the rum gtorage tube deslired, &nd tnen
- ‘ ' 1 end out the cale-of-22 count renresenting the tube line to be’ read
T = = - x F - to et the nrogrer order. ™) | t or rem order tc he read swltches
i itgelf out of the rest of the ﬁy.f!t,-"— into the reset unit whlech resetas
' th ecountere 1t 2y A 5 newW nroagram ‘.\'i‘-""-
QCH i S h .
- _ When & orogrem nrder ponteinsg s arder gelectin tube &nd 1line af
p sub-program cvele thies order le senarated ised to start the
o - - - =l - ~
v . iate Generstor, 54, ich closes ¥ rmelly ope te Tubes OT-1 gr
i - iminge of ¢ iborogrer order t the maln order inesures
- = - t king of tr rs % e progra elector whille subprogran
rogTe and *¢ ontinult r the rders of ti mé&lg
= § J v “rrm 1 r p y rem | - A + .
P G
P S .
N F ITEM MATERIAL - DESCRIPTION FART NO GUA
" B E SERVOMECHANISMS LABORATORY OF THE
i MASSACHUSETTS INSTITUTE OF TECHNOLOGY
L D DIVISION OF INDUSTRIAL COOPERATION PROJECT NO. & —<e™
c P T S
" ) i RUGRAY SELECTOR TYFE I
J B
| — SCALE Ion*l £ 1
A o ) .
':l I T ™ cK APP B'
NAS APP DAT WaS APpP DATE "‘)DT (a}f?“
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