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Digital Coupuses Lehoratory
Massachusatis Ianstitute of Technology
211 Masszchusetts Avenue
Cambridge 39, Massachusetts

-

DIC 63u5

January 6, 1955

Dear Sirs

The ONR-.sponsored computation group at the MIT
Digital Computer Laboratory has long been actively developing
translating, compiling, and interpreting routines aimed at
simplifying and accelerating the preparation of programs for
the Whirlwind I computer. Recently interest has centered on
-universal languages permitiing more efficient communicstion
between different computer groups and directly between different
computers,

At the samz time Frojeect DIC 7138 at the MIT Serve-
mechanisms Laboratory has been investigating some special data
reduction problems by developing experimental programs on WWI,
Anticipating the use of an ERA 1303 computer for the final
solutionm of these problems, they have been especially interested
- in the establishment of various programming aids for the 1103.
As a start a cooperative program has been undertaken by the two
- laboratories, with the encOQA‘gement of BRA, for developing an

ERA 1103 translation progran on WWi, the nmature of which is
described in the enclosed memorandum. Xt is hoped that this
initial system will lead tc & more elaborate system to operate
on an 1103 and ultimately to & betlter understanding of the
problems of a universal language.

On January 18, 1955, Byron Smith and Al Roberts of
ERA expect to visit MIT. & meet;ng will be held 2t 9:00. fM, in
the Digital Computer Laborztory, 211 Massachusetis Avenue,
Cambridge, Massachusetts to discuss the following itemss

ERA 1103 assembly programs now being developed by ERA
and ERA 1103 users

Exiqting MIT comprehensive systems on WWI

Details of Input-Cutput facilities existing and planned
for the ERA 1103

The proposed WWI-1103 system -



TS UUAn

Yve pavi it (o Y Lt [
bugitas Lon L doratory

Maszachuset of Technology

T P
Cambridge 39, Usssachusetls

s T
LS A

(=

Tos Scientific and Engineering Group Staff Members and S%EC Problem #1146
Programmers ’

rom: dJohn M, Frankovich-

Date: January 4, 1955

SUBJECT: AN ERA 11073 TRANSIATION FROGEAM

Iﬁtroduction

Project DIC 7138 in the LT Servomechanisms Laboratory is writing
eiperimehtal data reduction progrems for Alr Force fire-control ﬁestso This
work, which is supported by ihe Air Force Armament Laboratery under Contract

No. AF33(616)20738, is presently Leine executed on the whirlwind I (WWL} compuier
of the Digital Computer Laboratory. Anticipsiing eventual use of these pro-
.grams on ERA 11073 compdtersn the Servemechanisms Laboratory aoffered Lo sponsor

3 will tronsiate mnsacnicelly . coded 1103

the development of a WWI program wh
programs punched in Flexcwriter cod: to the stendard hexa~-bi=cctal form used
for 1103 input and which will include

WWL Comprehensive System, The Digital ZJomputer Laboratory has sccepled this

zome of the facilities offered by ths

offer and will develop the translatiocn program in'conjunction with 3%4e sedvanced
coding research which is supported by the Office of Naval Research. The
vocabulary accepted by this translation progrem will include symbolic addregses,
relative addresses, preset parameters, and integer nﬁmbefs with Variabie base,
This program will, perhaps, be follcwed by a more comprehensive system which
will operate on the 1103 itself., A complete Qescription of the proposed

interim system follows.

WWI Operation of the Proposed Translatjon Progran

o

he proposed translation progrem would be stored on a magnetic

tape unit, #T#2, and would be brought anto and operate from the Buffer Drum

2

in & manner similar to that used in the WWl simulated computers €S, 40 and

TAC, This implies of course that . progran tapes would hsve a title

structure similar to that used in thnown systems,
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of seauences for fiads

table uhus SEYTas 88 a8n entiyy ot do

which sre defined in terms of ol

The f£lad table =«ill e {illed in the above manner on the "ist
pass® (defined &s that step in the trarslation procewﬁ during which the
-Flexo lape is read and re 4? itten on ATHL)., The "2nd pass" will becos
the pirocess during which all the "indefinite" flads are deciphered arnd
given their integer values. Note that the evalustion and use of flad

valuzos cannot take place durine *he ist cass; cotherwise duplicaite [lads
would not be handled propeoriy. [During the "%rd peas", when conversion
Lof ihe program is completed, tie wweliusy of the flads will be avallable

1211y converted form of the

when reguested in words., Prezuw:.lv a

propram will be stored on & magnovle tere unit, MT¥L, during the ist

h

the 2nd pass or read

by

fad,

pass, and the unit will either v rswownd

backwards during the 3rd pass {(se e of preset parameters
C‘F} u«])

Preset perameters will completely disposed of on the 1s

(I)

pass, thereby eliminating any vrobieons which might arise owing to resgssign-

ment, of the same presetl. paramet This ie done in the followling manner:

Whenever a preset.p: - smeter urs during the first pass, its

value is comouted in terms integer stem. This will

0

1mmed1atcl‘ be the case 1if

is in terms of flads and integers;

if the assignment involves other preset psrameters, then we assume their

values are avallable in terms of flads and integers, This velue is then

stored in exactly the same manner {with one exception, noted later) as

flad values on the part of the drum veserved for this purpese. By an

induction argument we see that for every preset parameter request we can
.

subgtitute a set of flads and an integer, thereyy eliminating precet

&

parameiurs in words altogether.

The one excepticn menticned above 1s trat whenever a preset

paramaier is reassipned and the new value involves more: flaqs than the

pravious assi

vent, then some ineiiiciency in storing the new sequence
will be introduced, elther because the old sequence of registers must
be abandoned or because broxken socuences must be useda This pointg out

that not only is the number of allowed flads and preset paramcter



bt also that the "intoprsl of the indefiniteness” is limived,
Note that this treatment of the pres~t parameters removes the
only possibly fatal objéction to resding the partially converted program.

on MI+l backwards during the rd pass.

Vocsbulary of the broposed Translation Program

A, Characters

The keyboard characters and code of the Flexowriters used on
the 1103's are apparently the same as those here at WWIﬂ'exéepﬁ that the
two upper case characters "4 " and "% 7 appear where we hsve w(nand v)",
respectively, Since these upper csze characters gre not used in the

proposed scheme, they do not create any problems,

In the Comprehensive Sysiem the characters "oY and *0%, and
41" .and "ii" are déliberately mads ambiguous in order to reduce typing
errors. However, the desired mnesonic voesbulary for the 1103 contains
the operations”lq® and "la" and ihe singls letter addresses "a® and "q".
In order to distinguish these it @ ppears necessary to distinguish between
“1% and "4 ", The ambiguity of ¢/ znd 0" gan be retained without

causing difficulties.

» fmong the remaining chavicters the tab and carriage return will
be synonymous. The space, the color shift, ihé nullify, and the stop
characters will be ignored, as will be combinations of the shift to upper
case and shift to lower case characters which do not affect the appearahce
of the print of the program being tiranslated. The back space character
and all code combimtions not corresponding to keyboard characters will
be considered illegal an&-will procuce a post-mortem,

!
The words in the wvoecabulary of the translation pfogram‘willo
for the must partzlbe composed of combinations of lower case letters and

digits suitably punctuated and terminated.

B. Hords

el

Only two types of words are translated so as to occupy registers
- in storage of the 1103: instructions, which may have no , one, two, three,



or possibly more adliress sections; and (integer) numbers. This elass of

woras we will eall pelysyllabic storage wovds. Bach word in this class

has, when translated, a 36-bit va

} Another class of wurds, called polysyllabic control werds,
consists of current address assipgnments, floating addrecs s &ssignments,
preset parameter assignments, and stariing address assignments. Nene
of the words in this class actually cccupy storage locations in the
translated program, but they influence the form, location, .and operation
of the translated program. The value of these words may have either
15 bits or 36 bits. | '

The words in both of these classes are coubinations of these
syllables: operations, floafing address tags, pfeset parameter tags,
integers, the single letters "g" and "a%, and the relative address taé
"r%, The words are distinguished only by their internal and terminal
puhctuation (except that the stari.ng address wofd always has the initial

syllable "START AT")., The punctu.. . .ng characiers are T+h A nwmt w0

wow, miw_ and the tab and carris -« raturn,

A third elass of werds, .:lied spoecial words, are us@d for
various control and identifying functions. They are the title, number
base indicator, and, possibly, the ditto words. Only the number base
indicator will differ from the corrassonding S word; it will be of the
form "BASE k", where k is some integer like 8 or 10 (always to base 10).

.11 the words in this class will be Lerninsted by a tab or carriage return.
C. Svllableg
1. Operations. These ar: mnemonic, lower case, two-letter
pairs of characters corresponding .o the operation code listed in the
1103 code books, The binary value of +the translated code will occupy. .
only the left six bits of a storage word, Two-letter pairs not cor-

responding to defined operations will produce a post—mortem.

2. Floating Address Tac;. These are single=letter-and=

num~er combinations. All of the allowed combimetions are listed here:
alyess,a8220,b1,...,0200, el,...2200. {(Note that "o is excluded as an
initial letter.) This gives 5000 pessible flad tags, all of which may

be used in a given program or group of programs translated at once, The

.
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value of @ Ilad tag will noreally Pe o Dfifteen-bit address, and a pOS

mortem will resulit AL such a vange ls epeecded, A flad tag can have

3

only ong valus throughout & progi

:

assig dmonto which yield more than
one velue for a flad tap will producs a postomorten, but the translutlo

Y ),

will be completed using the last assigned value.

The letter "a%® will have the
vailue z OOOO(uctaLy qzd uhc letier o will have the_value 10000( octal)

88 @x;=uteuo Tne Lcttmr syt will destgnate the relative address {in’

3. °“n"30 Louwer X eTolns

routines and subroutines written relative to zero), and may be ﬁuolgn@d
and reaasigned whenhver dev;rod

4. Preset Parameter Tag These are twomletiermandhnumqef

tags. ALl of the allowed combingﬁions are listed heres z2l,0..,2250,
Preset parameters are given 26-bit vslues, whether they are used in
xliteenmblt or smaller addresses, or in 36-uit words., The value of &

B )

to the last assignment of a

=

preset parameter tag always referu back

value to that tag, and g tag mey Lo reassigned, within rather large

No use of a

point is made in integers.
Negative integers are indicated by orefixing & minus sign. Ordinarilyo
integers used as (part of) an add ~ss will ;angc from O 4 Ab «l, and
integers used as numbers will rangs {rom O to 2’ «l. However, a g?eaﬂer
range (as yet undetermined) will be allowed Lo permit greatey freedom in
formxna polysyliabic mord values, Integer syllables are always comverted
o bxna7$ from the base sp ¢ified by the last "Base k"™ special word
appearing in the program. LI no such word appears, the base is assumed

to be decinal.

D. Polvavllabic Storage wWor -

The covucture of a typleal instruction werd

in the 1103 is @ gix=bit operaticn Lowed by two filfteen-Lit sddresses.

However, some instructions may have no, ong, or three &dﬁresses'(iﬁ the
0

ast case thers zre ong three-bil, oUeivtwb’t and one Fifteen=uli

}..l

3

addressasn) .

Instructions when written by a programmer will always have

is
30
[0
e
o]
]
ot
<
}.Jv
W3
It
2
3
=t
G
o
)
[u]

Tirst sylisble will always be the mnemonic ceds
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for the \}‘3»,;‘ ation. Tnde will be Too Lowed, with o Noie-3. _',.'1(,1(""0
Sl iy ey ek . P S S S N R e Ly

GUoTasteYs,, OF whae several addrsen eacn Sepea v ocommag and he

last followed by 2 tab or csrriarc vetvrn. Yach addresy 11 be w?it%en

]

single let

a5 the sum ol floating addresy.t‘ prasat

mrale

parameter tags, and integers; the aus beine taken im the obvlous ol

te
sense Indiculed by prefixing exch lable of the audPC’"‘by 2 plus o

minus sign. This prﬂfix,must e teated, sxeepi that the plus sign

o

1f the walue of an eddrezs i

may be omitted when no ambigaity
zero, then the address may be omiiizd as long as the necessary punétuation

is retzined,
brxamples are as follows( here "3 ¥ denotes a carriage rebturn or tab):

A uv instructiou: ‘ tu oaqqﬁzz, ha=h7, bL*r-
A -v instruction: A ol Ovabég or simply ef e“bﬁg
A J-v instruction: : o mi 2,0, aady or simply mj 25,2233

4 =« instruction: - Ty

~ A& Jov instruction: oL, e

A jn= instruction: a0 15.0g or simply am 15

of the commas determine the

Note that only the oo
positions of the addresses Lo i renslates word. Also the binary wvalue
of the translated address muslt 10 inbo fh- rumber of bits 'va1¢ablo in

cthe 11073 word.

2. Humbers. < bas the form of s single address of

an- vrnct;ou word, slpebraic sum of floating address tags,

3ing1e letter address ta preset nersmeber tags, and 1nceg rs.  Na

bie of the word is followed by a tab

sriods are wﬁd and the last

N

dnslapeu 80 a8 to have an inte%er ln”

C o carviage "etur“; The word ig *
in the normal 1103 form. No provision is nude For pON“J‘oang the number

appear as a J or w address; this can oniy ve done by waking a fictite

lous instruction with the ope: and other addresses having a z@ro

binavy value,

Examples of numbers £ol



@ that the binary value of itheo ;l‘f'Vwa number must be less than

1™

E. Polysyllabic Control Wovro

o, This word has the form of a

o aaad

La Cur“enu Addrhun

LY W

single address.of an instruction word excopﬁ that here the terminating

"

character is a vertical bar: "i§ %, This word causes the next polysyllebic

-
—

storage word to occcupy the register 1103 storage, electrostatic or
drum, whose address is the wvalue of this address assignment, Successive
storage words will go into successive registers untik another current
address assignment occurs., The values of *g* and *a" are not allowed as

the value of a current address assignment,
Examples are:

2&67)

4
g7t hé-b30t228%r}
Note that the wvalue of a current zddress assignmint myst be less th 'i5;

During the translation process an account is kept of the location
to be occupied vy the next storage word in the program teing translated

.

by means of the current address indicator. It 1s clear that the current
-address indicator is reset by eszch current address a%sxvnmen and is
indexed whenever a storage word cccurs.

2, bloatjnn Add ess fuziegnment. This word again has the form

of a single address of an inst*uction;word except that here the only

syllables allowed ere integers =3 3 single flad teg (that of the flad
being assigned), and that here thz ﬁcrm¢hut1ng character is a comma: %%,
The value assigned teo the £lad is the value of the current address

indicator minus the sum of the integers in the assipnment.

w Examples ares

.

£6, assigns £6 to have the value of the current address
indicator ' ' ‘

10%7{6=4, assigns £6 to have the value of the current address
indicator minus 173, : : ' .



Nove that the sssigomer: of o flud cannot be eircular, L.e.,
we cannot assign £6 when the carrent sddress indicator is already defined

v

explicitly or implicitly in terws of 5,

3. Presey

This word has the form of a

{1ad assignment except that here caly intoegers and a single preset paca-

meter tay are allowed (v. 2t of tne preset pavameter being ass igned), ard
that the terminating ChqfaOu”F is an equals signs ", The wvalue assigned

o

to the preset parameter is that of the storare word which immediately
follows the "=, (No characters oi 2ny sort except spaces can intervene)

™

Tis storage word does not occupy # rerister of storage, and this is the

o

oo}
w

only case in which this is true. This walvue is always considered a
36-bit word, but if used in a 12-bit n address, for example, then something
less than 36 bits will probably be vsed in the determination of thP value

of the address.

Examples are:

22175, ,
1760=472234%mp K7, kLa%y

» 1o have & c¢ircular definition of

Note that it is impossi sl
a pres:t parameter. for if a pres o parameter is defined in terms of

the same presel paramster, then antuslly the previocus value of the preset

parameter (zero ii not previously assigne d) will be used in the definition

hatY.

of the new walue,.

L, Shariine A sUaﬂtlng address assignment

woird eccurs st the end of each prosram tape, Iis value is that of the

address at which operation of the translated program is to be begun when

iv is eventunily read into an 11073, In form the word is writlen exactly

like a number except that the first syllable must always be "START AT".

SLLOE AT q:"',w
START AT Bho*zzﬁurq-
START AT 100,

Note that the walue of this word must correspond to an actual

shorar 2e sodlraess.



pagz 1.0

The relstive address is

L

cenoted by the single letter "v*. However, this letier need appear only

address is requeste ed in a word, A value

is assigned to . the relatlv.fwhx.rv&r a floating address assighment oceurs,

and the value given to the relative zddress is the same as that given -
to the fleatine address. 4 value will also be assigned-to the relative

ddress whenever a word consisting of an integer terminated by a comma

jul

ceurs;-in this case as above the value of the relative address then

O

U}
v

becones the value of the current address indicator minus this integer.

Examples are:

.

- 616, assigns r as well as £6 to have the value of the.
: surrent sddress indicator minus 6

- 10, assigns r to have the value of the current address
indicator minus 10

F. Special Words

1. Title. The form of 3 titie will be similar to those used

in the present WAl input scheme aad will probably appesr, for example, as

.;‘f 21 126378*99 JONES

The title will be used to call th: translation program in from MNT#2 onto

o
1/

the buffer drum and to produce some logging indication. The tape number

will eventually be punched in visusl form on the binary uapea

2. HNumber Bsse Indj

The nunber base 4ndicator will be

written as "DASE k¥ where k& has one of the values 2 to 10. The base will
be decimal unless otherwise indicated by a number base indicator. Al
integers, whetber in instiructions, nunbers, current address assigaments,
flad assi gnmentsg preset parameter assignnents, or starting address

assignments, will be ponvefped in the base last lndicated,

v Ritto Word. The spacial word "DITTO", as defined in CS,

mighkt be included in the vocabulary.
C. Ilad Table

At the end of each progiram translation a copy of the values

a3
Ui
(r:

igned to all the flads in the vrogram will be recorded. If the tavle



MLt page J1
is short enough, it will be recovded on the delayed printer, ctherwise
on the scope, liowever, if this is tco comiiicated, the table will always
be recorded on the scope. Flad wvalues will be printed in the base indicated -

by the last bese indlcator.

H. Error Detection.

1. Unassirned Flads. A table of the locations of requests for

2ll unassigned flad tags will be printed at the end of each transiation°

2. Duplicate Flads. A table of all flad tars which heve
multiole and differing assignment values will be printed at the end
of the trahslationo Note that the last value assighed to a duplicated
flad will be the one actually used in the program. The locations of the
flad assignments ﬁillluaprinted with each flad,

3. If a number or address is too big for the number of bits
allocated to it, the translation nrogram will stop and print the location

of ' the error,

L, If an illegal-character occurs on the Flexo tape, the program
will stop at that point on the tape, ' |

5, If a flad is defined in terms of itself, the translation

program will stop and print this.

6. If illegal flad or preset parameter tags are used the trans-

lation program will print them with their locations. ’
7. Illegal two-letter combinations will be detécted and printed°
A1l locations of thsse errors will be printed in terms of the
nearast flad, An attempt will b= made to print as many errors as possible

during a single translation.

I, Qubtput of Translation Prosyam

The translated program will be punched via the delayed punch
in the standard hexa-bi-octal form used in the 1103. Otherwise the word

sequence structure will be similar to that of WWL 556 tave, unless there



alvready exists a vetter tecinious for iaput on the L1073, If necessavy
an loput progrem Toy the 1107 cen bre wyitihol o .

Tz

Separate and S

The preceding discussion applied te the tianslation of @ single
grogram. As in CS program tapes can be translated either separately or
together., In the first case the translation is considered to be complete
within itself. In the second, as many tapes as desired can be translated
at once with cross reference of fluating address assignments and requests.
This facility allows a pro¥blem coded in separate pieces %o be translated

all at once,

X. TFurther Remarks

Some of the decisions em-odied in the above discussion ars at

the moment rather arbitrary. ty in distinguishing
the "1g" and "72" gperations ¢

appearance could huve been otherwis

s resolvaed o /Qne rules regardlng the
use of the plus sign more siringsr:, or simply by using periods instead of
- commas to punctuate instruction words, More upper case characters would

have been used also,

The language as proposcd conbalns relatively few varietlies of
words. It is hopsa that what it coes contain can be made to serve as a

vrogrum which will operate on an

basis for the laLg

mtria more types of words, like decimal data

110%9. Such a

numbcwog ocha” numbers, as well z: more facilities for coding and trouble-

shooting pro: The trsnsiation program might also accept programs

punched on csres. 1L such an enlarged system is to be acceptable to more
than one group of 11073 users, it rould be wise to postpone decisions about
these additional facilities to a iaver date when more information is-

available about the equipment and needs of each 1103 installation.



