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SRRATA 650 Library Program - File No. 2.1.001

"’Internal Translator (IT), A Compiler for the 650,"'' DBy A.J.Perlis,
JW.Smith, and H.R.VanZoeren,

In the SOAP Listing of the Compiler

Card No, Shovld read:

1. 0341 SUP AQO0L 1065 11 0383 1137
2. A0734L S9U NIEWAB 1137 21 0845 0887
3. G603 BS © LDD DROPU 0987 69 0690 0893
Lo ADGO3 RAL NIWAB 0690 65 0845 0298
5. BOGO3 - NZA BSA 0298 L5 0786 0640
6. 0806 STL ADOOL BSA 1485 20 0383 0786
7. 0607 BSA  RAU N BNL 0786 60 oL8L 1039
8. 0650 LDD LDSR 1113 69 1377 1038

9. Delete cards 651,652,653,and 1692,

The above changes are correctlons to the compiler and do not represent misprints
in the listing. Changes 1-7 are necessary since the compiler, as distributed,
would incorrectly eruse an entry in the abcon table every time a floating point
constant with a negative exponent was compiled, regardless of whether the exponent
had previously been stored as a constant, Changes 8 and § are necessary to make
room for the insertions,

The above changes should be made in the seven per card deck  which is in stendard
seven words per card form.

The Computation Center
Carneple Institute of Technology

l+//%/55



ERRATA December 18,1957

650 Library Program~File No, 2,1,001

"’Internal Translator (IT), A Compiler for 650", By A.J.Perlis, J.W.Smith,
and H.R.,Van Zoeren

In the SOAP listing of the Compiler

Card No. Should Read
1. Correction:
1hL2 ( STU OPSGN 1334 21 0524 1902
2, Insertion: |

14424 : STD V1 1902 24, 0Le8 1384

The above changes are corrections to the compiler and do not represent
misprints in the listing. The compiler as distributed would construct an
incorrect translation of multiple parameter subroutines at least two of

whose parameters are expressions,

The above change should be made in the seven per card deck which is in

standard seven words per card form,
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PART I - PRCCGRAMMER'S GUIDE

Y. Introduction.

There exists a general class of problems ~= which include most engineering

and sclentifiic problems -- whose solution has a preécription represented by

one of the two following schemes:

(1) InItiate TS EXGIBIT TEsuLlts
Process A Process A_->lof Process A
(2) { Initiate Do . Exhibit results of Process -
Prorcesa A —-Ba Procesa A-> A JE acceptables 3£ nob,. the
T i ‘

Here A is a process = & finjte sequence of arithmetié operations
applied to a finite number of variables ~- which operates on a set of f%puﬁ
variables to produce a set of output variables, i.e., A is a function.

Scheme (1) is repreéentati?e of those problems whose exact eolutional
| can be obtained b;‘anﬁinite number of arithmetic operations applied in a
'aeqpence which is assigned a priori. i

Scheme (2) represents, among others, those problems whose exAct solu-
tions can, in general, only be obtained by an infinite number of arithmetic
voperatioﬁs applied in & sequence which 1s assigned a prilori. Such problens
sre rephrased to requ@re solutions which will, in some sense, epproximate the
exact solution. Such modified problems havg solutions which can be obtained by
a rinite number of arithmetic operations appllied in a seqpence'which may not
be & priori determinate -- actually the sequence can be determined, but its
enumerhtioﬁ is equivalent to solving the probiem.

Problems of the first kind consist of a finite collectign of proceases,

" each of which has an a priorl determinate (unique) successor.

Problems of the second kind consist of a finite collectlon of processes,
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gome of which may have more than one possible successor -- chosen from
among a finite set -- with an associated set of rules which'effects the
unambiguous determination of successors, Problems of both classes can be

represented as having solutions in the form of algorithms: A finite collec-

tion of distinguishable processes, together with a function ==~ the control.

-

function -- which unambiguously selects a successor for each procesa.
In general, the control fuﬁction has no simple analytic form, nor

is it.unique. Its purpose is to choose an explicit ordering of the processes

to be accomplished whenever the nigqrithm is to be applied. In problems of the

.second kind, the set of integ:al values taken on by the control function in not,

in general, a priori determinate,

A computable algorithm is an algorithm for which no process in.cdrried .
out more than a finite number of times., The only problems of interest, at
least in terms of digital computation, are those whose solutions can be

obtained from a computable algorithm, Indeed, every computable algorithm ia

the description of 2 special purpose digital computer. A computation of such

" an algorithm is a specification of values for certain pi-oblcm variables together
with a posaible set of va.l;ma of the control function which includes integers
désign&ting a first process and a (mea,ning;ful) final process,

The contr‘cl fu.nctio‘n is. cémp‘.“l‘etely described by ‘aaaigniné to each procesle

. the designators of (integers which dia;inguish) all meaningful successors, and
a rule by which the appropriate designator may be extracted whenever the
rule in applied,

Such a rule which makes a determination from among n possible suceessor:

can always be replaced by a aeq;xence of rules each of which makes a binary de-

cision, viz: \0
A
’ .
.—9& becomes 92\ or even

1




Hence only such rules or functions need be considered, i.e., the
control function of any computable algorithm is a set of functions, finite

in number, the range of each of which is the digits 0 and 1, These functions’
may be considered as propositions on the problem variables which, if true,

take on the value 1 (the left branch at a node of the graph) and, if false,

take on the valﬁe 0 (the right branch), Such(prbpositiona must involve only
_ arithmetic operations on problem variables i.e., they must be processcs v.‘rh.ich' :
“define problem v‘ari‘ables.» For example, a proposition may be taken as tym'ef

if the defined variable is non-negative, otherwise false. Indeed, it is
asked whether the defined variable is in some arithmetic relation to zero.

Without loss or generality these relations may be limited to.the following:
greater than
greater than or equal to

equal to

 Such rules are arithmetic {(binary) decision procedures and have thc.
following explicit forms: .
Given: (i) A process (identified by the int:ege'r) k
‘ ( ii) Two possible successors designated by n and m
. (iii) Two problem variables x and y |

( iv) A relation, -

‘Choose n if x is in the relation¥toy " x ¥ Yy
Choose m if x is not in the relation ¥ to y 'x.vé" Y

In gen‘eral most of the processes in an algorithm have unique successors
which may be schematically repreaented as that process terminating an arrow

aymbol,-———)(meaning Yand thc'n"). i.e., by propositions which are always true
It hae b'een indicated that an algorithem can be. represented :by a graph

of connected line segments whose nodes represent the processes while the
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‘topology of its directed links gives the structure of the control function,

Such graphs are commonly referred to as {lew churtg, Decause of the flexi-
bility of their form they are the most commonly used representation of computable
algorithms, In general a computable algorithm may be represented by more than

one flow chart,

Each process in the flow chart defines a variable as a rational function
. of initially, or previoualy defined, variables. Schematlecally, a process may
be represented as: . ,
. --—-?k: vz (X3, X3h ..is Xni €Ly Cz"~--f~"-m)""‘"“>
Here the Sc‘a are variables, the c¢'s constants, and k the (intcgral), designater
for the process, . - ‘ )

Binary decisions may be represented as:

el Yy
«-.,-‘%- 153 VY ow v W ~
-*7/&) ———t
To complete the schematic rcpresenmtion,' a FINISH is adjoined:

\-

m--?k:' ¥
There m‘\;et be at lg:ast one process which is the direct successor of
no other process. Such a process. is an initial one in an algorithm, When
the algorithm is defined in terms of some set of initial variables. a come
putation of the alg‘orithm requires the asgsignment c_zf""values to these variables,
Schematically, this assignment may be represented by a table which may be

taken as the initial process,
It is clear that a flow chart is a representation of a function ==
the computable algorithm. A flow chart may then be.conaidered as a type
of macro-process which itself may be a component process of some other flow
chart, Such non-elementary processes may be represented as: |
—sl (]

where { (...} ls itself computable, Such computable functions, when
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of wide utility, are usually called subroutines.  Two elasses of subroutines

are identifieds (1) Those of gerucal ubllity, eg., {cowputoble opproxi-
mations of) ein %, ex; %, mabrdx inversion, eteo; {11) Those of local
vtility, e.g., those which may freq«uo'ntly cecur withia one flow charb.

In the above representations equaliby signo (=) I‘:u.ve: been uwced in two
A{fterent contexts -- a8 & relatlonal 16.-3;(:%;5.1;3:‘ in which o 5 D means that
a-b is zero; sod as o cubstitutional Ldeatily in which a z p mean; that
the value of a becomes the value Qf b,. ey, N w N -1 meand the value of n
ia incrementecf by one. It is convenlent ‘o use an a‘rrow ( &) for this
latter context and to reserve (=) for the firet elted context.

As f;)ri.gimlly deaigned moat computeré é.ccep‘t and operate on (in this )
case decimal) numbers having a sign and o fixed number (4in thig g}se ten) of
digits. All numbers ere, in mognitude, consigned to & fixed intervel, e.g.,
0«:‘; g % §< 11030, Tnie is called the fixed point representation of nume
Bors. If the result of an arithmetic operation is outside the interval,
gpecial provision is required to prevent the stopping of the' compuﬁi;‘:“if’f' ‘oh

overflow.

8ince a priorl scaling of a problem is often quite difficult the floatigg

N ) . y ‘ .
 point representation of numbers has been established. In this form all numbers,

X, are written as X=l0 =50¢y + 10%) gnd are corried ns o number pair ( ¥, Z):
vhere .l.é i ¥ I £10 and 0{1}_ Z £,99. ¥ contoins, in this inctonce, eight digits

and the sign of X; Z conpleto of two dgm:@ml digdits which spealfy the location

- of the decimal point ond is called the machine power of the number. X 0 is

defined o be ( 0, 0 ). Numbers of the above form will be called allowable
numbers. The extension of the intervel 1a which X may lie makes overflow less
likely to occur in the course of an extornded computation. To cite an example,

the elght diglt real number < 1865.0076 would be represented as the pair
o

X.05



(+18650076,v 53) and is then said to be in standard floating point form,

I, A Compiler For The 650,
A compiler may be defined as a program which satisfies the following
four conditions:

1, It provides direct machine tranglation of flow charts into a code. :

2, It has the ability to translate into some machine lla.\nguage‘any
wrogram which could hnve been coded in that language, i,e, ;. it has the name

scope a8 the machine in queation.

3, It automatically allocates machine storage, Such allocation {d"

alrﬁoat independent of the logical structure of thé problem,

4. . It may extend its list of understandable symbols to include thouc
identifying any particular flow chart when it is inatmcted to do so,
The motivations leading to the consideration of a compiler are oba

vious to anyone who has ever programmed, Nevertheless they may be summarized

ap follows:
1. Programming involves a large amount of repetitive labor and hence is

worthy of sutomation,

4. Those who propose problems should program them, but should not

be required to code them,
3. The ratio of time required to flow chart a problem to that for

coding it should be much larger than one. Currently it is much smaller |
than one and, as the machines get I&rgér, this ratio may tend to zero,

4, The structure of compilers may provide insight 1nlto the logical -
‘design requirements of t’uture‘-compute':rs. | -

In the sequel a compiler for the IBM 650 is described which provi;lcq

an automatic transiation into 650 codes of those solutions of problems |

-
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’expres.sc& aa"cou'xp{iﬁ'aﬁle a,].g‘orithma,.;:l.e. , 28 £low charta.

A particula.r forml langusge, mmed Ir, will be described in which, |
pmceeses and control. functions must be couched in ordar that. thia transla’cion
way occur. Programs written in this lenguage are ca.lled IT programo.

Examples will be cited in IIT to ahaw how cer’c&in, admittedly aimple, flow
chnrw moy be desoribed in this language.

1. IT's Characters. . ' ' L ‘
'X?ne‘ mﬁmm s described 1ls applicable to the IBM 650 which éd.ﬁitl .

the dig:!.ts 0 through 9 and the (Roman ca.pital) letters A through Z. Thus,

cmrt&in standm‘d. eymbols are represented by alph&betical chara.ctera. Excep€

vhan it occurs in an ENGLISH worﬂ., each alplmbetical chamcter haa ong m

only one meaning in this languoge. .

'.l.;!. Punctuation characters.

 50MOL A REPKESENTATION .

" o "
KO Left parenthesds:r. . ] ot TR .w,'._;‘ Lo
) Right porenthecis R
o Decml point J
- "~ Substitution - y : |
. Relational equality : v o
-3 ~ Greater then ' K
2 ‘ Groater than or equal 4 oW

Tha' fan.win.g punctu&tﬂ.oz; charu.ctem will ba s.ntroduced. 68 they a.rise:

» v Comma,. o X,
® . Quotation markd  a | o
. Pinish -y |
| | Extension 1dentifier B



l.2 » Varisble characters.

I

Y

c
1.3 . Diglt characters.

The integers O through ©

B (see section 3.2.3)

In the sequel lower case letters, such as k,1,m, and n will

be used to represent arbitrary positive in‘begers.‘

1.4 . Operator characters.

5YMBOL | NAME | . REPRESENTATION

Binary operators

b ' 4 Addition

.. .
® . Multiplication X
/ Divielon D
exp Ceneral exponentiation ) P
© Vizt o Fb means a ‘
Unaxry operators .
i..o! C ~ Absolute value ' A

© cen Negative of M .'.. 
2., IT's variables. | '
2.1 . Problem (fixed point) variables

In I I  For example I8 II36 I,

These \;;a.riables take on integmllvalue's only end are used primarily
a8 indices. | | |
2.2 « Problem (‘f.‘loa.tig:g point) voriables o |

" Yn ° YIn YIIn - Y3 Y7 o YIIa

_ For examples _
Cn CIn CIIn ¢c3  Cxo -~ CII7

1.08



Thus, if Y21 = 10 and I10 = 20, then II21 is the vafiable 110
and YII2l 1s the varieble Y20.

The C&Y classes of variebles have thé same logical significance
-in the language. They aid in the (extern&l) di*ferentiation between two.
classes of dat&‘or problem variasbles. The numerical value of any of theae
variables ig slvways represented In floating point form.

2.3 « Composite varisbles

Y( .e.) . Y(IL + 6)
(.. Yor example  1( 113 % 19)
e( +.0) | - c( I (I1+2))

The parenthesized quantities must be fixed point expressions (cee

section L.U ),
2.l , Matrix (floating point) variables
CINC eep oee)
CN( woop o)
| are general elements gf the two maﬁricea'(liated réw-wine).whona
components are Y0, YL, Y2, .. and €O, CL, C2, ... respectively.

The parenthesized quantitles, which must be fixed point expressions,

‘specify the row and column Jocation, xespectively; of the matrix va;iable.'
The row dimensions of YN and CN, i.e., the number of columns in

the matrices, must be gpecified by assigning them to Il and I2 “aapectively.

YN k Il ,
Thus, when using tho mabtricesn of dimcnaion, say-% " %must be aoitigned
, ~ k) . (CN : _ _ J Iz) ‘
the(rixed point) value . :
J

The row pubscript and the column subseript always range rrom ZeYo
%o thoir respectlive dimenaions less one., |
' For example, a rectanguler matrix, YN, of row dimenaion three and

© ‘eolumn dimension four woulq;be:

1.09



g

YO Y1 y2
Y3 vk ys
Y6  yr  y8
LYo vio yu |

Here, YN (0,0) is the variable YO, while YN(1,2) is the variable
¥5. Il must be assigned the value three.
Another technique for handling matricés is deseribed in part IXX.
Note: wvn will designate an arbitrary variable end A en arbitrary
admissible operator in the sequel. | |
3. Admissible constants.
3.1 . Fixed point constants (integers)
NyNge.any k< 10 For example 41066 [ Te) ;vlv2923h5566
Hovever 123. 1s not such a constant since it contains a decimal",
~ point.
3.2 Floating Point Constanta
3.2.1. MNpeee Nyeny see Mg k<8
For example 1L.92 ; .1l ; 13.
3.2.3 NNy ees B W k € 8 which means
Mfpees M X 10", where a) myny ... ny is either a fixed or a |
lfloabing point constant, and b) m must be either mmy or —mlma , Qﬁere
my My is & fixed point constent.
RULE: If m is of the form -mym, then the entire coﬁstqnt must
be enclosed in parentheses.
For examﬁle 14.92 B 3; (1066 B-11); (~727B=3) mean lh.92.X‘1033
1066 X 1071L; and -727 X 10°3,. respectively. ’

Note: Floating point constants used within statcments (sece section .
5) must be in the above form and not in standard floating point form.
Thus 1k.92 but not 14G2000051.

L, IT°s opcrands.

l.10



L.1 . Any variable or constant is an operand. ‘
4,2 . If vl and V2 are opera.nds,‘ then (vl A v2 ) is an operand.
L.3. Subroutines, themselves functions of one or more operands, are operands.
They are represented s " nE ., vl , v2 , ... , vJ" which means the subroutine
whose identification number is n and which is a function of the operands vl ,
V2 , «ae , V. Here n must be a fixed point constent less then 626. For
example, if the sine subroutine were subroutine number.ea, then sin (Y1 4 Y2 )
would be represented by "22‘E s 11.41115" vhile "L E, "22 B ,(Yl< fe).""
would represent logyy (sin (Y14 Y2 ) ) if subroutine number 1 were the '103
routine. . v | _ |
L.t ‘If vl and v2 are operands, then vi [\ v2 is an exgreséion. Due to thev
mathod by which ITbexamines strings of symbols, some expreséions will not be '
treated as operands. However all operands are expressiona.’ The gggmlof an
expression is the number of symbols, exclusive of sﬁaces, moking up the
expression. | .
L.5 ¢ If an operand is a variable or a constant 1ts arithmeti¢ (floating
point or fixed'point) is that of the variable or constani.
4.6 . If eny operand, with the exception of subroutines (EXTENSIONS),
is composite and a£ lenst one of its members is fiqating point, the ariﬁhmatic
of the entire operand is floating point. _ |
h.% » The arithmetic of subroutines is determined by their extension number,
according to the following:

‘n < 500 floating point | * n 500 rixedvpoint
5, IT's statements. o o _

Fach statement is identified by & non-ndsative~integer k£§,626." 
The execution sequence of & set of statements is not determined b& this
1d;nt1fier, but, rather by the phyaical‘ordering; |

A patural correspondence exists between the typea of pfocesaes



found in flow charts and the kinds of statements in the langﬁage. Statements
may be considered as sentences =~ correctly formed strings in the characters
of the language. A description of the va.rious‘ statement forms follows.

5.1 .« Substitution statement
k: v v2

where vl is a varieble, v2 is en expression and k is the statement mentirier -
(number). -The effect 18 to set the valtie of vl equal to that of v2 in the
arithmetic of vl. Thus,

Tz YIE!Q—IJ.-ﬁ-BxY?;-Yh N
sets the value of YI2 equal to that of Il<I3 x (Y3 = Yll-) in uta.‘cement 7.
5.2 o Unconditional linkage statement

Any of
. ks Gn

'Y G I.oeIn

ke G (oe) v
where k ":L‘_a the statement number. The effect 1a to define an uneond.itiona.l
tmnafex:,‘ i.e., an.interruption of the executlon sequence to that ata.ﬁemen’c
vhose identifier is n, or the value of I...In, or the value. or the ﬁ.xed point
opersnd, whichever the case may be..
5.3 o Relational (conditional) linkage statement

Any of
ks Gn

kt  6T...In IF vl v2

ke "G (ees) | .
where vl is a.n ;rand v2 an expression; and ¥ is one of the 'l:.hree'relationd
a 33 >+ If vl is in the relntion ¢ to v2, the effect is that of the ¢}

portion of the statement; if not, the execution sequence is umltered. 'I'hus, e

Cla2



bt I3 IF (Y14 ¥2)D>9
effectes the transfer of ccntfoi to ﬁhe statement having a ﬁuﬁbér which 18 the
value of I3 if Yl4m X2 3> 9; otherwise the sequence is unaltered. ﬁemoving
the parentheses would meke the statement inadmiesibdle since, in relational

statements, when the left member is compound, it must be delimited by

parentheses.
5.4 « Halt statement

k: H
The effect is to suspend computer;oper;tipn. Pressing PROGRAM START wiil
cause computation to resume with the next IT statement.
5.5 « Input statement |

k:  READ
The>effect is to inltiate the input or-ohe.br.mbre data cerds whosé formats
are described in section 1k, As an aid in‘identification,.any aﬁmber of
character; may preceed the word READ. .
5.6 . Output statement

Kt 'frvx'z;ra.mv3 T vh
Theeffect is to punch a card, whose format ié that of a type 1 (aéa Section
14) input card, conteining the names and durrent values of vk, V2, esaj, Vi
Here the v's must be variables but neither constants nor matrix vari&bles, -
and from one to four may be listed in the statement. If a variable 133
composite, say YIG,_&%B current name is punched, e.g., 1f, at punching, the
value of T6 18 b then the value of Yl will be punched together with the name
Y4, The statement number is always' punched on the card. , |
© 5.6, 1 Conditional Output statements, which have the same fofm as éntbut
Statements except that the statement number must be zero. ?hey pfévide |
,cutput‘conditioﬁal on the sign storagé Qntry switch during qperation of the

compiled program as follows: Storage entry switch set tb,minha (=) activates
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output; positive («f-) settihg causes output to be Bypassed.

5.7 . Iteration statement

ke j, vl, vZ, v3, v4,
Here

j is an integer which must be positive

n vl is a variable
vZ is an expression
v3 is. an expression

v4 is an expression which must not involve any of the operatora'
X, D, P.

The norm of each v must not exceed five,’

T}\xe effect is to construct an iteration of the set of statements interposed. |
N\, )

between k and (including) j -~ called the scope of the iteration statement =«

on the varia?ole vl as it varies from v2 to v4 inclusive in ihcreﬁents of v3, Thus,
15; 19, 11, 1344, 14, 151,
21; Y5 CLlmm 2
19: Y11<’:-Y5 y

causes statements 21 and 19 to be executed, sequentxally for all values of I1

from I3+ 4 to' 151 in steps of 14,

If ¥4 - v2 is not divisible by v3 the iteration stops before v1

assumes a value beyond v4,

If v3 is to represent an actual decrement‘ it must be of the form -il.

_ where v must be a constant or a variable which takes on only non-negative valuea. :
Any of v2, v3, v4 can be of the form -v. In general, fixed point
quantities should be used in iteration statementa. If floating' point quan’ﬁt_.ies

are used, great care should be taken to insure that the degired number of

iteration cycles be executed.

A h:erarchy of nesting of iterations is permxtted i.e., an iteration ,

statement may be included within the scope of a prior iteration statem,ent
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Nowever, no partlcular nesting may oxceed a depth of four. Any stateuent

which lwwediately follows an iteration statement muist have a unique non-zero‘

statement nucber,
5.8 . DBxtension statement

ks "AE , eees"
‘fhe effect ia Lo accomplish the sub«routlne before pasaiﬁg to- the next
statement in sequence, Such a statement ls uoed wherei'afer compound sequences
of operations, not nacessarily lcading to the definitién of a ainglelvaridble,

are required. Thug, that of nprting, solving o system of dirfercntial‘eqnntiénn.
pécking and unpacking date, etc.

6. Txample.

The following will ihd&came hovw a particular flow chart mey be

represented in compiler language.

‘ , i1a1l
The flow ehexrt below evaluatea the polynemial ¥ = %:afxi
1«0
1 READ 2 3 L 5 . 6 7
x |3y 4= O byl 4 JOl=|y é= a5 +xy|-p|l & 1 - .ﬂ‘-—)@—) r
8o o R ‘ ' P
a1 ‘ P

a.l(“/

Using the notation for variables in the compilér 1an5uagé, th; flow
chart is airnply: |

1 BERAD 2 k! Ly

1 N VR Y A L PR G S ) eI -ué
% : -k e -,,' kg
. . ' : S )
c, | -
Te The corresponding progrom in the compiler 1anguagd'i£:'
11 Y1, CL through CLL RTAD -
21 Y2 - 0 |

}"; R | ' '. 1.15 .



I

3:; é—11

4: Y2¢6~CIl+Y1 x Y2
5 1é—11 -1

6r G4IF I1 > 1

7: H

or, using an iteration statement and letting the degree be variable by

‘asaigning it (plus one) to the variable I5:

1 Y1, Cl through C11, 15 READ
. 2: Y260 |
(11) ' :

3 4, 1, 15, -1, 1,

4: . Y2&==~CIl=~Y1 x Y2

7: . i H

Using the required representation for.all symbols, the latter |

progfam for evaluating a polynomial of any degree becomes:

TR Y1, C1 THROUGH Cll, 15 READ F DATA READ
2: .Yz zor F SET P
3 .. 4K IIKI5K MIK 1K F1LOOP
4 Yz z Cll4-Y1xY2 . FNEWP

7: H ' , FF: STOP '
The following remarks concerning the representation of the t’lolw |
chart are pertinent: |
Each process in the flow chart leads to one and only one state‘-.
ment in ( I ). However ( II ) encompasses in 9ne'é’§atement.' that numbered

.3, the processes numbered 3, 5, and 6 in the flow chart,
Tthese three processes are tybi.cal of certain iterations where.fa‘vproc_,ess.i( ‘oo l) :
is to be carcied out for all “IS. is_nz , or for some subset. for which .

il - inl. ’ij 41 : 1j+~m.- ip = np. 'Pro;;eag ?_set‘s ‘t'.hé parafngtgr:_proceu 5 i,_

e



increments it ; and process 6 determines whether 1ts upper limit has been .
surpassed. These responsibilities are conbined in the iteration statement.
Since Y1 is a floasting point variableit is convenient, but not
necessary, to use a zero which is a floating point constant, i.e, OJ.
The degree of the polyncmial is, properly spesking, a problem
varisble. Treating 4t as such in (II) consequently inakeé for a more
general prograin.
The F and the FF mark the statement end and program end respectively,

and must be used,

8. The Procesa of Compilation

The compilation process is independant of the statement type
bsmtements are compiled in their order of entry into the computer, and the
compilation of any single statement is independant of the nature or presence
of other statements., Compilation wilthin a sta.teﬁxen‘a is unidirectional rro:h
the end of the statement to the beglining (i.e., from right. to left) and is
completed in ona pass. .Wif.hlin o statement, parentheses are ordered from
the right. |

Each of the four binary operators [ A] 4 /XPhas a J.ert and -
right operand, VL( [\ ) end Vg( [y ) resp., which are expressions.

Vil A ) 1s the expreaaion delimited on the left by [\ end on the ‘

" right by the first comma or unmatched right parenthesis or right quotation,"" :
or « if none such occur = the end of the statement.

v € [\ ) is the operand to the immediate left of A, i.e., the
cperand whose rightmost character 18 fmmediately to the left of J\. "

In the following examples the brackets delimi‘c the right and left
operands of the ,und,érlined binary operators: o

Caar



Yl 4 Y2

Yliy /3
™/ ' N
via{v2 /Y3 )+'1h
/‘“"\/;j' <

e, TR e IV
Y1 g "B, W YT £ T
The unary Opemtors A and - have only a fight operand which is tha&

operand :I.mediat&w to thelr right; for example s
Wﬁﬂ\

A " "
S e 2D G Wb N S G

i

AT+ Y2 + Y3
The unary operator, MINUS, differs from the true unary cperator
A, :m that it cen be preceeded on the left by the following only:
() any operand; here the effect of MINUS is that of
PLUS MINUS, e.g.t
v Y3 + (¥4 x v5) ~X6'/ ¥7
means
Y2 + (-¥3) + (¢4 x ¥5) + (-¥6) / X7
(b) the substitution operator ¢=

coget YL =YD . Y1 e (-¥2)
mean '
o~
Yl <= = Y2 % Y3 Y1 = ((-¥2) & ¥3)
(¢) the exponentiation operator P
e.ges Y1P -% _ ¥Y1P (~Y2), i.e.? y1-Y2
mean | o . ‘
1P - 42 4 ¥3 Y1 ((~£2) +¥3)), L.es ¥ ¥2)

N.Be ~YIPY2 mesns (-Yl) PY2
(4) the punctuation character COMMA,

apﬂ.'.d ,fi-i‘ ‘ - ,(~11) 118



mean

, YT & 1z

b4

:(("Yl) +Y2)
(e) the character LENT PARENTHESIS (

e.got (Y1) ("Yi)
mean
(R e 12) ((-12) +¥2)

(tf) the symbol B; see Section 3.2.3
Brierl.y then, if vl is an operand then -vl w:!.ll, when agglica.ble,
be treated a.s an operand which is the negative of vl. ‘ .
The three relational operators az ; 2* ; 2 have iight operands

as described above for binary operators. The left expreasidn of the

mlati.on.r_g_g_gj_ be an operand, e.g.:
Gk IF T2 ¥ cememcens
Gk IF m ¥ cmmmmaaa
Gk IFW ammme ™ ¥ ecarana
| but not
Gk IF Y14 Y2 ¥ coconana
The symbol pairs = = ;> = ; > = ; are inadmissible.
| In the above, the brackets delimit the left operand of the
relation, A , vhich 18 one of =2 ; 2 ; >,

Within a statement, binary and rels.tiona.l operations a.re completed
in the order « from right to left - in which the leftmost cha.ra.ctar of their
left opersands are fnund.. Unaxy operatﬂ.ona are compiled from right to left B
88 they occur. In the following emxnple » the operations = together with’ thes.r‘
right and left operands - are listed in order of completion.

¥3 =Yl (Y2 X ( 24 Ik ) /1014 1) -AY2

1.19



Order Left Operand Oreratlon Right Operand

T st . 1

2 2 i

3 &g Th / L L

L Y2 X ; (2414 ) /142

5 (X2K e TL) - (-4 y2)

6 ( -1 s (Y2 X wmmeme I1 ) o ( AY2 )
7 Y3 Cm (=YL ) (Y2 X meeea XL ) 4 (" -Afe )

This method of scanning statements does not conform to the standard
hierarchal approach of decompoplng axdthmetic COEPlﬂXﬂB- @hué,‘to the
aompiler, ¥l X ¥2 4~ Y3 does not have the customary meaning of (Y1 x YE)-&-Y3
but rather that of Y1 X (Y2 4 Y3). Should the former meaning be the one
desired, the expresoion muct be written as (YL X Y5)-%-Y3. An ari%hmetic
complex can be given any desired meconing by mppropriately poaitioning
parentheses. . Any number of parentheses may be used within a statement subJect
only to the restriction th&t no single paronthesis neating moy | exceed a

’ 1 B t" .‘ “’flt
depth of nine (9). The above remorks hold, without exception,‘féf;quotations

" and mixed ncatings of parentheces and gquotations. "

) Visualizing the statement as & string of symbols, scanning proceed.e

- from right to left by examining successive synbol palrs (spaces Pﬁing
ignored). Each symbol pair has o unique effect on thé_compilatigg which is
“esgentielly indeperdent of nelghboring symbols. IT recognizes 3¥fdistinct
symbols {plus epaces). Of the 1156 poasible.aymﬁoln palrs, only. 200 have
"mesning. Each meaningful,uor,adﬁisuible gymbol peir is:associated with & sub=-
program within thg ccmpiler, caliea the generator for that symbol pair.

Of the 200 possible aéneratofs, only 6k are distinct. Entry to the generators

is obtained throuzh a table,

1.20



IT parallels - and intentionally so - the internal organization
of a stored program digital computer in which the instructions are statementa;
the control Vrégiater is the scenner, the order matrix is the symbol table,
and the central and arithmetlic controls are the set of generators. A list of .
the meaningful symbol pairs (spaces being lgrored) follows. The presence of -

other symbol pairs within a statement will halt compilation (see section ll).
Permissible Symbol Pairs end Compiler Representation

Al AT . " FA FA P JP o(z ~ P. PJ

Al AL FC FC Mo (. w = . m |
A" AA FF YF ) R ( 1 ' Pq
A & FI FI 38 (- 1M PY PY
B BM F. FJ ez JU ™ 1q Pn  Pn
Bn Bn F( FL >V (v 'y P- PM
T e . ™ Fq > g (@ T . "/ @
c( CL Fn Fn XX A MA . "FQF
oy cN 6 6 . dn - MC "
Cn Cn 6( oL JA KA I MI - M- oM )
/A DA 6o  Gn 0 KC -3 MT "» QF
/e e BF AP | ,XI KT -( M "o
DF DF FIF ,e  KJ N( NL ") @R
/1 DI IT . II (KL oMy . "+ oos
/e DJ 1 I - KM ¥ oW . QU
/( oL In In 'K -0 Mo "> av '
/" DQ, ./ D , Y XY P OKP "> oW
12 oy 2P P ,n - Ko P PA "X\‘HQX |
/o Dn ., X (A 1A PC PC "2 o
'E, EK - oM (c 1 . PL ¢PI )/ RD
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Q9. The Compiled Program

Compilation proceeds in two phasest 1) translation frém an IT.
program into a symbolic program, PIT and 2) assembly from a PIT program
into a specific machine coded progream, SPIT. . ‘

The result of the translation phase 4s a symbolic (PIT) program
in S.0.A.P» longuage; 1.e., one instruction per card in Btandard alphanumeric
S0AP fomat.; For details concerning the nature and use of SOAP beyond thosze
required to use the compiler, see ;65'0 ?rogré.ﬁxming Bulletin No. 1, I.B.M.

The PIT progrem (translation) consists of four (h') parts:s 1) ’dm
main (symbolic) program; 2) the staﬁement d.ictiona.ry, to be d.eacribed. in -
the aeq_u'él; 3) tzhe. constants (abcons) used within statements; 4) ﬁen (16) .

“ reservation cards.

The code for each statement is punched out as soon as the statement
has been translated. A statement dictionary entry "13 the £irst card punched
for each statement, This dictionary provides the linksges fox transfer -
statements. In additioh to the program and the statement digibiom:_ry, e liot
of aonat;an’és {those found in the statements ‘gogether with several’. requim@
by the finished progrem and furnished by the compiler itself) 4s.punched |
together with ten cz’aurd.s which reserve ﬁpace in the machine for th@eé_ con-l |
stantn, ‘tm statement dictionaxy ,:. and the problem've.riablee.

. For the IT progrem (II) which evaluates the polynomial of degres 10,
the corresponding PIT :ﬁirqm‘e.m wquj.d be?

1.23
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- ptatement has been translated, these sbeon locations with their respective

The following remarks concarning the tranalétion pi‘oduced ére net ‘
gem to the construction of IT progrems. They are pertinent only to the IT
4 PI'I.‘ «~» SPIT translations. »
(1) S5000L is the first location of the £iret entry in the state- -.
ment dictionsry and contains a link to the (aymbolic) location given to
the statement whose identifier is 1. .
(2) Locations within statements are of the formL _ _ o » B . "
LAAAC or I.BCAA, which ' ‘refer £o the third ins‘cruction within the first
sta.tement. and the first instruction vi‘ohin the 29th ste.te.ment resp. The
f£4rst instruction of each statement is always aaaigned & aymbolﬁ.c location. -. .
/‘ (3) Symbollc locations of the formE _ _ __refexf to the entry
. loc&tiona of au‘b—routinee (extenaions) Those listed in the emmple are to
" floating point arithmetic su‘b-rout'.ines ) €@eBey EOQAI is the entry to the
floating point addition routim,
(4) ACC is the floating point accumilator. W refers o & témpomry
storage location. The symbolic locations of the variables are their pames. 3
(5) ALL constents. appeering in a ata.tement, after being converted “
“into the a.pprcpriate fixed or floating point f‘crma.t , are assigned an
absolute constent. location. In addition, certain constants needed duriixg
iprogram operation are assigned, as required, by IT. The same constant

will never be assigned more than one symbolic location. After the last

values are punched out, one per card.

(6) Appearing as (SOAP) ccmments in the first and ensuing i inatruc-
tions of each statement is the original (IT) atatement. A maximum of 10
,eéi{tiguoua che,:_&cters of the origiml ata.tement may appear as cmmenﬁa wi.th

a single SOAP. instruction.
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. The first four sbeons, AO thru A3 will conta.in the mchine 1oca:t;10na or

The following table gives the neme and meaning of all aymbolic

ad.dreseea or. locationa which may be found In a PIT program. ' !

NAME MBANING
L dp By Ba An instruction location
I 0000 + 1 ‘ | | - A fixed point variable, In
Y 0000 + n . A floating point varisble, ¥a
C 0000 4+n | o A floating point mi'iable , Cn

" W 0000 + n {O <n g9) Temporary storege required by parentheses '
and/oz; quo;ta.tion nesting . |
A 0000 4+ n | 'An absolute constaut

AcC | . Floating I;Oint accumilator
P OO % n (OsﬁgQ) Parameter storage
B 00 cil ap Name of (entry to) a subroutine
.8 0000 + n Entry in the statemsnt dictionary

PO - P9 45 & temporary storage block used only for temporary ctorage

of parameters (including those used by TYPE smteman‘cs) The' £loating poﬁ.nt,

&ccumulntor, ACC, 1B required for the rloating polnt arithmetic subroutines. :

so, IO, Y0, €O respectively. Contiguous blocks of storage are aesigned.,
. 4n the order_given, tos
| | a)‘ variebles (I, ¥, C)

b) statement dictionary (S)

¢) absolute constants (A)

d) the compiled program (L), including extensions (E).

The actual lassignmenta are indLeated on (SOAP) reservation cards , |

_vhich are the last ten (m) cards p\mched. during compilation. 'J.’ne first,

:.nst.ruc'a-&on oi’ the Lirst s‘ca.tement 1. ]:MAA, always appeerh in 650 locaﬁicﬁ*
1999.



10, The Preparation of the Program

- Each statement is limited to 112 characters, inclugive of 'e'pa.cea
but exclusive of the statement number, .
Each statement must be terminated by an F (FINISH)
‘The last statement to be compiled must be termine.ted by an- FF
(FINAL FINISH).

The £ormat for a statement card is as follows,

-

Column 1 thru 4 ~ .Statement number as 0000-£-n
+Column 5 :: _ 12 punch ‘
Column 43 thru 70 ; Up to 28 characters of the statcmcnt
T Col‘umn 71 thru 72 | Muat be blanlk
Column 73 thru 80 Any desired comments
RULES:

1. Only one statement is permitted on a card ,

2 The first character oi any sta.temcm: must appear in
column 43,

3, The F, when it appears either a8 a F‘INISH or an the
second character. of a FINAL FINISH, must be in column 70, .

4, 1f more than one card is required for a etatement, cal.umna )

1 - 5 are duplicated on each card, with the ¥ appearing in
¢olumn 70 of the last card and the first character of the .
staternent uppamring in column 43 of the first ca.rd '

To facilitate punching, & master program card may-he.prepar‘e'd. in an

obvious manner. for the 026 key punch,
Because of storage limitation, IT requires the following J.nformntion.
" which is to be provided by a headexr card preceeding the program: ‘
" 1) The meaximal aubacript numbexs = nl , ny , DG = of the
varinbles.
2) The m&ximal atatcment number = ns |
3) "The total number o nm - of locatlions required by o
) ~extensions (including certain basic packages to be - )
described in section 12),

v | S 1.27
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The Lformat ofrthe header cord is as foil@wsz

Columﬂ 1 12 punch ' . .
1.1 " np as 000000 0000 A By
11 -20  npas 000000 0000 + By -
20-30 . 1880000000000 +ny
31 - b0 %'aaomm'oqu%-'.'

B Ly ; 50 - . Zerces

L SL-60 Bz 1999 {gnlwﬂncwng

L

00 00004 0000
6L - 80 Zeroea

if the ﬁegree of the pmlymomial were ten, the following veluest

nxnﬁ;n'y_- ncull.
ng- = 2.7 i § & 1725

The complete Program deek for compilation consiets of°
a) Heeder card ' !
by Blank card

| e) Stntementa of the program
Xf the cempiler is belng loaded, the entry order ia:
o 1) _compiler

ii) camplet& pragram deck, and the conaole settinga are

~ SWITCH . . . . SETTING
* storage emtry 70 1951 3000 +

Program ’ . STOP

thf'Cycle'-« 3 _ RUN'

Conﬁ:ol , dfwt. T S " RUN

Display  ° UPPER .
overt1oe .o SENEE o )‘
freor- - - 8708 | | |

© qne header card for the aample polynoniel evaluation would exhibit,g‘

FYCERPTRERS U I Shet Y T S P T



The 533 BOARD is that labeled SOAP - I,

To initiate compilation, press computer RESET, program START, and.
£inally START (card veader).
If the compller haa been previously loaded, set the storage enxry
gwitches to 70 1999 3000 4 and then proceed as above, disregarding L)«
When the card read hopper is emptied, the END FILE.key must
be pressed in order that the entire IT 'program be completely 6omp;led.
The first and last cards punched ere "blank" load cards which

'h‘w'

are to be discarded.

-

Any pumber of programe n8Y be compiled without reloading ths
ccmpiieru
11, Brrors in Cowpilation
Since the computer has a finite storage capacity; raatriétiona.
must be placed 6# both the size of the compiled program and on the lengmh
of some of itse parts. aampil&tioh will balt whenéver any of these reatrica
. gions is violated; in additlon, ccopllation will halb wh@hevar certain
errors in language structure are asensed. ‘Bgch halts are indicated by
the falimwing console displaye. _ g
 Adaress Lights t 1234
Display Lighte (Upper) t Dy o.e nlo as follows
DLDQD3Du = 0000 4 n , vwhere n is the nurber of
the offending statement.
’ DSu Dg= O
(DgD7 » ngnlo) w 8 four digit couple which serves as
S : an error-type indicator whose meaning
;a'given by the following table.

The error may arise {rom the statement currently in ecanning

+



position in the 533 or from a previous iteration statement. . To determine

the offending statement:

Lo

2.

1. Do not alter console status.

2. Remove all carde from 533 READ hopper.t

3. Depress 533 READ start untll ell cards have Peen emitted.
L, The laatiggree cards emitted havé not yet bg%n‘ecnnnéd.
S, The offending statement is then either on th; fourth card

(from the end) or, if that statement is admipsible, then

&

'the arror has occurred in a previouely scanned iteration

gtatement, in which case the statement number (nlnan3nu)z

should be zero.

ERROR TYPE

Statement too long, or no F in column 70
terminating the statement:

‘Thc number of inastructions compiled from &

gtatement exceeds 931

The entire compiled program, including ell

constents and extenslons exceeds 2000 words:

The number of absolute constants thus far
assigned exceeds 99:

The number of output varisbles in e TYFE
statement exceeds four (L):

A subscript or an extension number > 2000

An expression appearing in an iteration
statement has a norm exceeding five (5)s

The power of & floating polnt constant
exceeds 50 ¢ ‘

A floating point exponent in a constant, e.g.,
1.234 B 3.1k

Dé theru Dlo

00 0 00

0L 0 01

0z 0 02
05 0 05

90 0 83

03 003

T2 0 66

1,30
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" 10. A subscript or extension number
or connective number in {loating

point forms §3 073 69 073 62 099
' 63099 69099 63099
65 022 83073 63069
670740 83099 690469
. 67099 62 073 880 69
1l. 'I'he Lirat chamcter of a eubstitumm 4 . '
. statement i not en I, ¥, or ¢ and/ T s
or’' not-in column uaz ‘ 50 0 50 5
) l@s An ocm mmzber of pamntheaes ‘and for B ‘ . e

quotationa

13. A pamntheeew snd/or q_uota‘tz‘m mmine;
i8 m‘eater ﬁkmn hine (9)s : 79 0 ? _ . S
- 78 Q ? ) ) . "e’:f"“‘a

“l‘z } An inadumissible symbol palr (aee 8@(:%,
o & P 8), Alpha, Bata: Alpha 0 Beta

Alpbs, Beta: the standard two diglt a,lpbxmumeric code aeaie;ne&‘by

B “in the 650 with the e,atceptim tm% the integers (90 *chru 99) are all ahown ;

a8 99, whila Alph& S0 iné..&cates tbat Beta i3 the. firet charaicter of ﬁhe
at&bemm.. If PETA m 8«.‘» (8) it may refer to elther’an § or zm.MﬁLn tha. -

or':x.e,ixw& ammmwm v

1If EETA is T3 CL) 1%t may refer to eny of L; IL; YL; CLj m,, mym;

¢

If BETA is eny of:

T (&9) I ;Ax
Y, (88) . o - Y ;A
. _ it mey refer to: o
¢ (63) : ' C ; AC
o (78) QoA -

la3;;' *



A list of 650 assignments for alphabetic characters follows:

A 121 5 6L s 02 = 82
B 12-2 = 62 T 0-3 w 83
c  12-3 = 63 U 0-h . 84
D 124 - 64 v 0-5 = 85
E 125 = 65 W 0-6 w 86
F 126 = 66 X  0-7 = 87
G - 12-7 = 67 Y 0-8 = 88
B 12-8 = 68 z 09 =z 89
I - 12-9 = 69 Zero 0 = 90
J 1l = TL 101 = 9
K 112 = T2 2 2 = 92
L 1-3 = T3 303 = 93
Mo o1l-h = Th R T
N 15 =75 5 5 = 95
0 116 z 76 6 8 = 9% . '
P LT s TT 7T = 9T
@ 18 = T8 8 8 =98
R 19 = T9 9 9 = 9

Blank - - 00
'Except for cases where atorage-has been exceeded, thé abdve
(andlother) errors may be ramdved by the correction of the offenﬁing
~ statement, |
If-the'offending statemént is that in scanning position and;gg"_

not the 1&3% statement in the program, proceed as follows:
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1) Do not alter console status.
2) Place the uncompiled portlon of the Progrém, commencing
witﬁ the corrected statement, in the FEAD hopper.
3) Depress READ START.
| L) Depress PROGRAM START.
If the offending statement is that in scenning position and is
the last in the ?ROGRAM, proceed ss follows:
1) Set STORAGE ENTRY SWITCH: 00 0000 111l +
’ 2) As above.
"3} As sbove.
k) Depress COMPUIER RESET then PROGRAM START.
if storage has been exceeded, pressing PROGRAM START will causé.
the.ccmpiler tos
(1) punch e HALT instruction
(11) punch the absolute constents end reservation cards.
7¢ the flow of the entire progranm permits segmentaiiﬂn at this .
guncture, the p&rtial progrem produced is an acceptable ségmenﬁ {see
section 1l. 1) . | |
| 1¢ the offending statement is not one of the above, rewexﬁmine
the progrem, £ind the error, and recompile éhe entiré corrected pr‘ogrému
Severnl kinda of errors may require the introduction of additional
gtatements, €.£., parentheses,orqpotatiop nesting greater than nine;
' nuﬁbei of instructions in & compiled statement exceeding 98; number of
varisbles in a TYPE statement exceeding four.

An excess of abcons mey be removed by introducing additional

variables whose valuea may be entered as data via & READ statemente
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11.1 Segmentation ‘

Let an IT program, 777, be segmented into k sUb=programs: 1733
e, ..., Tk,

‘AdJoin to each 77 1 o HALT statement as ité.final statement, i.e.,
that statement at which computation within771. halts. |
| Let np, By, 0, be the meximal subseript numbers (see section 10)
for the full program 77. |

Let n3 and “E be the maximal statement number and total.apace for
extenaions, respectively, for ﬁfi

set N m 1999 = (B + By 4 B + nk ) |

Compile {section 10) and sOAP.(section 13) each 71 separately,
treating them as distinct programs &nd using the following information
for th@ header cord, hiﬁ associnted wiﬁh??'i:

Xﬁ%mgx H ﬂ%
ng®he 3 o

AED wi
The effgct of the above procedure 1s to preserve the values of
81l varisbles common to sll the 7%, 1.e: to7 . Thus, although no# +
may refer to another, ell 77 % may refer to common veriables. The HALT
at&ﬁememﬁ bagically has the effect of: “computation on the present 7%
is now finished; enter</ ¥l a4 per section le.
12. Optimized Operator Subroutines
IT assumes that the compiled program will be augmented by
'vsubroutinesiﬁhich extend the arithmetic, inbut, and output capabilities
of the 650, These subroutines are avallsble - for the convenlence of

compiler users - in four (4) gaily colored packages: P1, P2, P3, Py.




—

Their use 48 dictated by the following rules:
| o l) Pl 1 to be used if exponentlation (P) is not used.

2) P2 18 to be used if expounentiation ia used but only fixed
point exponents occur. ) . -
’n;“:’ .

3) P3 418 to be used if exponentistion is used but only hao
< T 9 pleating point exponents occur. ‘

k) By (the family size package) is used otherwise, or when
‘ in doubt as to the arithmatic of any exponanx,

Asaociated with each of these packages 18 & "reaervation deck"
Rl' Ra, R3’ B, - whoae use will be described in section 13. -The in=:

corporation of the packages, Pi’ into the program will be discussed 1n

gaction 15.

'R

2.1 Lengﬁha éf the Basic Pagkeges

Py ; 265 locations ‘
:‘APQ | | _ 37?‘la¢aﬁions‘ 5,?:u‘
Py 386 locetions > :
Py 500 locations . | 5

;a;3., SOAPing of ’t'.he PIT Progran
. The aacond, or aaspmbly phase in the prep&ration of 8 650 program
i8 the 30APinz'0f the PIT progrem. The output of this phasge is the

deaired machin& progr&m (SPIT) in 5 word/card outpub, with all symbolic

‘adﬁreeaea h&ving been sesigned machine addressﬂs by SOAP.

":‘6'

The erder of input for phase two is the following°
1). "SOAP

‘2) The last ten (10) (reservation) cards of the output of
phase one. o

3) The appropriate "regervation deck", R, , containing the
: reservation cards assoclated with %h
outine package, Pi »

e selected sub-
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L) Any extensions (in symbolic SOAP form) which were used
in the original program, entered in erbitrary order.

~ Both P3 and. Ph contain the 10 and LOGlO aubroutines. 'Hence if
- either of P3 or P), is used, these subroutines need not be included.
4 5) The remainder of the output of phase §ne.
6) One (1) blank caxrd.

Board, console'settinga, injitiation aﬁd END FILE ﬁrocedure are
the eame as those used with the compilex (see section 10). If soAP hég
already beeq loa&ed, get storagé entry switches to 00 0000 lOOO-v and

' proceed from step 2). Agaip, the flirst and last cards punched are to be‘
discearded.

3k, Data Preparation

ALl required date, other than ebcons, enter the computer vie
a READ statement. During translation, a READ statement is tranalatg& x
into a sequence of instructions which, during programn ope:ation, i
activate the 650 read-in of an erblitrary number of (dmta).caidé;- Tyo.
types of inuut.cards may £§ used. g
" In type l, data ie entered on the cerds - in purely numeric
férm - a8 couples, each consisting of the name of B variable and 1ts
asaigned velue. Up to four pieces of data (coupLes) may be entered pef
card. The names of varisbles are designated vy the code T = 1 T2 o ) 3
Each couple cccupies two adjoining 10 columm fields. The first; or name‘ | |

field 4is punched aa>follows:

1Y), | 1 - |
o{é}roooo-y n »d7d8d9dl0, where{?%_is the varieble®s code number

n is the varisble’s subscript; d, thru d,, s an erbitrary

numeric personsl identification, which must be punched.

-‘ Vo . . ' A . . : _ REOTET A '-."".’1.3-6“"
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>

N

>

‘time, the last card must contain an 1l over-punch in column'lo.

The second, or variable value field ia'punched as & standard

signed fléating<point or fixed point number, with negative slgns

being indicated by an 11 overpunch In the last column of this field.

The values assigned to fixed>point variables must be integers;

those assigned to floating point variables must be in standard floating

point form. |
The card format, then, is as follows: i
Column 3 12 punch %i
+ 1L = 10 first name ¥
11 - 20 first value =
2L - 30 second name g

o ° ‘ &

a ®

If less than four variables aie entered on a gayd, the ten diglt
field following the lest entry must contain all zeroes; any rémaining
flelds may be blank.

In type 2 cards the loading, on one card, of values for up to
seven e@htiguaua variebles 1s permitted. If the seﬁ of vériables'to be

Iy I
loaded is {Y} n through {Y} n+ (k-1) , L<k<7, then the card

c
format de:
Col. 1-10 : 12(1
0 92 %0000-n 000k
\3

Col. 11=-20 : wvalue of filrst variable

Col. 21=30 : wvalue of second variable

As before, if more than one data card is to be yead at the same

Note: Both types of data cards may be éfbitrar;ly intermixed.,
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For both types, reading snd storing will continue éntil 6 card
containing an 11 bverpunch in column 10 is read. ‘Following storage of
- the contents of this card, the program proceeds to the first inetrucﬁion'
of the statement folLowing the RRAD statement. .

Thé output of & TYFE statement will have precisely the same form
‘ as that required of type 1l data cé&dé by READ statements, with an ll‘oveﬁ\\

punch in column 10. Hence, & READ statement will read only one such card .

st & time..

15. Operating the Compiled Program L

The complete program deck for operation consisﬁs pf: . ‘Q .
1) The eppropriate gubroutine package, Py «.
2) The entire output of phase thoe
| 3) ' The data deck. ¢?3

Board, conscle settings, initiation and.gND FILE procedure are

&8 described in section 10 for compilation. -’

NOTES: o [

~

%

1) If the program contains mgie than one READ statement, or
‘one such’ 46 to be execubed more than once, the data cards must
be loaded in the.order 4 which they will be reguired.
2) The sign of the storage entry switches governs the output
of Conditionsl Type statements as deseribed in section 5.6.1.
-3) To restart‘tbe program, if it has already veen loaded,
set:atorage entry switches to 00 0000 19§9~k-; press COMP RESET

then PROGRAM START.
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16. Use of Extensions

Deseriptions of extensions, filed lexicographlecally in the

Extension Library, contain at least the following informations

Description - Example
Neme and extension number | SIN | 22
Length (Nr. of ator&ge locations used). 84
Prégram representation : "22. B ,v"
Clans ‘ o Single valued function of

"

& single variable (real)

Range and Accuracy

 Arithuetic of input ' Floating Point

output A Fleating Point
Error Btops and Indicabors
Duration

Program decks, in SOAP symbollc form will be filed by extenslon number.

17. ILiet of Currently Aveilsble Subroutines and Error Indicotors

Alliﬁﬁ of currently aveilable aubafbutines follows. The subscript

d =1, 2, 3, 4 means . that the sub-routine so Indicated is in the package P,.

Numbéx: , Effect Arithmetic ‘ SOAP Representatioﬁ
30 L0G, o Floating Point ~ EOOAB
23,1 10% " ~ mooac
20 X , » EOCAU
21 cosx " EOOAV
‘o2 BIN X L ECOAW
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A description (contents) of the four packages £0110'Wa.' Here (L) and (ACC)
refer to the contents of the lower accumulator and "floating-point “accumulater",

respectively,

Pl contains:

4 (L) Floating point &={™ Fixed point ‘ EQCAE
5 (L) and (ACC)  ploating point € (L) Fixed point EOOCAF
6 (L) and (ACC) €—— (L) / {ACC)  'Floating point EOQOAG
8 (L) and (ACC) € (L)  (ACC) W EQOAI
9 (L) and (ACC) €= (L) x (ACC) " . EOOQAIJ
14 (L) and (ACC) €= (ACC) /(L) X EQOAQ
16 READ | . Eooaq
17 PUNCH | EOOCAR
501 (L} Fixed point € (L) Floating point EOOTH
P2 contains Pl plus:
11 (L) o (1 ACC) Fixed point =~ EOOAK
1z (L) e (ACCHD) | Fixed point EOOAM
13 (L) and (ACC) e (L) Float (ACC) pix Floating point EQOAL
14 (L).and (ACC) &mmme (ACC) ploat (L) Fix " ' EOQOAN

3 is Pl plus EQQAB and EQQCAC
P4 is P2 plus EQQOAB and EQOAC

Errors within subroutines will cause the computer to stop.

1) If the error cannot be corrected it will be revealed as a Storage Selection

~error; the address lights will contain 3 klkzks. Where possible this indicates
~ the k3th error in extension number kjky. In the following listing, L and

ACC, refer to the Lower accumulator and floating point accumulator

respectively.’
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kyk, FUNCTION , ARITH ERROR TYPE - , | COMMENTS

01 LOGyL  Float 4 Negative Arg_umént . .Arg‘\fment in L
02 1™ Float Result  10°0 '
03 ° FixL Fix Result = 1041,
06 L/ACC Float Zero Divisor-
06 ACC/L " Float Zero Divisor
08 L-accT

08 . ACC-L

08 - ACC L | ~ Results= 1050 . Upper contains 1

_ Float
08 ACC X L
08 -, L/ACC
08  ACC/L _
10 LACC Fix ix Argument zero, axp@nent'megmivév hv :
10 acck g ' " | “ ,
11 LACC FloatFix = o
11 accl " o -
20 N Float Negative argument  .Argument in L,
21 00s L Float A Argument’.‘:’mlov "
22 SIN L h o
If the mqgnitude of a result of . ..oating poiﬁt,subroutine is less

than 10%0 the computer will halt and with 1942 in the gddz;ess. register,
Pressing PROGRAM START will replace the result with zero and continue

»

_the computatiom
18, ?reparation of Subroutines to:be used with the Compiier

1. Assignmant of Subroutine Number, n:
a) Number must be an unagsigned one

b} If 6utput of SR is a single floating point (fixed pointy
variable, n must be =< (>) 500,

e} Ifb) ﬁofes not hold, then n may be any fxnasaigned.numb?er. _
2, To obtain the alphabetic mnemonic for the SR, decompose the

SR number, n, modulo 26, i.e.,

nos <;6>§]~§_—}¢< o o | /~‘//



Then the entry location of the SR i given the symbolle ia&dreea E (0:0] & 3 .
vhere a) § 18 the (l&-1)st letter of the alphsbet, ond b) e 1s the |
(§+1)st detter of the alptavet. |

ALL Bymbolic locations (other than the entry 1ocation) referred. to
within“the SR ave glven symbolic locatlons @p m , vhere m is an m‘:@ge'r
which identifies the particuiar‘location. a
' 3. ALl subroutines must be closed. )

4o To dotermine the input W{tmtera of the subroutines ..

Iet the 8R be a i‘unc*tion of ’che k variables vl, V2, eecey vks i.e.a
" g ®, vk, v(k-l), veey VL ’ '
o " 1et (U), (L), (D) refer to the contents of the upper BeC., lmrer |
zs_.cm g‘;@m‘s distribuber respectively.
Then entry conditions ere as followss
(v)
(u)

contents of m

zero 3 (D) = Exit instruction

it

e

ke ,ds (L) 2

i

¥ »1s (L) =

2

Zero 3 (I)) 00 P OOOCM-J 0000 +m , end

exit instruction

- 8t

contents of P 0000 44 = w{k-1)

contents of P 0000 4 el 2 v(k-2)

Se Veriahles arg assigned sym‘oo:l.ic address according to ‘ahe:u? &ubse:ﬁ.p'b
.numbex,‘, k, and ere witten«{z}oooom | -
6. 1f one of ‘ahe input pammetera is a fixed point variable which is
to be ueed to genemte e connecuic)n <o some statement, the connection ‘

most be made vﬂ.a. the Statemant Dictiomry using the symbblic addresa

5 OOQO‘%}:. it *thm @Q{mec’bi@n 15 to the kth shatement.

’
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37:"‘ III mbchniqpes Foxr Uaing The language j iégi‘ '
o In ‘the following, several typical sltuations vill be illustrated.'lj_ﬁinf"
1. Extraction of the integral and fractional parts of a floating‘ﬁ.'w
point variable, say ¥Yl.
13 I == YL
23 I2 mw; Il ¥
3:33w<-'n 22'

n ;m the integral p&r‘h o;r: n in fixed. paint fom,

1s G?’Iﬁ‘{‘”m}l})&%'-;.j“, oo, e
, e ,_ H ) U ‘.e_ ‘»wm par o ,:“ji. @ s v
.;, f«?«m‘imﬁ"&‘?:?.'m""w"h o l;é?fﬂ G 5 IT‘ (l 7 ' ,;;

32 I mge YL :
h: H v“\l"q'-‘ '." ".‘ .6 ¢
. ! Lo L L :,‘- . i
G . N . ¥ » “g.‘ ,“L“"}\'A.‘ “ o .
! . 9% YL et YLAT0,
E‘I e :. .
A P ; 6: ¢ca
b, ! ,
%, . . . ' : .
i b § | % T2 YL < Y1 / 10, ._ _ ¥
¥ ' o : Y ] . . . : . e s Bos e ‘
\‘~ - ' _.',‘.‘u-:u.l,,i “: .' . i b gl .;AA 5 :‘.:_I"’a".‘_y “" '1‘ N
.: ! ' ' % b s 83 G 1L , o tr.,‘g..n gy [N} .o 5' gho TRy ' L
‘:':.‘ T ' L - - : . : L RISt
' 4 35 : meﬂtmﬂt of &rmya. ’ : T o :. - L l‘ | ;
¢, "-",q ™ . ) Ll :,.:'.,'.'_; ‘ _v : . . . : -
' a) Vactors~ _;.-n.~|7 RN

(i) YI7 16 & vector whose components are identified by

PR R Pt R oLV e VAN, LS PR RS

‘the renge of‘the variable I?, eog., if the range of i
I7Tis 8¢ 18+ n = 1, then the componenta of YIT
are Y18, n9, mo,...., Y(lB»ag» -l . P

( e

{41) X(I?-& Tl) is & vector vhose componenta are identified
by ths range of 1 when I7 is fixea ag thé "atﬁrage base

of the vector. ' "Af C T
: 1‘043
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For exéxmple, & program to add‘two. velétars'éf dimenaioﬁl
six (6) whose storage bases are ]7 and I§ respectively is:
k, 11, 0, 1, 5, o
ki Y(I9=L1) Gomenen T{18 »L'Il)w%v'Y(I‘?—{-Il)
where 19 ia the amrage base of the sum,
b) Matrices: " .
| (1}  Let Il be the row dimension of the matrix A repre;‘iénted,

as the matr‘ix TN,
'_Example: To carry qut B alAZ
. | Program
1: 4, 2, 0, 1, I-1,
2. 4,13, 0,1, I1-1,
kH » OGN (I2, 13) = ©
4: 4, 14, 0, 1, 11~ 1,
5 CN (12, I3)f~~CN (Iu, IB)»{»YN {12, M) ® 'YN (M 13)
h: 12 e 11 o T
FE « | |
The’ma‘&mx B is represented as the matrlm CN. If CN is'to be

. mmd in further calculations its {raw) dlm@nﬁmn must be an 12

&mt@ment 5 sets the correct dimension,

Vor

o {ii} Let Il be the dimension, 2 the base of the mat::ri:; A.
Then, _if I3 and I4 are the row and gulumﬁ index
‘respectively, {which range from 0 to their respective dimensions
less one) 6£ an element of A the [ 13, Ié’r] element of A:wﬂl be:
Y{I12 ”%‘14 4 11X 1,3) if A is listed row-wise, and '
v( 12413 “%“ X 14) if A is hsted columnnwwe.

Exar_npleﬂ. To carry outG AX B where
11 is the dimension of A, B, €,
. i

12, 13, I4 are the storage bases of A,B, C respectively,
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Program (I)
12 6, 15,0, 1, Il = 1,
23 6, 16,0, 1, IL =1,
3t CL «<— O.
bs 5, IT, 0; 1, IL - 1,
53 €l wwCl ~+¥(I2 4 I7 & IL x I5) X
Y(13 + I6 4 :1:1.}:.17)
6 Y(Th +I6 + 11 x I5) o |
;7: E

The above program minimizes, in & sgnse, the number of statenents

-and the number of instructions compiled, The following program, on the other.

"hand, will reduce the time of oper&tioﬁ‘&t the ‘cost of o somewhat longer

program,

-NOTE:

Program {II)
b, 15, 0, 1, T1 - 1, | |
B e ILxI5 ‘ o
L, ¥6, 0, 1, I_l‘nll | |
T9 e I6 o T11
T2 e I3 4 16
CL ot Qo "'
3, I7, 0, 1, IL = 1,
Cl <= C1 4 ¥(I12 + I x IT)
YI9 %= C1 |
. E

© The pumber of entries in the Statement Dictlonery can be

greatly reduced by aésign;pg a zero statement number (éa above) to
all aéaéemanta not referred t§ within the program. However, any
statement which immediately follows an iteration stétement must
bave & uniqyé,inun~zerc gtatement numbers, ' K
' : ! : - K 1.45



ke A problem which iz more representative of pure decision ﬁroceduresv

16 that of finding the minimim of & set of N numbers. A flow chart ist |

@?!m — (T2 +t?)§-—-»> 1}, Y
C_n«;- 12) 2 ¢) L . i

Again, two representations of & compilexr program follow. °

1

Progrem (I)
0: Il = 1
"l Cl me— Y(X1 « 129
L2 Il e TL )
0: ¢ T7IF C I 13-l
01 G22I e(Il«+12) » €
0s G 1 |
Te B
Program (IX)
0 CL e Y12
s 5, IL, 1, 1, I3 - 1,
32 05 IF¥(Il4312) > C1
S0t €l == Y(IL < I2)
5 €l %=L
00 &
Note that, in the second program, i;f: was necessary to e.d& the
"dummy" statement, 5, in ordexi ;thqt the relational statement, .3,
could be imbedded within the range of the Lteration. Although (II)
is a shorter program than (I) s i‘b turns out that the length and |

Opere.tion ’cime of the compiled program will be eq_uivalent,
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Iv .Program Checking end Correctlons

The program can only be checked at the compller level by the liberal
insertion of conditional TYPE statements to exnibit intermediate results,
and thus, the flow. '

Corrections should be made at the _compller level either by correcting

statements and recompiling the entire program, or by recompiling only’

those offending statements 4in the followlng menners:
The correcting statement ( or set of contiguous staﬁementa)_ia
prefaced by &"hﬁader card identical to that deseribed in section 12 with
the following exception. If k 48 the position of the statement ( or that
of the Pirst of a contiguous set) being corrected, then colums 61 =~ 70 of
the header card must contain 000000 0000 + k - 1 . |
The procedure outlined in section 12 is then followed. Pﬁi@r tc'
RESOAPing the entire program, the compiled correction(a) either,replaces
the erroneous statement(s) or is appended et the end of the.program.
WOTES: (l) C@rraaming atatements must not lavolve any absolute
| canstantsw Amy that are required may be essigned as !ariablea '
whose v@lues may be entered through a READ statement. Taie
may démani an increase in the maximum index of the I, ¥, oF C
- variables previeusly assigned. '

(2) No correcting staﬁemqnt may terminate with an FF .

NOTE Portions of sections 1 and IT are to appear as & contribution
by the first two listea authora to the Proceedings of a Symposium on
Au&omatie Programming issued by the Fwanklin Institute and based on paper

presented at that syMposium &t the Franklin Institute January 25, 1957.
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S5TART

PSG

Ps
READA

PS1
PS1A

Ps2

psz8

RDS
RAU
STU
RAL
LDD
LoD
RAU
5TU
STL
DD
5TD
RAU
NZU
RDS
RAL
STL
RAL
5TL
5TL
RDS
RAU
SUp
NZU
RAL
ALO
LoD
RAL
ALO
STL
RAU

SRT -

57U
5T

CARNEGIE TECH COMPILER T

MARCH 15 1957
0000 0024
o} Y0031
DO032 0040
70042 0050
0051 0143
0150 0197
0200 0247
0250__ 0297
0300 0329
00600 0623
E0374 G382
AO0383 0482
M0O500 0503
Q0550 0563
NO568 0591 , e e
1951 1960, RESRVE READ
J1977° 1986 < BAND
w1977 1986 W BAND
& 1957
PC 1958
FFBIT 1959
TAY 1960
Ps Ulz3sse
READA U111l
START U1999 .
0051 READ
CNTRL
w0010 HEADER CARD
)
&R3
" SR3IED
SIx ABSOLUTE
ACQOL PSO VALUE COUNT
Psl CLEAR
TAUL
TAU )
FFBIT CHRECK LAST
END READA STATEMENT
0051 FIRST READ
Q057 - STORE STMNT
0000 NUMBER
ONET TALLY AND
FLAG . FLAG SET TO.
TALLY PS1A ONE
0051 PS1A NEXT READ
MAX ALARM IF
TALLY TALLY 1S
LARM MAXTMUM
TALLY KK XXXX YYYY
STORE 1s
P82 SR1 0600510000
TALLY - - TALLY PLUS
SIXT SIX IS TALLY
TALLY GAMMA EQUALS
0056 WORD6 TIMES
0002 PS528 01
- GAMMA : L EQUALS END
L SYMBOL

0000
0000
0000
0000
0000
0000
0000
0000

0000 ..

0000
0000
0000
0000
0000
0000
0000

0000

0000

“ 0000

0000

. 0000 .

0000

..0000 .
6000

0000
0000

... 0000

1999
0351
0359
0339

0361

0364
0517
0025
0336
0144
0350
1234
0363
1111
0651
0311

0353

0661
0268
0650

0026,

0333
0027

S 033

0527
0335
0338
0627
0485
0526
0711

0667 -

0525

0000

- Q000
0000

0000
0000

- 0000
. 0000

0000
0000
0000
0000
0000
0000
0000

- 0000

0000

0000 .

0000
0000
0000

. 0000,

0000

. 0000

0000
Q000
0000

0000

0051
0354
1986
1957
0364

T0517

0520
0383
0041
0147
1960

1959

0567
0051
0057
0000
0356
0365
0373

0051

0029
0373
0331
0373
0030
0338
0373
0330

‘0373
0056

0002

. 0372

0529

0000
0000

0000 . . .

0000
0000
0000
0000
0000
0000

-+ 0000

0000

0000 ~

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
6000
0000

0000,

0351
0259
0339

0361 .. .

0367

0370

0025
0336
0144
0350
1234
0363
1111
0651
0511
0353
0661
0368

0026

0026
0333
0027
0332
0527
0335
0341
0627
0485
0526
0711
0667
0525
05322

Lol




aE

-3
[ ]

110
111
112

114
115
116
117
118
119
120

C e amemmer s e e o

113

PEI0

PS3A

PS36G
Ps3C

PS36

PS4

P55

- PSBA

psé

RAU
sup
NZU
RAL
aTL
RAL
SLO
SLT
STL
STL
STV
STu
STUY
STU

- sTU

57U

_STU

5TU
5TV
sSTU
STU
STV
5TuU
RAU

NZU

SRTY
5TU
RAU
NZU
ALO

5Tt

s%U

‘RAL

SRT
SL0
BMI
RAU
RAU
s5TU

" RAU

SRY

L AUP

SRT
ALO
SRT
sTL
RAL
L.DO
TLY
RAU
SUp
SRT
NZU
SLT
RAU
sup

~8TU

NZY
Aup

‘RAU

TALLY

8002
RSL
PS1
FFTYL
) .
TALLY
ONET

0004
TALLY _
QUOTA PS2A
V1
K

_T0001

NU

JO00}L

N

NBAR

MU

ARITH
ABVAL
OPSGN
RELAT

R - PS3

- GAMMA

PSS
0002
GAMMA
8002
. ps3
L .
R PS3D
L PEIA
8003
0008
NINTY
PS36  PS3C
L P38
L
INTGR
NINTY
0001
NINTY PS3BA
0008
44 .
0004
TEMP1
PS4
TEMP1
0150
0000
TEMP1
0004 .-

_ ALARM

0004
TALLY
ONE

8003
P$5A

"PR1OC
Ps6 8003

0000

8002

RECYCLE IF L,
18 NOT F

INITIALIZE U
IF L IS F

TALLY MINUS
ONE :
TALLY IN DTA

_QUOTA EQUALS -

TALLY

PRESET ALL -
PERTINENT |
COUNTERS *

_TO ZERO CA

R EQUALS 0
OUT IF GAMMA -

1 ZERO
FETCH NEXT
SYMBOL S

| RECYCLE IF §

ZERO IF NOT
R EQUALS L

L EQUAL &

IF L EQUALS
AN INTEGER
SET INTGR
TO L. AND L
EQUAL TO 99
THEN RETURN
TO PS3B

. GENERATE

ENTRY

TO SYMBOL
PAIR TABLE
FETCH SWITCH
FROM TABLE
IF SWITCH 18§
ADMISSABLE

G0 TO
GENERATORS
ALARM IF NOT

" DECREMENT

TALLY IF
GAMMA ZERO
OUT IF TALLY
IS ZERO IF

~ NOT GAMMA IS

D625

0532
0491
0149
0504
0761
0518!
06771
0811
0371
0626
0334
0541
0199
0145
0653 .

- Q530
_ 0337

0345

.. 0703
. 0861
. 0369

0727

0535

0343
0777
0631
0487

0483
0537
0533
D49
07132
0489
0507
0565
0668
0519
0683
0641
0665
0s21
0633
0701
0495

0355

0362
0669
0512
0765
0505
0513
0523
0028

10682

0877
0635
0676
0629
0782

8002
0344

- 0650

0357
0515

- 0373

0356
000 %

. 0373
- 0531

0488

0146

0042
0700
1977
0484

- 0342

0750
0358
0366
0524
0632
0340
0372
0631
0002

0372

8002
0537
0529
0340
0829
BOO3

0008

0360
0668
0529

- 0529
- 0538

0360
Q001
0360
cooa
0340
0004
0509
0765
0509
Q150
0000
0509
0004

0827
0004

0373
06320
0373
0629
0782
0000

0491
0149

0504 . .

0761
0518
0677
0811
0371
0626

<0334

0541
0199

0145

0653

0530 .

0337

0345

0703
0861
0369

0727 _.

0525
0343
0777

0682
0487

0625

— o -

0483

0343
0533
0493

0ean

0489

0507
0565
0519
0633
0683
0641
Q665
0521
Q715
0701
0495
0355
0362
0669
0512
8002
0505
0513
0523
0028
8003
0877
0635
0676
0680
8003
0655

R a4

20 O oo



-121
122
EEL
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
T 141
142
143
144
145
146
R Y
148
149
1506
151
1e2

154

158
156
157
158
159
160
is1l
162
163

164 .

165

ies

167
168
169
170
171

TaT2 .

173
174
175
176
177

178 T

179
180

b s menane oo

PsT
PSTA
P578

PSTC

N -1
PS10

PS3BA
PS1

- G m———

ey o

© e e et 4 % ¢ o

o wn e e e s es

PS13C

PS13A
Ps138

5TU
STO
BM1
5L0
ALO
LOD
SDA
STUY
RAL
ALO
STL
sSLO
BMI
RAL

CHLY

RAL
STL
RAU

| SLT

5TU
RAU
STU
STL
RAU
LoD
AUP
5Ty
RAL
SLT
STL
RAYU
STl
5TY
LD
RAU
STU
RAL
sTL
SLO
aL0
510
ALO
BM1
RAU
SRT
STL
STL
LOD
RAL
RAL
SLO
NZA
ALO
ALO

STL
ALO.

LOD

STY

ST
.91

GAMMA
P38

PS7C
PS7C
0000

ONE
MAXU
Ps8

OONE
0000

NINTY
0008

TEMPS

w0004

WO005
0000

0004
WO001
NONG
0004
w0002
NONON
w0006
w0003

woool
FFTY1
UBAR
pC

A0OOL
1956

00002

0006
w0002
FFBIT

OTWO
TALLY

QUOTA ‘
PS13A

8001
™O
TALLY
P$138B
PS14
WO005
w0006
9999

PS3

PSTA
PsS78
PS8

8001

LARM
P58

PS3BA

8538

STNON

PS133
TEMPY

PS13C

PS133
LARM

‘SR

PS14
w0005

NEXT WORD
STORE :
GENERATED
INSTRUCTION
AND
INCREMENT U~
BY ONE
AND RETURN
TO GENERATOR
IF STORAGE
NOT EXCEEDED
OTHERWISE
ALARM

TTIF TALLY 1S
 ZERO SET LR

EQUAL TO 90L,
AND ENTER
GEN TABLE

_FROM END OF __ .

STATEMENT
GENERATORS

FORM ENTRY
FOR

STATEMENT __ . .

DICTIONARY

UBAR EQUALS
FIFTYONE

_ ALARM TF .
STORAGE

EXCEEDED
BUT
. WITH
OPTION OF
FINAL

T OPRINTOUT

" STORE

ORIGINAL
" STATEMENT
AS

COMMENTS

0655
0800
0506
0659
510
0719
0675
0522
0803
0769
0685
0718
0725
0679

.. 0753

0680
0733
0543

© 0715

0783

0850

0657
0833
0534
0705
0508

0539

0730
0637

0347 -

0681
0639

0382
078%
0707
0780
0961

-

L0735 L

osle |

0663
0869
0687
1011
0815
0755

0919

0731
0662
0865
0514

0927

0835
0688
0545
0903
0726
€933
0689
0684
0729

0372
0753
0659
0515
0515

0522

0522
0000
0515
0630
0515
0671
0753
0832

. 0000

0529
0340
0360
0008
0529
0853
1980

. les1

0000
0308
0035
1977
0883
0004
1978

Q634

1982

1979

0785

- 0853

1977
0357
0516

1958

0515
0383
1956
0815
0601
0006
1978
1959
0865
0768
0373
0531
0688
8001
0148
0273
0729

- 0486

1981
1982
9999

0343

0506

0510

0719
0719
0675
8001
0803

0769

0685

ovis .

0725

0679

0332

0753,

0733
0543
0715
0783
0633

0657 .

0833

0534
0705
0911 .

0539

0730 _

0637
0347
0681

0639 _ .

0735

0882

0638
0707
0780
0961
08l

0663

0869
0687
1011
0514
0755
0919
0731
0662
0638
0332
0927
0835
0689
0545

0903

0726
0933
0341
0684
0486
1981

2,03



181
182
183
184
185
186
187
bR ]
189

190 7

191

192 -

193

194

195

P5i33

- PS1s

196
197
lo8
199

200

201

. P36

LBS18A

[,

202
203

T 204

205
206
207

208

209
210
211
212
213

214

215
216
217
218
219
220
221
222
223
224
225

226

227
228
229
230
231
232

- 233

234
235
236
237
238
239
240

e e e . s s oe tw W

PSLBA

RS20

TUTRs23

P8234

57D
RAL
ALO

COsTL
STL

PCH
STU
RAU
AUp
RAL

_STL

BM1
RAL
SLO

" SRT

LDD
AUP
STY
RAB
SLT
STL

RAU

SLY
STU

ALO

STU
TLY
RAU
sup
SRT

- NZu

STL
RAL
SLT
8TL
RAUY
NZU
SRY
NZY
RAU
SRT
NZU
SRT
SLO
SRY
(Relo]
AUP
STL
RAU
SLT
AUP

"~ RAU

STU

sup

NZU
RAL
SRY

LoD
" AUP
. RAU

24

%5

- 200
&0
LY
30
dpdy

FINY _ . 0638
PC INCREMENT 0494
ONE ___ PROGRAM Lo omns
PC COUNTER 0935
WO009 1061
w0001 AND 0738
WO001 FINI PUNCH 0977
UBAR FETC WORD © 0486
PS14A 8003 IN YBAR __ . 0721 __
0000 0624
TEMPB o ] 0805
PS16 1F WORD 18 0712
UBAR __ NEGATIVE 0915 _
FETYL PS18 ASSIGN IT 0771
. 0004, _A SYMROLIC 1161
PS1SAT SR3 T T LOCATION 0821
TEMPY L 06T
w000} ; , 0757
TEMP3 . PS16 ... 0830
0002 0566
TEMP3:. EXTRACT 0673
8003 OPERATION 0762
0006 FROM WORD = 0969
TEMP4 - _ 0983
Psi18 FETCH OP . 0741
TEMPY MNEMONIC _ 0249
00001 8002 _ FROM TABLE . 0812
0000 AND CHECK 0544
TEMPS FOR ADMISSH 0855
0006 STORE oP IF 0593
ALARM ~ ADMISSABLE .. 0807
w0002 PS27 0862
TEMP3 -  EXTRACT e, 078Y
0004 DATA ADDRESS 0763
TEMP3 FROM WORD 0723
8003 OUT IF D 1S 0912
PS1%9 NEXT LOC 1019
0001 . oUT IF D IS 0773
'PS18A __ NOT ACCUM 0779
ACCUM  P519 0734
0002 OUT IF D NOT 1033
Ps20 ADDRSS WITHN 0739
0003 STATEMENT 0594
FFTYL GENERATE 0953
0004 ~ MNEMONIC 2
"S$rR3 T IF D IS IN 0871
TEMPY PS19 STATEMENT 0774
TEMPY GENERATE 0643
8003 MNEMONIC IF 0962
0004 D 1S NEITHR 1069
PsS23 8003 NEXT NOR IN 0829
) STATEMENT 0932
TEMP2 0985
00009 OUT IF D IS 0693
PS23A " NOT EXTNSN 0595 -
TEMPY IF EXTENSION 0900
0007 _ GENERATE 0813
' - "8R3 MNEMONIC 0879
DO00Y B519 0982
TEMPY 0299

15
20
20 .
71 .
21
60
10

3

44

63

3
8

10

21
&7
35
20
60
36
21
15
21
B4
60
11
30

44

30
65
35

60
30
4
30
16
30
68
10
20
60

35
10

60
21
11
fls

L BB
B30
&9

10
60

0691
1958

11958
1985
1977

1977
0516

0624

0915

0516

357

.. 0004

0674

0853

1977
4709
10002

L0709

8003
0006
0788
0544
D509
D600
0000
‘o788
0006
0827
1978

0709

0004
0709
8003
0773
0001
1033
0737
0002
0643
0003
0357
0004
0774
0353
0509
8003
0004
0932
0031
0490
0040

0299

0509

0007

09852

0040

0509

0630 _

D000 .
0709 |



241
242
243
144
245
246
247
248

249 B e

250
251
252
253

254

255

256

257
258
259

297
298
299

300 7

PS25

P$238
PS19

FLAG

P526

SRT
LDO
NZA
AUP
AUP
STU
R3SU

10

- STU

BMI
RAU
STU
RAU
AUPR

_STU

5Up
NZU

©LDD
RAL

ALO

STL.

LOD
L.OD
RAV
NZU
RAU
NZU
LOD
RAU
5TU
RAU
5T
NOP
NOP
STO

. 5LO
_SLT

NZU

SLT

Loo
S0A

" SRT

L.OD
S5DA
STD

LDD

STO
DIV
STL
LDOD

3 )

AUP
SRT
NZU

51O
CNZU

ALO
© SLT
. sup -

0007

NONON
TEMP2
w0004
FLAG
0000
FLAG

WO004
W0003
UBAR
ONE
UBAR

Ps13C

ONET

w0003
Ps30

Woo04

PS32
Tau
TEMPS
wWoQo3
TEMP9
w0004

0000

0000

EXIT

INCR
0002

0002
SR10
5R10

0004
SR1L
SRIL

0000

0000

9998

EXIT
TWSIX
TEMP1
SR38
TEMP2
ONET
0001

NINEQ

STL

0001
8001

P5100
PS23B
ps238
PS519

P525
0000

" P526
PS27

Ps28

PS133
'S5 EQUALS §

8001
SR1A

SR10D

9999

SR3A

SR3A1

. SR3AZ2
SR3A2

TEMP2

POSITIVE

_P513C IF

GEN NUMERIC
TAG IF DATA
1§ NOT
EXTENSION

NEGATIVE
FLAG IF DATA

FLAG IF INST

RECYCLE

IF D IF NOT
PUNCH AND
RECYCLE TO

UBAR NOT
EQUAL TO
v

PLUS ONE

_AND FORM o
NEXT LOCATN

L S5R1 BLOCKS _ |

KK CONSEC
LOCATIONS
FROM XXXX TO
YYYY

SR3 CONVERTS
THREE DIGIT

"NUMBERS INTO

TWO LETTER
MNEMONICS

0863
0929
1032
0536

- 0787

0724

1083

0365
1119

69

45
10
10
21.
61

T8
. 21

0818

0921
1085
0672
0971

L1135

1169
1219
0823

0824 .

1261

1311

0660

0666
1133
0837
1185

0789
0838

0857

66 .
§0 1980

2l

e

.30
L2l
3

b4

e

L 65

15

.. 0913

.20
69
69

60
Y

0540

0907 -

1960
0147
0341
0950

.. 0497

1053

. QesT

0363
1269
1319
0879
1235

60
&4
69

- 60

L 44

0716 .

1082

1003

0367
0547
1050

1012

0868

1361
0T17?
1021
1029
1183
0722
1079

0743

L1169

S 1234

0929
1035
0787
0787
0724
1083
1119
0000

. 0818

0672
1085

0781 -

0971
1135

1219
0824
0638
1261
1311
0660
0367
0370
1133

o aracm

og3g .

1185
0540 .
0638

0857 .

0837
0907 .
0789

1234
0497
G497
1053
0644

0963 _ .

1269
1319
0979
1235
8001
0950
0716
9999
0547
1050

1012 -

0868
0743
1361
0717
0722
1029
0784

0784
1079

0490

2,05



- 301

303

e e e

TUUTTUSRNS T

SR3A2

SR38

SR3C
SR3ED

SRN

“GRN2

SRNG
SRN& .
SRAC

SRACR

ALO
SLT
SRT

- AUP

LOD
SLT
57D
RAU
SLT
AUP
5Ty

' STD
. RAL
NZA

RAL
SLO
AUP
SRT
RAU
RAL

- ALO

SRT
ALO
S5TL
SLT
NZU
RAL.
SRT
RAU
NZU
SCT
AUP
sup
RAU
RAL
STU
STD
RAU
STU
RAY
sup
NZU
RAL
ALO
STL
ALO
RAL

SLO

NZA
RAL
ALO
ALO
RAL
RAU
AUP
STU
5TV
SUp
BMI

. AUP

NINEO
. 0001
0002
TEMPY
SR3C
0002
EXIT
8003
0004
Locus
TEMP9
EXIT

ARITH

SRNS
SRN2
MU

0010 ~ 4
(SRN& ¢

8003

FFTYL
0004
NBAR
TEMPY
0008
SRN6

0002
8002

0000

TEMPL
8002
8003

OTREY

EXIT
FOUR
WJAY
JAY
AQQGY

JAY
ONE
JAY
SRACL
AQQO1L

SRACR
JAY
RAL
ABCON
8002
JAY
ONE
ADOOY
JAY
ABCNT

- 8001

8002

TEMPZ2

SR3A
EXIT

EXIT

8002

_ STATEMENT

GENERATE
SYMBOLIC

_LOCATION

FOR NEXT

SRN FORMS
NUMBERS

COUT IF FLOAT
_ING POINT
FIX ASINTEG

ER IF FIXED
POINT

FLOATING PT

EXPONENT I5

MU PLUS

. FORTY NINE

SRN4

SRN#4

‘LARM
CEXIT

'SRACR

SRAC3

SRAC2
SRACS .

EXIT

PLUS NBAR

MNTISA ALARM
TAND MANTISSA

15

N TO 8 SIG

NIFICANT FIG

_URES

AL ARM

ABSOLUTE
CONSTANT
ROUTINE

QUT IF JAY

‘EQUALS ABCNT

INCRMNT JAY

T FETCH JAYTH

CONSTANT
RECYCLE IF N
EQUALS JTH

CONSTANT

N STORED AS

~ NEW ABCON IF

SRACT .

ABCNT  NOT
EXCEEDED

0784
1129

0963

10713
1013
0766
0370
0597

0905
1015

0873

T 1100

0647
1063

LOT6T .
0775

0955

0670
1027
0816

1005

1411
1121

© 0697

1062

0831
0686

0839
0645

1103

1007

1179 -
1113

11
1335

1285
1150

0747
1055
11458
1065
0887
0791

1118

1385
1213

0866
0937

0889
0793
1165

0923

0881
0492
1215
1435
0736
1263
1221
0924




361 ' AUP  SRACH NEW AB CONST 0931 10 0834 0939

362 LoD N 8003 0939 69 0484 8003
363 SRACY RAL OFIVE LARM ALARM .. 0825 . 65 0528 0332
36 ABCNT 00 0099 0000 RAL Al PLUS 0916 00 0099 0000
65 SRAC6 STD A0O01 SRACS  JAY IN LOWER 0234 Z4 0383 0793 |
366 PS100 STD FINDI - INTERLACE 1035 26 0691 0694
367 SRT 0003 o S 52 0003 1153
368 .SLO 8002 .~ FOUR N 152002 1461
369 SLT 0001 o : PRV 35 0001 0817
370 ALO 8001 DIGITS 6317 15 8001 0875
371 © . SLT o001 L .. 0875 35 0001 0981 .
372 . SLO 8002 0981 le 8002 0989
373 ‘SLT 0001 o WITH . 0989 35 0001 0695
374 . ALO 8001 L 0695 15 8001 1203
375 : . SLT o001 e ol 1203 35 _0001 0759
376 - SLO 8002 . ZEROES 0759 16 8002 0867
377 ' - st o000} , ... . 0867 . 35 0001 0973 _:
378 ) . " LALO 8001 o 0973 15 8001 1031
379 , LT 0001 FIND " 1031 | 35 0001 0691
380 D000y " i - 'SYMBOLS FOR 0032 69 0000 0000
" 381 00002 ¥ . PROBLEM .. .0033 88 0000 0000
382 D0O003 C VARIABLES 0034 63 0000 0000
383 D0004 . © 8§ . R 0035 .82 0000 0000
384 © D0OO00S A 0036 61 0000 0000
385 . DOOD& P o : . 0037 77 0000 0000
386 Dooo7 W 0038 86 0000 0000
387 pogos 00 0800 0000 ) A 0039 . 00 0800 0000
388 00009 E00AA 0040 65 %090 6161
389 . - 00001 00 0075 7677  MNEMONICS - 0600 00 0075 7677 -
390 1 00002 00 0168 7383 FOR . 0601 00 0168 7383
391 00003 00 1061  B4TY REQUIRED .. 0602 00 1061 847T -
392 00004 00 1561 7376 OPERATIONS 0603 ° 00 1561 7376
393 00005 Q0 1682 7376 ... ... 0604 00 1682 7376. _
964 7 00006 00 1761 6162 0605 00 1761 6162
393 00007 00 1882. ‘6162 , 0606 . 00 1882 6162
396 ooo08 - 00 1974 7788 0607 00 1974 7788
397 00009 00 2082 8373 0608 00 2082 8373
398 00010 60 2482 8364 0609 00 2482 8364
399 00011 00 3582 7383 0610 ~ 00 3%82 7383
400 00012 00 4575 8961 , 0611 00 . 4575 8961
401 . 00013 00 4662 7469 0612 00 4662 7469
402 00014 D0 6079 6184 : - 0613 00 6079 6184
403 00015 00 6179 8284 . 0614 00 6179 8284
404 . . 00016 00 6464  BST9 0615 00 6464 8579
405 © 00017 00 6579 6172 0616 00 6579 6173
406 7777 00018 . 00 6679 8273 0617 00 6679 8273
407 00019 g0 6779 6162 : 0618 00 6779 6162
408 © 00020 00 6879 8262 0619 00 6879 8262
409 00021 . 00 6973 6464 . 0620 00 6973 6464
410 - 00022 00 7079 6482 ' 0621 00 7079 6482
411 00023 Q0 7177 6368 : 0622 . 00 7177 6368
T 412 T Y 00024 PR 9968 7383 0623 00 9968 7383
413 A000Y Q0 0006 0000 PRESET 0383 00 0006 0000.
414 © A0002 0G0 0000 0001 - ABSOLUTE 0384 00 0000 .0001
415 A0005 .00 0000 1000 © CONSTANTS 0387 00 0000 1000
416 A0006 00 0000 2000 0388 00 0000 2000
417 . A00O7 00 0000 3000 03289 00 0000 3000
418 0150 00 6163 Al ABSOLUTE 0150 00 6163 ,1018
419 0151 00 - 6169 Al VALUE 0151 00 6169 1018
420 0152 . 00 - 6173 AL ; 0152 . 00 6173 0628
. 2.7



421
422

423

@24
425
426
427
428
429
430
431
432
433
434

435

436
437
438
439
440
441

442

L4473

L4

H4 5
L
&a7
448
449
%50
457
452
453
454
655
4564
457
458
459
460
hel
462
463
464
465
466
467
468
469
470
471
&T2
473
474
475
476
4&T7
478
479
480

0153
0154

0155
0156
0157
0158
0159
0160
0161
0162
0163
0164
0165
0166
0167
0168

0169

0170
0171
0172
0173
0174
0178
0176
0177
0178
0179
0180
0181
0182
0183
0184
oles
0186
0187
0188
0189
0190
C191
0192
0193
0194
0195
0196
0197
0200
0201
0202
0203
0204
0205
0206
0207
0208
0209
0210
021%
0212
02132
0214

6178
6188
6282
6299
6369
6373
6375
6399
6463
6466
6469
6471
6473
6478
6488
6499
6572

C 6663

6666
6669

6671

6673
6678

. 6682

6688
6699
6769
6773
6799
6866
6966
6969
6973
6999
1164
7166
7172
7177
7178
7179
7182
7187
7199
7263
7266
7269
7271
7273
7278
7282
7288
7299
7363
7369
7371
7373
7378
7382
7308
7399

Wi
WE
PS3
Wy
ZN

..B MINUS -

<

_ DIVIDE

e

HALT
IF
I- .

DECIMAL
POINT

COMMA

COMMA MINUS

LEFT MINUS

0153
0154
0155
0156
0157
0158
0159
0160

o161
0162

0163

0164

0165

0166

0167

0168 "

0169

T 0170

0171
0172
0173

C01T4 T

0175

0176
0177

0178
0179

‘0180

0181
0182
0183

0184
. 0185

0186
0187
0188
0189
0190
0191
0192
0193
0194
0195
01956

. 0197

0200
0201
0202
0203
0204
0205
0206
0207
0208
0209
0210

- 0211
0212

0213
0214

6178
6188

6282

6299
6369

6373

6375
6399
6463

6466 .

6469

6471
6473

6478

6488

6499

6572

6663

6666
6669

6671

6673
6678
6682
6688
6699
6769

6773

6799
L6866

6966
6969
6973
6999
7164
7166
7172

-TL77

7178
73179
7182
7187
7199
7263
7266
7269
7271
7273
7278
7282
7288
7299
7363
7369
7371
7373
7378
7382

1368

7399

0628
1018
0987
0654
0974
0678
0880
0704

1271

1068

1068

0826

0728
1233

1068
0826
0343

1068
1321

1068
0826

07238
1233

0343 "

1068
0826
1024

0778
0754

0343 7

1371
1074

‘0828

0804
1369
1421
1077
1349
1421
1421
1369
1369
0854
1068
1471
1068
0826

‘0728

1233
0343
1068
0826
1068
1068
0826
0728
1233
0343
1068
0826

2.¢8



481 .

514

517
518
519
520
521
522
523
524
525
526
527
528
529
530
531

533
534
535
536
537
538
539
540

0215
0216
0217

0216

0219
0220
0221
0222
0223

0224
0225 -
0226

0227
0228

© 0229

" Sret—— ) i

0262 7
0263

C 0274

0230 T

0231
0232
0233

0234 "
0235
9232 i

0237

0238

0239
0240
0241

T0242 0T

0243
0244
0245

0246

0247

T 0250

0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261

0264

© 0265

0266
0267
0268
0269
o270
0271

0272

0273
0275

" 0276

T463
TH69
THTY
7473 -
7478
7488
T499
7573
7763

7769

7771
7773
TT78
7782
7788

CTT99

7864
7866
7872
7877
7878

T 7879

7882
7887
78%9
7964
7966
7969
7972
7977
7978
979
7982
7983
7987
7989
8263
8269

. 8271

8273
8278
8288
8299
8363
8369
8373
8388
8463
8469
8471
8473
8478
488
6499
1563
3569
3571
3573

. 1578

1588

MINT
MINI
MINN

MINL T

MINL
MINT
MINN
P53

. ———

MATRIX

¢ e v po———

TUPOWER T

P MINUS

0215

0216
0217

00 7463

00 7469

0218 "

0219

0220

0221
0222

0223
Q224

0225
0226
227
0228

. 0229
0230

0231
0232

0233

RR

RCMMA

RW
R

- TTEXTENSIONS T

o

sUM

TYPE .

0234
0235

0236"

00 7866.

0237

0238
0239

0240

0241
0242
0243
0244

0245
0246 "

0247

0251
0252
0253

00 “7887-

00 7471
00 7473

00 7478
00 7488

- 00 7499
00 7573

00 7763
00 7769

00 " 7771-

00 7773
00 7778
¢o 7782

007788

00 " 71799
00 7864

00 - 7872
00 7877

.00 7878
00~ 7879

00* 7882

00 7399
00 7964
00 . 7966

00 7969

00 " 7972
00 7977

.00 7978

S0250 T

00" 7979
00 7982

00 7983

L 00 7987
00 7989

0254

0255
0256
0257
0258
0259
0260
0261

0263
0264
0265
0266
0267
0268
0269
0270
0271
0272
0273
0274
0275
0276

00 8263
00 8269
00 8271
00 8273
00 8278
00 8288

- 00 8299

0263

00 8363,

00 8369
00 6373
00 8388
00 8463
00 8469
00 8471
00 8473
00- B478
00 8a8s
00 8499
00 85543
00 8569
00 8571
00 8573
00 8578
00 8588

liig ¢
1118 |
0876 -~
0878
- 0878 - .
‘1118
0876 . .
0343
21068,
$ 1068 .-
0826-
0728
1233
0343
1068
0826
1419
1521
1127
1439
L1521
1521
“l419
1419
0904
1469
1571
1571
1177 -
1469
1571
1571
o la69.
1671
1469
QTas
1068
1068
0826 -
o128 7
1233
1068
0826.
1168
1124
0928
0863
1218
1218
0926
0978
1283
1218
0926
1218
1218
0926
0978
1283
1218

2,07



541
542
543
S&h
545
546
547
548
549
550
551
552
553

555

" 556

557

55g e

559

560
561

562°

563
564
565
566
567
568
569
370
571
572
573

574

575

576

577
578
579
580
581
582
583
584
585

586

587
588
589
590
591

“ 592 ¢

593

594

595
596
597
598
Y99
600

0277
0278
0279
0280
0281
0282
0283
0284
0285
0286
0287
0288
0289

0290

0291

0292

0293

0294

0295

0296 7

0297
0300
0301

~ 0302

BN

0303
0304
0305

0306 "~

0307
0308
0309
0310
0311
0312
0313

0314

0315
0316
0317
0318
0319
0320
0321
0322
0323

0324

0325

0326.

0327
0328
0329

"Al

ATl
Al

8599
8663
8669
8671
8673
8678
8688

8699

8763
8769
8771
8773
8778

8738 .

8799
8869
8873
8875
8899
8963
(8969
8971
8973
8978
8982
8938
8999
2063
9064
9067
2068
9069
9073
9078
2083
9088
9962
9964

. 9965

9966
9969
9971
9972
9977
9978
9979
9982
9983
9987
9989
9999
0OTWO
TEMP4
ATl

ABVAL

2

RAB
LCW

MN . e e RELATIQNS —ceee -

WE T e e

ps3
WY
ZN

ENDY T TTIMES T

PsS12

ENDG s e e el et e w

ENDH

ENDY T e

ENDL
P&12
ENDT

NF
NW

ENDY ..“.. y

NR  SUBSTITUTION

NF
NR
NF
NCMMA

NR FIRST
NW | CHARACTERS

"'RAL RSL
BECOME

RAB RSB
L ISR

-Ps3 ABVAL NONZRO

. BETA IS U
"V1 IS5 ZERO
COMPILE

RAB 8002

0277

0278
0279
0280
0281
0282
0283
0284
0285
0286
0287

0288

0289

" 0290

0291

T 0292

0293

T 0294

0295
0297

0301
0302
0303
0304
0305

0306

0307
0308
0309

T 0310

0311
0312
0313
0334

0315 -
0316°

0317
o2lg
0319
0320
0321
0322
0323
0324
0325
0326
0327
0328
0329

i0ls,
1073

0841
0844
0847
0628
1081
0891
0349

T 0296 T
T 0300

0926

1218

1218
10926

0978.

1283

1218
0926
1068

10687
0826

0728
1233,

1068 '

0826
1174
1028

0930 ~

0954

1068

1068

0826

0728
1233

0353

1068
0826
1268

0850 4,

0772
lo23
1268
lo7a,

0850

0938
1268
0917
1519
0720
0917
0720
0917
1227
1519
0720
0720
1519
0720
1519
0794
0917
1073
0841
0797
1250
0343
0884
0891
0349
1057

L —

Y o



y

601
602
603
604
605
606
607
608
609
610
611
612

613
T 614

615

616
617

618
619
620
621
622
623
524
625

626

627

528

629

630

631
632
633
634
635
636
637
638
639
640
647

642

643
644
645

646

647
648
649
650
651
652

653

654
655
656
657
658
Y659
660

8s

BN
BNY

© T CEE|

(D]

ADLOW

e EEEET

. EN

EN1

LoD
STY
LoD
RAL
SLO
STL

RAU:

LOD
STU
LDD
RAL,
STU
STL
RAL
LDD
RAL

- AUP

5TU
STL

- Lop

RAL
LOD
STU
RAU
AUP
LD
RAL
RAU
RAL
AUP
5TU

STL

LoD
Loo
LOD
LDD
SLT
ALO

ALO .

LDD
RAL
STL
RAL
LoD
LDD
STY
LOD
LOD
LOD
ALO
ALO
LOD
STU
RAL
ALO
AUP
SLO
.00
SDA
RAL

0P SGN

A0001 -

ONE
A0QO
N .
BN1
NBAR

ONET
N

ARITH
THREE
Cl

C
ONET
TEMPY
TEMPZ

SLTI®

OPSGN
LOW1
ALO

8003
TWO
C
ONET
TEMPY
TEMP2

0004
RAL
TEMP2
VAR
TEMP]
ARITH
SXTNT
PSS5A

OPSGN

Do0O0Y
EXT

OPSGN
NU
EN1
8002
ONE
ENG
EN4
JOOG]

S v

OSGNY-

ATYL
DROPY

BN1
SRN

CHKAR

NF2

SETEL
Crl

CHKAR "
OSGNY "

P57
VARZ

YMTXL

CN1

VAR

CHKAR

sTeTA
- SRN
CHENN

YAR2

“os6NY

EEC2

LOSR ™
NUINC

P53
CHEAR
SRN

CHKNN,

OSGNT ™

8003

ADLOW

.. LDDOOOOEN

ERRT

OPSGN ZERO
DCRMNT U

ABCON COUNT
MINUS ONE

NBAR EQUALS =

N
ARITH EQUALS
NE

STORE ¥V AND

ARITH
COMPILE

ALO 8OO2

T COMPILE

. RALV0000
VOIS Two
"V EQUALS €

ARITH
 GENERATE N

COMPILE
RAL VN

e

SET ARITH
BEGIN READ

1087
0760
0987

BTN

1037
1485
0786
0654
1039

0745

0198
1511
1087

0678

TTUSLY 00046 AND T

15358

0974

1181

1112
0943

Iy

T 69

Case Nort ore -

21
69

65

16
20

.60

62

21

69
65
21
20

L85

69
65

10

1611

21

.20

0346 -

1253 77

0656

C1227

1585

© 0993

T ARITH 1S ONE T
_ STORE V AND

+ e = e—

GENERATE N
- COMPILE

~IF UNU_ NOT

EQUAL  JNU.

PLUS ONE
COMPILE
NOPPHIUNY

0496
0880
0704

23y 7

1661

1162 -7

1043
0346
0549

0652

1105
1303
1123

0795

0248
1363
1271

1229 .

1521

171177

0904
1107
0810
1413

1137
. 0845

0298
1377
1155
1463
1621

-

69
65
69
21
60

10
69

65

60
65

10
21
20
69
69
69

. 69

. 35

15
15
69
65
20

- 65

69

69
21
69

- 69
-+ 69
15

15

6%

21

65
15

1635 7

0941
0708

10

16
69
22
65

e

0760 1313
0524 0eas
0640 0893

10383 10377

0630 1485
0383 0726
0484 1039

- v—

1039 "11007

..0342 0745

0198 0751

10356 1511

0484 10877

0358 ° 1583

1131 - 15357

_..0974 1250

1277 T1181 ‘

0356.7 1611

0509 1112

0490 0943

0346 0751

0899 1253

0656 1313 .

.. 0524 1327
0980 1585

0988 0993

8003 1303

N

0496  oBo0 T

0148 13537~

1277 1231

0356 1661

0509 1162

pe——

0490 1043

L0546 0751

05497 0884

0652 1100

1105 0658

0004 1303

0968 1123 T
..0490° 10795
0248. 1313

0509 '1363

0358 1711

1224 1229

0635 . 1038

L1571 1274

05247 0343

1107 0751

0810 2100 "

1413 0658
0032 1137
0690 0845

0524 1377
0700 1155
0708 1463
8002 1671
L0630 1635
1088 0941
1088 8003
1977 1283

200

70298 "13137—



- - o 51 v & Rt | B 0 e it

) ~ 8TL  TEMP2 EN& o 1281 20 o490 1088

bl EN4 SLO  J0001 771088 v L3160 1977 1331
663 o NZA EN3 . el X331, 43 0934 1685
664 ' RAL  TEMP2 0934 65 0490 0893
665 .. SLO ONET e e ... 0893 16 0356 1761
666 SLT 0004 R & {3} 33 00046 1671
667 - ALO PHI 1671 15 1324 1279 .
668 LDO EN3 0SGN1 ‘ 1279 69 1685 1313
669 EN3 " RAU N . EXTENSION __ . 1685 __ 60 0484 1089
670 T TTT T SUP MAXE NUMBER ~ 1089 11 0542 " 0897
671 OMI EN2A  SET ARITH  0B9T _ 46 1300 0801
672 . 7 TTUUTTUUTUORAU ONET EN2 ‘ 1300 60 0356 1811 -
673 EN2A  RAU 8002 EN2 0801 _ 60 8002 1811
674 7 TUTEN2 T STU ARITH V1 TO ZERO™ 1811 21 70358 1861
675 . sTL vy PS3 1861 __.20_ 0488 _ 0343
T676" TTTEWT T LDD RW NUINCT 1419 69 1469 1274
677 . ENDG RAL RELAT END STMNT IF 0772 ___ 65_ 0632 1187
678 TTTTTTTTLO T UTTTNZA CTPs127T T TRELAT ZERO T1187 457 0740 0850
679 L.OD  ENDGY ©IF GO INTGR__ 0740 69 1093 0596
680 T NTTTTITTTTTTTTTTTUSDA ENDGYL T T THEN 0596 22 1093 0648
681 LDD  ENDG3 INST OF 0646 69 0599 0702
SRR TTTTTTTTTUIUUUTTTTTTUSDA C ENDG3 T TTTTTUMINUSTWO 0702 22 0399 o752 T
£83 . RALU SET TO DATA Q752 65 0515 1569
C&BA T T TTTUSL0 TWO - T OOF UMINUSL TV 1569 16 0148 1603 T
685 . LOD  ENDGA THEN 1403 . 69 0706 0809
686 o T T sDA ENDGA T T DECOMPILE 0809 22 0706 0859
687 : LDD  ENDGB - 0059 _ 6% 1212 1265 _
a8 T T T b ENDGB . iF 1268 © 22 1232 1315
669 i ALO o0z GO I INTGR 1315 - 15 1318 0002
4 S, T RAL 0001 THEN 1318 65 0001 1205
1 ' SLT 0002 A ENDGR ~ 1205 35 0002™-1911
592 o T NZU  ENDGR o 1911 44 1365 0966
5913 SRT 0002 ENDGA N 0966 30 0002 G706 )
604 T T TENDGA T LDD 0000 ENDGB 0796 T 69 0000 1212 7
695 ENOGE SiA 0000 © 1212 23 0000 1453
696 ' .00 DROPY IF RELAT 1653 69 0756 0093
697 RAL RELAT NEG THENM 0756 65 0632 1237
598 BMI  ENDGZ ENDGS ENDG2 1237 46 0790 0991
699 ENDGR. . ....RAL. . RELAT . LIF RELAT NEG... 136% . .65 0632 1287
700 " TTTTTTUYTC " BMI ENDG2 ENDG4 7 THEN ENDGZ T 128T .46 0790 1041 T
701 ENDG2 RAB 8002 INST OF 0790 67 8002 0649
102 STL BETA RELATMINUSY 0649 20 1503 0806
703 ©TLDD  ENDG4  BMONE SET TO U T 0806 69 104% 0944
TO4 : ENDG& RAL U ENDGA DATA OF 1041 65 0515 0599
705 ENDG3 LDD 0000 ENDGY RELAT SET 0599 - 69 0000 1093
06 CUTUTUUUENDGYT T SDA T 0000 ToTO U » 1093 22 0000 1553
707 ‘ RSU U COMPILE 1553 61 0515 1619
208 : LDD ENDG5 PS7 NEG NOP . 1619 69 0991 0800
709 ENDGS $TU RELAT PS12 . RELAT ZERO . 099 21 0622 0850
710 ENDH RAU U COMPILE 1023 - 60 0515 1669
711 -~ AUP OONE HLT U 0000 1669 )0 0832 1337
712 o ' LOD PS12  PST . 1337 69 0850 0800
T13 ENDL LDOD ENDY  DROPK 1078 69 1268 1721
714 ENDT RAL = FOURT -~ END PUNCH 0938 65 1091 0945
715 SLO  JO00Y " GENERATOR . 0945 16 1977 1381
716 ‘ ' BMI  ALARM COMPILES. 1381 46 0827 1735
717 o RAL 8001 LDD PNCHSR 1735 65 BO001l 1143
Ctoryg T T OSLT T 0004 TUTUIF NR OF 1143 35 0004 1603
. ™19 ALO 0000 VARIABLES 1603 15 0000 1255
20 STL N LESS THAN 1255 20 0484 1387

Ayl B



7*1
N
L3
T4
725
726
727
728
729
730
731
732

763
164

766 .
767

768
769
170
T71
T72

.
T
S

773

T4
775
T76
T?

778 °

779
80

¢mtﬁ%&p,“

_ ENOY

LoD
LoD

‘RAL

LoD
LoD
LDD
NZA
RSL
STL
RAL
L.0D
5TL

. RAL
SLO

J TP S TR T

Enoy2

STL

ALO

RAL
8TL
RAB
SLO
NZA

"~ RAU

ENDY3

TUENDYS

JENDYL

ta

t

ENDYS

Cyr e L
Fooagud e 9

. twmvv

gty
y' L

PR

R
G1

L GL

"» " M't

5TV
RAU
BMY
RSU
RAU

. LDO

RSL
5TL

3 "’x} i\h H LDD‘~

5

RAL

5L0

T STL

ALO
RAU

LAUP.

Aup
SRT
RAU
SLT
L.0D
RAL.
ALO
RSL
W STL

TRAU

LDo
RAU
LoD
5TY
RAL
ALO
ALO
LOD

RAU’

1.DD
LoD
LoD

LDD

o

SRAC
OSGNJ,
SYNTT
Ps12  LDSR
CHINY
UBETA -
ENDY]
NZA
CTEMP4
BETA —
CHGOP
TEMPY
BETA
"ONE
TEMPE
(ENDY2 8002
0000
TEMP2
8002
STLAL
p512 P R TLIE e TR
TEMP4
U . L .
TEMPZ o
~ ENDY3 .
TEMP1 ENDY&
TEMPL ENDY& .
Ps1z PST
FRONE “5
TEMP@z, ,
L - ,{‘”CHGE
Y n :
TWO
Wy l
ENDYS 8002
0000 - :
Yoy
TTee o T
- 0004 -
8003
0004 .
Ps7
U ' .
ENDY? 8002
0000 _
CTEMPLL.
Loac o T
P87
TEMPY
pPs1z PSY
FFBIT PS3
ALO
ABCON
LOW1
05GN1
OONE EEC2
61  CHKAR
CHKAR
SRN
CHKNN

¥y

" FIVE

IF U EQUALS

. BETA PLUS 1

RAL BECOMES

STL
CIN BETA

THSETYCONTENTS * 7

BETA MINUS

" ONE EQUAL
" TO CONTENTS
BETA WITH

SIGN BETA __

MINUS ONE

IF BETAY
MINUS ONE °

~ CONTAINS ;

CS§TL L ACC "\

[T T T e ypspeeen)

zr‘u‘NOT BTA

"j,, PLUS ONE. .
JRECOMPILE«" .
RALYO 0000

Syt
ALG U 0000
T STOYD 0000

WITH SGN OF

L.AST INST
NEGATIVE

FFBIT. ON
COMPILE

ALO AD 8002
WHERE AQ
TWILL CONT
"50 ADDRSS

COMPILE

1387
0840
1193

0851

1268
1771
1424
1329
1437

1141
1157

0860
1262
1207
1785

11917 ¢

0994
1305%

To1243

0501

0909
15637 T
12930

1368,

4

0995
0348
0699,
1613

1128

L1044

1653, ..
1418,
: 182y
-udxwLDD ACC 8002 S 1355 .

" L7869

"1663 B

1719

1703

1871
148)
0984

..183%
Y1267 Ve

1819

0822

0872
1713

1405 7
L3z
1869

1321 ...

1024
1343
1531
1885
1138
0778
0754

1257 .
0910 .

0846
1197
0696

0850

1771

L1624

1128
1132

- 0788

1503

0860 |

0509
1503
0630
0788

C 0994

0000
0490
8002

1004
- 0850

0788

© 0515

0490

- 0348

0509

0509

0850
1431
0788

10as
L0515

0148
0515
1821
0000
0515

0148

0004&
BOO3
Q004
0984
0513
0822,
0000

- 0509
‘1415

0872
0509
0850
1959
0988
0776
0980
1138
0832
1024
1257
0910
1763

1750
1313

1
1427
1329
1437

1141
L1157

1513
1262
1207
1785
1191
8002
1305
1243
0901
0909

1563 -

1293

1368
0995-

0699
1613
1613
0800

0§51
1438
374

P

1835 -

1263
0797
1719

1653 .
1418
8002’

1355

1769
1703

1663
187%

1481

0800
1819
8002

1405

1312
1869
0800
1713
0800
0349
1343
1531

1885

1313
1711
0751
0751
1100
0658

2.3



781 ALO GO NOPOGOOSN 1763 15 1016 1921

32 LOD EEC2 OS5GN 1921 69 1711 1313
/83 IF L.DD NI CHENK T & ¥ 4.1 69 1474 1374
T84 I1 RAL I ADLOW 1074 65 1477 1611
788 It RAL ONE , i 0828 65 0630 1935
786 ‘ LoD 1t SETEL : 1935 69 1074 1250
787 CIN  RAL 1 VAR OV EQUALS I 0804 6% 147T 1661 ...
788 ME LDD ML NUMIN DCRMNT NU 1283 69 0978 1581
7689 ML RAU STREL.  RELAT IS L _ . 0978 ___ 60 1631 0836 ___ __.
790 T LDD DROPK 1631 69 1034 1721
791 _ LoD CHKTK TO ML1 IF 1034 69 1487 0890 )
792 - NZA ML TK 1S ZERO 1487 45 0940 1291
793 o LD MLl TKNZY TKNZIAND ML1 0940 69 1291 1094
794 ML LDD SETEK 1291 69 1752 1134
AT94 S " NGLFT 1752 _ 69 1la4_ 0947
795 T STU  ABVAL PS3 © ABVAL Z2ERO 1144 21 0366 0343
796 MY  RAU STREL . RELAT IS L 1218 60 1971 0836 __ _ .
797 o : L.OD CHKTK TO MINT IF 1971 69 1524 0890
798 _ NzZA MYl MINI TK 1S ZERO  © 1524 _ 45 1178 1118 . .
799 MYl ©LDD ML1 TKNZ2 1178 69 1291 1194
BOO MN __RAU ~_ STREL _ RELAT IS L ___ 0926 __ 60 1379 0836 ______
801 77T T Loo : CHKTK TO MINN IF 1379 69 1182 0890
BOZ . NZA M NN TK 1S ZERO _ 1182 45 0886 0876 .
803 ‘ . ’ Lho SRN COMPILE 0884 69 1139 1100 .
804 . _ LDD  MY1 GENN RAL AJAY 1139 69 1178 1681 _ .
BO5 MINT RAL  OONE RAL RAB 1118 6% 0832 1537
306 __ STL  TEMP4 _ BECCHMES 1537 20 0733 1341 _
D07 ’ L0o UCHGE RSl RSB 1341 69 1244 0797
808 RAL DOOO& L 1s s 1244 65 0035 1189
809 STL & PS3G THEN PS36G 1189 20 0529 0668
10 MINL LDD PS3G  NGLFT 0878 69 0668 0947
811 MINN LOD SRN , 0876 69 1429 1100
812 RSU N N IS MINUS N 1429 _ &) 0484 1239.
813 o C5TU N COMPILE 1239 21 0484 1587
B4 LOD GENN RAL AJAY 1587 69 0990 1691
815 . RAL DO0O0O0& L 1S s 0990 6% 003% 1289
Bis STL L WY THEN WY 1289 20 0529 1068
817 MOOO1 84 0000 IDEM SWITCHING 0500 84 0000 1455 ‘
818 Moo02 85 0000 GRTR DICTIONARY 0501 85 0000 1505 _  __.
819 TOMO00O3 0 86 0000 GRTRZ FOR 0502 86 0000 1555
820 MO004 99 9999 ALARM RELATIONS 0503 99 9999 0827
821 1OEM RAL U COMPILE 1455 65 0515 1919
822 STL RELAT MZAOCOONEXT 1919 20. 0632 0936
823 RAL  NZA GRTRY . 0936 65 1132 1637
824 GRTRZ RAL U Vv EQUALS U 1555 65 0515 1969
825 o 5TL  RELAT GRTZ1 COMPILE 1569 20 0632 0986 .
826 GRTZ1 RAL ~ BMI GRTR1 AMIODOCNEXT 0986 65 1339 1637
827 . GRTR1 DD ¥EC2  0OSGN1 OPSGN ZERD 1637 69 1711 1313
828 . GRTR RSL U .V EQUALS U 1505 66 0515 0770
229 SLO  ONE PLUS ONE 0770 16 0630 1036
630 STL RELAT COUPILE 1036 20 0632 1086
5831 RAL NZA NZAOOOONEXT 1086 65 1132 1687
832 LOD 05GN1 1687 69 1040 1313
633 STU OPSGN GRTZ1 1040 21 03524 0986
834 NEMMA LDD  NR COMMA 1227 69 0720 1173
835 NF RAU INTGR N EQUALS L 0917 60 0538 1393
836 SRT 0008 AND N 1393 30 0008 1961
837 ALO N 1961 15 0484 1389
538 SRT 0001 MU EQUALS MU 1389 30 0001 1045

839 STL N PLUS ONE 1045 20 0484 1737



840
841
842
843
844
845
846
847
E48
849
850
851
852
853
B34
355
856
857
ase
u5g
860
861
862
843
B64
Ba%
BHG

k.n.98
869
870
871
arz
873
874
ars
876
BT7
8718
879
880
881
882
883
584
BBS
886
887
age
889
890
891

NF2
Ni

NIL

NR

NW
NZ

- NZ4

NZ1

FLOTE

FLOTL
FIXVA

PCMMA
PF

4
PW

QCMMA
QF

STSMT

TF1

RAU
AUP
5TV
rRAL
LOD
TLY
RAU
sup
STL
STL
STL,
STL
LDD
LoD
$TD
LDD
RAL
sSLT
sUp
NZU
sUp
NZU
sUp
NZUY
RAL
RAU
NZU

‘RAL,

LOO
5TY
RAU
NZU
RAL
LDO
RAV
RAU
NZU
RAL
LoD
LoO
5T
STL
STL
RAL
5TL
LoD
LDO
RAU
SuUp
NZU
LoD
ST0
RAL
AUP
sSLO
ALO

STV

RAU
AUP
STU

My
ONE
MU
NT1
RELAT
M000]
0000
RELAT
NBAR
N
MU
ARITH
NR
NR
ouT
NZ1
0001
0002
SIXTR

SIXT
NNTEN

FIVEG
Vi
ouT
STLAL

OPSGN
ARITH
NZ3

FIVET

FLOTL

8003
ARITH

FIXNR

NZ2

PF
N
NBAR
MU
ONET
ARTTH
PF
EE
TAU
TAUS.
TF1
TF1
FINI
FLOPY
0000
ONE

NOOO1
PS1
ONE
Ps1

NF2

Ps3
8002
8003

NF
TOP
NZ4&

CHINK

FLOTE
FIXVA

FLOTE
LARM

NZ2

OS5GN
FLOTL

LDSR
QuUT

NZ2
LDSR
COMMA
PN
NF2

THOP
COMMA

STSMT

8002
FINT

SWITCH TO
RELATION
. COMPILER

N NBAR MU
DEL AND
ARITH ZERO

STORE OP

COMPILE
STL ACC
OR
LOD FLOATK
OR
LoD FIX
QR

ALARM
TOo NZZ IF
Vi ZERO

FLOAT IF

¥ OAND FIX
C AND FIX

N NBAR AND
MU ZERO
THEN PN

ARITH TO
FLOATING

TKOP AND PF

QUANT .

1F 50
STORE STMT
NO OF STMT
FOLLOWING

" QUANT

IF NCT
INCRMMT PSI
AND &2T

1737

1605
1561
1474
1731
1136
1527
1655
0720
1095
1787
1753
1519
0794
1273
1479
1232
1705
1362
0820
1223

1186

1439
0997
0951
1350
1443
0498
0959
1412
1574
1813
1468
1627
1577
1090
15673
0967
0925
1077
1421
1837
1145
0854
1462
13469
1127
1471
1515
1373
1228
1030

1294 7

1001
1755
1236
1489
1677
1195
1236

0750 16085
0630 1561
0750 0343
1527 1731
0632 1136
0500 8002
0000 1655
0632 BOO3
-0342 1095
0484 . 1787
0750 1753
0358 0917
0720 1223
0720 1273
0976 1479
1232 1374
Q001 1705
0002 1362
1465 0820
1323 1574
0330 1186
1439 1090
0592 0997
0951 1574
1054 0332
0488 1443
0976 0498
10046 0959
1412 1313 °
0524 1S77
0358 1813
1350 1468
0922 1627
1577 1038
8003 0976
0358 1863
0967 0493
0870 0925
0498 1038
1421 1173
0484 1837 -
0342 1145
0750 0854
0356 1462
0358 1561
1421 1223
1521 1173
1960 1515
1518 1373
1677 1228
1677 1030
0691 1294
1047 1001
0000 1755
0630 1236
1489 8002
0568 0691
0041 1195
0630 1206
0041 1344
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Qul
9202
903
904
305
06
907
908
909
210
911
912
913
G144
915
916
917
918
919
920
921
922
923
Q24
925
G424
927
928
Q@30
931
932
933
934
935
. 936
237
238
939
940
941
947
943
Qi by
945
G484
Nt
oung
949
950
- 951
952
953
954
955
956
957

Y 9

QUAL

QuA20
QUA3

QUA}

QUA2

“fF2

GUAS

QUASD

QUAT

CURTN
CURT1

CURT2

MPY
STL
RAL
NZU
AUP
RAL
STL
RAU
NZU
SRT
STy
RAU
STU
NZU
RAU
sup
STU
5Up
NZU

-~ RAL

ALO
STL
ST
STU
RAU
AUP
5T
sup
NZU
RAL
SLO
5TL
RAU
SRT
AUP
ALO
ALQ
5L0
ALO
STU
STU
LDD
RAL
SLT
sup
sup
NZA
AUP
AUp
SRT
sLo
SRT
ALO
sLo
SRT
ALO
SLTY
ALO
5L0
ALO

SIXT
FrLorl
ONE

0000 -

GAMMA
GAMMA

0002
GAMMA

8002
TEMPY
QUAZ
TALLY
ONE
TALLY
SVTY2

" QUAS

CH1
ONE
CHI
STAR
EL
EL
ONET
El
SIXT
QUAT
Psl-
ONE
PSI
STAR
0002
TEMPY
FLOP1
CH1
SEVEN

NOOO1
STAR

W0005
0002
NINTY
8003

8001
8001
0002
8002
0001
8001
8002
0001
8001
0002
FLOPY
TWO

TF2
CURTN
80032
QUA20
QUA2

TQuAl

QUA3Z

QUA4

TF2

QUA3

QUASC

ALARM

8002
QUA3

FLop
CURTL

CURT2
CURT1

- 8002

COUNT

IF TALLY
NON ZEROQ
SEND NXT WRD
TO GAMMA

EXTRACT

PEWTH

SYMBOL

IS5 .

SYMBOL ZERO
INCRMNT
TALLY

Is SYMBOL K
INCRMNT CHI

CLEAR L
AND STAR

INCRMNT EL

ALARM IF
MORE THAN
FIVE S5YMBLS

STORE
CONVERT NO
OF STATMNTS
BEING
QUANTIFIED
TO PURE
NUMERIC

1244
1336
1400
1450
1803
0856
1805
0975
1727
1781
1887
1025
1333
1512
1282
Y777
1435
1565
1423
1278
1406
138é
1084
1391
1827
1051
1562
0749
15326
1140
1245
1586
1539
1493
0799
1913
1101
1636
1543

0796 .

0972
1104
1307
1686
1593
1615
1473
1026
1877
1736
1643
1151
1357

1665

1523
1529
1937
1693
1201
1853

0330
1047
0630
1803
0856
0000

0372

0372
1781
0002
0372
8002
0509
1565
0373
0630
0373
1568
1827
1831
0630
1831
1188
0746
0746
0356
0746
0330
1539
0041
0630
0041
1188
0002
0509
1047
1831
1589
0796
0568
1188
1307
1981
0002
0360
8003
1026
8001
8001
0002
8002
0001
8001
8002
0001
8001
0002
1047
0148
0906

1336
1400
1386
1104
8003
1805
0975
1727
1282
1887
1025
1333
1512
0975
1777
1436
1450
1423
1278
1486
1386
1084
1391
0975
1051
1562
0749
1536
1140
1245

1586 -

0827
1493
Q799
1913
1101
1636
1543
8002
0972
0975
0960
1686
1593
1615
14673
1877
1686
1736
1643
1151
1357
1665
1523
1529
1937
1693
1201
1853
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966 - . 510 . 0003 VARIABLE 1332 '24 0003 0956
967 RAU FIVET 0956 B0 0922 1927

968 e BTL 0004 e e, 19270207 0006 1457
949 . ALO  TAUS6  QUA9 : 1457 15 1060 1715
970 QuAa®  sBU TaLLY ©. RETURN TO - .1718%- 21 .0373 1076
971 : STL  TAU SCANNER 1076 ‘20 1960 1963

972 o . RQL _ RBL P528 . L4963 680 0344 0667
973 TAUS AL TAUS  QUAL1L SET TAY L8060 . 68 1518 1573
974 QUALY  BTL .TAU  TAU2Z  TO TAUS _____1573.._ 20 1960 0564 )

TTers T TAus"“*‘L;?Q:,. 5TSMT 151¢ = %9 1072 1030
976 RAL™ TAUZ  QuAly Y072 85 0564 1573

S9TT T TUTAUZ TT LGB0 QuA21  DCRMT - 0564 . 9 1017 - 0920
978 QUA21F  LDD FLOP _ e Y027 B9 0970 0960
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981 QUALO™ RAL  WDOO04 STORE 77 "7 1190 85 1980 1836
982 . BTW 0000 , 1836 %) 0000 1903
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998 RAU  PSI . QUANT COUNT__ 1394 &0 0041 1295
999  TTTTTTTUTTITTUSTY O TEMP3  DCMT3 FOR ALL 1295 21 o709 1712

1000 DEMT3 RAY TEMP3 - PSI LEsS 1712 60 0709 0664
1001 NZY FINI THAN OR 0664 46 1117 0691
1002 . SUP  ONE EQUAL TO 1117 31 0630 1886
1003 ; STYU  TEMP3 ~ CURRENT 1e06 21 0709 1762
1004 ' MPY  SIXT P31 o 1762 19 0330 1936
1005 7T ALG DEMTL o 1936 35 1639 1743
1006 : LOD  DEMT2 ) 1743, 9 0846 0849
1007 ~ SDA peMT2 8002 0849 Z2p 0846 B0OO2
1008 . . DCMTI, RAU- NO0OS , 1639 60 0572 1428
1009 - SUP . 0000 16428 i1 0000 1056
1010 NZL  DCMT3  DCMT2 . losa £4 1712 0846
1011 T DeMT2 STY  NGOOS  DCMT3 0846 1 0572 1712
1012 TAU3 LDD FLoP STORE S 1662 gb 181% 0960
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1020

1021
1022

1023

1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
11037
1038
1039
1040
1041
1042
10413
1044
1045
1046
T 1047
1048
1049
1050
1051
1052
1053

1054

T 1055
1056
1057
1058

T1059
1060
1061
1062
1063
1064

T 1065
1066

© 1067
1068
1069
1070

1071
1072
1073
1074
1075
1076
1077
1078
1079

T QUA30T T

QUA22™ T
FLOP

- FLOPS

e ey EOMAT

RR

RRr2
RR1
RY

S

- tame B v

Quazl

LoD
510
LoD

8TD
- RAL

5L0
SLT
NZU
LoD
570
LDD
LDOD
STO
LoD
a70
RAU
STL

" 8TD
TAUR" "

ALO
RAL
sLO
5TL
NZA
RAL

STO
RAU
MPY
5TL
SLO
ALD

LoD
.00
RAL
5TV
ALC
SLT
NZU
SRT
5TL
ALG
STU
RAL
ALO
ALO
L.0D
STY

LDD

Lo

LoD

RAL

RAL -

RAL
RAL
ALD
STL
LDo
NZA
RAL

WOIF
0003

DoooY
0005

Wo002

0002
QUA30
w0004

0004

WOO001
Wooo1
0004
WO004
0006

0007
0008
TAUS
pst
ONE
Pst
QUAZ2
TAU2
Tau
QuUT
P51
SIXT
FLOPYL
51X

NOCO1
QuUT
RR

Y1

ONE
0oos

ALARM

0005

RR1
TO001
STL

OPSGN

RR

RR
ONE
TWO
THREE
L.OSRY
683
TMBLE

17
e o
CHECK FOR
NEGAT IVE
INCREMENT
QUA31
_UPPER VARBLE
QUA31L .
. ___QUANT VARBLE
NINET 7 7
QUA9  TO SCANNER
PSo
aua2l
e arapE STATMT
FLOPY
#0001
S R 1 - reaws -
© COMMA™
% EQUALS
PLUS ONE
RR2
8002 TR EQUALS
ps3 ZERO
~ COMPILE
ST WK
O0SGNL  OPSGN ZERD
SETEK
TXOP
NZ&
TIFF PUNCH
TIEF GENERATORS
TIFF
TIFF
COMPILES
PROGRAM
UBETA WHECH
T14 IDENTIFIES
VARTABLES

U

1106
1812

1156
1441

0808
1483
1167
1673

1528

1533

1557

1478
1130
1607
1080

~1109 T

1217
1260
1912
1865
1345
1238
la4a
0548
1020
0960
1579
1395
1288
1500
1075
1578
1583
1177
1571
1251
14691
1338
1301
1206
1070
0899
0r02
AN
1541
1351
1159
1962
1628
1881
0744
1124
0843

1168

0928
1288
1445
0852
1256
1310

1039
0003

0038

0005
1978

1612

0002
1478
1980
0004

C 1977

1977
Qo004&
1980
Q006
1862
0007
0008
1865
0041
0630

00461

0548
0564
1960
0976
0041
0330
1047
0520
1578
0568
0976
1571
0146
04868
0630
0005
0827
0005
0146
0802
0042
0636
0146
1354
1962
0524
1881
1671
1571
0630
0148
1131
1931
1591
0949
1256
1310
0515

2,78

1812
1156
1461
0808
1483
1167
1673
1528
1533
1557
1080
1130
1607
1080
1109
1217
1260
1912

171%
1345
1238
1644 T
0336 _'}
1020 °;
1017 _}
1579

1395 f
1288

1500
1075
1583
1977
0341
1173
1251
1491
1338
1301
1206
1070
0899
8002
0343
1541

“1351

1159
1313
1628
1134
1223
1273
1388
1388
1388
1388 °
1445
0g52
1427
0764
1120



1080
108}
1082
1083
1084
1088
1086
1087
1088
1089
1090
1091
1092
1093
1094
1098
1096
1097
1098
1059
1100
1101
1102
1103
1104
1108
1106
31107
1108
1109
1310
1111
1112
1113
13114
1115
1116
13117
1118
1119
1120
3121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1133
1132
1133
1134
1135
1134
1137
1124
1139

T4

iz

AB3
THMBLE
WE

WL

ALPHA

Wil
TKNZY

FLTW]

FLTYW2
WL3A
SWTCH

C 5TLAC

STLAL
RALWK
RALWL

CAMM
GAMML
WLag

NETTA
NFLW2

NFLW1
NLIFW2

$LO
STL
RAL,
LD
ALO
RAU
SLT
SRT
$TU
LOD
LD
o)

15

00
LoD
LDD
LOD
NZA
LDO
RAL
STU
LDD
5TD
5TL
5L0
NZA
LOD
NZA
RAL
NZA
RAL
LOD
NZA
STD
RAL
LOD
STY
5TL
5TD
RAL
ALO
ALO
LDD
STU
RAU
ALO
AUP
5TY
STL
RAL
LOD
sTU
RAL
STL
RAL
NZA
RAL
LOD
RAL
LoD

THREE
THMBLE

0000
0002
0006

Ti12

PS3.
5003
0000

Wi

WLl

ABVAL
ALPHA
ouT

TEMPY

FLTWL
ARITH
FL,TW2

GAMM
RALWEK
EXIT
5TLAL

OPSGN
0001

EXIT

RAL

OPSGN
OTWO
ONE
TEMP1
TEMP1
vi
FIVET

OPSGN
ONET
ARITH
ARTTH
N1FW2
Vi

FOURT
GAMM

Ti2
DROPY
8002

SRAC
OS5GN
COMMA
0000
0000
NUMIN
DROPK
CHKTK
ALPHA
5ETER

RR2
TKNZE

PWRW
GETEK

NFLWL

NFLWZ
Wi3A

SWTCH
STLAC

O5GN1
RALWL

0000
RALWL

GSGNL

CEXIT

GAMMYL
WL3C

NETTA

FLIK
LDSR

Wi3A
NINW2
SWTCH
LDSR

WHOSE VALUES
ARE TO BE
PUNCHED

15 PREVIOUS

OPERATION
ZERQO
IF 50 EX.

15 ARITH AND

ABYAL ZERO
THEN
RETURN PS3
IF NOT 15
QPN P

IF NOT 18
_ MK FXD OR FL
IF FlL 15 AR

TH FIXED OR
FLOATING
IF V1 ZERQ
COMPILE
STL ACC
AND
RAL WK
iF NON ZERO
COMPILE
RAL WK

SET OPSGN

T0 ZERO
IN BOTH
CASES

INCREMENT
0PN AND
SET V1
THEN GO TG
ARITH GEN
COMPILE
LDD FLOATK
AND MERGE
WITH FLOAT
. FLOAT
IF WK FIXED
1s PRESENT
FIXED
TO SWITCH IF
FLOAT THEN
L.OD FLOAT

1120
1438
1618

o766

2267
1170
1306
0814
1629
1488
1404

" 1657

1593
0949

1233

0728
1382

1538

1793
0896
1401

0642

1094
1679
0864
1122
1126
1729
1482
0314
1668
16843
0999
1484
1147
1209
0964
1004
0902
1728
1451
1259
1723
1176
0946
1773
1588
1014
1064
1220
1778
1532
1828
1114
1633
1164
1718
1893

- 0996

1495

‘00001
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0002i

00064 "
0404
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1657
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0266 -
1793
0976
0509
1317
1126
rrae
1482
0358
1668
0488
0946
0902
0644
1004
0964
0624
Q001
0644
0146
1354
0968
1176
0524
0768
0630
0509
0509
0488
0922
1532
0524
0356
0358
0358
1718
Q488
0996
1091
0946

1438

1618
1404

0893

8002

1306

0814
1629
1488

., 1150

1313
1173
0000
0000

1581

1721
0890
1793
1134
1401

0899 _

1094
1679
0864
1122
1678

1432

1633
0914
1220
1843
0999
1454
1147
1209
1313
1724
0000
1728
1453
1259
1723
1213
0644
1773
1588
1014
1064
1641
1778
1038
1628
1114
1843
1164
1270
1893
0999
1495
1038
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1346
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1la8

NINW2
PWRW

PWRFL
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1149
1150

AISLTTTTTTTRWRLT

1152

_PWRP

1153
L1154

“1155
1156

1157
1158

Liad

1159
1160

“1161
1162

TOTRNEE

"1163
1164

.

1168
1166.

1187
1168

FLTY

1169
1170

FL12

1171
1172

T1173
1174

~yq7s

1176
CR1TT
1178

NFLTL

1179
1180
1181
1182

1183
PR LS

FXIF2

AR34

. ........._.w..ARBB [N

—11es
1186

~yigT e

1188
1189
1190

ALTR

BMONE

TTilel”
1192
1193
1194
1195
1196

142U1

—1197
1198
1199

‘IQZUB

H

60

FIX FIX 1270
LDD GETEK 1S WK FIXED 1678
_NZA ~ PWRP JIF NOT IS © 1582
RAL ARITH PRESENT FLT 1638
iNZA  PWRFL IF NOT 1214
RAL  FOURT COMPILE 1320
LDD PWRFL LDSR - LOD FLOAT 1545
RAL ONET CTUFLOAT FLOAT T 1tes T
STL ARITH ____ COMPILES 1264
Loo 7 TTLOSR T T LDD LOG T T 31T
LDD PWR1  STLAC _ STL AGC 1367
RAU ~OONE = “GAMM1 ' D % £ T
RAL V1 ~ RAL WK 1688
LoD " TTEBWTCH T T COMPILE T 1948 T
RAL ARITH CSTL ACC 1046
STL™7VY 77 T ANDOR 1264
ALO  TWLVT . RAL WK AND 1691
LOD "OUT  TTLDSR TTTTT POWER INVRTT T 10497 T
LOD CHE TR 1S PREVIOUS 1068
NZA CTTALPHATTTT T ORPN ZERO 112”7
LDD  ALPHA  TKNZ2 1226
STD " our 7 - 1194
STL  TEMPY I NOT 18 1TT9
L0 7P T 0PN P 1414
NZA CPOWR  IF NOT 1S iz222
Loo LT GETER PREV FLOAT 1276
NZA FLTYI  NFLT1 _IF S0 GO TO . 1829
RAL V) - TTTTALTR OIF PREV 16327
NZA FLTZ NOT IN ACC 1993
LOD  FLT2 ~ ALTR T A 5
RAL ARITH COMPILE 1096
NZA NETTA - TTTTORLOAT IR T 1464 7
. RAL FOURT , PRESENT 1620
“LoD TLbSR T FIXEDT T 1595
RAL ONET i 0598
TSTL CARITH O NETTATTTT 1514
RAL ARITH IF NOT FLOAT 1633
NZA FX1F2° TTUUERIR 60 TO T 1564
RAU -OTREY WL3C WLAC IF 1470
LOD C T BMONETTTTT FLOAT FIX '~ 1818~
RSU BETA COMPILE NEG 1272
SUP  AR33 LDD BETA FT 1707
LDD  AR34  PST TO ALTR3 1915
LoD 0000 " 9008 T AND THEN 7T 1360 7
LDD NETTA NETTA 1868
STD TEXIT TTALTRS S 'S & S
5TD  EXIT ALTR PERFBMS 1099
TLDD BMONE ~ """ FOLLOWING T 1297
LOD  ALTR3 STACL .  SEQUENTIALLY 1550
STD  FINI COBETA MINUS ~ 7 0944
RAL BETA’ ONE TO 1544
SLO  ONE | - e TEMPA T A
STL TEMP4 142Ul 1738
RAL TEMP4 INST OF 1741
ALO  142U3 CONTENTS 1594
LDD  14ZU2 OF TEMP4 1501
SDA  142U2 EQUALS U 1807
" RAU T 8002 778003 T IF NOT LDDT T T 1857 7
LD 0000 : 1347
1554

STD TEMP2

0832

69 1582
45 1638
65 0358
45 1768
65. 1091
69 1768
65 0356
20 ¥ 0358
69 1367
69 1370
60 0032
65 0488
69 1046
65 0358

20 7 oasB
15 1494
69 0976
69 1172
48 1226
69 1793
246 70976

.20 0509
167 1317
45 1276
69 1829
4% 1632
65 0488
45 1096
697 1096
63 0358
45 1064
65 1091
69 0598
65 0356
20 0358
65 0358
45 1818
60 0888
69 1272
61 1503
11 1360
69 18683
69 0000
69 1064
24 0644
24 0644
69 1550
69 1247
24 0691
65 1503
16 0630
20 0788
65 0788 "
15 1347
69 1504
22 1504
60 8002
69 0000
26 0490

- v

st ot e ssmerTE




“1a1g e

122y

-

1200

1201
1202

1203

1204
1205
1206

1207

1208

1209

1210

1211

1212

1213

1214

1216
1217
1218
1219
1220

1222
1223
1224
1225
1226
1227

1zz2g -

1229
1230
1231
1232

1233

1234
1235
1236
1237
1238
1239
1240
1241

1242

1243

1244

1245
1246
1247
{248
1249
1250

12617

1252
1253

1254, © .
1255 "

1256
1257
1258
1259

‘e
!

RAB
SLO
SLT

NZU

RAL

" SRT

AUP

RAL

AUP

LoD

lumau

- SDA -
STD

RSV
SRY
sup

LLDD
LOD
T URAL

STL
1.DD
RAL
STL
3T0

" RAL

BMINI

" BMIN2 T

BMINDTT
EXIT

CFIND

S ouUT

GSGNY
_O3GN3

O5GN2

-UBETA

. CHG2

CHGOP
CHGEY

CHGL

CHGS
POWR
POWRY. ..

SL0
5TL

STD
" RSU

sup
5AB
RAU

SLO -

SLO
21

HLT

HLT

CHLT

STD
Aup
AUP
RAU
LDD

S 810
.. RAL
CALO

SLO
5T0

CALO

LoD
SDA

RAL

BMI

SLO -

ALO

LLosTL
- LDD

NZA

-RAL

NZA
LoD

8001
CKLDD
0002

v

Tazu2

TEMP2™

0000
FINI
BETA

0004
8TLAL

FINT

T lazus T

0004
OONE
OoN

142U8
142U5

8003
. FINI

1umay

BETA

TEMP4

‘OONE

OPSGN
FINT
Y

TWO

TEMPS

FINI
TEMP4

BMIN2
T0000

8002

T OBMINLT

TEXIT

T14201 7

8003

TEMPSG

BMIN3

0000
EXIT

FINT
QuT
EINT
OPSGN

"OSGN2

‘8002
FINI
FINI

BETA
"ONE

u

FINI
CHG)
CHG2
CHG2

0000

TEMPA4
TEMP4
0000

POWRYL

V1

PCWR4
PCWR4

8002
FINt
EXIT
FIND 7
ouT

0SGN3

8003
RSYT

FIND
CHGE1

8002

CHG2
CHG2
FINI
GETEK
POWRF

ALTR

- —— e e e e 4 e Ry e

gy T

T UNEGATIVE

IF LOD SET
.DATA OF
CONTENTS
oF
TEMP4 TO

U s
! |

COMPILE NEG™
'STL| ACC BTA

U MINUS TWO
TO TEMP4

CONTENTS OF
TEMP4 MADE ..

U 1066

SET SIGN OF .7
INSTRUCT ION

TO 8E ‘
COMPILED

Is U EQUAL’
TO BETA
PLUS ONE

- 1888

P OF
CONTENTS OF -
LOWER

CHANGED BY

- CONTENTS OF
CHG3 ~

TEMPA4

1S PREV FLT
IF 80 1S -
PREV IN. ACC

CALTR IF NOT -

i
R

—— o e

11359

“3l467u
- 1409
1247

1644

1551
1309
1965
1520
1620
1682

1570

1788

1504

1600

1694.
1907

1850 T

e 4 b bt ke < B SN v b Kakelmter |

0858

1791
1744
1838
1654

- T
.. THEN t&zyy
1704

1670

- 1397

"7 CONTENTS OF 777

1844
1894

L4n7 .

1356

1944
1497

0644

DO

0691

0976 -

1313 7
1994
1879
1722 -
1841
1427

C 1645
- 0908

1513
1695
1754 .

1614
0648

1406
1459
1410,
0958
1878
1782
1938
1745
1149,

16

. 67

16
35
Hib
65

" 30
10

65

.10
69

22
24

51

30

Y
69

69
65

20

69
65

50"
24
65

20
24
61

11

18

" 60

16

21
0l
01
01
24
10
10
60
69
24
65
15

16

24
15
69
22
65

46

16
15
20
69
45
65
45
6

8001
1604
0002
1520
0515
. 0004
0832
0515

1506
0490
" 0000

0691

1004
1650

1503
0788
1744,

0832
0524
- 0691

0515
16s 0148
0768
0691 '+
0788

1447

0000
- 8002

06788
1497

0000,
0644
0691 -
0976 .

0691
0524
1732

8002
0691

0691
1503
0630
0515
0691

0648
0958 -
0958 -
0000 *

1459

0788
0000

11782

1938
© 0488
0698

0698

1503 -
0004

0691



1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1208
1289
1290
1291
1292
1293

1294 -

1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319

POWR4

POWR2

POWRF

POWR3

- OPLD
OPWK

" oPWKL
OPWK2

LDSR

LDSRY
L.OSR2
OPACC
FLIK

ARS

- Q0001

Qo002
Qo003
Q0004
Qo005

Q0006

Qo007
Qo008
Q0009
Q0010
Qo011
Q0012
Q0013
Q0014
FPAD

FPAD1
FPMUL

FPMU
FPDV
FPOVI
FPDV2
FPPWR

 RAL

57U

- RAL

ARITH
POWR?2
FOURT

ONET
ARITH
ONET
PWRY
POWR3
ARITH
V1
TENT
ouT

K

W
OPWK?2
OPSGN
LOSRY
ILDOSR2

OPS5GN
LDSR]
0000
ACC
ARS
TEMPY
Qoool
0000
TEMPY
0004
ALARM
0004
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
EIGTT
ALO
RAU
LOW

OPSGN
MPY
NINET
SIXT
DVR
FRTINT
NINET

TWOT

LOSR
POWR2

LDSR

ALTR. .

oPLD.

LOSR

OPWK1

OSGNY

ouT

0OSGN1
LOSR1
LDSR1

3000
OPWIL

gooz

8003
FPOV
FPDV1
FPDV2
FPDV3
FPPWR
FPAD
FPADL
FPAD
FPAD3
Fpiau
FPMUL
FPMU
FPMU3

ALARM

oPLD
0P WK

05GN1

OPWK
OPLD
oPLD
OPWK
oPLD

LDSR

1F PRES FIX
COMPILE
FLOAT
AND SET
OPSGN TO
ONE
COMPILE
LOD LOG

IF PREV FIX

ALTR
COMPILE

TCOMPILES
COPN WK NEXT__

OPSGN ZERO

COMPILES
LDDOOOOLOWR

_ PLUS 9000

FETCH OPN
ENTRY FROM
SWITCHING

DICTIONARY

ALARM IF
OPN IS
INVALID
1F VALID GO

SWITCHING

DICT IONARY

FOR ARITHMTC

SUBGENRATORS

TO ARITH
GENERATORS
START OF
ARITHMETIC
SUBGENERATRS

0698
1664
1720
1795
0748
1714
1918
1764
1988

1891

1814

"1941

1199
1700
1601

C 1509

1864
1038
1184
1895
0798
1931
1689
1750
16461
1249
1914
1945
1456
1964

~-1125

1180
0550
0551
0552

0553

0554
0555
0556

0557

0558
0559
0560
0561
0562
0563
1756
1806
1008
1322
1108
1166
1928
1906
1506
1556
1606
1706
1517

1770 ,

0358
1918
1091
0748
0356

0358

0356
1370
1891
0358
0488
1845

0976

0146
1354

1864

0524

1931

1689
0798
0524
1931
0000
1804
1945
0509
0550
0000
0509
0004
0827
0004
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

" 0000

0000
1559
0988
1116
0352
1166
0524
1832
1862
0330
1609
1659
1862
1770
1823

1664
1720
1795
1038
1714
1918
1764
1038

1099

1814
1941

1199

1038
1601

1509

1313
0976
1184
1895
1213
1931
1931
9000
1509
1249
1914
8002

1456

1964
1125
1180
8003
1506
1556
1606
1656
1706
1756
1806

1756

1856
1906
1008
1906
1058
0827
1199
1700
1322
1108
1313
1928
1700
1199
1199
1700
1199
1517
1038
1929

2.2



1320

1321 .

1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
1344
1345
1346
1347
1348
1349
1350
1351
1352
.1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365

1366

1367
1368
1369
1370
1371
1372
1373
1374
1375
1376
1377
1378
1379

FPAD3

ADD4
FPOV3

FPMU3

MULT3

MULT2

MULT4
MULTI

MLTTA
MLTTB

MULTT

MULTN

MULT8

MULTO

LoD
LoD
NZA
RSL
L.0D

"RAL

LDbO
RAL
RAU
STU
RAL
LoD
STL
5L0
STL
LoD
NZA
RAL
NZA
RSL
STL
RAL
ALO

“LOD

STU
STU
RAL
SLO
L.0D
L0OD
RAL
RAL
NZA
RAB
ALO
STL
RAL
LoD
NZA
ALO

NZA ~

RSB
RAB
sLO
STL
RAL
5L0
LoD
RAL
STL
RAL
LoD
RAL
STL
LOD
STL
BM1
RAU
STU
RAL

NZ2

ADD4
FIVED

ALO

DVR
RAU
TEMPG
v

TEMP4
BM]
TEMPS

ABVAL
MULT3
OFIVE
TEMP4
RAU
LOW

OPSGN
ABVAL
U

ONE
MULT 4
MPY
ABVAL
MULT3
TEMP4
TEMP6
TEMP6
BETA

OONE
MULTé
TEMP&
TEMP4
OFIVE
TEMP4
BETA
ONE

TEMPS
TEMP4
BETA
OPWK2
BETA
V

TEMPS
JDONE

DPSGN
“EMP6

LDSR
UBETA

MULTN

ALTR
OPACC
ALTR
OPACC

CHKOP

UBETA

MULTY

MULTZ2

GSGN1

MULT4

CHGOP
ALTR
OPACC

CHROP
MLTTA

MLTTB
MLT78

MULT?

CHGOPR

MULTN -

CHGOP

CHGOP

MULTS

MULTY .

IS U EQUAL,
BETA PLUS 1

ALTR AND
ALO ACC

ALTR AND -
DVR ACC

1929
1856
1709
1266
1216
1820
1656
1809
1058
1372
1230

" 1870

1873
1991
1995
0952
1158
1316
1422

1280

1733
1426
1472
1208
1416
1330
0692
1970
1739
1920
1923
1366
1522
1380
1146
1882
1430
1258
1466
1672
1789
1196
1622
1246
1783
0792
1308
1839
0842
1759
0892
1358
1800
1408
1968
1672
1002

- 1458
1528
1480 -

0498
1709

1216
1054

1820

. Q988

1809

1609
1116

1326
0515
1873
0788

1339

1299
1158
1316
0366
1426
0528
0788
1116

0352

1416
0524
0366
0515
0630
1920
1923
1832
0366
1426
0788
1326
1326
1503
1466
1572

0832

0742
0788
0788
0528
0788
1503
0630
0842
1299
0788

~1503

1864
1503
0515
1672
1299
1458
0832
0524
1326

1038

1427
1266
1759
1099
1750
1099
1750
1372
1230
1870
1376
1991 .
1995
0952
1427
1366
1422
1280
17323
0692
1472
1208
1313
1330
1920
1970
1739
1513
1099
1750
1522
1380
1146
1882
1430
1258
1376
1622
1789
1196
1246
1246
1783
0792
1308
1839
1513
1759
0892
1358
1513
1408
1968
1513
1002
1508
1508
1480
1932

.23



1380
1381
1382
1383
1384
1385
1386
1387
.1388
13289
1390
1391
1392
1393
1394
1395
1396
1397
1398

1399

1400
1401
1402
1403
1404
1405
1406
1407
1408
1409
1410
1411
1412
1413
1414
1418
1416
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426
1427
1428
1429
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439

MULTG

Y1
YL

YMTX

YMTX1

- YMTX2

TN
N
CHKAR

CHRNR

CHRNN

CHKOP

CHKTK

COMMA

-ALO

.00
STU
RAB
LoD
RAL
5T
RAL
RAL
LoD
RAU
AUP
AUP
LDD
RAL
SLO
5TL
STU
L.DD
570
RSL
LOD
ALO
ALO
L.0D
RAL
SLO
STL
RAL
LD
LoD
510
RAL
NZA
sTD
RAU
AUP
NZU
5TD
SRT
ALOD
NZU
L0
SRT
5TO
ALO

67
5LT
510
5RT
ALD
5TD
RAL
ALO
RAL

STD

RAL
LOO
SLO
ALO

LOW

QPSGN
TEMPS
our

TEMPS
TEMP4

TWO

ONE
RAL.

ONE
BETA
ABVAL
YMTx2
ouT
ONET

ALO
PHI

OONE

Wy
ouT
ARITH
ALARM
FINT

ALARM
EXIY
0004

‘TYPES

SRNG
8001
0006

FINI

9999
0002
8002
0002
RAL
ouT

70001
ouT
ONET

ONE
5TL

OSGN1

OSGNY

MULTS
CIli

SETEL
YMTX1

PS7

FPMU3

SETJN

0SGN1

PS3G
CN1
SRN
GENN

ouT

FINT

EXIT.

8002

FINI

8002
ouT

SETJN

vV IS ONE
COMPILE
RAL I 0000
PLUS V
BETA 15 U
MINUS ONE

ABVAL ZERO

DECREMENT
JNU

COMPILE

ALO PHIJNY

R EQUALS
LEFT PAREN
YL OR CL
V EQUALS Y
GENERATE N

ALARM IF
FLOATING

ALARM IF K
AND NU
NON ZERO

ALARM IF N
15 MORE

THAN 2000

DIGITS

FETCH TK

INCREMENT
JNU
THEN

COMPILE

STL PHIJNY

1932

1588
1516
1530
1854
0742
1904
1174
1028
l608
0930

© 1353

1973
1833
1889

1722

1939
1658
1772
1630
1175
1566
1822
1295
1680
1883
1567
1989
0254
0826
1730
07531
1780
1616
1374
1346
1708
1651
0658
1547
1758
1872
1476
1933

1376

1396
1349
1808

1716 .

1275
1284

" 0890

1830
1701
1858
1173
1880
1766
1922
1240

0352
1516
0524
1299
0976

. 1299

0788
1580
0l4a8
1174
0630
0968
1477
1889
0515
0630
1503
0366
1175
0976
0356
1822
[eL3:3:)
1324
1882
1612
0832
0340
1580
1730

1068

0976
0358
0827
0691
0700
0146
o827
0644
0004

1666

1335

. 8001

0006
0691
1349
9999
0002
8002
0002
0968
0976
0146
1858

. 0042

0976,
0356
1922
0630
0636

1558
1313
1530
1854
1313
1904
1800
1181
1608
1250
1353
1973
1833
0800
1722
1939
1658
1772
1630
1058
1566
1225
1296
1680
1313
1567
1989
0668
1231
1100
16831
1780
1616
0976
1346
1708
1651
069}
1547
1758
1872
1476
1933
0644
1396
8002
1808
1716
1275
1284
069]

- 1830

1701
8002
0976
18890
1766
1225
1240
0942

; 24k



1440 _ ALO  PHI MINUS ONE 0942 13. 1324 1930

144y LOD O5GNY 1930 69 1334 1313

1442 STY OPSGN N 1334 21 0524 1384

1443 RAL 8003 ©OUT 1384 65 BCO3 0976

144y DROPK, STD  OUT - DECREMENTY 1721 246 0976 1434

1445 RAL K X 4 1434 65 0146 1751

L4 46 L0  ONE ‘ 1751 16 0630 1290

1447 : STL K ouT 1290 20 0146 0976

Vaag DROPUY STD  EXIT DECRMNT @~ 0893 24 06446 1597 3

1449 RAL U " 1597 65 0515 1972 7

1450 51O ONE ' 1972 16 0630 1340

1451 STL U EXIT S 1340 20 0515 0644

1452 GENN 5TD  QUT 1681 26 . 0976 1484

1453 a 1.0D STBTA 1484 69 1390 0884

1454 - , LOD . SRAC e e, 1390 69 1446 1150 .

1455 0D 05GN1 1446 69 1399 1313

1456 STU  OPSGN  OUT 1399 21 0524 0976 _

1457 GETEK 5TD  EXIT GET PRESENT 1432 24 0646 1647

1458 RAL K EK VALUE 1647 65 0146 1801

1459 ALO 4 B0OO2 1801 15 1908 8002

1460 . RAL EO0001 EXIT .. ... 1908 65 0374 o644

1461 T ONGLFT STD OUT : 0947 24 0976 1534

1462 RAL DODO& A 1534 65 0035 1440

1463 STL L 1440 20 0529 1584

1464 STY Vi - 1584 21 0488 0992

1465 RAL ABVAL ' 0992 65 0366 1624

1466 - NZA MGLNA _ 1624 45 1634 1684 o

1467 ‘ RAL U 1634 65 0515 1674

1468 ~LDD CHKOP o 1674 69 1736 1376

1469 ALO  OTWO A 1734 15 0768 1724

1470 NZA NGLNB L . 1724 45 1784 1834

1471 ’ RAL  OONE  NGLNB 1834 65 0832 1784

1472 NGLNS 57L  TEMP4 o - 1784 20 o0T8® o4z

1473 ' LOD  OUT UCHGE : 1042 69 0976 0797

1474 NGLNA LDD STBTA 1684 69 12906 0884

1475 RAL  RSL . ' 1490 65 0344 1649

1476 ALD  LOW o o S 1449 15 0352 1859 )

1477 LDO OsSGNY : 4 1859 6% 1816 1313 ‘

1478 ‘ S STU OPSGN  out , _ 1816 210524 0976 _

1479 T MU NG ST oUT 1274 246 0976 1804

1480 RAL NU NU EQUALS NU 1884 65 0700 1909

1461 AUP 8002 PLUS ONE 1909 10 8002 1617

1482 . AUP  ONE AND 1617 10 0630 1540

1483 . STU  NU , JNY EQUALS 1540 21 0700 1460

1484 - AUP NU2 JNUMINUSONE 1460 10 1866 1774

1485 B ' ALO  NUL 8002 1774 15 1934 8002

1486 ' ML LDD 000y 8003 1934 69 1977 8003

1487 NY2 STD  JO00L OUT 1866 246 1977 0974

1408 NUMIN STD  ouT . 1581 24 0976 1590

1489 RAL NU NU EQUALS NU 1590 65 0700 1510

1490 SLO ONE MINUS ONE - 1510 16 0630 1640

1493 STL NU ouT 16407 20 0700 0976

1492 - SETEX STD  EXIT SET E£X 1134 24 0644 1697

1493 RAU  ARITH EQUAL TO 1697 60 0358 1916

1494 ALO K ARITH 1916 15 0146 1851

1495 O ALD 8002 1851 15 1560 8002

1496 STU  EO0001 EXIT 1560 21 0374 0644

1497 SETEL STD  EXIT SET VARIABLE 1250 24 0644 1747

1498 STL  LDSRY TYPE 1747 20 1931 1690
Y1499 o RAL R - SET L EQUAL 1690 65 0340 1496

-
o2



1500
1501
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
1522
1523
152%
1525
1526
1527
1520

1529

1530 -

1531
1532
1533
1534
1535
1536
1537
1538
1539
1540
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553

1554 .

1556
1556
1557
1558
*1559
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