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The A-2 Compiler Systen Oreration lanual is a working paper intended

to provide the reade: (assumed to be a UNIVAC prograrmer) with all the

information necessary to make usc of the existing system. The descriptive

material has been included only as necessary to introduce concepts or

terminology reculiar to automatic prosramming or to the A-2 System.
The A-2 Corpiler System has been developed by Richard K. Ridguay

and Marparet 1. Harper under the direction of Dr. Grace . Hopper,

Propramming Fesearch Section, Electronic Ccmruter Department, Remington

Rand, Inc.
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The A-? Commil r in a prosramnin- s's for UNIVAC which produccs, as

its output, the complete codine 1 tion cfia sreeific

s

problem. If tihe protlem has been corr t;
codine will be ccrrect end cl i (b MIIVAC) and tiw procram tope may ve
immediately run without any

The compiler must have availatie sutroutines.  Since the
A-2 Compiler was desiesmned prirarily “or usc natheratical problem solving,
the only library presently availabvle is a two-werd flica np~decimal library
containine the arithmetic, sin, ces, arctan, exponential and nth root
routines. Severa) non-computatiornal routines are alsc include i 1s well as
ﬂeneralizedircutines for cencratine the data-handliny subrcu'ineas. bxperience
pained in vorking with earlier compilers advised against the inclusicn of
specialized data-handling routines in the litrary.

The codling necessary for the solution of a specific pretler is ordered

"inforration”,

by the proerzrmer in a pseﬁdo-coﬁe This pseudc-code is called
and it is the information which tells the ccmpiler how to proceed just az 0-10
Code tells 'TVAC how to proceed. This pseudo-code is a new language whio
easier to learn and mich shorter and quicker to write. Logical errcrs are

o J S
L

more easily found in information thaa in U:ITVAC coding because of tie smaller
volume.

The A-s Compiler produces a "prorram’ which utilizes the merory &
follows:

o0 - M50 jnitial and srecial read instructions

060 - 17¢ data bloers (usually inovt)

TR0~ 239 workins storaes
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compiled propran (9 blocks per sement )
flocating decirel arithietic
900 - 9 cormicn ccnetants

040 — 909 data block (ususlily output)

The nine block suction of eermniled prorrar is call>d a "segment'.

Ac~itional scpments ars: read into this nart of th a-y 1if the cormriled
program exceeds ninc blocls. Control may be transforrad feorward or onexward
from one se~ment to another &s resuivec Ly ‘the prehlem.

Telatively simple'chanaes in the coimpiler will make it epplicatle
for problems neccing more data or workins stcrage.

A compiled prosram may approech the test hand-tailored coding, and for
a larse class of problems, the A-? Compiler, with suitable libraries, will
cut prorrorming and deburging time to a point where a sZieht inefficiency in

running time can lLe toleratedo
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ELFI4°NTS OF THE A-2 CO'™ILLR SYSTEM

CCIPII ER

The executive routine whese functicn is to coordinate the other elements

of the proeramming system.

LIBLARY

An ordered set of subroutines and cenerative routines. Since the
subroutines are stored in the library in relative form, they must be
transformed before they can be used.

GELEPATED LIBRARY

A set of subroutines prepared for a specific problem as ordered by the

jnformation. This library is btuilt up from two sources.

a) Coding produced from specifications in the information by generative
routines which are in the librarye.

b) New coding peculiar to this problem and of no value in other
problens. This is merely copied from element 4 and built into a
subroutine.

INFOFMATICN

An ordered set of instructions stated in a pseudo-code. These instructions

fully describe a solution to the problem specified in a language vhich

the compiler understands.

A 1list in operation number order prepared by the cermpilor as an

intermediate outrut, necessary in a later stare of compilation for centrol

transfers and desirable for the prograrmer as a eeneral check of the
corpilation or as a locator of specific sections of the final outrut
propram. There 1s an ftem in the record list for each cperation which
contains:

e
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a) Call-word of subroutine used in orecrationg
b) Operation number;

¢) Segment serial numbers;

d) Starting line pumber within serment.
RNMING PPOGLAL

The complete set of instructicns in C-10 Code for solving the problems

the final outrut of the compilaticn prccess.
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QULES FO" SUPRCUTINE CONSTTUCTICH

The subroutine is the lopical unit or buildine-block. It overates
in a specific way on input data, arsuments, to produce results. The ccrmiler ..
forces certain 1limitutions on the form of subroutines.

The requirements for subrcutines to be used with the A-2 Compiler are
stated below. Those marked with an asterisk (®) are requirements peculiar to
the two-word floating-decimal library.

1. Subroutines are written in relative' coding startineg in 1ine 000 of the
gubroutine which contains the ca'l-vord. The call-vord consists of four
3-dipit fields.

xox 111 £00 00£
The identification code (alphabétic\ of the subroutine,
The number of lines in the subroutine, exclusive of the call-word
" and sentinel word (word of irmores) at the end.

f£00 A flcating-decimal point subroutines.

oof = A sentinel which serves to identify the start of a subrcutine.

Line 001 of the subroutine is the only entrance (exclusive of R U

or peneralized overflow reentries).

In referring to arguments, 1RG, 2°G, etc. are used instead of memory

locations; i.e., B 1FG. The output of the subroutine, the results, are

referred to by 173, 2PS, etc.

Normal exit from a subroutine is considered to occur when the line

preceding the ending sentinel is the last line in the subroutine to be

executed, or when control is transfefred from any line in the subroutine

to the ending sentinel. Under these conditions the next line to be

executed will be the entrance line of the next compiled subroutine.

~

5

Page 17 of 114



UAN: NMAH-AC0324-0000302-29 Image 9 of 56

Any exit from the subroutine other than one of the type described above (4),
is called a controlled exit and is written T 1CN or U 2CN, etc. A S

migt precede such ‘nstructions (i.e., 000000 Q@ 3CN).

Peferences to cthe: lines within the subroutine, require the use of an "M"
in the dipit position (digit 3 or 9) preceding the 3-digit relative line
number.

A set of the most used constants will be'the memory in locations 900 - 939
when the problem is beinm run, and these may be referred to by fixed memory
locations (see 1ist of Permanent Constants). Constants not on this Jist
must be included in the subroutine.

There are ten temporary storapge locations in €30 - 899 which may be used

by any subroutine.

The floating decimal arithmetic routines are fixed in the memory in

locations 780 - 889. Any subroutine can use this section by placing A in
890, 891 and B in 892, 893, and by selectins the proper R U instruction.
A and B are flcatinp-decimal operands with integers in even and exponents _
in odd-numbered locations.

A+B=¢C R 810

A-B=¢C R 810

AxB=C R 810

AsB=C R 810

C is the result in 894, éQS.

This section is also available to normalize numbers if the operand is

placed in 894, 895, zero in rL and R 810 U 808. The resclt will be
placed in 89/, £95.
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# 11, A1l subroutines must consist of an even number of lines excluding call-
number and endine sentinel.
Example: (non-functional)
000 XYZ012 FooooZ - Call-word
001 V 1RG W 890 1RG = A
002 Vi 376G W 892 3RG =
003 810 U 847 A x
004 894 7 1BS
005 894 911
006 1CN 4f C > 0 —> Controlled exit

007 HOMO11 Internal subroutine references

Q01012

UoM013 : Hormal exit

000009 Constant

{ ] Temporary storage
W 3PS 0 000 Normal exit

L A Ending sentinel
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R 904
C 905
A~ 939
B 905
(0o 000

PERMANENT CONSTANTS

U o0
B 904
C 904
00 000
U (1201

[ contents of rA ]

000800
003000
002000
001000
040000
000000
~00000

000000
occeoe
000000
000000
000000
000000

i
|
]

/

L

|
k
(

This poes to 000

Generalized Overflow

Required by the special read instructions

plus zero

_minﬁs zero - sipn extractor

.1, SLy

-1, SRy

.01

unit, left instruction

unit, ripht instruction, counter unit,
13 ot

unit, both instructions

o2

Image 11 of 56
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(unused)
050000 000000
092929 999909

(uvnused)
016666 656667
041666 6H6HGT
083333 333333
013888 geagge
01841 269841
024801 587302

0000C0 uceeeo

027557 319224

078539 816340

015915 294309

025052 108395 1/11! x 10’

020876 756988 1/12¢ x 108

000111 000000 address extractor left
00ooC0o c00111 address extractor right
043429 44,8120 log; e

000000 000001 CF constant
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vUIES FOP GREERATIVE PCOTINES

Some routines in the library are ~alled pencrative routines rather

than subroutines. If the inforretion czlls for one of ‘his class of routincs,

the normal compilation process is interrurted and the senerative routine

1s executed rether than copicd. The recuirenents placed on these cenecative

routines by the compiler are as follows:

1. The first line of the generative routine is 360. “bis must be a call-
word identifyine the generator, 1.c., cMIoco  FocooZ. Only a generative
routine may be icdentified by a call-word, beginning .with NG
Line 361 is the entrance line. The compiler will read the 360 - 419
block into the memory and then transfer control to line 361 leaviny the
input repister ermty.

The library, including all generative reutines, is on Servo 6; - If the

generative routine is more than a block long it will reac itself into

126 . 090 Joaving ¢l emrty.

The exit 1line of the generative routine rust read (00 COO U2002)
When control is transferred to 002 the compiler will be reread into the
memory. . :

The specifications for the renerative routine are included with the
information in the line(s) irmediately following the call-vord for the
penerative routines. The gection of the compiler soding which picks up
successive words of snformation is used by the renerative routine to
obtain these specifications. The instrvction nair, R 072 U 069,
will rlace successive words of specifications in 103, until the
recuirements of the renerator are net.

Each finished line of generated coding should be placed in 101. The
instruction pair, T o6, U 050, will enable this line to be transferred

- 10 -
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to the ocutrut block. Lines of cenerated coding arc cocunted and

corpleted hlocks are written on the penerated library tape by the
compiler.

The output of the cenerative rcutine will ordinarily be C-10 Code
relative to CCC, or mav be any modifications thercof which are under-
stood by the corpiler. (See rules for Subroutine Construction)

The corpiler will nut a call-vord in the 0CO posktion of the first
block of penerated coding. It will insert a pair of. skip orders at the
end of the coding if necessary to make it an even number of lines,

then insert a word of ipmores, and w%itc the rou‘ine cn the generated

library tape.
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INFOPHATICEH 1

In order to froducc a runnine proeram for the colution of a nroblem,
the compiler must be supplied with informaticn describirgs the sequence of
oreraticns in the solution. Dvery runnins preeron will bave certain stand-
ard blocks necessary to perfoit the functions required ty all prcblems.

There are five bleocks writicn on the ruanine tape tefere corpilation
takes placef
Block 1 =~ An initial read block which will read blocke 2 throurh 5 into

the running proeran T erory in fixed locaticns for trs durztion

of the problem. This tlock is replaced in (CO-C59 by the

special read instructions.
Block 2 = A partial block of pernanent constants to occupy ©00-93S.
Block 3 Floatinp-deciral arithmetic, 720-£39
Block 4 Floatinp-deciral arithmetic and terporary storage, 240-£99,
Block 5 Spceial read instructicns, 000-050. This block ccntains the
forward and backward reads which make possitle the transfers
from one sepment to another.

As the running proeran is exccuted, the arsurents ere first placed in
the workine storape block. Lach computaticnal step operates on these
arcpuments and places the results in the werking sterage bleck. Accordinely,
planning the cormutation larpgely ccnsists of rlanning the use of this blocke
Each operation, ordered by a call-word, rust include werds which specify the
location of opcrands and the Jocation where the result is to be rlaced in
working sterapge.

Information is written, operation by opcratien , usine the followins tyres

of call-words with appropriate additional words: stancard call-words using
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three-addregs forn; call-words for subrouiines requiring sinsle-c6 iress form;

pencrative routine call-vords; now coding call-vords;y and scntinel call-words.
These tyrnes of call-words are descrited in detail below.

Three-address Call-weords

Many matherotiral autroutines call for two or leces arrurents and one
result. In referrinrs to such aubrcutines. onlv one vord of inforration is

reauired.

anc(a)  (B)(C)

sin x = ts0(x) ©oo(y)

The brackets incicate a three-di~=it Cield. The projrammer £i1ls in
any even number in the 000--058 renre, vhich correcpcnds .0 the relative
position of this quantity in the workinr storape block.
NOTE: The floatins decimal library includes a translator which expands to
sinrle address form this line of informction, so if new subroutires are added
to the floating-deciral library, their full 12-dicit call-words nust be acced
to the list incorrorated in the translater. (Block 5 of Flcating Pecirmal

Library tape)

Sincrle-address Call-words

Some subroutines require cther than two areurents and a resuit as
provided for in the three-a (ress call vords.  The infor-aticn calling for
steh & sub~erting —ust be written 1 RE ne {sinele-c oressi feri

“EE l 3 Loy

acoons, Foenot

1-GChh hrh{y,
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The QZ0 subroutine is a four-line routine in the floatinr—lecimal
}ibrary. ‘Mhen exccuted it brinrs one operand from workine storarc and tests
10 see if it is a word of sentinels (Zs). It has two controlled exits,
(1CN and 2CN) dependinr~ upon the results of this teast. (h is the current
operation number of the sequence, (x) is the address cf the arpument in working
storage, (op4‘8) is the operaticn nurber to which control is to be transferred
i1f the test is met, and (op#A) is for all the other cases.)

Generative Rcutine Call-words

An operation calling for a rovtine of the ~enerative type requires three
or more lines of information.
Example:
GMIOOC  000C02
ITEMOL  WS.006
SERVO2  BLOCKA
1RGOhh  hhhCOO
The first line is a call for the GMI generative rcutine. The 002
jndicates that this routine recuires two lines of specificatiens. The next
two lines are specifications interpreted by the generative routine, and the
last line is a "dumy" arpument required by the compiler for any operation
which cannot be fully described in ome line. The durmy argument must

include operation number (hhhhh) in the problem sequence.

New Coding Call-words

New coding, if used, requires a minimm of three lines of information.

Exarple:

QMO
810000
230000

1RGChh
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The sample froblem which follows illustrates all of the different

types of information, exccpt the "germent” sentinel.
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STATEMINT OF THE OPTICAL RAY PCBIEM

Evaluate the optical rays vhich will result from passine given rays
through given surfaces. The rays ere defined by X, Y, Z, L, M, and N.
The surfaces are defined by 1/ry n, n', and d.

The equations are as follows:
2 2 2 RV r o N 2
8in® I = [(X/r - 1)% + (¥/r)° + (2/r)?] - (L(X/r - 1) + M(Y/r) + N(z/r)]

sm21'=(m6023m2I

cos I = (1 - g4n? I)l/2

cos I' = (1 - sin? 11)1/2

K= (n/n' cos I) - cos I!

P = [X(X/r - 1) + Y(¥/r) + 2(2/2) - X
cos I - [L(X/r - 1) + M(Y/7) + N(Z/r)

X + lp

=X -d

XN

=7 + Np ' = The resultant ray
=n/n' L+ K(X3/r + 1)

= n/n' M+ K(Y'/r)

n/n' N + K(Z'/r)
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The piven rays are as follows:

- 240292

n

1.245093

n

-1.080277

n

1.245093

n

- .918856

n

26126
0 n
.01134 «1339%9
O "

.039A9

0
.053824

0

-. 2756435

n

-2 3.,20274

"

=:342027),

n

-.13916

n

-.13916

- 2750435

L

The eiven surfaces are &as
1/r
« 463823650
«108705950
-, 0876827
443605361
1777657
-.14230923
0

follows:

n

d
.34953530
.63957197
. 11948479
75944209
40187514
. 867240016

0

Image 20 of 56
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PROPLEM ANALYSIS

It was deciéed to use the Floatinp-Decimal Subroutine Library for the
computation.

A‘cursory glance at the amount of czlculation nicessary to take one ray
throush one surface seemed to make it inacvisable to pass all rays through
successive surfaces in paralle). To simplify deta-handlinr one tape was prepared
with one ray described in each dlock of data. The surfaces were described, one
per block, on a second data tape.

Because the ray tepe was longer than the surface tape, it was decided to pass

one ray through all surfaces, put out the result, rewind the surface tape, and

repeat for successive rays. The flow chart illustrates this plan.

RUZINING PPOGRAM - MEIORY ALLOCATICHN

Initial read and special read instructions (stendard)

Inrut Block - ray data

Input Block - surface data

Vorkine Storase (standard)
2,0 - 179 Punning Procram
780 - 239 Arithmetic - 2-word floating—decimal
€40 - 899 Arithmetic and Temporary Storage ~ Used by subroutines
900 - 939 Permanent Constants
940 - 999 Cutout Block - resultant ray data

As the running progranm is executed, the arguments are brought from the

workine storage block, and the results are deposited in the working storage
block. Accordinely, planning the computation consists of planning the use

of this block with the capabilities of the subroutine libraery in mind.
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FLOW CFART OF OPTICAL RAY PFOBL'M

l

, _
' CONSTANTS —> J

W. S.

’

l Nth PAY ~->

We S.

WRITE Zs Yes ARE ALL
ON OUTPUT \ RAYS USED?

No

snnrﬁgi.ﬁs%ls%m | Yes RESULT RAY

Bl —> OUTPUT

y ' l

COMPUTE LI
Nth RAY THRU OUTPUT
Mth SURFACE

|

(__r M+1-—>M '
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OPTICAL RAY PROBLEM - USE OF WORKING STORAGE

3 -M
53 - n/n' M
56 - M!

3 - W
50 - n/n' N
60 - N

24

6~-n
27 -(1-81n°1)

(Ll SR

o ~(X/r - 1)

L9 - Xl/r

50 ~{ Xy Aty

51 —-”-(.:kl/!‘-l)

30 32

34

36

38 40

12-(X/r-1)<=A 13-(Y/r)<=B

15-A+B 16--A+B+C

24-n/n" 25-(n/n")?
30-cos I'
34-Y Y/r=H
37-G+H+I

14-(2/r)?=C
23-8in? I
29-cos I

10 = p
L3 - %p

17-L{X/r=1)=D.

20-D+E
2h-s1n°1

31-n/n'‘cos I
35-7 Z/r = 1
38 -J

18-M Y/r=t 19=N 4/T=F
21-D+E+R 22-(D+E+F)2
39-0 28-1-gin® I
42-¥ 3-K(X/r-1)=G
36 = G+H
Jive L
w-d
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An outline of the data-handling, computation, and control steps for
the problem solution is given below:
A, The given equations contain cértain constants which can be moved into
the working storaze block and left there.
Oop# 0 Read constants into input block
Op # 1 Move constants to workine storage
The flow chart next shows a ray being moved to working storare.
Op # 2 Read ray into input block
Op # 3 Move ray to workine storage
The next hox calls for a test to see if all rays have been used.
Op # 4 Test for sentincl. If not, go on to tﬁe next operation.
Next, a surface is moved to the working storaze area.
Op# 5 Read surface into input block
Op # 6 Move surface to working storace
Test to seé if all surfaces have been used, and if not, go on to the
next operation.
Op# 7 Test for sentinel
Now the computation cen be planned and thd opérations explicitly stated
starting with operation 8. The chart represents working storage area for each
2-sword floating-decimal number. The odd-numbered locations are not shown because

the numbers are arranged so that the exponent follcws each quantity, and the

two words are always handled tozether. The numbers at the left in each box

are operation numbers.
F. Compute sin? I from equation (1)
Op # 8 Multiply X * 1/r = X/r

Op #9 Subtrace X/r - 1

- 22 =
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Op# 10 Multiply Y * 1/r = Y/r
Op # 11 Mltiply 2 » 1/r = Z/r
op # 12 Matiply (X/r - 1)2 = A

L]

L

G, Ccmpute 8in? I' from equation (2)
H. Compute cos I from equation (3)
I. Compute cos I' from equation (4)
« Corpute k from equation (5)

il

J
K. Compute X, and X', Y', Z', L', M', N': the resultant ray-
L. Return and repeat D

Op# 61 Uncondition:} transfer to Operatior 5
M. Entry point from E when ray has passed through all surfaces.
dp # 62 Transfer ray from working storare to output block
Op # 63 Urite ocutput block and rewind surface tape for next ray
Op # 6i, TUnconditicnal transfer ‘o Cperation 2
N. Entry point from C. All rays have passed through all surfaces.

Operation 3 sent sentinels to workine storage instead of ray.

Op# 65 Transfer sentinels from working stcrage to outrut block.
0. End of Problem
Op# 66 lirite sentinel block twice, rewind all tapes and stop.

The forepoing analysis demonstrates the manner in which.the problem i1s
broken down into operations, each of which can be executed by a single subroutine,
Now all that is necessary is to translate the operation descriptions into
A-2 information by providing the proper call-words and assoclated arguments,
results, etc., as required. Normally, information can be written directly from
the flow-charts and the equations.

Y

=23 .
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I+ may be helpful to exnlain in detail the meaninc of the infermation
for a few of the different operaticus in the éptical ray’ problem (paze 26).
Operation O is & read routine which does not aprear in the library. The
first line contains the new-codin~ s=ntinel, with the nurber of lines of coding
(001) in diits 10, 13, 12. The second 1ine is the line of new coding to be
inserted 4in the runnins progran. The third line is a required dwmy line
(the ™lrg" has no meaning here) with the operatlon number (00000) in digits
5 057,84 9o

Operation 1 caliﬂ for a renerative subrcutine vhich. produces the proper

instructions for data transfers in the memory, the firs® line contains the call-word

to be used in searchines the library tare. Dipits 10, 11, 12 jndicate the number

of lines of specifications (001) which follow the call-vord. The specifications
(second line) indicate that 4 words (040) are to be transferred starting with
1ine 60 (060), to another area of the memory beeinning at line 192. The third
line is the dummy word again, and indicates Operation 1.

Operation 4 is an example of information in the sinple-address code.
The first line is the call-word, jdentifyinc the subrcutine. Digits 4, 5, 6
indicate the number of lines of coding (004) 4n the subrcutine when it is
inserted in the running program. Dipits 7, 8, @ state -hat this is part of the
floatins-decimal library (F00). The ignore in positicn 12 is a sentinel
eignifyine a call-word. The second line, in dipits 10, 11, 12, states the
position in workins storare o” the arsument (1rg) required for this subrcutine.
Digits 5, 6, 7, 8, © of the 1rg line alwavs contain the operation number (00004)
This is a sentinel test routinej two exits are required. These are specified
in lines 3 and 4. If the test is not passed the first exit (lcn) is to

gperation 5 (00005). If the test is passed the second exit (2¢n) is to

gperation 65 (0N0A5) .
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Operation & shcws the threc-address type of informction, requiring only

one word to call for the subroutine and srecify the operands. Peadins from the

left, "AMO" desirnates "'arithmetic, rmltiply" (this will be a £10¢ tinr-decinal

multiplication since we are working with that libfary); "000" is the location
of the miltiplier in workine storage, "X" in this problem; "016" is the
Jocation of the multinlicand (1/r): and "024" indicates where the result (X/r)
shall be placed.

The last word of information, followinr Operation 66y is the ending

gentinel.
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INFOTMATICY FOU OPTIMAL RAY PTLBITM

OWN.CO DE.001 Pead necessary constaits from Tp into 06C,
leavin~ rI empty
120000 300060

1NRGCOO NO00N0

—-—

GMMOOO 0cocel Move constants to W. S. block
000040 040192
1RGOOO 001000

OWIL.CO D700 Pead ray into 060 block leaving rl empty
120000 300060
1RGO0O 002000

GMMO0O 000001 Move ray to /. S. block
000060 1201€0

1RGONO 003000

QZ0004 F‘OOO(‘X If 000 holds valid ray, szc on to Op. 5,
if Z's are ih 180, o to Op. 65

1rGooo 004000
1CHOOO - 000005

2CHONO 000065

ON .CO DFL001 Read eurface into 120 block lecvine rl

empty
130000 300120

1RGO0O ooscor

GMMOOO (s[g0]g0)1 Move sur“ace to V. S. block
080196

006000

Page 57 of 114



UAN: NMAH-AC0324-0000302-49 Image 29 of 56

Foo00f If 016 holds valid surfacc, go on to
Op. &, if 2's are in 016, go to Cp. 62

007016

000008

000062

016024 X+ 1/r=X%r
012024 form X/r - 1
0160256 Y+ 1l/r=Y/r
016028 %2+ 1/r =2/t
024030 fomi Ui/e = BT = A
026032 : forn (¥/r)? = B
028034 form (2/r)% = C
032030 A+B
034032 A+D+C
024036 form L(X/r - 1) = D
026038 form M(Y/r) = E
028040 form N(Z/r) = F
038036 D+ E
040038 D+E+TF

- 038040 (D +E + F)?
040034 (A+DB+C) —(D4E+ ) = sin® I
020030 form n/n'

030032 form {n/n*)?

034036 i (n/n')? e1n® I = sin® I’

034018 form1 - sin® I
036040 form 1 - 8in? I'
014034 (1 - e1n? 1)1/2 = cos I
014032 (1-g1n? 11)1/2 = cos 1t
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AMOO030
AS0036
AMO000
AMO002
AMO004
AA0OLO
AAOOLO
AS0032
AS0034
ADO036
AMO006
AMO008

134036
032020
C2404L0
026032
028035
03204
036032
000036
038038
032034
034040
034038
034034
040040
022000
038002
034004
006006
016024
012024,
024024,
024006
008008
016026
020026
008008
016028
028028

010010

ferm n/n' cos I
(n/n' cos I) - cos I' =K
X(X/r -1) = C
¥(y/r) = H

z(z/r) = 1

G+ H

G+H+1I

G+H+ D =X=3J
cos I-(D+E+F) =g
1o =p

form Lo

form Mp

form Ng

I+lp. =%

X3 -d=X!

Y+Mp =T
z2+Np =2
n/n' L

X1/r

Xl/r -1

K(Xy/r - 1)

n/n' L + K(Xl/r 1 R

n/n' M

¥z

K(Y'/r)

K(Y'/r) + n/n' M = M
2'/r

K(Z'/r)

n/n' N

Image 30 of 56
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AAOCIC CZLENLD

U00002 ¥ocooy
1RGON0 CA1000

1CNooe GooeeH

GMMO00 GO00CA Yove resltant ray tc ontput block
000180

17GO0O 062000

OWN.LO DIL.00L Yrite output block and
tape
740940 630200

1RGOOO 0F,3000

U00002 FO000L Go back to Op. 2
1RGO0O 044,000

1CKRCeOo coonC2

GMaeee 0C000L Move §i's 3o cutput:bick

000180

1”Goce

ON.CO Write 2 blks. of sentinels, rewind all
tapes and stop

740940 740940

840000 820000

830000 210000

900000 eccoco

0H5000

INFO. K
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A few statistics on this problem may be of Intercst.

After the flow-chart was drawm, the {nformation was written in onc--half

a day.

The problem was compiled in 2 1/2 minutes, and was solved in 3 1/2

additional minutes. The runnine propram was just over cne serment. (Thie

could have been avoided, but it was

desioncd 1o test the compiler)

: : P L e
1e rumberacme Y<oaize the GMY pe

oprative routine ves

the only one in existeace at the tirnc.
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OPERATING INSTFUCTICNS

tapes as follous:
: | A-2 Compiler with ring
blank no ring
Servo blank no ring
Servo Information 5
Servo‘ blank no ring
Servo 6 Subroutine library : with ring
* If the information is to be retained, insert a ring, and retain
comma breakpoint.
Initial read Servo 6, and let it run on continuous.
# lhen stopped on the comma breakpoint, remove the tape frcm
. Servo ‘4, and substitute a blank with no rine. Felease breakpoint.
Normal printouts are:
"end translation”
"end Sweep 1"
"end Sweep 2"
"end compile”
be The running program is on Servo 4. Put in a ring, label it, and nove
1¢ to Servo 1 if the problem is to be run immediately.

Error print—outs which may occur during compilation

1. [ word of info. ] '~ If thkis print-out occurs before "end cf

FNQT.S  TOREDK translation” has been written on the supervisory

control, the programmer has written a word of
information which has been identified as a call-

word to be translated, but the complete 12-dicit
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[ word of info.

FINOT.S  TCPEDA

'JINFO.  WORD?F

[ word of info. ]

FOPLSE  QuOUTH

[ word of info. ]

FSEGME  NTeawsf
ATOO.L  ARGEGH
[ word of info. ]

[ word of info. ]

FTMCH  LINFOP

[ word of info. ]

Image 34 of 56

desimation of this call-verd is not stored in

Block 5 of the floatines-decimal library tape.

If this »nrint out occure after "end of
translation” has been printed on the superviscry
control, and before "end &-1" has been printed,
the prograrmer has called for a generative routine

Qbich is not in the library.

A word of information has failed to satisfy any

of the tcsts. There may be a transcription error.

The word of information cerries an operation
number (h) which is not in the expected sequence.
Line 059 is a variable lire which is now prepared
to pick up this word in tke curreant block of
inforration. (120-17Q) A search around this
location should help identify the offending word

if it is not irmediately recognizable.

This print-ocut indicates that the proerarmmer has
enclosed more than the 539 allowable lines with the
"gement” sentinels. "he two words of infcrmation
(a call-word and first argument) will locate the

subroutine which wiil not fit in the segment.

The copiler can store no more than sixty

descriptive words (i.e., srgument, control or

.

LA
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result word) epplying to a single call-word.

This print-out indicates that the 1imit has been
excecded. Memory location 660 will contain the
call-werd, and the A60 block contains the words of

information that have been stored.

7. JNOToI  NOLIBR The word of information is a call-word for a

[ word of info. ] subroutine which 18 not in the library.

8, JNOT.S TOREDY Memory location 660 contains the call-word for

[Line of Subroutine] ‘ the current subroutine. - This subrcutine has a

[1RG or 2FS or 3CN ete. | 1ine which contains 1RS, for example, in lieu of

an address. The information ordering this
subroutine did not include a word, 1RS000  000(x),

stating the specific address for this result.

The running tape is 1955 blocks long. If this is
expected, and there is no danger of running off

the tape, SCICR to 529 and let it run.

NCTE: As a general rule, after an error print-out, it will be better to
correct this information and recompile. A word of zeros can be inserted to

block out incorrect words of information.
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A1l subroutines in the floatingz-decimal library are built to operate on

quantities (X) represented by two computer words (A and a'), where A=A 0%,
The number A has a sipn and eleven dipgits to the rigat of the decimal point;
the nmumber a' has the sipn of the exponent and eleven digits to the left of
the decimal point.
Exanplea:
Quantity (A) Floatinp-bogimal

-60000 (0CO00

- 006
-00C00 000002

~60000 000000
000000 0CCO0«
030255 000000
+ 3025.5
000000 000004
030255 000000
+.030255
-00000 000001 a'
Except where specifically mentioned, the subroutines are designed to
produce results accurate to at least ten digits for inputs of any size. The
subroutines have becn computer-tested for at least thirty different opsrands

covering the complete range of allowable inputs.
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A-2 FLOATING-DECIMAL SURRCUTINE LIBRARY

Add
Subtregct
Multiply

Divide

Add to a limit
Change sign

Raise variable to a powver

Input: Generator

Move Generator

Output Generator

Logarithm

Exponentiel
Test for Sentinel

Unconditional Transfer

Type-in

AADCOL
AS0004
AMONO4

ADOOCL

AALO12
AN1002

APNOA8

GMIO00
GIMOOO

GMOD0O

LAU118
RNA154
TAT118
TC0100
TS0106
X+A086
Q0004
T00002

BTI002

TT0004

Image 37 of 56
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AKOOCL  FOc00X
ASQO0.  Focoofx
AMD00L  TFocoof

ATCCOL  Fo000L

Operation Performed - tloatipp-deelral arithmetice

+

a' = normalized number and its exponent]

Allowable Inputs
Full floatine-decimal range.

Form of Information

Aano(a)  (B)(C)

Aso(a)  (B)(C)

aMo(a)  (B)(c)

Aro(a)  (B)(C)
(A) means to insert the relative address of A in workine storage (000 ~ 058).
The normalized number must be in the even location with its exporent in the

next higher location.
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AALO12 FOOOTA

Operation Performed - floating-decimal ard to e limit

X +tox —2 X If = y ——> 20N

i 1€ x 7 Loy ~—~> 26N
(X=X, x')

Form of Information

AALO12 TCCOTA
1RGOhh  hhh(
2rGO00  000(
3RGO00 000
LRG000  000(
5RGO00  000(
6rRGe00 o0o( )
iclioo0 0 op#)
208000  O( op#)
arsooo  ooo( )

2rsoco  o0o0o( )

The limit of X should be one increment larrer than the larpest X on which

calculations are to be performed.
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AN1002  F0000f

Operation Performed - floating-deciral number transfer

-~ 1RG ——> 1RS

Form of Informatica

AN1(17G) 000(1rS)

) = The working storape location of the quentity involved.
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APNOLE  FoC00f

Operation Performed - raise to an intepral power.
ey

(U, n, and V all in standard two-word floatinp-decimal ferm)

Allovable Inputs

n must be a whole number. If n is preater than 9 the routine asks 5 i

it should continue, and then stops. Hit the start bar to continue.

nation

APN(U) () (V)

Note: In a problem involving this routine, n must be included with the

input data, or brought into the working storape block serarately before

this routine is called for.
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(MI000  Foocof

eratiop Performe
A generative routine which will procduce the 20dine necesscry to move successive
items from an input block to workines stcrare, reading (nor.-continuous) from
tape initially and after the last item 1s transferred out of the jnput blocke
Form of Information
GII000  COCCO2
ITEMSS %S, (w)
SERVOn  PLOCKX
1FGOhkh  hhh(0O0
SS= 1. 253, 4y 5, 65 8% 10, 12, 15520 'op 30
(* 7 items per block, last four words in block filled with zeros)
relative working storare address for first word of item. (000 - 05¢)
if && > 13 w must be even
4f SS > 9; w must be divisible by 10

any servo number

A or B only, A = 060 block, B = 120 block

the operation serial number

ANALYSIS OF THE TWELVE GUNURATE! SUBPCUTINES

Ss 10

of lines 8

Av. time

millisec.

for item 2.59 2.67 5.59 4e 78 707 5.18 6.65 3.00 8.66 12,67 - 5.4k 6.7
(read : :

omitted)

Note: The coding produced by this penerativé routine does not include the sentinel

test which will recognize the end of the date.

\

<
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0cCoCt

Cperation Terformesd_

A

A penerative routine which will produce the coding necessary to move one
or more (consecutive) words fyrom one eren within the nemory to another

area within the memery.

Form of Infermztion

G000 000701

ooc(ml) ddo(ms)

1PGObh  hhhOCO
dd = the number of words te be moved
m = the location of the first word

m, = the location to which the first word is to ro.

Note: If this rcutine is used to mcve a quantity into vorking storage,
the absolute location, 180 - 239, must be used rather than the relative

location, 000 - 0fS.
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@ioco0  Fonoof

Operation Performed

A penerative routine which will prodvce the coding necessary to move items
from worlinpg storare to consecutive lines in the outnut block} writing the

output on tape vhen the block is full.

Form of Information

Q0000

us. (w)

1PGOhh
Sa w7 1.4, 5, 6, 8% 10, 12, 15, 20, .00

(* Block will be written after seven items have heen placed in it.)

relative working storage address for first word of item (000 - 059)

if SS > 1; w must be even

1f SS > 9; w must be divisible by 10

any servo number

not varisble, 240 block is cnly output block

the operation serial number.
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LAU118

Operation Performed - compute the loparithm
Given: U and logjph

Calculate: loeAU

Allowable Inputsg

U mist be pgreater than zero

Form of Information

LAU(U) (]CR1CA)(JopAU)
( ) means the relative workinp storare addrese of the quantity called for.

Note: In a problem involving this routine, log;ph mist be included with the

input data, or brovrht into the workine storage aree separately before the

rcutine is called for.

030102 999566
000000  .0TOCCO
043429 448190  (in 938)
000000 070000
010000 000000 . (in ©13)

0000cC 000001 (in 917)

This subroutine has not been fully checked.
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o)

RMALS,  MOUCCH

Operation Performed - compute nth rcot

Given: N and A

Calculate: 3/ A

Allowable_ Inputs

A may be any size, but N must be no greater thien mine.

Form of Information

PHA(A) (MR )
J/

( +) means the re’ative working stcrape adcdress of the duantity called for.
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T30106

BV,

Orcration Pexrformed -~ trironometric

arctan A = V

1

cosine A = V

17

sine A = V

Aliowable Inputg

The input quantity is in radiens , znd may Do of any size,.

Form of Information

TAT(A) 000(V)
rco(A) o00(V)
Ts0(A) oco(V)

. ; : ; i
) means the relative working stcrage a’dress of the quantity called for.
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Operation Performed -

Given: U and lor

Celculate:

Allownble Inputs

The inrut quantities may be of eny airo except the multiplication of U times

lon]OA must not result in en exponant creater then (o000 0 000010) or less

than (-00000 00CCQ10).

Form of Information

X+A (1)

} means the relstive working storare address of the quantity called for.

Accuracy
The routine has not been thorouchly computer checked, but the results are
accurate as far as wh have been able to check them with existing logarithm

tables.
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Operation FPerformed -~

Corpares an operand with
I # o> ICN

If = --> 2Cl

forn of nfor-ation
Q70N
1"COhh

icNono  ofop+)

icheoe  ofop#)

v = relative workins storace eaddress of crerand
h = the operation cerial nurber

op# = the operaticn nurmber to which control is to be iransferred.

I mage 49 of 56
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4
(A Ele)

i T e 1 0

An urcenditicral treunsfler

Form_of Infermation

h = the operation serial number

op# = the cperution to which control

> +ransferred.

Image 50 of 56
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YTO0C,  Foooof

Operation Performed - type inj print out

BRTI calls for four type-ins

YTO prints out four quantities and then stops

Form of Information

A = location
iocation
B = location

Jocation

BTI(A) (B)0ODO

YTO(A)  (B)ooO

first type-in or print-out, A + 1 is assumed to be the

the second type-in or print-cut

third type-in or print-out, B + 1 is assumed to be the

the fourth type-in or print-out.

Image 51 of 56
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NP NG
LORLT 4iso

The aystem describad herein has a cervtain amcunt of bullt-in flexibility.
It is the orieinal A-2 Cormiler with modificatiens I and II, lMuch greater
flexibility can be achieved by proerarmers familiar wit) the cempiler coding.
The following remarks will indicate some of the chenpes which could be made
to the existinr compiler.

The running procram memory allocation should be variable. Some problems

mirht require ‘only one blcek of compiled propram to be memory-contained, with

the remainder of the memory fres for data, and/er routines fixed in the

memery as ere the present flcatine decimal arithmetic routines.
Once a subroutine has been ccrmiled, it should be possible to medify its

exits and its ~eferences to workine stcrace, sc it can be reuged with other
operands in anothcr portien cf the prorram. As currently written the A-2
Compiler recormpiles such a routine each different time it is called for.

Compilaticn time can be shortened a rreat deal. A call for a floating-
decimal arithmetic routine necessitates a library search to obtain the
proper K U and transfer orders. The compiler could recognize this
tyre of call-word and penerate the necessary orders. The library should have
generati-e routines in one secfion and other routines in a separate section
since the two types are sea~ched for at different tirmes in the compilation
process. However, it should be emphasized that since compilation time must be
cormared with human prograrming time, and since the product is a ready-to-use,
checked, proeram tape, cormpilation time is not sirnificant.

The compilor should make the worVins storape memory assiepnments. This
will allow the prosrammer to use mathematical symbols in information-writing,

and relegate to the computer the planning of the working storage area.

-50-
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Continuous reads on data tapes can now only be used on short problems,

because the prograrmer may not know whether or not the rumning progran will

The whole problem of data-handling needs a great

fit in one segment.®

deal more study.

* Mylti-segment programs require that rI be available at all times for the

reading of other segments.
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Nete: This list has been inzluded as a refcrence for terms used in the

marual which may be cconfusing and/or new tc the reacder. The definitions

riven pertain to the use of these terms in the nsnual, eltiouph conventional

uszre and definiticns have teen cons:dered vhere possibles

Apgument sseesecesscess- An operané or unit of jate which must be specified
an< .ocnied pricr teo exccution of an operaticn.

Call-word esesevancanees A corputer word u d as a descriptive code and
4dentii ication ksr in referenclny sutines in the

compiler libra

Executive Fgutine . A program vhich ope

specifizations v:}ai_y written in & isnguage more
convenient thnt comruter code, and produces cocinnm
which will te executed by the computer in producing
resulis, either scrputational or date-precessing.

Generateéd Coding +..--.. See Generative "outines

Geperative Poutines .... “outines which orerate upon specitications degscribinz
(Generators)

the process for which the comprter is to be proerarrmed,
to produce (generate) machine (C-10) ccdinp. Ae an
element of an autecratle prograrming system, generetive
reutines must be written in conformance with the
recuirements ¢ *he system, end the generated ceding
they preduce must also cnform.

Operation <scesccsssers The'sma sub-diviaion of a prcgram requiring a siugle

reference to cnc o the elemente in the compiler syctem,

such es u subrovtinc. Cperaticns are ordered by thc
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propra“mer'and are numbered serially throurhout a
given precgram.
PSeu(o-Code ssessseasess Commuter words other than the machine (C-10) code,

desipn with rerard to facilitating commnications

between prograrmer and computer. Since a pseucdo-codé

can not be directly executed by the comruter, there must
be prosrarmed a modification, interpretation or
translation routine which converts the pseudo-ccdes to
machine instruction and routines.

RecOrd seecessescscseseo Intermediate output of compilation process vhich
contains secmenting and memory allocation information in
operation nuimber sequence.

Pelative Coding «e..es.c Coding which may be systematically inserted in any

portion of the remory. It depends on the relationship
between the memory addresses it contains, rather than
fixed, explicit addrasses. A compiling system will bé
capable of automatically transforming relative coding to
a fixed location in the memory.

Fegult eeseerecsssasess. A mugerical quantity or unit of data resulting from the
execution c¢f an operation.

Running Program (tape) ..A set of machine (C-10) instructions which, vhen
executed by the comuter, produce results. With respect
to automatic coding, the running prosram (tape) is the
output of executive type routines, ile., compilers.

te.se-ssessssess A part of the complete running-program which can be
entirely atcred in the memory. A program which exceeds
memory capacity is divided into sermenta. [Sements

e G
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Specificationseeccccceccs

Subroutintiececcescecccce

I_qg?oraw St(‘t‘&ﬁ'e..-.-..

“Coessscsce

I mage 56 of 56

may be designated by the prosrammer for optimum
efficiency, but if they are not specified, A=2 will
automatically sepmont a propram. ]

Computer werds other than machine code desirmed for
the convenience of the proerarmer in describing the
characteristics of a problem or process tc an exccu-
tive routine. The cxecutive routine will operate
upon the spzeificaticns to produce the required
pachine (C-1C) codine.

A unit of codin~ which is cctplete and verforms a
specific function and which may be useful in different
programs. As one element of an automatic programming

system it must conform to the arbitrary requirements

of the system vhich transforms it fer a specific

applications. :

A part of the memory set aside for use during the
execution of a subrcutine. All tempcrary storage
registers are considered available at the start of
each subroutine.

That part of the mcmery set aside for the use of gll

sub-routines as required. Data which is to pass from

one subroutine to another is stored in working storage.
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