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THE MATH-MATIC PROGRAMMING SYSTEM

Befors the development of automatic programming techniques,.it was
necessary that the user of high-speed electronic digital computers either
require his technical staff to learn the intricacies of machine coding
and debugging, or that he employ qualified programmers, who then had to
learn the technicalities of his business or profession. In either event,
a considerable expenditure of time and money occurred before a given pro-

gram could "get on the air".

It soon became apparent that nothing was better suited to ‘performing
accurately and tirelessly the repetitive and routine clerical aspects in-
volved in coding than the computer itself. From this basic concept have
come many automatic programming routines (assembly systems, interpretive

routines, and compilers).

In addition to the basic translation intﬁ a machine-coded program, ex-
ecutable by the computer, of a problem expressed in a pseudo-code easily
learned by personnel unfamiliar with the computer, compilers make it poss=-
ible to re-use subroutines, previously coded, which may be applicable to
many different parts of the sare or different problems. Such pieces of cod-
ing are stored on a library tape, from which the master compiler routine
selects them, as needed, and integrates them into the final running tape,

with suitable modifications.

Math-matic (AT-3) is an automatic’coding system designed for mathemati-
clans, engineers, and all others who may have problems expressible in math-
ematical symbology and English sentences. The system makes it possible for
the user to program directly for the machine without any necessity for

briefing a coder who may not be technically qualified to understand the

1 i.
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problem, Standard mathematica) notation, combined with control statements
expressed in English, form the input languege of the system, Thus; il
i8 only necessary for the user to enalyze his problém logleally and to

express this analysis directly in Math-Matie pseudo-code.

The already sigmificent reduction in programming costs of scientiric
problems through the use of the Arith-matic (A-3) Compiler will be fure
ther reduced through the use of Math-matic. The elapsed time between the
definiticn of o problem and its production rumning also will be reduced.

A problem which normally would require six weeks of programmer time to
code and debug (including hours of computer tims) will require less then
a day of programmer time (inclvding one hour of computer timae), a contrast

of better than 30/1 men-days.

To sum up, Math-matic psevdo-code (the combined equations and control

the program required by the hardware of the computer. Conversion of the
problem, exprossed in pseudo-code, into the necessary program, in machine
code, is performed entirely automatically and internally, greatly reduc-

ing programming costs.
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GENERAL RULES FOR WRITING SENTENCES

I, NOTATION

et

Sentence = any command which can be interpreted by AT-3. AT.3

sentences are of two typeé: |

Jo Equation -~ combination of operands and symbols of operations
having a mathematical meaning.

2. Confrol Statement - English sentence performing a specifically

stated control function for the problem.

Character - any of the 1ett§rs of ‘the alphabet, cardinel numbers,

punctuation marks, or other typewriter symbols recognized by the

compllers.

1, Alphabetic character - any of the letters of the alphabet A
through Zo

2o MNumeric character - any of the digits zero through nine.

3¢ Expomentizl character = any of the superscript digits zero

through nine, plue superscript declimal point, division slash,

and minus signe.
Symbol = any combination of twelve or less characters.

Operationg = are designated as "unary™ if they operate on a single

operand; "binary" if they operate on two operands.

Upary
Symbol Operation Example
+ (dptional) plus +47.28
=~ minus ~246.92 v
il ’ absolute value ~/A=4=B/—
) . - [ F] + ?)I
Caent canife '
[ (a1}, Vet ) ¥

3
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Binary
Synbol Operation Example
+ addition Lty
- aubtracfion X = 372.18
¥ maltiplication A®*B®7
/ division sSeX/3
functional Coald
operation
=1/2

Superscript symbol exponentiation x

Ariunent = see operando
Operand - any "symbol" representing a quantlty which is to beconme
the subject of a mathematical or logical cperation.

Functional Operation - any standard call-word which refers to a

subroutine in the Mathematic (AT-3) 1ibrary. This library con-
taing frequently used routines (trigonometric, byperbolic, ex-~
ponential, and logarithmic functions).

Relations -

i is equal to W=X+7Y

> is greaterlthan X>Y

A

iz less than Y<X

Constant, = a "symbol" consisting of a series of decimal digits

(numerie characters) which may include a decimal point and which

may be preceded by a plus or a minus sign.

1, If a pure decimal constant is used, i% must nect be fypad as a
space and a period (A ), since this combination indicaies the
end of a statement. Therefore, decimel numbers mus% be typed

as zero point (0.) if there is no integral part.

4‘, A
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2o Since the system uees the two-word floating decimal mode of
computatilon; all constanis will be converted to two word float-
ing decimal form with eleven digit accuracy., This also per-
talns to constants uritt;n in power ;f ten notations.

300 = 030000C 20000
000000¢ 0003

3o As noted above, constante may be written in power of ten form
123.95
0,12395 .# 107
- 1.2395 # 102
12395 * 1072
Each of the above will be converted to exactly the same two-

word floating decimal form.:

Variable = any "symbol" of alyabetic or numeric characters, at most
12 digits in length. The firs: digit must be an alpbabetic char-

acter in order to distinguish 't from a constant X, ABC, AD1776.

Expression ~ a group of one or more variables and/or constants
which has a mathematical meaning. Every adjacent pair of variables
and/or ‘constants must be separated by an operation symbol.

X * SINOA

BAPOWAR-4 * A * C

Lrouping - parentheses are used to group variables and operations
in order to sequence the computation. Any number of parentheses
may be used, provided they are paired. Hhenevef there is a gues-
tion of ambiguitf, always use parentheses, |

A

A/B+C means C + 3

A/(B4C)  means Eﬂﬂ-_ \

+ C
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J; Mo Subseripts of a Varisble - a sequence of symbols or expressions en-
Ti closed within parentheses which follow the symbol used for the vare
il 4
iable X(JJ : ,
i “ 1o No operation symbol is placed botween tho variable and the lef+
3 rarenthases.
b 2, Mulviple gubscripts within the same pair of parentheces are
-1 i soparated by commas.
2 3. Signs of operation moy be used in subscripts for notational
:' ; purposes. They uili not be intérpretedo
A 4o ‘Subseripts of subscripts are indlcated by parentheses within
parenthesess
3 5. A variable and its subscripts may not exceed 12 digits.
- X(1,j) means X;
j X(i(p),i(q)) means X; 5
Pe Q
j I(i+5, jtp) means Yi+5§j+p
. T, GENERAL FORMAT ,
B Lo Evﬁry sentence must begin with a sentence number.
i Lo The sentence nunber must be cnclosed in parentheses followed by
a space.
_ 2o The sentence numbers ﬁusﬁ be in asconding order--nol necessarily
. ‘ eequentiale

3o The sentence number must consist of one or two numeric digits
(0-99) and a pocsible appended alphohetice—to aid insertion of

now sentences in previously defincd problemze

&
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A maximum of one hundred sentences are allowed in a problemo

Each sentence must end with a space followed by a period.

s

Any number of spaces may appear between the end of the sentence _ B,

and the period, and between the perloed and the parentheses of the Sgy

next sentence.

Any pure decimal number (.35621) must be preceded by a zero (0.35621)
Otherwise a apacenpariod‘sequence (£Q35621) would occur, signifying |

the end of a sentencee.

IIT. RULES FOR EQUATIONS

B

B

Co

D,

Eo

Equations must be explicit; only a single variable{ of as many as
twelve characters) may appesr as the left member of an equation.
Any variable appearing in the right member of an equation, must

have been previously defined as the left menber of an equatlon

or have appeared in an input statement.

Each equation may contain up to 100 signs of operation (4, = #

/ () A) and Exponentiation.

Math-matic analyzes and processes three classes of operation sym-

bols in order of priorityo.

1. Functional call-words and exponents.

2, Multiplication and division (* and /)

3, Addition and subfraction {(+ and ~)
Ambiguities may arise in the grouping of arguments in expressions
Such ambiguities must be removed by'using parentheses to enclose
the desired expressions.

Exponents other than literal should be shoun in the normal super-

seript mammer. If the exponent is literal, 1t must be expressed

as AOPOWLB, 7 ;

Lﬁﬁ-uﬂﬂkﬁgndthé
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Any argument involved with a functional call-word which appears

as an expression other than a single argument, must be enclosed

in parentheses. CD is written CAPOHAD,

Only literal quantitics may be enclosed in absolute signs.

Use of Sﬁaces:

1o

20

30

4o

Use a space aftoer the parentheses which encloses the sentence
rumber.

Every sentence ends with a space and a period.

A space must be inserted between any functional: call-word and
its argument, and miltiple argument call-words, must be preced-
ed and followed by a space, - separating the call word from both
argumnents.

Spaces must be inserted before and after the equal sign, and

before and after "greater than® (>) or "less than" (<) signs.

The user is responsible for seeing that the variables asscciated

with functional call-words do not take on values which will lead,

in computation, to infinite or undefined results (e.g., log A,

A 2 0). Such values will lead to error print-outs during the

problem run, which are discussed in the Arith-matic section of

the manual..
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IV, RULES FOR_STATEMENTS

A 1ist of available statements will follows

Spaces or commas may be used to delete arguments. .

A space must be placed after the parentheses which enclose sentence

numbers.
End each sentence with a space and a perdiod.
Greater than, (), less than, (<), and equal (=), signs must be

preceded and followed by & sSpac@o Thess relations are not confused

with those in an equation sentenceo
A space must be placed after every worde

EXAMPLE s {n)OVARYOADL,
(1) ATUMPATOASENTENCESF Ao

When using one of the statements in the available 1ist, the user

must edhere exactly o the formot given. Spaces and commas may

be interchangede.

n = refers to the number of the sentenceo
F . refers to the first sentence in the range.

L = refers to the last sentence in the range.

If the word "REWRITE® is typed out in the supervisory control dur= -

ing the Math-matic run, it signifies that an error has been made

in the pseudo=code oOr dats which cennot be corrected with a typs=

1in, Hit the start bar and all tapes wiil rewind.
If a typs-out offers the operator the opticn of typing in and he

does not wish to exe#cise this option, then the tapes must be

rewound menuallyo



L__J‘ _.L—‘r-—-.

Ve g e S R T G O St e L

FUNCTIONAL CALL WORDE USED IN

- PRI, gt TS SRTRATTS LS e MY PR s

1, T GONOMETRIC FUNCTIONS:

i ——

STNOA CUTM
COSOA SECOA
TANCA CSCOA

2. HYPERBOLIC FUNCTIONS:

3. GENERAL:
AOPOI LB
NARQOTZA
SQRM
EXPAA
LOGAA
LNOA

4o INVERSE FUNGTICHS:

ARCTANOA

MATHSMATI u 1” JATLONS

e 1 L T
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REPERTOIRE OF MATH-MATIC CONTROL STATEMENTS

""1""3-1

=~ 1o (A) READAXANYAZA.

| —

{B) READAXAYAZAIFASENTINELAJUMPATOLSENTENCEARA.

2: TYPE=INOXAYLZA

3. PRINT-OUTOXAYOZO.

A

/ Lo (A) EDITLXOYAZA.

’ {B) EDITACONVERTEDAXATAZA
_ {C) EDITAFORAUNIPRINTERAXAYOZA,
5. WRITEAXAYAZA,
| © 6. (A) EDITMNDEIRITEOXAYAZA.
| {B) EDITOANDAWRITEACONVERTEDAXLYAZA.

{C) EDITACONVERTEDAANDAWRITEAXAYAZL,

C
T

EDITAANDAWRITEAFORAUNI FRINTERAXAY A4,

EDITAFCROUNI PRINTERMNDAHRITEOXAY AZA,
NOTE 1, 1IN THE ABOVE 5 SENTENCES EDIT AND WRITE MAY BE TRANSPOSED. = :

7. {8) VARY SXATo Al AX )ALX  SENTENCESAFATHRUALA.,

{B) VARYAXMXoA{(X ALY , YW oA{ AT )ALY ,SENTENCESAFATHRUALA,
(C) VARYMXMXoA(OX )ALX YOYoN LT JOLY , 20204 0% )OLT , SENTENCES AFATHRUALA.
8. {A) vmymxoaxlmz&xjm LA.N&XNGSEI\}‘I‘EI\!CESQF‘QTHRUL\L&
(B) VARYOX,Y,Z,X Y02 4X15Y50290008, Y ,2  SENTENCESAFATHRUALA,
9. JUMPATOASENTENCEAFA, |
310, (A) IFOXOP'OAYAJUMPATOOSENTENCEAFA,
(E}  TFOXAr‘AYATUMPATQASENTENGELF) ,IFA
X0 AYATUMPATOASENTENCEAF, , TRA

X&“AYNUMPATG&SENTENGE&F:;&

r' = Any of the three relations * equal to (=},greater than (>},
less than (<),

Al i il r i ey el

2%

\ - ~

?-d
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{B)

SEHTENCECRD

FXECUTEASENTENCES AFLTHRUALO.

STOPD,

ia)
(B}

(c)

(D)

COMPTLER -A0,
 LER-AATNPUTASTORAGEAROSERVO- 208
COMPILER-AOQUTPUTASTORAGE- BASERVD. 34,

COMPT LER- ACINPUTASTORAGE~AGSERVQ-2  OUTPUTAS T DHAGE- BASERV U A4

NOTE 22 The above sentences.may be followed by any amount of Engiish

{a)

,H,,
o
e

-
o

———
o
e, g

dascription.

COMPUTER=4/40

COMPUTER - 50ATNPUTASTORAGE- EASERY 056
COMPUTER-15A00UT FUTASTORAGE-ALSERTO- 34,
COMPUTER -HATNPUTASTORAGE-BASERV 0-44,
QUTPUTASTORAGE-CASERVO-6A

NUTE 2 ABOVE,

™
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FUNCTIONAY, CALL-WORDS

. L T A Vo | s

mn,

Iriconometric functions

iy -

SINAX COTLX
COSAT SECA

TANAT CSoAX

Each of the above functional coll-words will preduce the one or twe
}

Arith-matic cperations necessary to compute the funection.

\

The argument may bo in any allowablo alphabetic or numeric form,

and is essurmed to be in radianse

X1 must be less than 3011: otherwvise an error printout will oecur
< r

during the Univac run.

1.3



L:

Byperbolic functions
STNHX
COSHAX
TANHAX

1. Each of the above functional call words will produce the Arith-matic

operation necessary Vvo compute the function.

2. The argumect may be in any allowable alphabetic or nuneric forme
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do

B)

o

4o

([ wets LA w A= Aﬁ%btf Q? /1 bﬂ
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Ganpral 2.9 7 00 ax iﬁ?ﬂﬁb

ALPQUAB (a®)

The above functional call-word will, depending on its parameters, selzct

the most suitable Arithe-matic operations to compute AB,

A and B may be any allowable alphabetic or numeric foim.

If sither A or B requires more than one symbol in order %o be sitated

(8.g-, power of ten form) it must be enclosed in parentheses-

If B is numeric, AB should be written in ordinary mathematicel form.

If B is alphabetic, the above functional call-word must be vsed.

NAROOTM {Ii/K‘")

The above functional call word will, deperding on iis parameters, pro-

A/m -,

duce the most sulteble Arith-matic Operétions to compute A ; i3.g.,

/2 3"-"
30R00TAA will give the result A /2 op VA )E
A and N may be any allowable alphabetic or numeriec formo

If either A or N requires more than one symbol in ¢ 7 6 stated

(eegc, power of ten form), it must be enclosed I 1thesos .
If N is nuneric but not integral, Al/ﬂ chould we written in ordinary

nathematical form. Otherwise, the above call word, or the call word

ALPOALB, may be usede

15
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SORAM (Va)

The above functional eall word will produce the Arith-matic operation

necessary to compute A
A msy be any allowable alphabetic or numeric form.

1f A requires more than ons symbol in order to be stated, (e.ge, power

of ten form), it rust te enclosed in parentheseso.

EXPAA : (eh)
LOGLA _ (Yog; A)
LM {log, A)

The functional call-word in column I will produce the Arith-matic

operations necessary to cempute the function in column 1l
A may be any allovable alphabetic or numeric forme

If A requires more then one symbol in order to be stated (e.p., power

of ten form), it must be enclosed in parentheses.

If LOGAM or INAA is desired, the user must enmsure that A > 0, If

A < 0, an error print-out will occur during the Univac run.

ARCTANLA
The above functional call-word will produce the Arith- matle operation

nocespary to calsulate the arcetangent of A in radians.

A may be any 2llowable alphabetic or numeric forme

15
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(n) OREADAXAYOZA. .
(n) ARBADAXAYAZATFASENTINELATUMPATOASENTENCEAFA,

Functions: This sentence will asgién a new set of values to the list-
ed variables each time 1t is executed. These set of values must be pre=
pared by the coder in two;word floating decimal form and stored on an in-
put tapeg fr&m which a new block is read each time the previous block is
exhavsted. When the Sentinel (Zem——eeeee=Z) in the first word of the @et

of values is reached, control will be transferred to sentence I', if the

jump phrase has been included. During the Mathematic run, instructions

. will be typsd out on the supervisory controlltalling the operator whers to

mount his date during the problem run.

Conventions:

)l = The fellowing numbers of variables are acceptable in this eentience:

Nole 1+ Feor Y &*dAJ.aioL’

£
l, 2’ Bp@s, Qy 10, 15, end 300 IJ'IOC.K Y\-'Lt)5+ L'{ quddl& nginﬂ\

2 = To read an vnacseptable number of variables less than 30 (over 30
is not permitted) eack input item on the tape must be padded to the next
highest acceptabie item slze.

3 = The date must be prepared in two-word floating decimal form.
Theréfqre, each allovable itenm size is doubie the correspondiﬁg number of
variables. (2:g., An eleven variable item must be padded to a fifteen var-
iable, or thirty word item, This will require eight words of padding.

., = If an unaccepteble number of variables is desired, the read sent~-
ence may be padded to the next highest number of acceptable variables.
This eliminates a print-out and type-in during the Math-matic run.

5 = The variable nust be listed in the order in which the values for

them appear on tap9.

a7

1+

s~
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6 - A maximum of eight input or output statements is permitted. Since

"read” is an input statement, cars must be exercised not to excead the

1lmite

frror Printouts: See Print-outs #7, 8, 9, and 10 under heading,

Phasa IT Error Print-outs".

16
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{n) OATYPE.INAXAYAZA,

Fungtion: This sentence will cause type-ins to be set up during the
program run, for all of the listed variablas.

Conventiong:

1 = Any pumber of variables may be listed in the sentsnce.

2 = Two type-=in instructions will be set up for each variable in tha
statement, The pseudo-coder should prepare to typa=-in each value in nor-

malized two-word floating decimal form.

' Ercor Printouts: HNone

19
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(n) FRINT-QUTAXATAZA, \

Function: This sentence will cause the values of the listed varlables
to ba typed-out on the Supervisory control. These values will appear in
two-word floating decimal form.

Conventions:
1l - Any number of variables may be listed 1n the sentence.

*

Error Printoutss None

o~

T i e s A A r"J"J"J'L-q
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1 (n) AEDITAA,B,CO.
2 (n) AEDITACONVERTEDAA,B,CA,
3 (n) AEDITAFQRAUNIPRINTERAA B, CA,

Function: The three statements above represent the permissible op=-
tions for producing the desired type cf editing. For the High-Speed
Printer, Statements 1 or 2 should be used., Statement 1 (as shown above)
will edit variables A, B, and C for High-speed Printer, in unconverted
form (See definitions below), Statement 2 will also edit for High-speed
Printer, in converted form. Ior the Uniprinter, no converted form is
available and Statement 3 should be used.

Definitions:

1 -~ Unconverted: In this form, the value of & given variable is
shown, correct to eleven signifieant digits, with a decimal point on the
left, and followed by a three digit, positive or negative powver-of-ten
exponent in parentheses. If this exponent is greater than 999, the value
is left unedited in norral two=word floating decimal form.

The edited form is as follows: 4XXXXXXXXXX XA{+XXX)AAMA,

2 - Converteds: ' Here, the positive of negative value of a given var-
iable is shown, with its decimal point properly placed, correzt to eleven
significent digits. If the power-of=ten exponent in the original two-word
floating decimal form was greater than ten, the value is left unedited.

Edited form:  OOAMINANATIK o XXXIXXXYX

Conventions:

1l = A maximum of 30 variables, each of which may consist cf as many as
12 characters may be contained in an edit statement.

2 = Any sequence of all or part of the variables involved in a given
problem may appear in an Ydit statement. The Write statement corresponding
to a glven Fdit statement must contain the same variables in the same order

(See Convention No. 4)

peds A
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3 - If it is cdesired, for any reason, to edit the same variables for
two or more different outputs in the same problem, they should be Jisted
in different order in the two Edit statements.

4 = Bach Edit statement pugt have an associated Write statement which
may appear anywhere in the same problem, unlegs the Edit and Vrite state-

ments have been written as a single statement (See Edit write glossary).

Error Printoutg: See Print-outs 11, 12, 13, and 14, under the heading

"Phasa II Print-outs".

LA
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1. (n)OWRITEMAL,B,CA.

Function: Th’s sentencs will prodﬁce instructions which will write un-
edlited values of A, B, end C to tape, for High-speed Printer (See Edit
Glossary), if used alone, If used in conjunction with an Edit statement,
appearing elsewhere in the same problem, it will produce instructions in
conformity with the requirements of the assoclated Edit statenent (High-
speed Printer unconverted or converted, or Uniprinter). In such instances,
its variables must be identical with and in the same order as those of the
assoclated Edit statement.

Conventions:

1 = A Write statement must be written somewhere in the same problem
for every Edit statement, and its variables must be identicael with and in
the same order as those in the assoclated Edit statement.

2 = A Write statement may contain a maximum of 30 variables each of
vhich may consist of as many as 12 characters.

3 = If a Write statement is associated with an Edit statument in the
same problem, no other Write statement may contain the eame variables in
the same order.

Error Printouts; See Print-outs ;¥12, 13, 14, and 15, under the

heading, "FPhase II Print-outs".
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1.  (n)AEDTTOANDAWRITEOA ,B,CO.
2, (n)AEDITAANDAWRITEACONVERTEDAA B ,CA
3. (n)AEDITLCONVERTEDAANDAWRITEM ,B,CA.
4o  (n)OEDITAANDAWRITEAFORAUNTFPRINTERM B, CA
50 (n)OEDITAFORAUNTIPRINTERAMNDAWRITEM ,B,CA
Funetion: The five statements above rep;asent the permissidble varia-
tions and options for combining the three Edit statements with the Write
statement, producing the same results as the corresponding Edit statements

would alone, with an associated Write statement located somewhere else in

the same problem; The difference between Statements 2 and 3, and between

- Statements 4 and 5 is simply one of wofdworder, and the user can choose

either one of ea¢h pair to achieve the same result. Another option makes
it possible tc transpose the words "EﬁIT" and "WRITE" in any of the abave
five statements without altering their function.

Conventions:

1 = Any of the five combined Edit and Write statements may contain a
maximum of 30 variables each of which may consist of as many as 12 char-
acters.

2 - Multiple combined Edit and Write statements may be used, provided
they contain either different variables or the same variables in different
orderc

Error Frintouig: See Print-cuts 11, 12, 13, and 14 under the head-

ing "Phase II Print-outs".
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(0 )OVARYLA A A LA ) OTAASENTENCESARATHRUALA# ,

Function: This sentencs will cause the caleulations indicated by
Senfences F through L o be repeated, sach time for a different value of
Ao The values of A will vary from Ay up to and including 1limit A in ine
cremente of delta A VWhen the limit A i1s exceeded, this sequence of ex-

ecution will be broken and control will be transferred to the sentences

foltowing M.
Conventionsa:

1 ~ The initial value, increment and limit of A may be either alpha-
betic or mmeric (any acceptable mumeric form).

2 = The range (Jimit A = Ag) need not inelude an integfal numbsr of
incremsnis.

3 = Sentence L must follow Sentence F in order of execu£ion; however,
L need not necesszarily bse greater than F.

4 = Sentence n must precede sentence F in order of execution.

E ntoutss See Print-outs 7116, 17, and 18 under heading,

‘Phasea II Error Print-outs".

* TFORMAT for "vary" statement which will handle two or three variables at

one time will be found immsdiately following.
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{n) AVARYOALL A M )ALALBAR,, , {4B) , LBLC
CoO{AC)ALCASENTENCES F THRU LA,

Function: This sentence may include eithsr two or three wariables
ecgng Ay B, or A, B and C. This sentence will cause the calculations in-
dicated by Sentences F through L to bs repeated, each time for a different
Set of values for A and B, or A, B, and C. The oets of values of As:B,
and € will vary from Ao, Bo, Co up top and including limit A, limit B,
limit C, A being incremented by delta A, B by delta B, and C by deltﬁ C
for each repetition. UWhen the limit of C 1s exceeded by C, this sequence
of execution will be broken and control will be transferréd to the sen-
tence following L. ‘

Conventiong:

i - The initial value, increment and limit of the variables may be
elther alphabetic, or numeric and may be absolute.

2 = All waluables will be incremented simultaneously, but the repeti-

tion will cease only when the limit of the last wvariable is excesded.
However, dummy limits of the other variables must be included in the for-
nat of the_sentencag

3 = The range of the last variable, (e.g., limit C---Cp) need not in-

clude an integral number of increments. i

4L = Sentence L must follow sentence F in order of execution; however,
L need not necessarily be greater than F,

5 = Sentence n must precede ssntence ¥ in order of execution.

Error Printouts: See Print-outs 7416, 17, 18, and 19 under heading,

"Phase II Error Print-outs".
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{n ) AVARYAXOXoAKy X LK JAMBA &%fﬁmmzcmm:mum
Oﬂvmxm&awo&o&omlmlazlmzaxzazza |
o 0 o XnATNAZNLASENTENCESAFATHRUALA
Functions: This sentence, called a vary of the "list type", will cause
the calculations indicated by sentences F thru L to be repeated, each time
for a different set of values for X, ¥, Zy000 After the final set Bf values
(Xn, ¥n, Zn,...) has been used, the seq&énce of execution will be broksn
and control will be traneferrad to the sentence following Lo
‘Conventions:
1 = A maximun of ten variables 1s alloved.
2 = All the values of the variables must be numerie, not alphabetics
3 = In each set of values there must be one value for each variable;
that is, the total numbar of values must be evenly divisible by the num-
ber of variables.
4 = b maximm of 220 such values is allowed. This maximum is reduced
to 110 if the values are expressed in power-of-ten forme. |
5 = The sequences of execution 1nvolved.iu different vary sentences
of the list type must not overlap: Since they use the same working stor=
age area and the sams input tape, only one Set of variables may be process-
ed at a time.
6 - If the statemoent of the problem is geing to violate rule 5, a
READ Sentence should be used.
7 - Sentence L must follow sontence F in order of execution; however,
L need not necessarily be gresater than F. -
8 = Sentence n must precede sentence F in order of execution
Error Prigtouts: See Print-outs #20, 21, 22, 23, and 24 under head~

ing "Phase II Error Print-outs”.

27



& I

ey

[

L

i BE . [G B |

BRI

cfend |

{n ) OTUMPATOASENTENCEAR

+his asntence will breek the sequence of execution and transfer non-
trol to Sentence Fo

Tunction: F may be the number of any sentence in the problem.

Error Printouts: See Print-out ;#19 under heading "Phase II Yrror

Print-outs".
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(n ) AEXECUTEASENTENCEAF Ao
(n) AEXECUTEASENTENCEAF ATHRUALA.
Function: Thess Sentences will cause Sentences F, or F through L to
be executed, after which control is transferred the Sentence following n.
Conventlons:
1 = Sentence L must follow sentence F in order of execution; however,
L need not necessarily be greater than Fo
2 = Sentence n must lie outside the range of executlon, F thru L.

Error Printouts: See Print-out 7526 under heading, "Phase II Error

Print-=outs".
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{n)ASTQPA.

Function: This sentence must b2 the last sentence in the problen,
numerically as wall as in the order of execution. It indicates to Math-=
matic that the end of the program has been reached,

Conventiong:

%1 = A STOP Sentence may be followed by dirsctory and computer and/or
compiler sections. (See Instructions for writing computer and compiler

sections.

Error Printouts: None
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{n)ACOMPILER-1A. *

(n )ACOMPILER-99AINPUTASTORAGE-BA,
SERVO=LA.

(n)ACOMPILER=-11AAQUTPUTASTORAGE-AL
SERVO=64.

(n)£COMPILER-2DAINPUTASTORAGE-1A ;
SERVO-8A0UTPUTASTORAGE-J

SERVO-54,

Function: This sentence informs the Math-matic system that a section
of Arith-matic ccde has been written on the input tape following the pseudo-
codea- If the compiler section employs any read or write orders, the corr-

- esponding storage block and servo pumber must be specified‘in the Sentence.®#

Conventions:

1 - The label of the compiler Seciion may have as many as three digits,
either numeric or alphabetic or mixed. The labol on the statement must:
match the label on the section.

2 = The Storage blocks, if any, mey be labeled with any letter of the
alphabet from A thru J.

3 = The servo-numbers assigned may bs any number 2 through 9 and mlnus.

4 = Any amount of English description may follow the compller sen-
tenca. In this case the A (space).(peried) which indicates the end of the
sentence will come after the descripticn. The purpose of this description
is to complete the clear statement of the problem in pseudec=code.

Error Printouts: See Print-outs 7 20 and 31 under heading, "Phase II
Error Print-outs".

%  See special instructlons for writing Compiler of Arith-matic codes

#t Seg sperial instructions for writing the directory and compiler sections.

3L
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(n)£COMPUTER-140

{n)ACOMPUTER-99AINPUTAST ORAGE-BA
SERVQ-4A,

(n)ACOMPUTER=11AL0UTPUTASTORAGE-AL
SERVQ-64

(n)COMPUTER- 2DAINPUTASTORAGE-LA
SERVQ-8/QUTPUTASTORAGE-JA

SERVQ--50,
Funections This sentence informs the Math-matic System that a sec-
tion of Univac code has been written on the input tape following the

pseudo-code. If the computer section employs any read or write orders,

~ the corresponding storage block and servo must be specified in the Sen-

tence;?

Conventions:

1 -~ The label of the computer Section may be up to three digits;
eithor numeriec or alphabétic or mixed. The label in psaudoQGOde nust
match the label of the section *

2 = The storage blocks, if any, may be labelled with any letier of
the Alghabet from A thru J.

3 = The Servo numbers assigned may be any number 2 through 9ad minus.

4 = Any amount of English description may follow the Computer sen-
tence. In this case, the A (space).(period) which indicates the end of the
sentence will come after the description. The purpose of this description
is to ccmplete the clear statement of the problem in pseudo-codss

Error Printouts: See Print—outs #* 32 and 33 under heading, "Phase II

Error Printeouts".

* See special instructions for writing directory and computer sections.

e



COMPYLER AND COMPUTER SECTIONS

Should the coder wish to include some function in his program that is
not yet available in the Math-matie 1library, he may code this function in
either Arlith-matic pseudo~cods (Compiler sections) or Univac code (Computer
sections), Whsn using either compiler or computer sections, the following

% conventions must be observed:

1) Each section must begin a new block and must follow the Math-

matiz sentences on the input tape.

22) Corresponding to each section there must bs a computer or com-~

pller statement included anong the Math-matic sentences. The

: label used in the sentence must be the same as that used in
the header of the section. (e.g., COMPILER-1; COMPUTER-XYZ).
3) If any input or output instructions are used in the section, the
storage block letters and servo numbers must be specified in
the associated Math-matic sentence, and coding in the section
may directly address entries in these atoraga areas.
4) Should a section make reference to any variables that are em-
ployed elsewherse in the program, it is necessary that the var=

ious usages be identified. This function is performed by the

"Directory".
The directory consists of a 1is% of variables and constants
that are used in the computer and compiler sections, and ia sub-

Ject to the following conventions:

——— ——2

a) The directory must beginm in the first block after the

e

"STOP" sentence, and must preceds the computer and com=
piler sactions.

b) The directory must have a header (DIRECTORYAMA) and an

Lkl L__, f;__j ";_._' i__r-_h ,_-L ,r-h rmr_r__r;j__r-bmr—rffpfh

end sentinel (ENDADIRECTRY).
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COMPILER AND COMPUTER SECTIONS (Cont'd)

c)

d)

8)

The entries 1in the directory may be variables or con-
stants, expressed in any of the acceptable forms. Thay
should appear on the left of space=filled words.
Computer and compiler sections make reference to
directory entries by "W" addresses.

The directory may have a maximum of 89 entries (WOl to

w99)

5) The end sentinel "ENDACOMPILER" {ENDACOMPUTER) must follow the

last valid instruction in each section.

6) "Own code" sections of Arith-matic pseudo=-code skenid be written

as separate computer sections rather than as part of a compiler

gectione

7) Symbology used in Compiler Sections:

a)

b)

Fourth, seventh and tenth operation digits.

1, "A" thru "J" refers directly %o inpu% or output'
storage blocks.

2. "W" - refers to an entry in the directory (ecg.,
AAQ; BO2; W15; CO4)-

AJX jump operations are in the form OXCNCO (g}onnﬁxg

If "M" i3 in the seventh digit "nn" refers to an opera-

tion within the section. If zero 1s used "nmn" refers

to a sentencs numbers

8) ' Symbology used in Computer Sections:

o)

Third and ninth instruction diglts.
1- "A" thru "J" - refers directly to input or output

storage blocks.

iy
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COMPILER_AND COMPUTER SECTIONS (Cont’d)

20 "M" = refers to an instruction within the computer
sectione.
3s "W" - refers to an entry in the directory. A "zero"
immediately following the "W", refers to the mantissa
of the entry, a "one" to the characteristic of the
floating decimal value of the entry. {e.go., BOWOO3;
LGW100) .
b) Al1 jumps to outside the computer section are indicated
by "XXCN®" in the 9th thru 12th instructicn digits. The
3 sentinel "’ENDA_Q‘.JIHAMM" follows the ccr,;puter code, after

,7¥hich the XXCH's are listed. Esech XXCN word contains the

[
B B 1
(ja&“{““ 1 ﬁ nt\ﬁ”v;\ sentencs number to which control is to be transferred.
PO (g
Ao OM i 0 Gogo 000000UCOICN
\ /’ g
\ D o
i 5 2
ENDOOWNOAAM <
01CRO0C01284
ENDLCOMPILER
9) For further information on writing computer and compiler code

sece "Rules for Writing Arith-matic Pseudo-Code'.
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EXAMPLE OF COMPILER SECTION AND DIRECTORY:

e . e M T R temretme  CESUTED e A -

{4) COMPILER~3IAINPUTASTORAGE-AASERVO-54,

Directory = first block after "STOP™ Sentence.

ey DIﬁECTORYQ&A WOO header.
p61)  Kemecmmneeld WO
YA ila WOR Variables
A A Wo3
O W04 ot
cooscoosecact ) associated with ancther commier
AR T L RO or compiler section
ENDADIRECTRY end sentinsl.

Compiler Section

X COMPILER=1OA Header = Matcher refersence in Sentence 4
MO0 GMIO5A002A00 Reads a block from tepe 5 into storage
blocks A in accordance with Sentencs 4.
MOX AAQWOIWOLWOL X+7=X.
MO2 QTOWOIWOZO00 Test X 32Y
If X > ¥, go to opn. 7 5
X 01CNOOMO0500 If X < Y, go to opuo # 3
MO3 GMMWOL002W03 Move the floating decimal walue of X to
Zeo
MOL U00000000000 Control is uneonditionally transfarrad
X 01CNOQ002000 to sentence 10 in the program.
MO5 AMCWORA0203 Multiply Y by the quantity in word 02
of the storage block filled by operation
one, Place the result in Z.
MO6 Uo0000000000 Control is unconditionally
X 01CNO0QOO300 trensferred to sentence nine in the
programo
X ENDZCOMPILER




EXAMPLE OF COMPUTER SECTION AND DIRECTORY : Vs

(4)ﬁCDMPUTER»ILﬂHP@TAGTORRGE-&,SERVO~5£@

Directory - first block after "STOP" Sentence.

/’L/JTF. W 7 o o

1)
% o Y
DIRECTORYAON '\'L’i, WO0O -. header Nee 4C / ¥ L{/Z t'
p Fats T i b g w003 ne, an ](&4
; Coyeep,
§ sl e S WGC02 Variables
R e el W003 :
b /1 SRS\ . W004 e Constant
; coemmssneeon ] assoclated with another
deecssonsoon computer or compiler seztion
; ENDDIRECTORY ' End sentinel
Computer Section (J L (,&f{ ‘u'}gﬁ_{ LU'UL‘ J
X COMPUTER~310A Header: Matches refersnce in Sentence 4
MOO_@ 15000030A000 Reads a block from Taps 5 into storage
block A Iin accordance with Sentence 4.
MOOY.. BOWIOOLOW101 w10f> and Wl(ﬁ/ refer to the charactenstics
of the variables, (X and Y)
MO02 V2W003Q0M006 MOO6 refers to the sixth line of the
- computsr section.
Mooﬁ{ V2WCO0LTOMO0G
Moog_' . V2W000000000 WOOO.rafers to the mantissa {and the
' characteristic, in the case of a V
: instruetiol) of X,
MOOé Q002804010 AO10 refers to the tenth word in storage
‘ block A,
ﬁo’dlDZTOOICN ICH is a reference to a sentence number
in the program.
Moo \}Ay020001CH
X ENDOOWIROLON X
X 01CNOOQAI05AA transfer control to sentence 5
X ENDOCUMPUTER End Sentinel.
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THE_MATH-MATIC SYSTEM

Math-Matic consists of two major parts; the Translator (AT=3); and the
Arith-Matic Compiler {A-3). The translator is made up of four phases and
a library of Glossaries. The primary means of communication between the
phases 1s the Sentence File which houses the progrem in its varicus stales
of partiel translation. The final output of the translator is a symbolically

alleecated Arith-Maiic progrem, a data tape; and an unedited record of trans=

lation.

The four phases of the compiler make use of the static and dynamie sub-
routiﬁean ond the generators of the library to produce the C-! 0 running
progran. The compiler makes all decisions on segmenting, pérferma the actual

etorage elloecation, and produces a complete edited record of both translation

and caxailation.
The folloving is a brief description of the varisus phases of the sysiem
and the functions they perform. For a complste coversge of this topic, see

the Math-Matic Tochniecsl Monual.

TRANSLATION PHASE T

Byva left to righl digital enalysis of the pseudo-code, phase I separates

the verious elements (symbols of operation, arguments, psendo~worde, steo)

info individual space~filled Univac words. All words thus derived from

I

each Math-Matic sentenco, together with the sppropriate header item and

ri!

end sentinel comprize one section of sentence £ils 1, A diserimination

b

betweon statements and equalions ie made part of the header,

Each statement cell-word is verified by being matched in the Math-HMatic

catalog, as ars all funclional call-words uwsed in equations. The word

r-'

GLOSSARYAMAA is entered In sentence file 1 preceding each valid funciional

L__r-:__q

call-word,

38
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Phase I, also converts all superscript symbols %o their numerical
equivalents, and enters these in sentence file 1 together with their glossary

identification,

 TRANSLATION PHASE 1%

It is in phace I1 that ¢the translation inte & modified form of Arith-
Matic pseudo-code takes place. Each A-3 operation that is produced is in
an expanded four word packet. The first word of each packet is the appro-
priate Arith-Matic all=word. The other three words contain the nemes of the
arguments or result of the operation; or the associated sentonce numbers, if
Jumps are involved.

- Equation sections of sentence file 1 are analyzed, and the ovder in
which packets are delivered to sentence file 2 is dotermined by the following
conventions.

io Parenthesized groupings.

2, Functions and exponentiation (handled by glosearies).

3. Multiplication and division.

4o Addition and subiraction.

Statemen@ sections are processed by the appropriaie glossaries. They
may produce not only packsts for sentence file 2, but also entries %tos

1o Copntrol Lish ls Statements involwing a range of sentences (Vary,

Executey Eico)
20 2% g List 13 Statoments concerned with input or outpui (Read,
Hriteg ele, ]

3> Dats Lish 13 Statements containing data {Very lisi),

TRANSLATION PHASE TI{Y

Using the information contained in stovage liet 1, phese 1T assigns the

necessary input and output storsge bloclis and servos, and operating

39
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jnstructions for the problem run are printed out on the supervisory contrel
printer.

Storage addresses are assigned to all variables and constants thal appear
in the packets of sentence file 2, the packets with the addresses repl&cing the
nemes of the operands are contracted into their normel Arith-Matic form, and
ontered in sentence file 3. A complete record of.the allocation of storage
ie produced as storage list 2. All constants in sentence file 2 and deta 1lst 1
are converted to normsl twe word floating decimal form to produce data list 2
for the problem run.

Control 1ist 1 is sorted according to the range componenis of its eniries

and after sddressos are supplied, for i%s. oporande, is writton as control list 2.

TRANSLATION PHASE TV

Thase IV completes.the e2llocation of storage, assigning eddresses for
the partial resvlts of the various operations of cash equation. Sentence
numberss in transfer instructions; ars converted to operation numbers, and
redundant opevations are eliminated. Operetions containod in control list 2
are integrated with those from sentence file 3, and eny compuhber or compiler
seations contained in the peeudo-code are processed and inserted in the
Arith-Hatic program tape. This progren tape comprises a complete statement
of the problem in Avith-Matic peeudo-codoo

Another output of Phase IV is the sentence list. This is a cross reference

tsble of Meth-Matie sentence numbers, and the assoclate Arith-Matic operation

pumberse L6 will becone part of the finel record of compila@lone

A0
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ARITH-MATIC SWEEP I

Each Arith-matie pseudo-code opsration is checked io the catalog of
subroutines, and if valid is expanded into a more digestible form, and
entorad into operation list 1. Any generator or molecular subroutines
requested by the pseudo-code are activated at this time, and the generated
subroutines are entered in the generated library. Molecular subroutines
add their atomic operations to operatlion list 1. Own code sections of

pseudo=coda are copied to the generated library.

ARYTH-MATIC SWIEEP 2

Sweep 2 deals primerily with the problem of segmenting the program.
As pperation 1ist 1 is ropled to operation 1list 2, a tally is kept of the
number of lines of code required hy the operations. Coverned by the loop
sentinels in the list, sweep 2 uses this tally to decids when %o send the

sepment sentinel to operation list 2

All necessary read instructions to bring in the segments of the run-

ning program are generated at this time.

ARITH-MATIC SWEEP 3

A s A B A e geae

Each segment of oneration list 2 is inspected for repeated operations.
Any rcpeated operations that are listed in the substitution catalog'will

be replaced by the appropriate substltubtion operation in operation list 3.

41
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Sweep 3 aleo porforms the function of allccating storage locations for
each subroutine. The call word of each subroutine that is required to

solve the problem, along with the starting eddress and ending address of the

subroutine, are entered in the Subroutine List.

ARITH-MATIC SWEEP 4

A)l operation eall-words in operation list 3 are examined during this
sweep. Bach generator or "own code" operation calls forth a subroutine
from the generated library. A1l other operations find their .subroutines
in the Arith-matic library. The proper address modifications are made to

each subroutine, and the subroutines are linked together to form the final

running programs

Following the completion of Arlth-matic Sweep-4, the Sentence List,
Storage List, and Subrcutine List are browght in and edited into a concise,
easily legible format, providing a record of the transition from Math-
matic pseudo-code sentences through Arith-matic pseudo-code operations to
the final Univac program. These stages of translation and compilation are
cross-referenced and the record provides an invaluable aid in debugging
any logical errors which may have occurred in setting up a given problem.

The record also shows the layout of the memery during the nroblem run,
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HOW TO INCREASE THE REFERTOIRE
OF MATH-MATIC CALL-WOROS AMND

CONTROL STATEMENTS

BAE W N RRERR AN

Each Math-matic functional ecall-word or control statement activates
a glossary during Phase II of the Math-matic translation. Fach glossary
cknows the permissible formats of the control statement or call-word assoc=
iated with it. The range of allowable formats depends on the degrese of
flexibility the programmer puts in the glossary. Based on the parameters
in the séntence, the glosesary will determine the appropriate Arith-matic
operations and special 1lis% eniries internal to the Math-hatic system.
The glossary directs this translation by selecting and using the sub-

routines of phase I1 to turn out the four word packets of Sentence File 2.

{Ses sample problem),

The reperioire may be augmented in two ways; new Arithematic sub-routines
nay be added to the Arith-matie library (sec special instructions on Arith-
matic library) or pew glossaries may be uritten corresponding to the desired

call words and control statements.

New glossaries may produce any combination of Arith-matic. pseudo-code
operations, and if any of these are not already in the Arith-matic library
they must be added,

There are two types of sentonces: equations and control statements,

In an equation, whenover a special function denoted by a functional ecall-word
appears, a glossary is called for which will create the Arith-matic operations

necessary to calculate the function.
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In every control statement the first word of the sentence brings in a
glossary vhich produces the Arith-matis operations for the entire sentence
and makes any necessary Control, Storage,and Data--list entries. Whenever
o statement deals with input or output, (&.g., Read; Write; Edit and Write)
or includes data (e.g., Vary of the list type) it must make appropriate
entries in the Storage list. Any statement which refers to a range of one
or more seniences (e.g., Execute; Vary) must make entries in the control
list. Any statement which includes data in its format (e.g., Vary of the
list type) must make entries in the Data-list. The rulea governing these

entries will be found in the list of suberoutines for Phase II.

The two types of glossaries are similar in their function of producing
Arith-matic pezeudo-code, and the general rules discuessed below apply equally

to both-,

Is = Each glossary must have & itwo word header,
Ist word: GLOSSARYALLA.
2nd word: (NAME OF GLOSSARY) Aemm—ccen-cl
In a contrcl statement, this name is the first word of the statement
(esgey Vary, IF), In en equation this name is the functional eall-

wvord. (e.g., SIN; COS; LOG).

II. = A control statoment glossary may use up to four blocks of the memory;
a functional call-word glossary may use up to two. If the statement
~ includes data in its format, its glossary must create a data list.
Since this roquires a block of memory, the available blocks would be
reduced to three. An equation glossary has two blocks of memory availe

eble to it.
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IIL = The first block of the glossary is read in by the main routine during
Phase II. Succeeding blocks must be read in by the glossary itself.

Any overlay must also be handied by the glossary.

I¥, - Glossaries should be written in symboliec form and entered in the 1lib-
rary by means of the Math-matic librarian. The following conventions
must be obsarved:

A, Referenca to subroutines in phase II are made by use of the thrss
digit names of the rcutines (See "Subroutines for Glossary Use")
(ecgos ROROCNUOJOCN is a return jump to subroutine OCN).

Be In the third or ninth éigit positiona:

1. ™" refers to a line in the Gloseary

2. "R" refers to the exit line of the subroutine indicated by
the addrass portion of the instruction.

(e.g., ROROOC records in the exit line of sub-routine 0CC).

3. "™J" refers to the entrance line of the subroutine indicated
by the address portion of the instruction.

(esgo, UOJRWS transfers control to subroutine RWS).

4o "K" refers to a lire in the constant pcol of phase 1I, A list
of theses constants follows this section,

5o "W" refers to a storage location used as input or output by the
Phase II eubroutines. The descriptions of these sub-routines
indicate the "W" storages used by each.

6o AN TR NG and r;D“ refer to Sentence File 1. Sentence File 2,
the Control list and the Storage list respectively.

Co The sentinel "ENDLGLOSSARY™ must follow the last valid word in the

glossarya
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Use of the sentinel "QVERLAYAMOA"™ will cause the llbrarian te
£il1l and write tha.block of processed glossary, and read in the
next block of symbolic glossary.

The word "CONSTAYTSOXX" (OXX is the number of such constants) must
precede any constants included in the glossary. These constants
will not be modified by the librarian,

The sentinel words used in the symbolic glossaries should not be
counted as instructions since they will not appear in the C-10
gléssary that 1s entered in the library. The two word headsr,
hovwever, is counted.

In statement glossaries the "M address" may range from MOOO to
M229, In equation glossaries to Mil9. If glossary overlays are

used, duplication of addresses will be nececsary.
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STBROUTINES FOR ALL GLOSSARTES

—= e

Funetion: Thls iz the normal exlit from the glesgaries. Whoen the
glossary has been entsred from a control statement, upon exiting, end
sentinels are entered in Senteace File 2; and the pertinent block of
Sentence File 2 iz writien on tapec. Control is then transferred to the
paster reutine of Phese 2, which continues the processing of Sentence File 1,
In 2ny event, the glossary writer need not be concerned with affixing end
senfinels tn Senfence File 2 or turnlag out the final block of a given

section, a8 this is faksn care of automatically by the wain body of the

system ln all cases.

Error Printouis: MNone

C AL ES
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Exit FMS

Funetion: This is the error exit from the glossaries. Should an error
in pseudo-code require a rewrite of the pfoblem, a transfer to this routine
will rewind all servos and stop the computer. It is suggested that all
glossaries offer this exit optionzlly to the ;oder, so that he may exer-

cise his discretion upon analyzing the errors

Error Printouts: None
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Subroutine 000

Function: Pick up the four word output packet from working storage and

deliver it to Sentence File-2.

written on tapas.

PICKS UP FROM

When the output block is filled, it will be

DELIVERS TO

REGISTERS UNAFFECTED

Wg3 = A-3 Call Word
8 e Firs*‘ Arm}ment
g3 = Second Argument

H32 ~ Resuli.

Exrop FPrintouis:

Hone

SF-2: = Four Word Packet

ri: - Zeroa.

4

rF, rY
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Subrovtine OFD

Tunction: Creates a "Floating Decimal Define Packet" and enters it in
Sentence File=2, This routine expects to find the mantissa and character=

iatic of the number to be defined in working storafe. It supplies the title

LR T (e

"DEFINE", advances the floating decimal count by-one, delivers the next

i
J ' floating decimal symbol to working storage and to Sentence File 1 to replace
i] the present entry, and delivers the four word packet to Sentence File-2.
If the count should exceed 99, an error print-out will result.
. PICKS UP FROM DELIVERS TO REGISTERS UNAFFECTED
‘ | Wt = Mantissa of number Wo: = DEFTHEAMNAA rf, rY ] _
3 sz ~ Characteristic of €3 ¥
¢ FLOATADECAAA
L nunber SFnlf

SF-2: Four Word Packet.

rA: Zeros

Error printouts: See Printeout # 1, under heading "Phase II Error

Printe-outs.

(S T T I S (U -
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Subreviine OWF

Subroutines for Equation Glossaries

Fonetion: Get next non-space entry from Sentence File 1 and deliver it

to working storage.

TLDMITAMMANAAT is deliverad.

* PICKS UP FROM

DELIVERS TO

If the 1imit of the grouping is reached, the word

REGISTERS UNAFFECTED

Sentence

File 1

Y Hext entry from

Al |Sent. Filo 1

If Limit

[
4} R LIMTTAMAAAAT
\

S L

¥, ¥, rY




Subroutine OWP

Function: Cet previous non-space entry from Sentence File 1 and deliver
it to working storage, If the limit of the grouping is reached, the word

ILIMITAMANAT 13 delivered.

_PICKS UP FROM DELIVERS TO " REGISTERS UNAFFECTED
Sentence H4 Previous entry rF, r¥, rl

File 1 rA{ }from Sent. File 1

£
IE Limit,
2 W . ;
' 4N (LTHTITAMABALY
nA(
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Subroutine 004

Function: Deliver a word of spaces to Sentence ¥ile 1 to replace the

last entry that had been procured from it.

PICKS UP FROM

DELIVERS TO

REGISTERS UNAFFECTED

CONSTANT FQOL

Error Printouts:

SF=1: = spaces

rA: = zeros.

None

rv, rY
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Subrontine QOR

Fynction: Steps the partial result counter ahead by one, and delivers
the next partial result symbol to wcvking storage. ©Should the count exceed

99, an error print-out will result.

PICKS UP FROH DELIVERS TO REGISTERS UNAFFECTED
e Wae PARARESAMNn rF, ¥V oY
5A:

Error Printoutg: See FPrint-out #°2, under heading "Fhase 7

Error Printouvitsh.
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Subroutine 00A

Function: Delivers the next partial result symbol to working storage,

and replaces the last received entry in Sentence Fite 1 by it.

PICES UP FROM

DELIVERS TO & REGISTERS UNAFFECTED

L St ST

Syyxor Printoutss

Print-outsy,

SF-1. wT, 1Y
PARARESAAnn

See Print-out 72 under heading "Phase 7 Error
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Subroutine PR

Function: Delivers the previous entry and the following entry from
Sentence “ile 1 to working storage. Replaces the present and previous
entries in Sentence File 1 by spaces, and the following entry by the next
partial result symbol. The partial result synmbol 1s also delivered tn

working storage.

PICKS UP FROM DELIVERS TO REGISTERS UNAFFECTED
Sentonce H,: = Previous entry rV, Y .
= >
File 1 ¥W,: = Following entry
HS:-n
}PAHE&ESﬁd&nD
SF1

rh: Zeros

Error Trintouts: See Print-outs #*2, 3, and 4 under heading, "Phase I

Error Print-outs",

&
N
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Fynction: Deliver the following entry from Sentence File 1 to working
storage. Replace the present entry in Sentence File 1 by spaces, and the
following entry by the next partial result symbol. The partial result syme

bol is also delivered to working storage.

PICKS UP FROM | DELIVERS TO I REGISTERS UNAFFECTED
Sentence File 1 Hl: = Following entry v, rY
H : = Zeros v/ La”
E PARARESAMnn
rA : Zeoros

Error Printouts: See Print-outs #2, 3, and 4 under heading, "Phase 1I

et ot e e ek

Error Print-—outs®s

l‘:.



Sybrouting IFR
Function: Deliver the previous entry from Sentence File 1 to working

storage. Replace the previous entry in Sentence File 1 with spaces, &nd

the present entry with the mext partial resvlt symbol. The partial result

symbol is also deliverasd to working storage.

-

PICKS UP FROM | DELIVERS TO |  REGISTERS UNAFFECTED
Sentence Ul: = Previous entry yV iy
File 1 wzz - Zeros
HB
PARARESAANM
5K
A : Zeros

Error Printouts: See Print-outs #2, 3, and 4 under hsading, "Fhase II

Error Print-outs®,

58




Subroutine 2FR

L g g g g P PP

Functicn:

to working storage.

Sentence File 1 with spaces,
ult symbol. The partial resull symbol is also delivered to

partial res

workilng storagee.

PICKS UP FROM

DELIVERS T0O

Deliver the next two following entries from Sentence

File 1

Replace the present and first following entries in

and ‘the second following entry with the next

REGISTERS UNAFFECTED

Sentencs Hl:
File 1 Wye =
y
3
STl
TA: =

Error Printouts

PR AL L S

Error Print-outs’.

PARARESAMNN

» Pirst following entry

n

. Sos Print-outs #2, 3, and 4 under heading, “Foas

rv, rY

e Il

S
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Subroutines_for Statemsnt Glossaries

Subroutine OO

Fynction: Cet the next one word entry from Sentence File 1, and deliver

it to vworking astorage.

Should entries beyond the "ENDASECTION" sentineli. be

requested, an error printout will resulto

PICKS UP FROM

DELIVERS TO

REGISTERS UNAFFECTED

Sentence

File 1

Error Printouts:

Printeouts”s

”4 )lext entry
rA )from Sentence

File 1.

TESRTV STy

See Print-out #¢5 under heading, "Phase I %rror
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Subroutine CON

funet gﬁ: Cet the next entry from Sentence File 1. If the entry is

nmureric, it will be delivered to working storage as a two-word item, the

ceeond word of the item will contain the power of ten of the munber if this

notation was used in pseudo-code; otherwise it is a word of zeros. If the

entry is alphabetic, 1t will be delivered as a one word item to working

storage.

PICKS UP FROM _ | DELIVERS TO REGISTERS UNAFFECTED
Sentence If Alphabetic: rV, r¥
Fils X H¢ Next entry from

rAl }Sents, File 1

If Numeydc:
Hl: - Mantissa of number
HZ: - Characteristic of
nunbers:
rA : Zeros
Erxror Printouts: See Print=out #£5 under heading, "Phese 71 Error

Print-outs.

6L
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Subroutine Gl

Funetdon: Cet the next pumerical entry from Sentence File 1, skipping
any alphabetics, and deliver 1t as a two word item to working storage. The
second word of this item contains the pouer of ten of the mumber if that
notation wvas used in psevdo-code, otherwise it is a word of zeros. If no

more nmumerics oxist in Sentence File 1, the end sentinel of S.F. 1 will be

LB B

delivered.

e PICES UP FROM DELIVERS TO REGISTERS UNAFFECTED
Sentence If Numsric: v, rY
File 1 '

¥j: = Mantissa of number

WZ: = Characteristizs of

nunber

rA: - Zeros

- g

HA: = ENDASECTICNA

pAs ~ 0 n

T ol b IS .

Error Printouts: None

.
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Subroutine OCB

Funetion: Createsa "Begin Loop Packet® and entersit in Sentence File 2.

&4

Advancesthe loop counter by one and dellvers it to working storage. Should

the count exceed §9, an error print-out will resulte

PICKS UP FROM |

DELIVERS TC

REGISTERS UNAFFECTED

-

Print-outs",

@D

W : - BEGINLOOPApD

?

Em btk S0

W

d

n =

— m
ot

.

I’:l!": e ™™ pp
SF.2: Four Word Packet,

rA: = Zarocs

o Print-out 76 under heading,

B\
)

rF, rY

BPhase Y1 Ervor
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Subroutine OOE

Funetion: Createsan "End Loop Packet" and entersit in Sentence File 2,

Advancesthe loop counter by cne and deliversit to working storage. Should

the count exceed 99, an error printout will result.

PICKS UP FROM i DELIVERS TO REGISTERS UNAFFECTED
W
uéq - L]
W

V:'M: o~ PP
SF=2: Four Word Packet.

rA: = Zeros

Error Printovts: Ses Print-out 7%6 under heading,

Print-outs".

GX]

"FPhase 11 Error
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Subroutine OCN

Function: Createsan "A=3 Control Transfer Reference® from a sentence
number picked up from working storags. This sentence number is properiy
positioned and combined with a "OOCN" counter. PBach time this routine is
entered, the counter is stepped ahead by one, counting from 01CN to 03CN.

The counter is reset to one by "Subroutine 000",

PICES UP FROM DELIVERS TO REGISTERES UNAFFECTED
b i
UA: { LA ATTN ) W= O{E}GHGOOOnnnO ¥, rY
/ z 3
Sentence Humbero

Error Printouts: None
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Subroutine 000

Function: TForm the two word control list entry and eater it in Control

List o This routine expects to find the sentence numbers defining the

: range of the sentence, the A-3 operation call word, (or the name of the

argurent in the ecase of an "add to a limit" oparﬁ%ion), end the cor’rol

indicator (zere or +) in vorking storage.

The sentence numbers, the in-

dicator, and the present loop number are combined to form the control words

PICZ5 UFR iRCM

DELIVERS TO

REGISTERS UNAFIFECTED

!

EG: = First sente noe

range (F)

of

H7: - Last sent. no. of

range (L)

Error Printonts:

one

NG: = Gontrel werd

S5I'-2: Control word
A=3 Call word

rY




Subroutine OST

Tunction: Forms four word header for Storage List 1. If & par tlcular

e

storage bleck 1s specified in the pseudo~code sentence, the glossary must

change the header (DOCO)

. PICKS_UP_FROM | DELIVERS TO __~ REGISTERS UNAFFECTED
e e Stg. Lst. 1|~ Header rF, ¥V, rY
Do STORAGEAMANA
X Dremereremme=l
D, SENT, ANO/nrn "
Dy (Sentence Name)
rA: = Dmmemmmcecem=ll

Error Printouts: None

&
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Subroutine S

Function: Make one word entry in Storage List l.

The first entry that

each glossary must meke is the servo number (if a particular servo is

specified in the pseudo-code sentence), or a word of spaces.

PICKS UP TFROM

DELIVERS TO

REGISTERS UNAFFECTED

Wi0: = entry for

Storage List 1

Error Printouis:

STG LIST 1:

rAs -

Jone

(Y

Contents of Wyg

Zeros

O

' 8

; =
I'F, rV, i
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Funebion: Deliver the end sentinel to Storage List 1 and write the

[ hashL R = i)

block of Storage Lict to tape.

PICKS UP FROM

DELIVERS TO i

l REGISTERS UNAFFECT

e i 73 s

Error FPrintouts:

STG LIST 2: -~ ENDOSECTIONA

rli: = Zorna

None

w
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13

14

16
17
18
19

20

22
23

24,

CONSTANT POOL FOR GLOSSARY USE

(o

0010
000111
MO
Demecoces

131111

O=wa=0

~=0111

111111

AVATAYATAVANATATA'ATAYA

Qe
[ o O
0O1CNO-
0—=-02
Qe
ENDASE
L U
999992
AR D
JJ iR

+ﬁ=-n=—n -

VARIAB

DEFINE

S 7
w02
cmnom =)
Q=0
=01000
CTIONA

(y

Ty ——

999999

wRRARN

A""“‘A

70



al

boe

i i, Sl ol o i i el i L T R B i B L )

30
31
32
32
34
35

37

49

\n

o
I

0202 (0202
FIRSTA mwaunl
SECOND Avmueld
ARGUME NTO--O
MISSINCA=maety
SENTAF ILELO)
STATEM ENTA-O
0-~060 G060
SENTAF TLEAO2
EQUATI ONA--A
(WL LE (Rl s

)ﬂ-&nﬂ - T :I‘A

LEFTAmeaioicp
ERENT HESISA
GLOSSA RYA--d
$ASallt SEEN
ANCLrw amanwd
ADOO-m wmuendd
AROAZ St A
ANIDe ammmnlh
ASDA St en a
ENDALD OPANCO
TQOMMA NYA--A
INCORR EGTA-A
ENDALT SThA=-A

ENDAPH ASEANDR

)1

OPERAT IONSAA
REWRIT Elwm--0

STORAG Efem~f

IFA eV manmaly

M20me el



LXAMPLES OF A CLOSSARY WITH SENTENCE FILE ) END 2

The folleowing example illustrates how tha glossary creates Sentence
File 2 out of Santence File 1. Sentence File 2 is composed of four=word
packets of which the first word is the Arith-matic call word and the other
three specify the parameters. The glossary checks the input parameters

for conformity to the allowable formats, and uses the sub-routine of

.phase 2 %9 produce the four word packsts.

RSN S N N S
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SENTAFTLEAOL
SENT . N0, 064
STATEMENTALA
JUMPOOODANA
TOLANNNNNANA
SENTENCEANMA
ST ATAVAVATAYAYAVAVAVAYAN

ENDASECTIONA

SENTAFILEAOZ
SENT . ANQ. 06A
STATEMENTAAL
JUMPLAAANNLLA

1{0[VATATATAYATAYATAYAN

&_'ﬂ_,____,.,.—_-n :.l.--—'f-\

Q1CNOGOO0 540

ENDASECTIONA
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000
001
002

003

004
005
006

007

008

009

010
011
012
013
014
015

016
017
ma
019
020
021

022

GLOSSARYAMA

JUMPANANAANA
j“ :

ROROWNUQHOWN

LOMO22Q(011

ROROCNUO5S0CN
BOWOO4LCOW003
BOKOO8HOWOOL.

COWO02BOMO2L

COWO00000000

ROROOQUOJO0Q

000000UCI00G
504016500017
50MO2050MO0

5011017501018
5011019100002,

000000UOMO04

CONSTANTS007
REFERENCEANA
OMITTEDANGAA
TYPE-INAGAAA
CORRECTIONAA

SENTENCESOAL

R 110/0TATATAVATATAYAYATAN

LIMITANLLA

ENDAGLOSSARY

name of glossary
got the next numeric from Sentence File 1.

if the sentence reference is missing
the word LIMIT is in the A register.

Form O3CNG000C 530 mmmt Wy

move WL o 'd3
spaces—> “1 and “2

T00AMANNANA —> W, {This is the
Arith-matic call-word)

Turn out four word packet Wgp W to
Sentence File 2.

Transfer Control out of Glossary

If thare is no Sentence reference
in the pseudo code a type out and
type-in is set up.

"SENT . ANOLn

JUMP

SENTENCE REFERERCE

OMITTED TYPE-INT

The glossary continues using the
information typed 1n.

7%
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OPERATING TNSTRUCTIONS FOR MATH-MATIC LIBRARIAN

The Math-matie Librarian is contained as the first section of the Math-
matic library tape. This routine is made for the express purpose of deleting,
inserting, replacing and changing the catalog and glossaries contained in the

library tape.

Servo allocations will be as follows:

At Fnd of Librarian -

At Peginning of Servo

yLibgapian, Run, P P
Library . 5 0ld Library
Blank Tapa 6 New Complete Library
New Symbolic Glossaries 4 New symbolic glossar-
With or Witbout corres- ies.
tion list.

Supervisory Control
1. Force transfor on break point # 1 if corrections are on tape fours
2,  Block subdivide Servo six for High-speed printing later.

3¢ Initial-read Servo five.

Each installation should maintaip a tape library of symbolic glossaries as
well as the funciioning libfarya Should any changes be required in the Math-
matic system or should the user wish to adapt hie glossaries %o the Univac
11 Mathe-matic system, it would be sufficient merely to process the symbolie
library through the likrarian. A librarian to maintain the symbolie library
vill be supplied with the Math-matic system, end the proccdures - .o be follow-

ed are the same as those for the functioning library.

L

3

| aleo M ueed



Explanation of use of Librarian:

The eoptrol lishi: This is a list of words naming the library changes, ¢ud
their associated correction words, for different types of changes. The
following illustratis a correcticn 11st. Note tha% the call-words of
glossariss in the control list ars in alphabetical order; as are the new

glossaries.

DELETEANANA mmmmmemms
- ARCCOSOANAMA
TNSERTAMAAN. wecrmnmmed
Lo COSOANMNNA | CONTROL WORDS
BAES OF GLOSSARIES e I 7% /4 2 th
IN LIB. f,alph‘abet- b TANOOOANANDA :} o (,(2/-} 0(()&() - //U = s
ical) CHANGEAMAA ik o S ek £ 00 00} [13
e VARTOMMA /;f ﬁ/,_,?/L,
MMM&] END SENTINEL
LOMBANNNNA |

This correction list can either bs typed in or be placed on tape using break~
point one option. 1f +he control 1ist is to be typed in, the routina will
print-out on supervisory rontrol, "TYPEAOFACHNG" and a type~in is se® upe

The four possible type-ins at fhis point are, Delete, Insert, Replace, and

Changes The next type-oub will be, "NAMEAQFAGLOS" on supervisory control and
a type-in will be set up for a glossary name with space fill. After typing

1n degired changes, two words of spaces will terminate tha type-in.

Explapation of Tnstructionss

Dolets - The delete instruction will eliminate a given function from
the catalog and gleasary librarye As in the example correchtion 1list,

the fimc . AKGGUS would be deletsd from the libravy.
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Insert = The insert instruction will enter the new glossary and its
associated catalog listing in their proper places in the Math-matic
library. The new glossary should appear on the tape on Servo=~four.
The symbolic coding of the new glossary will be processed into C-10

as 1t 1s inserted into the library. .

Replace - The replace is & combination of the delete and insert changes
in that it deletes the old glossary and in its place inserts a new one

from Servo--four with the same pame.

Ae shown in the sample control list, the routine would delete from ths

iibrary the old TAN glossary and in its placs insert the new TAN gloasary.

Chenge - This correction will allow the changing of individual words in
the glessary named. A separate change and glossary name must be used
for every glossaery which requires word corractionse When the routine
reaches a change order in tha control 1ist, i¢ will type out on super-
visory control, "BLKANMWORDA®, This Block (BLX) eount refers to the
bleck count relative the glossary only ard not the library tape. The
form of the type in OOOBBBOOOWWW, The next type-cut will be the old
word, and the librarien woits for the new symbolic word to be typed-in.
In the case of sonstants, that the glossary writer does pot want modified,
instead of the new word, the type-in should be, "CONSTANTSANN.", "RN"
standing for the number of consecutive constants to follows A word of
twelve Z's will terminate the type=ins of werd corrections when

MBIKOAMWORDAT type-in is readye.

=~{
{

“~
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NORYAL_PRINTOUTS :

1o

2o

3.

PRINT-OUT

DESCRIPTION

PROCEDURE

TYPE OF CERG

NAME OF GLOS

BIXANMNWORD

END CORRECTIONS

TIPE-IN [NN]
CONSTANTS

System rewuires spac=
ification of desired
change.

System requires spec-
ification of Glossary
nml?

System requires speo=
ification of the block
of the gloesary and
word of that block %o
bs corrected.

If the corracticn is to
bas ekipped, type in a
wird of spacss.

Corrections have all
basn mads.,

Typo~in the constants
in the order wanied and
pumber namade

/&

Type in ¢ne of the
following, as required:
INSERTOOOMNNN

DELETEAN AN

REPIACELN L0
CHANGEQAOODDN

Iype in & word of
spaces if changes are
asompleted,

Tyvpe in space-filled neus
0f gloseazy, Type=In a
word of spaces if changes
are cumplated.

Type-ip EEB and Wik
OQOEBEQO MWW

Weere B = Block Ko,
Whare ¥ = Word HNo.
Type viorc of 74's if
finighesd-

Famowe and label tapes.

Type In N consecutive
words. Thesa words
4111 not be modified,



ERROR_PRINT=OUTS:
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20

3

13. o

5o

6

8,

FRINT-OUTS DESCRIFTION PROCEDURE
INCORRECTOMTYPE Typed in word numing type Type in correct word
LOFLCHNG correction is incorrect. as in print-out 1,

(TIPE CF CBANGE)
(NAME OF GLOSSARY)

INCORRECTAMNAME
OF GLOSS

(TYPE OF CHANGE)
{NAME OF GLOSSARY)

AIREADY IN CATALOG
( TNSERTAwmeneeld)

_ {TYPE OF CHANGE)

(RAME OF GLOSSARY)

[AST GORRECTION

INCORRECT ADD-
RESS :
(NAME OF GLOSSARY)

OUT OF SEQUENCE
WITH CORRECTIONS
{TYPE OF CHANGE)
{NAME OF GLOSSARY)

CORRECTION WRONG
ORDER
(BLOCK & WORD)

INCORRECT BLOCK
AND WCRD
END GLOSSARY

Rame of glossary not in
catalog, and, therefore,
tha change named cannot
be executsd.

The glessary beling 1o
gerted in contained in
tne tatalogo

The limit has been reach-
ed on the amcunt of corx=
ections permitted. The
last correction has besen
put in and spaces have
been supplied to indlcate
the end of corrections. !

The symbolic address used
in the word correction is
in errore

The new symbolic glossary
on the tape on Servo 4 is
pot in sequence with con-
trol list corrsctions.

The block number is wrong
because it is less than
the previous block corrat-
tion madeo

The block count has extend-
ed beyond the end of the
glossary being processed.

of normal print-outs.

Restart librarian
corrections from the
beginning,

Typs in a new change
request, as in normal
print-out # 1, or re-
start the librarian
corrections from the
tegivning.

If further correctlions
are desired, a new run
must be made.

Type in sorrect symbolic
address.

Restart librarian corr-
gctions from the tegin-
ning.

Type in correct block and
word, after block and word
type~oute

Restart librarian, or iecave
Glossary uncorrected by
transferring control to
word 144

( =~ U00144)

¢ Brror Printe-outs which may occurj;%ﬁr walking word changes,
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HOW 22 WRITE ARITH-MATIC PSEUDO.CODE

Arith-metic peeudc-code consists of a series of pseudo-insizioslons
which the Arith-matic system will compile inio Univac code ready for the
computer. Certaln beginning sentinels must precede the First pseudo-instrucs
tion, and an end sentinel most £51low tha last on®, These will be listed
balows

xxoBLxcMKasi
YY7/WDEAST D

A00020000009
BOOOCOO00CCO

rABADAGILNAO

ENDASTORAGEA
LIDSoCh OF PSEIDO CODE)

vancoen Lo

(lsst WD OF PSEUDO CODE)
ENDACQDINGAA

XX is the number of blocks of storage reserved for in-

put and output during the Univae Tuna

YYY is the vumber of words of storags reservac in mem-

ory for temporary and working gtorags.

1 YI¥ = O, the system will ignore "t and will reservs no storage. If
YYY # 0, the system will read the words into the memory from servo "n" until

it resches the gentinel TENDADATALNOAL!

Regardless of how pany words ars read from tapes, tha sysienm will reserva

axactly YIY words of memory for working storagec

A, B, ste. are the symbolic jabels of all the blecke needed 1o rover
blocks and worda of working siorage. Thege liabels nesd not be in alphabetical
ordese  Howaver, they correspond to biocks (XX) and words (YY) of working

_:‘.lf)
-
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storage in the order in vhich both are listed.

If (XX) and (IYI) both equal zero, thore is no need for block labels.
Nevertheless, the words including XX and Y7Y must appear at the beginning

of the pseudo-code followed by "ENDASTORAGEA". None of these beginning and

-

.end sentinels is given an operation numbere

The first pseudo-instruction is calied operation #0. The succeeding
peeudo-instructions are pumbered in order, except that beginning, end and
other nop-operaional sentinels, and operation refersnces in the form of
XXQNOOOOIYOG, are not considered operations and are not given operation
numbsrs. Any pseudo-instructlon vhich transfers control must refer o other
operations by operation number, by using a pseudo-instruction beginning
with XXCN. The XX 1s determined by the transfer operation itself. All

available pseudo-instructions, and the method of writlng new ones, are dis=

cussed elsewhere in this sactlon.
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REPERTOIRE OF ARITH-MATIC PSEUDO-CODE OPERATIONS

ARITHMETIC SUBROUTINES DESCRIPTIONS
ALO{AY(B)(C) A+ B
Asof{a)(B)(C) A= Bw
AMO(A)(B)(C) AxB
ano{A)(B){C) A<B

NOTES ;

(A) is the address of A
{B) is the address of B

{C) is the addraess of C

(§.2)
na




TRIGONOMETRIC SUBROUTINES DESCRIPTION

TSN{A)000(B) inA =B
1C0(A)000(B) Cos A » B
TTO(A)000(B) : Tan A = B
TAT(A)000(B) Arctan A = B

BOTES ¢
(1) {A) is the address of A, which is the angle to be caleculated,

LT

expressed in redlans.

{2) (B) is the address of B.

A

o
L]



L

=,

HYPERBOLIC SUBROUTINES DESCRIPTION
HSO(A)000(B) Sinh A = B
HCO{A)000(B) Gos h A =B
HTO{A )000(B) Ten h A = B

NOTES ¢

(1) See NOTES 1 and ;*2 of TRIGONOMETRIC Subroutines.

5]
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GENERAL MATHEMATICAL SUBROUTINES DESCRIPTION

ANI{A)000(B; -A = B

EXP(4)000(B) ch =B

'APN(A)(N)(B) A = B ("N" must be integral)
-99 < N < 99.

CPN/A) N (B) AN = B ("N" must be positive
integral)

X%A{N)(lnglOA}IB) AN = B (The product, N logioh,

must not have an exponent
exceeding + 10},

SQR{AJO00{B) JA = B
N
RNAfA)(N}(B) JA = B -9 <N<9
N—
GRN{A) XN (B) VA = B ("N" must be positive
integral)
1AU{A ) (Log;oB){C) LogpA = C ("A™ pus® be greater
than zero. )

NOTES ¢

(1) In the Subroutines TAT, EXPy APN, X+A and RNA the (N) is the address
of No

(2) In the Subroutines GPN and GRN the "N" is the pover itself or the
. root itseif rather than the address of No

{3) When coding a problem, using the above pseudo-coda, there ars a num-
bar of decisions which cen be made in order to produce a better run-
ning program --

{a) If the mathematical problem involves raising a number of quan-
tities to certaip powers which are integral, 1%t would be more
efficlent to use APN rather than use GPFN since APN will noil be
repsated within the same segment.

(b) Similarly, if it is necessary %o take the square root. of a num-
ber of quantitlies, then it would bz more efficient to use the
SQR routine rather than the GRN routine sirce, as with APN, SQR
will pnot appear more than cnee ‘within the same segment.

(¢) Also, if it is found that there are GRN routines which lie entir-
ely within the same segment, it would be preferable to use the
RNA gubroutine for the same reason as that described in (a) and
(b) above with refersnce ¢ SQR and APN routines,

2
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CONTROL SUBROUTIHES DESCRIPTION

e Rdd to a 1imit
DA A L= ALt ) () (L) L5 ¥ AR wm> Xg

02CN00{N )00 If X3>°Ly go "o opn 21
{\( A ALL(X_{}I’(}X:}{L}:) Ad4 tC;. a 11,@_ b j

A((; LIJ\ 01CNOO{K)CO 1T X3 > Ly go "o opn j i

Lt

batadinee (o) aiadiaia ] G e

ye S AL
LE° 1\_QJ‘ c:anqp(n)ﬂu 4X AL < Ly go io opn N
F\I"“)/: .
DL ﬁ3~ naL ATL(Xy )(AX ) (L) Rdd o g Jipits i,
L O D1CRO0{K)C0 “Ie X3 < Ly go to opn 7K
oncap 'U 02CRO0(N )CO Ar 41> 1, go to opn #-N
L 1 .
QAL :"‘ E 'i‘ * : it ST 3
QuO{A}{B)COO Alpgebraic equality test.
01CHOO{K )00 If A =B go to opn. 7K

qua(3ax){1R1)000
O1LCNOO(K )00

Qro(a)(B)000
O1CROO{K )00

QTA(2.A2)(1B2)0CO
0)CNOO(K )00

QZ0 (A} 000C00
OXCN00(X )00

Y000socoo000
0ICVCO{X )00

1f A #B go to next operation:

Absolute equality test.
1f ‘Al = iBY go %o opn F K
If 3A} # 1BL go te next operation.

Algebraic greater than tesie.
If A>B go to opn FKe
If A 2B go to next operation:

. Absolute greater than tesgk-

If ia) > 1Bl go to opn. 7K
If A} < 1Bl go to nexit operatlon.

Sentinel test.

Hif A equals a word of Z's, than go

to Ol.nt. z, Re
1f A is not (#) a word of Z's go to
next operatiocn. .

Unconditional trausfer
Go to opns #* K.
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CONTROL SUBROUTINES DESCRIPTION
JTCONOC0ON00 Gensralized Return Junmp
01CHOO (K )OO See NOTE 741
02CHON (N )00
03CH00(P)00 ;
ROCO00000000 Ses NOTE #*1

NOTES:

i 1o

. This routine acts as a generalized return jump iunstruction permitting
the sequential execution of any specified portien of coding to be foilowed

by o jump to some specified operation.

Upon entering JTC, countrol is transferred to operation K. Computa=-
tion then proceeds to operation No Control is then transferred tc operas=
tion P, Operation N must be a special pseudo-~operation whose call word is
ROO. This operatien serves figuratively as a spring-board for the jump %o
operation P, This ROO oparetion will act as a skip unless it is first set
by the execution of a JIC referring to the ROO in its 2CN parameter. An
oparation involving ROO tha® has been set in this manner will reset itself
upon execution and will on subsequent re-antry, act as a skip until being
set again by a JTC. The same ROO operation may be referred to by multiple
JIC operations. A JTC opsration will set only that ROO operation that is
specified by its 2CN parameter and will affect no other ROC operation that

may appear in the progran.

Vhen using JIU, operations X, N, and P need not be in the sams

gsegnents

.:‘\
~
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INPUT=-0UTPUT ROUTINES DESCRIPTION

R

GTHwthNNMMM Taps~handling generator (Note 1),
S

GMIOLX0SSMMM Input-generator (Note #2)

c00x (st Output-generator (Notes #3 and 5).

FrIxo(H) ¢ (2 KKK Ending sentined 111 routine (Notes

#4 and 5)

NOTES ¢

nge GTH
(R) read, (W) writs, or (S) skip (N) blocks
(B) backward o« {F) forward on servo (t), starting in storage
loecation (M),

7£2 GMI - m)

Move an (S) word item frem input block (X) to working storage
beginning at location (9' If the block is exhausted, read
tha next block from servo {t) into block (X)-

7 3 GM0

Move an (S) word item from working storage beginning in location
{¥) %o output block (X). When the output block is filled, write
tha block to servo {t) at (H) high or (L) low density.

Enter a word of Z's or Z's (if output is edited) as the next item
in output blosk (X). Write the block to sarvo {t) at {H) high or
(L) low density. (K) refers %o the operation number of the assoc-
iated GMQn

£
P

Each GMO and its assoclated FIL must agree in servo (t), block (X},

S 8

and density (H/L) parameters.

O
o
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EDIT ROUTINES DESCRIPTION

EDF(mJ){C)(NN)(mz) Exponential edit for high speed printer
) SEE NOTES #1, %2, #3.

EUT{m1)(C){NNJ(m2} Conversion and Edit for high speed printer
X SEE NOTES 31, 2, and #4.

EDU{m})(G)(ﬁN)(sz Expon;;tial edit for unigrintaru
; SEE ROTES 1, 2, and 3.

:;_;, 1

nCM §s the number of columns the coder desires in the printed form.
If the number of columns is greater than five, a space should be
used in this position. If a zero is used, the values will be edit-
ed, but they will not bs put into columns.

"NN® values {2 words to each value) are picked up, starting from
memory position "m)" odited and dsposited, starting in memory posi-

tion "m,".
Editad form for EDF and EDU 48 = £ XXXXXXOOOKA(IXXX )AL

Edited form for EDT is =
For exponent of O thru -10 {l.e., =4)
4. 0000XXXX Y XX XKXXY0000,

For exponent of 1 thru 420 {f.2., +4)
iXXXXnXXXXXXXUUOOGOOOH

69
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GENERAL ROUTINES

DESCRIFTION

G2y J0SS{my )

YTO(XXx){YYY){22Z)
BTI(XXX)(TYY)000

RWS{tape numbers)

Move generator See note #1.

Print-out Subroutine
Type=in Subroutine.

Rsyind tapes and stop.

NOTE: #

G will move SS words

n
T

1

n
(+]

-

rom Memory peosition "ml" Lo memory position
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NON-OPERATIONAL SENTINELS DESCRIFPTION
XXOBLEOWKAST 3
Y YYAIDSASTAN #ust be first two words of psendo-code
{Note 3)

BEGINLOQPXXX Indicates start of iterativs loop.
{Notes 1 and »)

ENDALOOPAXXX Indicates end of iterative loop
(Notes 1 and 2)

SEGMENT MM Indicates that a new segment is to be
begun with the next pseudo-code opera-
tion.

ENDACODING LA Indicates end of Arith-matic pseudo-
code.

e

e

NOTES:

#*1 In any problem involving an iterative loop that is traversed many times,
it is desirable, vwhen possible from the standpoint of eliminating waste.
ful tape motion, to keep all of the operations which constitute such a
icop within the sawe segmont. This purpose is accomplished in Arithe
matic by the sentlinel "DBEGINLOCPXXX" preceding the first operation con-
stituting the loop and "ENDALOOPAXXX" following the last operation in
tha loop.

#2 XXX represents the loop number. Loop sentinels must ba used in pirs.
Elements of a pair are ldentified by having the same loop number.

N 71 {servo number)

i} | WA tais

Nl Natad

9@
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1t is possible to include actual Univac C-10 instructions alomg with peeudo=coda

USE OF UNIVAC C-10 CODE WITH TIE ARTTH-MATIC COMPILER

in an arith-matic program. These detailed marchine instructions called "own

code® are ussd to perform operations not covered by the oxisting subroutines.

Fach set of C-10 instructions required to perform a necessary operation

has one operation numbsr. The operation consists of three parts:

(1) A word, "CWNOCODEAYXX", indicating to the compiler thsat tha follow-

"ing lires are C=10 coding. The form of the word 18 fixed except

for the last three positions which contain the number. of lines of
C-10 coding to be execuhbod.

The actual C=10 ingtructions. All addresses ean be written in
gbaolute form or in relative form. If there is an "M" in the

third digit positicn of the instruction, it is possible to refer %o
a line within the C-10 coding. If the own code cection is written
in relative form, such as, in line one of example, "BOACOQ" refers
to the second word of the "A" block or locatlon.

Transfer of control from the "own code™ section to other operations

in the program is accompliched by writing JCN, 2CN; 3CN, etc., in

(3)

he place reserved for the three digit address as shown in example

line, A word of skips must follow this type of {4, T or U instruc-
tion and also a skip instruction must precede this type of instruce
tione

The end sentinel for the "end code" section is "ENDAOWNAXXXX" whers

TXXX" is the operation number of the own code section.

Following this, any other operation nunbere yeferred to in the C-10
ceding by ACH, 20N, 3CN, ete¢., are referenced in the form:

O1CHNOOXXXZOO
O2CN0NKKXXXO0

XXXX o tha gperation number.

[ S ]
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The pseudo instruction STORAGEQQ0ZZZ following ENDZOWNAXXXX will

allocate ZZZ lines of fixed storage (not disturbed by segmenta~

tion) for the uege of the own code section.

These locations ara

referred to within the section as 00ST, GIST,(CTI‘Co) ?'
A

EXAMPLE:

002
003
004
005
006
007
008

OWNACODELO08
BOAQOOILOBOO2
~~~— QOO02CN
N —
BOMOO1AOMOO8
HOMOO1CQOOST
= UOO1CN
o e Ly RSN T
ENDAOWNAXXXX
01CNOOX XXX00
02CNOOXXXX00

STORAGECQO0OX

93
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RO0184
C00135
A-0)97
B00185
000000
000000
01r000C
000C00
020000
Q0000
04C000
000000
=00000
010000
=1 0000
001000
000001
CoCCo0
000001
020000

272247

LIST OF ARITH-MATIC CONSTANTS

U00181
BOO18/
00184
000000
U00iii
000000
00000
000001,
000000
0GO0OL
000000
000000
000000
00000
000000
000000
000000
000001
000001
000000

4772722

201
202
203

208
209
210
211
212
213
214
215
216
217
218

219

050
99
000
016
041
083
€13
019
024
000
027
078
015
n25
020
000
000
043
0C0

000 000 000
999 999 995
000 000 060
666 666 667
€666 666 667
333 333 3323
888 888 889
841 -269 841
801 587 302
000 U00 000
557 319 224
539 816 340
915 494 209
052 108 385
876 756 &8
J11 000 000
0C0 000 111
429 448 190
000 000 000
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RULES  FOR SUBROUTINE GCONSTRUCTION

The subroutine is the logical unit or building block. It operates
in a specific way on input data %o produce results. The compiler
forces certain limitations on the form of subroutines.

The requirements for subroutines to le used with the A-2 Compiler
are stated belowe

1o Subroutines are writien in relative coding starting in line 000
of the svbroutine which contains the call-word. The call~word
consists of four 3-digit fields.

XXX 311 F00 oof

XXX  The identification code (alphabetic) of the subroutine.

11): The number of lines in the svbroutine, exclusive of the
call-word and sentinel word (word of ignores) at the end. °

FOC A fioating decimal point subroutine. ;

C0f A sentinecl vhich serves to identify the start of a sub-
routine,

2~ lLine GOl of the subroutine is the only entrance (exclusive of
R U or generalized overflow re-entries).

3. In referring to the input to the subroutine, IRG, 2RG, etc. are
uvsed instead of memory locations; i.e., B IRGo The output of
the subroutine; the results, are referred by 1HS, 2RS, ete.

bLe Normal exit from a subroutine is conegidered to occur when the
line preceding the ending sentinel is the last line in the sub-
routine to be executed, or when control is transferred from any
line in the subroutine to the ending sentinel. Under these
conditions the next line to be exoecuted will be the entrance
dine of the next compiled subroutine.

5o Any exit from the subroutine other than cne of the types des-~
cribed above (4), is called a contiolled exit and is written
T 1CN or U 2CH, etec. A skip must precede such instructions
(1ice., 000000 Q 3CN), ond a word of £kips must follow such
instruetionse.

6. References toother lines within the subroutine require the use
of an "M" in the digit position {digit 3 or 9) preceding the
3-digit relative line number.

7o A sot of the most used constants will be in the memory in loc-
ations 180=-219 when the problem is being run, and these may be
referrad to by fixed memory locaticna (sse list of Permanent
Constants). Constants not on this 1izt must be included in
the subroutine,

8o  There are ten temporary storage locatlons in 17.-179 which may
be used by any subroutine.

8a. If it 1s desired to use 00ST, O1ST in the subroutine, then the
nunmber of these storage positions used by the subroutine must be
placed in the ninth, and tenth qgg}t position of the calleword.
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The floating decimal arithmetic routines are fixed in the memory
locations €0-119, Any subroutine can uvse this section by plac-
ing A in 170, 171 and B in 172, 173 and by selecting the proper
R U instruction. A and B are floating-decipal operands with int-
egers in even, and exponents in odd-numbered locations.

A+B C R 90 U 60
A=B C Ra=9050 U108
& :x Bz C R 90 U 127
A%B ¢C R 9058 U=+ 110

C is the result in-174, 175.

This scetion is elso available to normalize numbers if the operand
is placed in 174, 175, and the instruction R 90 U 159 is givene
The result will be placed in 174, 175.

All subroutines must consist of an even number of lines exclud-
ing callenumber and ending sentinel,

Example: (non--functional)

000 X¥Z012 FOO00i Call-vord
001 V IRC W 890 ARG = A
002 ¥V 2RC W 892 3RG = B
003 R 810 U 847 AxB=C
00, V 894 W 1RS iRS ='C

005 B 894 L 911
00600 000 T ICN if C > O———> Controlled exit

C07  A=MO10 EOMO1L Internal subroutine reforences

008 V 894 0ooMO12

009 W IKG UoMo13 Normal exit

010 000000 0D0C002 Constant

o [ 1 Temporary storage

02 W 3RS 00 000 Normal exit

013 5 AL S A Ending sentinel
96
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OPERATIZG INSTRUCTIONS FOR MATH-MATIC

Mount tapes on the following servos:

SERVQ TAPE
1 MATH-MATIC MASTER
2 BLANK
: 3 BLANK
4 BLANK
5 BLANK
6 MATH-MATIC LIBRARY
7 BLANK
8 INPUT MATH-MATIC PSEUDO CODE

92 BLANK

Ne Breakpoints
Block Sub-divide on Servo -2

Initial Read Taps 1
During the MATH-MATIC run instructions will be typed out on the supervisory

control printer specifying which serves tapes are to be mounted on during the

problem rufl.

Taps 4 will be rewound with interlock and "REMOVE SERVQ-4 MOUNT BLANEK" will

ba printed out.

This taps contalns data that was created from the pseudo-code to be used

in the problem run. Remove this tape end save, Mount a blank on Servo 4o
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After the print out "ENDACOMPILEA", all tapes will rewind. Remove tape
from Serve 2 for printing. This tape contains the edited record. Remove the
tape from servo 7 and mount it on Servo l. This tape contains the running
progrom. lount the tepe removed from sarvo 4 on the servo specitised in ths
Working storage print-cut. HMount any o{hor tapas » as specified in the SCP

* print-outs. Block sub-dkvide on output servos. Initisl read servo 1.
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SAMPLE PROBLEM 1

" @)

For equation (1), take valuos of y from 0,01 to 0,99 in steps of 0,01
(L.00, 0,01, 0,02, 0.03, etc.) and values of X from 0.025 to 2,00 in steps

of 0:\025 (ioec, 00025, 011050’ 00075, etc:v)o

Y=17°
ylaly 1)

Xy=1] , (2)
yo© Ty =l

L)

For equation (2), take values of y from 1.0l to 2.00 ip steps of

0,01 (ic.e., 1,01, 1.02, 1.03, eteo) and values of X the seme as before.
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MATH-MATIC CODE

[T ARYAY 20, 01A(0, 01 )20 . 99ASENTENCESL2 ATHRUA, L

{2) qnnmmo.,ozsa.( 0,025 ) A2ASENTENCESA3LTHRUA A

(6) AVARYAXLO, 0250 025 ) (RLSENTENCESA7ATHRU A4

(7)  NA=0T? (EXPALY-1)/1)~1)/ (TP EXPA(X* (T=1)/T)-1) 80

(8) AEXECUTEASENTENC

100
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16
17
18
39
20
21
22
23
24
25
26

27

ARITH-MATIC PSEUDO CODE PRODUCED BY TUHE TRANSLATOR

ATLEOZBOEE10
QICROUOC1600
02CNO0002300
ENDALOOPAOOZ
1 LAOH2Z0011
RWS 123000000
ENDOCODING

01ARLRANKAST 28
044LLWDSOHRAR
ADCOO0000000
BOCOCOO00000
ENDASTORAGES
EG INLOOFOOS,

ASOB38B18H,
ADOS33802B42
ASOBA2B18B,2
ADOBAOBL2BOO
BEGINLOQPOOO /
EUFRO0ADZA50
GMO02AH10A50 /
ROCOOONOO000 / \
A+LEQ4B14B16 /'
QICHO0000200
020N00003400
ENDBLOUPAOOS
A+LBOZE08EI0/
Q1CNOOCC010¢
02CN00005 500
ENDALQOPAOC,

BEG 1N 10QPOO2
GMMPROGGOZED2

BEG INLOOPOO1
GMMBL200ZB04
ASOBO2BYBR32 X
AMOBOLBARB3, \
ADOB 34802836 N\,
EXOB36000B38 N
ASOB38B18B40 ' N~
AMOBOLB38BA2
ASORL2BISRL2 N
AMOBORBLOBLT :
ADORLOBA2BOO

JTCO00000000

01CNO0O0L000

02CNOO001 200

03CNOOS02700

ENDALOOPAOOO

AYLEOLZILBYS

03CNOOOO 1700

02CNOD00B300

ENDALOOFAOOY,

1.0



el e s )

SOLVE:

SAMPLE PROBLRM 2

24X b
£ \ 39

FOR 0.2 < P < 0.8 where AP = 0.2
0.35 < A < 1.5 wheras LA = 0,175

1:‘8 f X .s 308 where X = 005

MATH-MATIC PSEUDO_CODE

AVTARYOPLO o 20( 002 )20 - BASENTENCESARATERIAS Ao
AVARYLAAD . 3500, 175 )AL o 0505 ENTENCES A3AT 5 RUAS e
OTARTARAL 8A(C05)43 \,.amm\wmmm@maﬂ,m&;&
L0035 24T ) £ ( 3#C0SOA =L ORODTA( 3¥P ) A
AEDITAMNDAYRITEAY X ,A ,PA,

LSTOPA,

102
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<1

0

10

11

13

ARITH-MATIC PSEUDO CQBE PRODUCED BY THE TRANSLATOR

O1ABLEAWKAST
0380 DSLWEA3
A00C00000000
B000000000O0
" ENDASTQRAGEA
BREGINLOQPOO2
GMMECE002B06
BEGINLOQPOOL
GMMB14002B04,
BE}(.“;IN LOQPOOO
GMYR20002E02
AAOB26R02B30
TCOBO4O00B32
A¥0B23B328B32
AMOB28B0O6B34
GPNBO2002B3%
GRNB3Z00083%
AMOB36B30820
ADOB30B32B30
ASOB30B34B00

EDFBOOLOLASO

GMDOORAR10A50

14

15

16

2105

ATLBO2B22B2/,
01CHN000C0300
02CNO0001500
ENDALOOPAOOO
A+LB0,B16B18
01.0N00000200
02CNOOC01600
ENDALQQPAD0L
A+1B06B10B12
01CNC00001.00
02CN00C001700
ENDALOOPA002
FITAOHZ30013
Ri151.23000000

END2CODIRG




MATH-MALIG KHANL=OULD

The error print-outs which may occur throughout g1l the phases of trans—

iation and compilation or in the problem run are 1isted in this seation. The

oxaet form of each print-out is given in the left-hand column, followed in

tha middle column by a description of the error which caused the print-oute

-

Before following any of the alternative procedures listed in the third

column, it is advisable to exsmine the pseudo-code to asceriain whether or

not other portions of the problem will be affected by any changes madeo




Normal Print-onts;

END PHASE Ol

FRROR PRINT=00T

Phese 1 Error Printeouts

DESCRIPTION

PROCEDURE

1o

3"\

7

8.

Pa

NO_YEFT PAREN

NO RIGHT PAREN

SENT,MN0.nnn

NON=-NIMERIC TYFE=

IN_COFRECTION

SENT &0, xon

L o S

NOT_ IN_ORDER_[TFE-

IN CORRECTION

SENT . A0~ nnn

NO SPACE AFTER
PAREN,

MORE, THAN 100

SENTENCES_Ritw

WRITE

SENT ., ANO, nmm

NO SPACE BE-

FCRE_EQUAL,

SENT . M0, non
NO SPACE AFTER
EQUAL

—'\r .-—.---_—-o-....—-.—

2Ll b LA

TOO LﬂxG RE.

WRITE

FIRST Sentence of Pseudo-
Code has no left paren-
theses,

FIRST Sentence of Pseudo-

Code has no right paren-
theses.

Sentznce Number must be
Numeric. Alphabetics are
vsed only as Appendages
for inserticn purposes.

Sentence Number is less
than previous Sentence
Number,

Space missing after the
parentheses following
+he Sentence Humbere

Limi%t of Input Sentences

is 100,

A = A CORRECT FURMAT

A = A CORRECT FORMAT.

Pgendo=word longsr than 12
digitse

HIT START BAR TO CONTINUE

HIT START BAR TO CONTINUE

TYPE-IN NEW SENTENCE NUM-
BER,

FORM:  XDrwoemmemmnmdd

TYPE-IN NEW SENTENCE NUM-
BER,
FORM: XOsrmmmmmmem/A

HIT START BAR. TO CONTINUE

HIT START BAR TO REWIND

RIT START BAR.TO CONTINUE

HIT START BAR., TO CONTINUE

Reurite. HIT START BAR,
TO REWIND SERVOS.




Ve

(o fel

ERROR_PRINT-OUT

DESCRIPTION |

PROCEDURE

10,

i,

13

1o

15,

16,

SENT . £NO.nmn
PUNCTUATION IN-
CORRECT _(pseudo::
word) TYiPE.IH
CORRECT 10N

i e £k S

SENT . ANQ.nnn
TOO_LONG RE-
WRITE

SENT, £H0.nnn
PSEULQ0=WORD_ TN~
CORRECT (pseudo=
word=1st) IXPi=

. TN CORREGTLIONMS«

{2nd paouto=yord)

SENT, L0, nnn
PSEUDO=ORD_ Il
CORRECT (pseudpe
word) TiFi-IN
CORREGTION.

SENT-AN0.nnn
PARENS TNCORRECT-
1Y PATRED REWRITE

SENT.. ANO.non
ABSOLUTES INCORR~
FCTLY PAIRED RE-

SENT ° ﬁ.\‘g o 110N
(pseundo words)
SPACE PERIOD
WITH NO LEFT
P[ \H.EH o

Decimal point before alphaJ
betic Pseudo=worde

-

Sentence longer than 230

wordse ( p seudo W

The functional calleword

printed out 18 not in the
Math-matic catalog of
call=words

= =,
2 o0 1
VORI E

The statement call=word
is pot in the Math=-matic
catalog of call-wordse

The number of open paren=
theses differs {rom the
pumber of closed paren—
theses.

There ave an odd number of
absolute signs in the sen-
tencee

A space-period signifies
the end of the sentence
and should be followed
by spaces or a left par=
entheses to cignify the
atort of the next sente
tences The user may not
nave wished to end the
aontence. LOG6G

TYPE-IN CORRECT PSEUDO-
WORD
FORM:  XD-aemmemeels

REWIND., HIT STRT BAR
TO REWIND TAPES.

IF FIRST, HORD IS IN-
CORRECT TYPE-IN NEW
WORD AND THEN A WORD oF
SPACES,
FORM: Ebe=re O J
A A

1F SECOND WORD IS IN-

CORRECT, TYPE SPACES

IN FIRST WORD. IN THE

SECOND WORD TYPE NEW

HORD.
FORM:

PAATAYATAAYYAYATATAN
. ¥4 SBIIEEY A

TYPE-IN CORRECTION.
FORM & XD o=l

REWRITE., HIT SART BAR
TO REWIND TAPES.

REWRITE. HIT START BAR
70 REAIND SERVOS..

HIT THE START BAR TO EE=
‘GIN PROCESSING A NEW SEN~
TENCE. SET BREAKPOINT

g AND FORCE NO TRANSFER
70 CONTINUE PROCESSING
THE SAME SENTENCE.
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ERROR_PRINT=OQUT

DESCRIPYION

PROCEDUPS

16. (Cont‘d)

17. ' WRONG_TAPE ON
SERVO-6_MOUNT
LIBRARY

Therefore, he has a break-
point option.

The wrong tepe was mounted
on servo siz.

-

107

CHANGE THE TAFE, »- RE-
WIND ALL TAPES«. START
MATH-MATIC AGATIN,



|

PHASE 11 - Iormal Printouis

lo END PHASE 2

PHASE 1T -~ Error Prinitouts

| W— |

| W—

| ) TR L T

%.  ERROR_PRINT-ouTl DESSRIFTION | __ PROCEDURE
BENT . ANC. nnn Thers ers nore than 100 Rawrite the problem,
TOO MANY numbers exprassed in keeping the number of
FLOATADES O "power of ten" form in arguments expressad
REWRITE". the pseudo-cods. in "power of ten" form

This couvnl does not in- within the 1imit of
clude the numbers in the | 100,

"WARY (LIST)" instruc- {Hit the start bar fto
tione rewind all servos.)

20 "SENT.ANO. non More than 100 partial Rewrite the probleme
TOOMMANT AN results have besn creat- | Break the equation up
OPERATIONS ad for the equation be- into amaller ones.
REWRITE" . ing processed. {Hit the star® bar %o

rewind all servoss)
3¢ YFIRST ARGUMENT The desired entry from Revrite pseudo=codec
MISSING Sentence File 1 i3 not  |lHit the start bar to
SENT.ANO.nnn there, revind servos./?
REWRITE".

Lo "SECOND ARGU- The desired entry from Reurite pssudo-code.
MENT Sentencs File 1 is nut (Hit start btar to re=
MISSING there. wind sexrvoss)
SENT.LNC. nnn
REWRITE.

54 PSEUDQCWORDS Too many words have besn | Rewrite.
MISSINGANMA requested from Sentence (Hit start bar to ri=-
SENT . NC .nnn File 1. wind servos.!
REWRITELONNN

6 SENT . ANC onnn The pseudo-code ealls forj Rewrlte the pseudo=code
TOCAMANY more than 100 loops. {Hit the start ban
LOOFS . to rewind all eervos.)
REWRITE.
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8o

10,

11,

120

ERROR PRINT-OUT

PHASE _II = Error Printouts {Cont'd)

DESCRIPTION

PROCEDURE

SELJTON'lOaneo HEAD
ITEM SIZE (VUMQER)
NOT ALLOWED
TYPE.~IN CORRECTED
NUMBER

SENT./Des o« READ
TOO MANY VARTAFLLS
REWRITE

SENT:.-CI‘:gonw o M
SENTENCE REFERICE
MISSING
TYPi-IN

SENT *,Mga Nea _E_E:‘E‘:_Q
THCORRECT FORJAT
TYPE-IN

SENT.MN0. o0 WOMD
NISSING AFTER-
AND.OA
TYPE~INAOALA,

SENT o LH0A: ¢ o ¢
TYPE-INAANAA
CORRECTLY .00

The number of variables
listed in the sentence
is not acceptablea

More than 30 vardiables
bhave been listed in the
Sentences

The stated sentence re-
ference for the jump
option does not com-
form to pseudo=code
formate

The Sentence doss notb
conform to pseudo-code
format.

The word "AND" is not
followed by "WRITE",
indicating either unw
intentionnl émissicn
of the word UWRITE",
or incomplete dele-
tions

Incorrect procedure
has been followed,
regarding Print-outs
1 or 3. Yrong word
has bteen typedeouto

1f the input data has
been approrriately
padded. Type 1in num
ber of words in whole
item including padd=
ing @ I"ORM:

KEO- YA
-otheruise rewrites

Rewrite paeudo-codeo
(#it Start bar to re-
wind tapss)e.

Type=in the sentence
reference

TORM:

/A SRR A

Type=in the entire
Sentenca omitting the
word read. Type=in
one word ata time.
When finished, type-

-in a word of spacese

If WRITE is desired,
type-in U RITEAMANAT o
If WRITE is not de-
sired, type-in
££Z!!MKMM!¥&3

Same as for Print=out
1 or Print-out 3,
whichever immedietely
preceded this print=
outa



PRASE TX -

1o

150

16,

17,

‘__l
O
-]

~ SENT.ANQ.nnn TOO

Error Printouts {Cont*d)

ERROR_PRINT-OUT

DESCRIFTION

PROCEDURE

SENT . 480 ,anr: WCORD
MMISSING AFTER-
FORLO

TYPE- INOALA

LAANYLOLN
VARIABLES . 24
REWRITELONAN

SENT.£NQonan WORD
NMISSING AFTER-
ANDoOA
TYPE~INOAALA

SENT  AN04nnn

ABSOIITE SIGH
MISSING

{ PSEUDO-WORD)

SEANT,AH0.nnn

AESOLUTE VALUE
MUST BE ALFPHA-
BETIC (PSEULO-
WORD) TYPE-IN

SENT . AN0-rrin
INCORRECTLY
STATED TYFE=TN
SENTENCE RARGE.

SENT ~LNQ.nmin
TOO MANY VAR-
{ABLES REWRITE

= e s

The word "FOR" is not
followed by "UNIPRINTER®
indicating an ommision
in psoudo-ccde. It

can not be determined
vhether Uniprinter,
High-speed Printer, or
High-speed Printer
converted editing is
desgired.

More than 20 variables
are involved in an
Edit Statement or
Write Statemente

The word TAND" is not
followed by "EDIT",
indicating elther un-

* 4ntenticnal omission

of the word "EDIT", or
incomplets deletion.

The left absolute sign
has been cvmitted from
psoudo=codas

The absolute value of
a mumeric instead of
an alphabetic was spec-
ified in pseudo-cods.

The stated sentence
range does not conform
to pseudo=code format.

More tham 3 variables
have been listed in
the Sentence,

203350

If Uniprinter is de-
sired, type-in "UNI-
PRINTEROA",

If High-speed Frinter
is desired, type-in
NHESPOAAONONA

If CONVERIED is de=-=
sired, type=in
"CONVERTEDALA"

Rewrliis.
(Hit start-bar to
reuind .all tapes).

If "EDIT" is desired,
type-in "EDITAAMALNAT
If PEDITT is not de=
sired, typre in
RFATAAYATAVA AAVATAYATANLS

To continue with the
vorieble not in ab-
golute form hit the
start bar. Otherwise
revwritec

Type in alphabetic
variables.
FORM: Xbem—
or rewritec

~4

Type-in Sentence
renge = I and l.

FORM: Fhunmsamsnsd
MM—--&““A
Rewritee

(it the Start-bar and

01l tapes will rewind).
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PHASE 1T - Epror Prinfouls

21

226

23

2he

2:) o

ERROR_PRINT-OUT

{Cont'd)

|

DESCRTEY TON |

PROCEDURE

SENT o MQ RS rigidl
ABSOLUTE SIGH
MISSING.

( PSEUDO-WORD )

SENT OO0t
ABSQLUTE VALUE
MUST BE ALPHA-
BETIC (PSEUDO-
WORD) TYPE-IN

SENT . AHQ.nun
INCORRECTLY
STATED TYPE-IN
SENT. RANGE

SEL L -:N_gotf!n
ﬂ!@“ TOO
MANY VARTABLES
REWRITE

SENT . NQ.nnn
VARY (PSEUDOC-
WORD) THCORRECT
FORMAT

SENT :NOonnn
VARY INCORRECT
NUMBER OF
VALUES FOR
GIVEN NUMBER
OF VARIABLES
REWRITE.

SENT. NQ«_ nnn

VARY INGORRECT
FORMAT TYPE=-III
SENTENCE RANGE

The left Absolute sign
has been omitted from
psoudo=codes

The absolute value of
a numeric instead of

an alphabetic was 8pec-
ified in pseudo=codeo

The Stated Sentence
range does noh conform
o psevdo=code format

More than ten var=
jables were listad
in this Sentencac

The glossary has
finished processing
+he walues of the
veriablos, and ex-
pects the typed-
out poeudo word teo
be "Sentences."

The rumber of values
is not devisible by
the nurber of 7ar=
iﬁleSo

The stated sentence
range does nob con=
form to pseudo-~code
format.

To continue with the
variable not in Ab-
solute form, hit the
Start bare

Otherwice rewrite.

Type-in alphabetic
variables.

FORM:  XOrmsonmsmemmn S
or rewrite.

Type-in Sentence

FORM:
F Do oo £
7/ SRR A

Hit Start bar exd
all tape will re-
winde

If all. the values

of the wvariables

have been processed;
hit the start bar W
begin the search for
the sentence range
cew Otherwise rewriiec

Hit the start bar and
all tape will rewind.

Type-in sentence range
FORM ¢

Fhosme resememen )

1 wnmmanmeel)
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PHASE 11 - Error Printouts

oy

28,

30.’\

BRROR PRINT-O0UT

I

(Cont'd)

DESCRIFTION

PROCEDURE

SENT£N0.nun
VARY TNCORKECT
FORMAT TYFE-IN
SECOND SENTENCE

OF RANGE.

SENT . &H0.nna
JUMP SENTERCE
REFERENCE OMITTED
TYPE-IN CORREL-
TION

SENT .40, nnn
EXECUTE S&lT
RANGE 1IN-
CORRECT TIFE-
IN

SENT « 20t
COMPTIER IN-
CORRECT TYFl-
1N CORRECTED
STORAGE AND
SERVO NO.

SENT &NC -minny
COMPILER LABEL
MISSING TYPE-IN

The stated Sentenca
range doesg not con-
form to pssudo-code
formata

The Senternce number
to which control ia
to be transferrsd
has either besn
omitied or siated
incorrecilyo

The stated Sentencs
renge does nol <on-
form to pooudo-code
format.

The word input or
output is not follow-
ed by storage and
servo allocation in
proper pseudo-code
format.

The compiler sece=
tion is not laveled
correctly

EXAMPLE:

COMPILER=2 label
mist mateh label
assigned to the
compiler seciion.

117

Type-in the sentence
nunter for L.

FORM:

A A

Type-in tha sentence
referencec

FORM 2

Fﬁﬁﬂ—mmmmﬂma

If there are 2 seni=
ences in the ramnge
Type-in
Fﬂhwm--ﬁ**vﬂ
I&'--——-w_-o—ﬁ

If there i3 only

one sontence, ftyr:
spaces in the secoud
worde

Type-in steorage
bloek and servo num=
ber.

FORM:

STORAGE=X0AA
SERV Q- XAMANA

If storage and servo
information is umot

included in the sents

ence, type-in a vord
of spacese

Type-in the correct
lakel :
FORM:

Xﬂhum»mwqué

al, 2 or 3, digit
label may te typed-
ine
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PHASE II - Errer Printouts {Cont'd)

32

336

355

ERROR PRINT..OUT

DESCRIPTION

PROCEDURE

SENT . ANO.nnn
COMPUTER IN-
CORRECT TYPE-
TN CORRECTED
STORAGE AND
SERVO NO.

SENT . ANQ. nnn
COMPUTER
LABEL MISSING
TYPE-1H

LEFT PARIN-
THESES
SENT . &NQ.nnn
11SSING
REWRITE.

OPERAT 10N

missing
SENT. QliQ.nan
REWRITE,

The word input or out-

put is not folloved by

storage and servo allo-
caticn in proper pseud>
code format.

The econputer sectlon

ig not labeled correct-
ly'o f
EXAMPLE s

COMPUTER-2 label must
match label assigned

to the computer sec-
tione

No left Parentheses in
equation,

Binary operation missing
in equations.

Typs~in the storage
block and servo noo
FORM:

STORAGE-XALA
SERVOQ-XALNNA

If storage and servo
information is not
included in the com=
puter section, type
in a word of spaces.

Type-in the correct
Jabel.

FORM:

Y

al, 2 or #, digit
label may be typed=
ine

Rewrite pseudo-code.
(Hit start bar to re-
wind all tapes).

Rewrite pseud -code
(Hit start bar to re=
wind all tapes)




1.

2o

1. SENT .AlO.nnn
[Sentence Name)

STORAGEMZE NN
SERVO=nfAMA

2a A AT ATAVATATAYATAYAY
» H KGnA’S’I‘GaN}&
STORAGEAAXnn
SERVO-nAMAA

For every inpub or oniput storago and servo allocation during Phase 111,

print-cut No. 1 is typed on ths Supervisory Contrcl Printer. For each block

of working storage ssripgned, print~out No. 2 appears.

2 RENOVEAMONA
SERVO=-L00MM
MOUNTABLANKA

Data has been prepared by the Math-Matic Systam end must be mounted

during the Uniwee Ton on the Serve specified in Working Sterage print-out.

A blank must be mounted on Servo=4 for the Arith-Matic run.

4o ERD PHASE 3

PHASE XIX EPROR PRYINT-OUTS

PRINT=OUT. DESCRIPTION

TOOAMICHANSA  The number of variebles and constants
to be stored in working slorsge has
exceeded the limits of the storage
blocks availuble for allocaticn, or
the number of blocks to be allocated
for input or output statements has
exceeded the number of blocks aveil-
able ‘

TOWMNYASRVD  The number of Serves to be asaigned
has exceeded the number awailableo

114

PROCEDURE

Re-oxsmine problem so that
1% can be broken doun into
shorter problems. Rewind

all tapes. Rewrite.

Re=examine probiem so thad
it can be broien down into
shorter problems. Rewind

all tapes. Rewrite.

PR




30

A

5o

6o

PRINT-QUT

SL2OATOOALNG

SL2TATOQALHG

SENTAN0. nnn
NOAWRITEAMAA

VARAMISSTIRCA

o (P N::Jie 0 W{'

DESCRIPTION

Tho namber of variables and constanis
to be stored in the output area of
Storage Lis% 2 bas exceeded the
arailable space.

The number of variebles and constants
to be stored in the Tnput aroca of
Storage List 2 has oxceaded the
available spaces

An odi%t statement has been written
without a corresponding write
atatemento

A literal varisble has appeared on
the right side of an eguaticn or
in a statement without having been
previcusly defined.

1!

i,gﬂ_m_qa‘;“/‘ | ——

.5“}‘&@' ﬁ}W‘e no .

s

115

PROCEDURE

Re~exemine problem so that
it can be breken down
into shorter problems.

Rewind all tapes.

Rewriteo

Re-~examine the problem 2o
that it can be broken down
into shorter problems.

* Rewind all tapeac
Rewrites

Rowrite.




" PHASE IV Normal Print-outas

1. END AT-3

PHASE IV_ EBrror Print-outs:

PROCEDURE

ERROR_PRINT-QUT i DESCRIPTION |
! .
More than 3¢ redundsnt ! VFWRITE. (HIT START

1, TOO MANY OPERA.

. TIONS. REWRITE: | operations within a ging? ) BAR TO REWIND ALL
equations TAPES )e
2., TOO_MANY PARTIAL More than 100 operations AS ABOVE.

RESULTS. REWRITE! within a single equation-

3. COMP. SECTION NOT The Computer or Compiler AS AROVE. ,
STORED, EREWRITEL Section canmnot be located i |
on Tape on Servo 8. |

L. "NO _SUCH _SENT. No such sentence could be REWTND TAPES MARUALLY.
SENT .LNQernn™ found in Pgeudu~codeo




| S

(W {igzl oz o)

(]

codey

tions) directly.

The error print-o

uses Univac code or Arith-matic pse

ARITH-MATIC PRINT-OUTS

uts contained in this section can occur only when the
wdo-code (computer or compller sec-

The Arith-matic opera%ions produced by the translator from

Math-matic sentences are of course, correct, and will not contain any of the

arrora discussed hereine

-

SWEEP I NORMAL PRINT-OUX:

END SWEEP I

SWEEP_I__ERROR PRINT=OUTS s

B S

20

PRINT-OUT

DESCRIPTION

PROCEDURE

ENDAGWR XX XX

asa( ) )0 )
NOT STORED

ERROR IN SERVO

SPEC,
(I tﬁOSSMMM]
{GTH tommmma)

ERROR IN IN=~
PUT BLOCK.
{GMIO‘:;}{OSSMI*M

Operation Number of own code
spction XXXX is not equal to
YYYY or ENDAOWN is written
ipcorrectiyo

The first three alphabetis
characters of pseudc-
instructicn have been im=
properly vwritten, and, thus,
1t is not found in catalogus

The fifth position which con=
tains the servo number, which
will be the input for the rur
ning program, cannot be one
since the running program will
be on Servo Oneeo

The sixth digit position does
not contain an alphabetic
cheractor for the input loca-
tione

197

If the numbsr of operations
of pseudo-code are mis=
prounted, then recompiled.
1£. however, ENDOOWN was
yritten improperly or if
the error was in the num-
ber "XXXX", and not in
niscounting the operations,
then hit start bar and type
in ENDAOWRAYYYY.

Make correction of pseudo=
word and recompile.

Type in different servo pum=
bero

FORMg 0000X0000C00

Type in block lether
FORM: 000000000XKCO




(=2

na

Pot

PRINT-OUT

DESCRIPTION

PROCEDURE

INCORRECT ITEM SIZE
{GMIOLXQSSMIM)
(GHOOtXT SSHE2)

. “OUTPUT AREA HOT
DIV TEN
(GMIOtXOSSIAMA)
(cHgotxTSSun)

INCORRECT DENSITY
SPEC.
(GMIOX;S SMMM)

4

INCORREGT SERVO HO.
(GHooLxtisanm)

{ GTEIL—H;,?’,I: IRAAM)

ITEM LOCAT
NOT EUEF

3
{GM.I’J'»‘.X}"SSI‘!:-H& )

QUTPUT AREA ODD
GMOO txfss:-zfaa

BACKWARD OR FOR-

WARDg

(GTH;J%-?NNNI-N}Q
g

READ WRITE OR

SK1Pr

(GTin T unEMee )
3 B

In the eighth and ninth
diglis a non-allowable
item size is specifiedo
See the permissable item
gizes in the report for
GMI and GMO.

For the item size spec-
1fied output {working
storage location) area
must be divisibla by teno

The density specifica-
tion for the high-speed
printer is an "H" in the
seventh digit position,
while for tha uniprintier
1% is an "L" in the
sevenih digit position.

Sea Printout 3 4.

The item lecation must
gither be in or start in
an even 1ocation for item
sizes 72, 4, 6, 8, 10,
12, 20; 20,

The working storage

address must be even
for item sizes 2, 4,
6, 8, 10, 12, 20 and
30

The sixth digit must con-
tain an "F" cr "B%. In
this cage an "I'" or "B"
is not in the oixth diglt.

The fourth digit locatlon
does not have one of the
lettars "RT WM or WS%,

186

Type in a correct item size
FORMs

(1) for GMI
(2) for GMO

000000CC00RX
00000C0XX0A0

. Typs in a working storage
‘Jlpeation which is divisible

bY tene

FORM: OOOOOOOCOXXX

Type in an "H" or ap "L
FORM: 000CO0X00C00

Typ2 in servo number greater
than ongo

FORM: (OX0Q00CC00000

Type in another address
which is an even locatitn.
FORM: OOCOO000CXZIX

Type in an even area
FORM: 00000C000MAT

Type in "F" or "B"
FORM: 00000X00C000

Type in "R" "W" or ng
FORM: 000X0C0O00000
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PRINT-OUT

SWEEP_I7__NORUAL

END SWEEP II

SWEEP I1 _ERROR_PRINT.OQUTS:

HONE

SHEEP_ 11T

NORYAL PRINT-OQUT

END SWEEP III

SWEEP 111 ERROR

PRINT-QUIS:

NONE

SREZP_TV__NORMAL

PRINT..QUTS

1. END SWEEP IV

2, END COMPILE

SWEEP IV ERROR PRINT-ODTS:

PRINT-0UT

DESCRIPTIUH

PROCEDURE

KET IN 2% OR Z
END SENTINEL

ENSITY® SPRC
00000000000
or C000C000000L

EDF BAD Cc N.

03RGOCOOOCHN

EDT BAD C. Ho
03RGCOD0CCHN

The end sentinel has bean omitted
from the 8th digit of the FIL
Routine or it is not a "XY or a

LA

Deneity Specification is missing

from the I'IL Routine.

The number of values to be sdlted
is in evror, or the number of colk

unng is in errove

The number of values to be adit-
ed is in error, or the number of

columns is in error.

-

146

Type in elther a "X" or a .

BZT s
FORI 5

Z‘:.-.un- _.-.n.n.-.fu.-z

Do e nn 3

Type in an "H" or an “L°®
FCRMs

E.q—--.:::m:u:u.— H

| e

Type in accoptable number
of walues and alsc column
numbar in the FORM:
QOOCCCO00CHN

Type in acceptable number
of values and also column
nunber in the form:
QO0CCOODCCHN

L
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