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Tro fellowing ig a lock at computer prosramming threush tke use of

multi-lansvaces, Usire the 200 1090, a nrogram has heen designed for uoe

an a student srade racord, The programming has been acnempliched through

A

the uze of three langunages, CODOL, FTORTRAN, and MACRC, the DIZ 1D assembl;

language,

The econtents of this report are aimed at showing why and heow the use

H ¥ )

o
-+

of several lansuages can be inmplemented in

o one rcomputer wnrogram,

Threugh the »¥a-ple of a ~ulti-langnage program included, zome nethods
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ons of the multi-language corcept can bhe abserved,
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Bver since compubers were invented, computer scientists have heen

faced with the problem of a means of commurieation with the machine

Zarly programmers werea left with the *task of writing ccde in the machine
lnwsmwage of bthe computer, This was a difficult jobs when a change was

made *2 a rrocfram the result was that most of the cther coding also need-
ed changirg, This was necessary because the addressing was in relation

to the machine and the addresses were changed with different code,

From the machine langu

W

ge, most computer manufacturers developed

an assenbly langnage which made 1ife easier for the prograrmmer, With

the assembly language, 1%t was not necessary to charge the addressing with

zach norrection., The addresesing was relative tc the »nrogram inacgtead of
the entire machine., An address eculd also be referenced by a rzme assi

ed to a loecation, Another simplification developed in assenbly lansuace

#ac the use of manemonics instead of numkers in reference o the grerational

code,  lssemdhly language was tetter than the machine language but a lot

bond

of codine for a small proceadure was still necessary, Lansuares ware stil
on a lew level and with the increaced usage of the conputer, somethine
cf a hicher level was reeded {o meet the needs,

With this in mind. nany Sroups went about the task of designins hizgh-
er level languages. In the pazt few decades, hundreds of computer lan-

guages have besn developed, but only a2 small number are used ko any extent,

Fany languages never made i*. while others rave been replaced Ly more

racent advancements, The firct wsidely used high-level lanzuage was FORTRLI

for nse in scientific and numerical computirg., Developed for execution

offiency, the earliest versions were designed and implemented in the mid-

v}

.



190501z, Since that *ime, geveral versions of the languasge have beon
develoyped,

The language achiewving the most success has Leen COBOL, which
stands for COmmon Bosiness Oriented Language, Developed in the late

1950's through the backing

the language

backad by a maintenance c¢

>
standardized language.

guage sines pro

e

hines with 1ittle variat
~reatl v betwesn

Anather languags

wan ovt on the market in the early 1960's

gramma

devaloped

£

of government and computer marufacturers,

2
Ao
(%]
i
el

ommittee, In Angust of 1968,

i

This has allowed for a wider

7]

™ iz able Lo use sevaral

n cormputers,

s ab ane language on me-
ion, M non-standardized language can vary
in the p3id-19401'z was DL/T Ly Inter-

national Businzas Mashines, IBM's attempt fr degigning PL/T vaz to
alance two retz of conflicting goals, The lem wa= the neged for a
multipurpose languazz which wonld handle zeperclity and flexibility

witront a loss of ex

heavily on programaing langusges,
nagdg of the buginess orsanization

acutio

atructaee of PLST drass

It was decigned to weel the

tione, but irn spite of this many busineczen vae CCBCL for prosrawsing
whepre seienti Ple groups vee FORTRAN, At figesz, the nesd Tov a combirnas
tion of zejeptifie and hucinecs programming aricer that can »et be
L W ¥} -+ : T Vet -
Terrence W. ‘ratu, P"og;ammzng Lavguames: Dorioy apnd Ipplementaticn
fonglowsad T17ffs: Drent ~2~Hall, Tnc,. 1975} ., 717,
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R 1 Zopoaration{lrerry Rand Covn,, 19798) o,
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answered by PL/I. COBOL and FORTRAN individually fall short in answer-
ing the problem, 1In instances where large character strings and reports
are needed along with large numerical computations, it wonld be convenient
to be able to use two or more languages to solve the problem., This
solution is possible and is permitted by most computer manufacturers,

Most languages have special features that would be beneficial to
programs written in other languages, FORTRAN, for instance, has a set of
library calls for trigonometric functlons and other numerical functions
such as the square root and absolute value functions which will be used
later in the example, Allowing these functions to be accessed by other
languages saves time for both the rrogrammer and the computer,

In the remainder of the report, the solution of how to write programs

with multi-languages will be explained.
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.LOAD GRADE,REL,AVERAG,MAC,MEANST ,REL

To be able to use the result of the load, the comblned machine
language must be saved. This 1s done by entering SAV after the programs
are loaded, A name is then assigned to the execution file, 1In the
example, the name assigned is STUDEN. The name was chosen from the COBOL
program, GRADE,CBL, since it was the first module in the load. STUDEN
was obtained form the PROGRAM-ID name, GRADE,REL was the first program
in the list because it is the main module,

At this point the program is ready to be executed which can be

done by entering
.RUN STUDEN

The above process is a relativély simple task, The problem arises
in setting up the programs to be executed., Certain standards and i1diosyn-
crasies must be dealt with so the code of each subprogram can be under-
stood by the others, Cne restriction set upon the program is that only
one subprogram or main program can be used for all of the input and output
of all files. In the example, all of the input/outpnt is handled by the
main program,

Another restriction encountered in the use of multi-language pro-
gramming is that the type of parameters passed between modules is limited.
From personal experience and information received from Henry Newsom and
Dan Fortriede, personnel of Ball State University Computer Center, a
variable must be in computational or computational-3 mode to be used as a
parameter, This means a word must be binary integer or packed decimal
form. It has also been shown from previous experlence that a parameter

can not be a table or an element of a table., Diglital Equipment‘'s COBOL



a v.

g 1

fES“i{ fP&ﬁ testing reveal that real values do not work will so for

safety the variables should be defined as integers, The above limitations
can only be said about Ball State's DEC 10 and ways of removing some of

the limitations may be possible, but if this is true, the information was

unknown to the author,

The method used to call a FORTRAN or MACRO subroutine from a COBOL

program 1s

-+ \ MACRO
ENTER JFORTRAN-IV} program-name
FORTRAN
COBOL

1dentifier-1 identifier-2 |
USING /}literal-1 literal-2 ] .o ]
2

procedure~-name-1 . procedure-name-2 "

4

The e#ample uses FORTRAN instead of FORTRAN-IV, A COBOL subroutine
which is equivilant to a CALL statement has also been éxcluded in the
example, When enterhg the program-name, the identifier should be placed
within quotatlion marks. The USING clause is optional, but is necessary
if any information is to be passed between the progranms,

When the COBOL program is compliled the ENTER instruction is convert-
ed to MACRO code, Looking at the ENTER for the FORTRAN example, the code

generated is comparable to that below,



Programmer's Reference Manual shows that the use of real value parmeters,
but results from testing reveal that real values do not work will so for
safety the variables should be defined as integers, The above limitations
can only be said about Ball State’'s DEC 10 and ways of removing some of
the limitations may be possible, but if this is true, the information was
unknown to the author,

The method used to call a FORTRAN or MACRO subroutine from a COBOL
program 1is

~ {Macro
ENTER JFORTRAN-IV; program-name

FORTRAN
COBOL |

- L

T identifier-1 T identifier-2 7 '

USING )literal-1 literal-2 eee
procedure-name~1) { , (procedure-name-2

The example uses FORTRAN instead of FORTRAN-IV, A COBOL subioutine
which is equivilant to a CALL statement has also been excluded in the
example, When enterhg the program-name, the ldentifier should be placed
within quotation marks. The USING clause is ovntional, ™t is necessary
if any information is to be passed between the programs,

When the COBOL program is compiled the ENTER instruction is convert-
ed to MACRO code. Looking at the ENTER for the FORTRAN example, the code

generated is comparable to that below,

MOVET  16,%LIT060 °

PUSHJ 17 ,MEANST

%LIT060: XWD 440, PASS--SGRADE
#LIT ( XWD LL40, PASS ~-MGRADE
%LIT | XWD 0, PASS-TOT-GRAD
FLIT XWD 0, MEAN-FIND
%LIT XWD 0,STD-FIND

b COBOL Decsystem 10 Programmer's Reference Manual(Maynard: Tigital
Equipment Corporation, 1975) p. 6-33.

5 Ibid., p. C-2.



The MOVEI 16,%LITO60 loads the address of the parameter address
1ist into accumulator 16 where it can be referenced from in the subprogranm,
The PUSH 17 ,MEANST places the address of the next sequentiel instruc-
tion on to the top of the stack, The address of the subprogram MEANST is
then loaded into the program counter which keeps track of the next instruc-
tion, The subprogram is executed until it reaches, in this case, a RETURN
instruction, This FORTRAN instruction compiles into POPJ 17,, which
returns control to the main program, The same process is done when branch-
ing to the MACRO program, The return is the statement POPJ 17,.

Once the contact has been achieved from the main program to the sub-
routine, the subroutine is able to make use of the data passed, By moving
the resulting information to one of the parameters, the main program can

make use of what the subroutine generates.
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MACRO seuurouvtine AVIERAGOMAC

The subroutine nlears the acenmulator O and by indirect address-
., movas the sum of tre student grades te the accuvmulater, This
00 s the answer will have meore precision when

iy

returnsd to btho main, The nurmber i3 ther divided by the Tndirect ad -

L
hn]

drezzing the totel nmumber >f crades, The result is wmoved Dback to ar
indirsect address ir relation to arcumulator 1£ where it can be peferenced

in the main program, ontrel 15 thoa returned te the main program.

the total nmumber ¢f grades, Thic s moltiplied by 12 4o carry back more
preciston,  The variares i caleulateéd” by 4i-7dis3 the =vm of the sgnare
2f the srades, which was saleonlated in the main nrosrawm, by the totral

ivber of graden,  Trom "o nuwrber. the sguare of the mean is subtractad

(befora the mear is pultiplied by 10), Tae stardard deviation is found
by takirsg the square roobt of the variance and multipling »y 10, 4 roburn

e main program then oeccurs,
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IDENTIFICATION DIVISION,

PROGRAM=ID, STUDENT GRADE FILE,
AUTHOR, PAM BROWN
DATE«WRITTEN, OCTQBER 7, 1978
DATE=«COMPILED,

REMARKS,

THE FOLLOWING PROGRAM IS PART OF A THESIS
ON MULTILANGUAGE PROGRAMMING,

THE PROGRAM

CALLS OPON SUBROUTINES WRITEN IN FORTRAN AND

MACRO,
RFCORDS,
DFLRTED,

THE PROGRAM UBES TD FILES FOR STUDENT
RECORNS CAN B¥ ADDER,
1" THE RECORD 18 DELETKD, IT IS8 STILL

ON THE FILE PUT CUNTAINS A

UPDATEDR OR

D' IN A DRQP RIT,

THE PROGRAM CAN CALCULATE THE AVERAGE, THE

MEAN AND THE STANUARD DEVIATINN

FOR NONE,

SOME, OR ALL OF THE GRADES DEPENDING ON THE

CONTROL CARD,
ENVIRONMENT DIVISION,
CONFIGURATION BSECTION,

SOURCE=COMPUTER, DECSYSTEM=10,
OBJECT=COMPUTER, DECSYSTFEMs10,
SPECIAL=NAMES,
INPUT=OUTPUT SECTION,
FILE«CONTROL,
SELECT OLD=GRADE=FILE ASSIGN
SELECT NEWsGRADEeFILE ASSIGN
SELECT GRADEeCARDS ASSTGN
SELECT REPORTeFILE ASSIGN
SELECT ERROR=FILE ASSIGN
DATA DIVISION,
FILE SECTION,
FD OLD=GRADE=FILFE
LABEL RECORDS ARE STANDARD
RECORDING MODF 1S ASCIY
DATA RECORD IS OLDeFILF
VALUE OF ID IS 'STUGRIFIL',
01 OLD=FILE,
05 SOCeSECeNUM PIC 89(9)
05 STUDENT=NAME PIC X(30)
05 TYPESTU PIC X,
88 TYPE=DROP  VALUE D!
88 TYPE=.ADD VALUE ‘'AY
88 TYPE=REG VALUE ¢t !
05 TYPE=NUM PIC 99,

0s
FD NEWsGRADEsFILE
LABFEL RECORDS ARE STANDARD
RECORDING MODE IS ASCII
DATA RECORD 1S NEWeFILE
VALUE OF ID IS8 ‘'STUGR2FIL',
01 NEWeFILE,

To
To
To
Io
To

085 SOCe8EC=NUM PIC §59(9).
05 STUDENTeNAME PIC X(30),
05 TYPEw=STU PIC X,
05 TYPE=NUM PIC 99,

08 GRADE=TABLE OCCURS 15 TIMLS

PIC 8999,
FD GRADE=CARDS

LABEL RECORDS ARF OMITTED

CHANNEL (0) IS TOP=OFePAGE,

DSKB,
DSKB,
™Y,
LPT,
LPT,

TeGRADEeTABLE OCCURS 1% TIMES
PIC 8999,

NDATA RECORDS ARE HEADEReCARD, CONTROLeCARD,



01

01

01

01

FD

01
FD

01

STUDENT=CARD, STOP«CARD,

HEADER=CARD,
05 HEADEReMES PIC X(79),
05 CARDeCODE PIC X,

88 HEADeCODE  VALUE 'H!,
CONTROLeCARD,
0% FILLER PIC X(79),
0% CARD=CODE pIC X,

88 CONTROL=CODE VALUE
STUDENT=CARD,
05 CDwSOC=SEC=N PIC 89(9)
05 CD=NAME PIC X€30),
05 CD=TESTeNO pIC 99,

05 CDeGRADES OCCURS 7 TIMES,
10 CD=GRD=NO PIC 99,
10 CD«GRD=SCORE PIC 999,
08 FILLER PIC XX,
0S CD=CODE PIC X,

88 CDePREVIOUS VALUE 'P?,

86 CD=DROP VALUE D',
88 CDeADD VALUE 1A',
88 CDeUPDATE VALUE 'U',
08 CARD=CODE PIC X,
88 STUDENTCODE VALUE 'S’
STOPCARD,
05 FILLER PIC X(79)
0% CARDeCODE PIC X,

88 STOP~CODE VALUE 11X,
REPORTeFILE
LABEL RECORDS ARE OMITTED
DATA RECORD IS REPORTeLINE,
REPORT=LINE PIC X(133)
ERROR=FILE
LABEL RECORDS ARE OMITTED
DATA RECORD 18 ERROR=LINE,
ERROR=LINE PIC X(133)

e,



WORKING=STORAGE SECTION,

77
17
77
77
17
77
17
17
77
17
17
17
17
17
77
17
17
17
77
17
17
77
1
17
77
17
77
7
17
17
77
77
17
01

01

01

END«CARDS
ENDeF1ILE
NO=CARDS
NOeREC
REP=PAGE
ERRePAGE
INVeTEST
TEST=SUB
TeNUMaSUB
CHANGE=REC
TOT=ERR
TOT=CARDS
TOT<RECORDS
TOT=UP
TOT«DEL
TOT=ADD
TOT=PRE
TOTeWRT
LEQeSUB
ERReLINE®CNT

REPORT=LINE=CNT

MEAN«FIND
STD=F1IND
PASS=SGRADE
PASS=MGRADE
PASS=TOT=GRAD
STDeTRAN
GRADE=TRAN
TOT=GRADES
GRADE=AVE

PREVeSOC=SEC=NUM

PASS=MFIND
PASS=8FIND

CTeCONTROL=CARD,

05 CT=GRADE

88 PRE=GRADES
88 ALLeGRADES

03 CTeMEAN

88 PRE=MEAN
88 ALLeMEAN
88 NO=MEAN

05 CTeAVE
B8 GReAVE
B8 NO=AVE

05 NUMTESTS

0S TEST=ADD NOCCURS

085 FILLER
HEAD'!.

05 FILLER
0% FILLER
08 FILLER
0% FILLER
05 FILLER
HEAD»2,

08 FILLER

PIC 9
PIC 9
PIC 999
PIC 999
PIC 99
PIC 99
PIC 9
PIC 99
PIC 99
PIC 9
PIC 999
PIC 999
PIC 999
PIC 999
PIC 999
PIC 999
PIC 999
PIC 999
PIC 999
PIC 99
PIC 99
PIC 9999
PIC 999
PIC S9(8)
PIC 89(7)
PIC 9999

PIC 99959,

PIC §9(6)
PIC 89(6)
PIC 59(6)
PIC 89(9),
PIC 999V9,
PIC 99V9,

PIC X,
VALUE
VALUE
PIC X,
VALUE P!,
VALUE 1A',
VALUE ' ¥,
PIC X,
VALUE 1¥1,
VALUE N1t
PIC 9,

15 TIMES
PIC 9,
PIC X(h1)e

tpl,
tAt,

PIC
PIC

X(84)
X(6)

PIC X(36)
PIC X(%)

PIC X

PIC X(2)

VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALYUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
comp

VALUE
VALUE
VALUE
comp,

CDMPQ

CNMp,
comp,
comMp,

come,
comp,
comp,

VALUE
VALUE
VALUE
VALUE
VALUF

® ® B P B P B B P P B @

DODODOODODDOm=»DDOOD

O D0
»

VALUE O,

SPACES,
'GRADES',
SPACES,
'GRADE Y,
SPACE,

VALUE SPACES,



01

01

01

01

01

01

0% FILLER PIC
05 FILLER PIC
0% FILLER PIC
05 FILLER pIC
0% FILLER PIC
VALUE *1 2 3
0% FILLER PIC
VALUE 9 10
05 FILLER PIC
HEADER=SPACE,
05 FILLER PIC
0% HEADEReRPT PIC
0% FILLER PIC
0S8 FILLER PIC
0S5 REP=PAGE=PRINT PIC
0% FILLER PIC
ERROR®HEAD,
05 FILLER PIC
05 FILLER PIC
0% FILLER PIC
05 FILLER PIC
08 FILLER PIC
05 FILLER PIC
05 ERRePAGE=PRINT PIC
05 FILLER PIC
ERReSTATE,
0% FILLER PIC
05 ERReCARD pIC
05 FILLER PIC
05 ERR=MES PIC
AUDITeLINE,
0% FILLER PIC
05 AUD®MES PIC
05 AUD=TOT PIC
05 FILLER PIC
REPORT=DET=LINE,
08 FILLER PIC
05 PR=80=SEC=NUM ,
10 SO0Cei PIC
10 FILLER PIC
10 SECei PIC
10 FILLER PIC
10 NUMel PIC 9
0% FILLER PIC
05 PReSTUDENT=NAME PIC
05 FILLER PIC
05 PRINTeTAB OCCURS 15
10 FILLER PIC
10 PRINTeTABLE PIC
05 FILLER PIC

05 PR=GRADE=AVE,

X(11) VALUE $80C=SFCNUMY,
X€11) VALUE SPACES,
X€12)  VALUE 'STUDENT NAME!,
X(15) VALUE SPACES,
X(36)

4 5 6 7 BY,

X(36)

11 12 13 14 15,
X(8) VALUE '  AVE !,
X(27)  VALUE SPACES,
X(79) VALUE SPACES,
X(15) VALUE SPACES,
X(%) VALUE 'PAGE !,
29,

X(5) VALUE SPACES,

X(39) VALUE SPACES,

X(4) VALUE 'CARD!',

X(55) VALUE SPACES,

Xt VALUF 'MESSAGE',

X(16) VALUE SPACES,

X(5) VALUE 'PAGE 1,

29,

X(S) VALUE SPACES,
Xo

X(80) VALUF SPACES,
XX VALUE SPACES,
X(8%0) VALUE SPACES,
X(s) VALUE SPACES,
X(2%) VALUF SPACES,
799,

X(100) VALUE SPACES,
X(2) VALUE SPACES,

999,

X VALUE ‘=,

99,

X VALUE 'wt,

999,

X(3) VALUE SPACES,
X(30) VALUF SPACES.

X(3) VALUE SPACES,
TIMES.

XX,

Z2%.

X(2) VALUF SPACES,

10 GRAD=QUD PIC 229,

10 GRAD=PER  PIC X,

10 GRADeREM PIC 99,
MEANSLINE,
05 FILLER PIC X(20) VALUE SPACES,
05 FILLER PIC X(4) VALUFE 'MEAN',
05 FILLER PIC X(25) VALUE SPACES,
05 MEAN=PR=TAB OCCURS 15 TIMES,

10 MEANeVALeLINE PIC 2Z9,9,

i



01

01

01

01

01

01

01

05 FILLER PIC X(9) VALUE SPACES,
STDeLINE,
0% FILLER PIC X(20) VALUF SPACES,
0% FILLER PIC X(18)
VALUE 'STANDARD DEVIATION',
05 FILLER PIC X(11)o
05 STD=PR=TAB OCCURS 15 TIMES,
10 FILLER PIC X,
10 STD=VAL=LINF PIC 29,9,
05 FILLER PIC X(9) VALUE SPACES,
MEANeTABLE,
08 MEAN=TAB OCCURS 15 TIMES,
10 TOT=GRAD PIC 9999 COMP,

10 MEANSGRADE PIC 9(7) COoMP,
10 STDeGRADE PIC 9(8) COMP,

TTY«CONTROL=LINE,
0% FILLER PIC Xt40)
VALUE 'GMAN1234856789012345 ',
0% FILLER PIC X(40)
VALUE ! cr,
TTYeCARD=LINE,
0% FILLER PIC X(40)
VALUE 'SOCSECNUMYYXYXXYXXXXYYXYNAMEYYYXYYXXYXXYXXXT!,
0% FILLER PIC X(40) _
VALUE '9NNSCNONNSCNNOSCNANDSCONNSCANNSCANNSCN €St
PRINTeS=SeN,
08 S0Cet PIC 999,
05 SEC=] PIC 99,
0% NUMs} PIC 9999,
PREsGRADE=AVE,
0% FILLER PIC 9,
08 GRAD=QUO PIC 999,
0S5 GRADeREM PIC 99,
OLDeWRITE PIC 9,

B8 NOTeWRITE VALUE 1114,

18



Nomer

*
+
*

® ®

PROCEDURE DIVISION,

OPEN INPUT OLD=GRADEFILE, GRADE«CARDS,
DUTPUT NEWeGRADFeFILE, REPORTeFILE, FRROReFILF,
DISPLAY TTY=CONTROLeLINE,

STUDENT RECORDS READ AFTER CONTROL CARD FROM TERMINAL

READ=CARDsIN,

READ GRADE=CARDS AT END MOVFE 1 TO ENDeCARDS,
GO TO FINISH=COPY,

Ir STOP=CODE MOVE 1| TO END=CARDS,
GO TO FINISH=COPY,

VALIDATE CONTROL CARD

PROCESS«HEAD=CONTROL,

PERFORM ERROReHEADRPT,
IFr HFADeCODE MOVE HFADER®MES TO HEADEReRPT
PERFORM READeCARD=IN,
MOVE CONTROL®CARD TO CT=CONTROL=CARD,
IF NOT CONTROL=CODE
MOVE ' NO CONTROL CARD ' TD ERR=MES,
PERFORM ERR=PRINT=SEC
GO TO AUD=REPeSEC,
IF NOT PRE«GRADES AND NOT ALLeGRADES
MOVE 'INCORRECT GRADE CODE ' TN ERR=MFS
PERFORM ERR=PRINT=SEC
GO TD AUDeRFPeSEC,

IF NOT PRE«MEAN AND NOT ALL=MEAN AND NNT NOwMEAN
MOVE 'INCORRECT MEAN CODE ' TD ERReMES
PERFORM ERRePRINT=SEC
GO TO AUD«REPeSEC,

IF NOT GR=AVE AND NOT NO=AVE
MOVE 'INCORRECT AVFRAGE CODE ' TO FRReMES
PERFORM ERR=PRINTeSEC
GO TO AUD=REPeSEC,

1F NUMTESTS NOT NUMERIC 0OR NUMeTESTS GREATER THAN 7
MOVE (INCNRRECT NUMBER OF TESTS ' TD FRReMES
PERFORM ERR=PRINTeSEC
GO TO AUD=REPeSEC,

PERFORM CHECKeVAL®TEST VARYING TESTeSUB FROM 1| BY |
UNTIL TEST=SUB GREATER THAN 15,

IF INVeTEST EQUAL 1
MOVE 'INVALID CHNICE OF TEST' TN ERReMES
PERFORM ERR=PRINTeSEC
GO T0O AUD-REPeSEC,

PERFORM PRINT=HEADeSEC,



3

VALIDATE STUDENT RECARD FROM TERMINAL

PROCESS=RECORD=CARDS,

DISPLAY TTY«CARDeLINE,

PERFORM READeCARDeIN,

ADD { TO TOTeCARDS,

IF NOT STUDENTeCODE
MOVE 'INVALID CARD CODE' TO ERRsMES§

PERFORM ERRsPRINT=SEC
GO TO PROCESS«RECORD=CARDS,
IF CDe80C=SEC=N NOT NUMERIC
MOVE 'INVALID SOCIAL SECURITY NUMBER! TD ERR=MES
PERFORM ERR«PRINTeSEC
GO TO PROCESS*RECORD=CARDS,

IF NOT CDePREVIDUS

PERFORM TEST»GRADF«NIIM THR!II TPST«GRANDFeSCORF
VARYING TEST=SUB FROM | BY 1 UNTIL
TEST*SUB GREATER THAN NUMeTESTS,

IF INVeTEST EQUAL 1
MOVE 'YINVALID TEST OR SCURE ! TD FRReMES
PERFORM ERR«PRINT=SEC
GO TO PROCESS<RECORDeCARUS,

IF CDePREVIOUS
PERFORM TEST*GRADE=SCORE

VARYING TEST«8UB FROM 1 BY 1 UNTIL
TEST»8UB GREATER THAN 7,

IF NOT CD=PREVIDUS AND NOT CD*DRNP AND NOT CD=ADD
AND NOT CDeUPDATE
MOVE 'INCNRRECT STUDENT CODE ' TN FRReMES
PERFORM ERRePRINT=SEC
GO TO PROCESS«RECORD=CARDS,

IF (CD=DROP OR CD=ADD) AND CD®TEST=NN NAT NUMERIC
MOVE 'INVALID ADD/DELETE TEST NUMBFR ' T FERReMFS
PERFORM ERR«PRINT=SEC
GO TO PROCESS=RECORD=CARDS,

READ=QLD=REC,

READ OLD=GRADReFILE AT END MOVE 1 TO FNNerILF,
GO TO FINISHeCARDS,

MOVE 1 TD OLDeWRITE,

ADD 1 TO TOTeRECORDS,



® & &k &

2

UPDATFE, DROP, NR ADD STUDENT RECORD IN SEQUENTIAL
ORDER ON THE STUDENT«RECORD FILE
PREPARE«NEWeFILE,

IF SOC=SEC=NUM OF OLND=FILFE LESS THAN CDeSNCeSFCeN
AND NOTeWRITE
MOVE 0 TO CHANGE=REC
MOVE CORRESPONDING OLDeFILE TO NEWerILE
PERFNRM MNVEsOLDeFILE VARYING TEST=8UBR FROM | RY
1 UNTIL TESTeSUB GREATER THAN 1§
PERFORM WRITFeNEWsRECORD
MOVE 0 TO OLDewRITE
PERFORM READOLDeREC
GO TO PREPARE=NEWeFILE,
IF (80C=SKEC=NUM OF OLN=FILE EQUAL TN Che8SOCeSFCeN) AND CD=ADRD
MOVE 'RECORD ALREADY EXISTIS'! TD ERR=MES
PERFNRM ERR=PRINTeSEC
PERFORM PROCESSeRECORDCAKDS
GO TO PREPAREsNEWeFILE,
IF SNC=SECeNUM NF OLDeFILF FQUAL TN CDe80C=8FCe=N AND CDeDROP
ADD {1 TO TOTeDEL
MOVE 'D' TO TYPE«STU OF OLDeFILE
MOVE CDeTESTeNO TO TYPFEeNUM OF OLDeFILE
MOVE CORRESPNNDING OLD«FILE TO NEWepILE
PERFORM MNVE«DLDeFILE VARIING TEST=SUB FROM 1 BY
f UNTIL TESTeSUB GREATER THAN 1S
MOVE 0 TO CHANGEREC
PERFORM WRITENEWeRECORD
MOVE O TO OLDeWRITE
PERFORM PRNCESSeRECORD=CARDS
PERFORM READ=OLDeREF(C
GO TO PREPARESNEWeFILE,
IF SOCeSFECeNUM NDF OLO«FILE EQUAL TN CD=SOC8SFEC=N AND
CD=UPDATE
ADD 1 TD TOTeUP
PERFORM PREPAREeMOVE«REC
VARYING TEST«SUB FROM { BY 1 UNTIL TEST=SUR
GREATER THAN NUMeTESTS
MOVE CORRESPONDING OLDeFILE TO NEWePILE
PERFORM MNVE=NLD«FILE VARYING TESTe&UB FROM | RY
1 UNTIL TESTeSUB GREATER THAN 1§
MOVE {1 TO CHANGE=REC
PERFORM WRITEeNEWeRECORD
MOVE 0 TO OLD=WRITE
PERFORM PRNCES8=RECOPD=CARDS
PERFORM READ=QLD=REC
GO TN PREPAREeNEWsFILE,
IF S0Ce8ECeNUM OF OLD=FILE FQUAL TO CDeS0OCeSECeN AKLD
CD=PREVIOUS
ADD {1 TO TOTePRE
PERFORM PREPARE«MOVEeREC
VARYING TESTeS8N"B FROM 1 RY § UNTIL TESTeSUR
GREATER THAN 7
PERFORM PRNCESS=RECORD«CARDS
GO TO PREPARFeNEWeFILE,



IF

SNCeS8SEC=NUM OF OLD=FILE GREATER THAN CNeSNCeSFECeN

AND COD=ADD

ADD {1 TO TOT=ADD

PERFORM PREPARE«MOVE=REC=ADD
VARYING TEST=SUB FROM 1 BY 1 UNTIL TEST=SUR
GREATER THAN NUMeTESTS

PERFORM MOVFeADDEDeREC

MOVE {1 TO CHANGE=REC

PERFORM WRITE=NEWeRECORD

PERFORM PROCESS=RECORD=CAKDS

GO TO PREPAREeNEWeFILFE,

IF SNC=SEC=NUM OF OLDeFILE GREATER THAN CDeS0OC=SEC=N

AND NQT CDw=ADD

MOVE 'RECORD QUT OF ORDER!' TN FRReMES
PERFORM ERRePRINT=SEC

PERFORM PROCESS«RECORDCAHDS

GO TO PREPAREeNEWSFILE,

3



*
*  COPY REMAINDER OF RECORDS FROM NLD FILE TO NFEW FILE
%
FINISHeCOPY,
IF ENDeFILE EQUAL 1 GO TO PROCESSeMEAN,
MOVE CORRESPONDING OLDeFILE TU NEWeFILE,
PERFORM MOVE«OLDeFILE VARYING TEST=SUB FROM 1 RY
{ UNTIL TEST=SUB GREATER THAN 18§
MOVF 0 TO CHANGEeREC,
PERFNRM WRITEeNEWsRECORD,
PERFORM READ®OLDeREC,
GO TO FINISHeCOPY,
»
» ADD REMAINDFR OF STUDENT RECORDS FROM TERMINAL
» IF NOT ADD CODE = ERROR IN RECORD
L )
FINISH=CARDS,

IF ENDeCARDS FQUAL { GO TD PRUCESSeMEAN,
IF CDe80C*SEC»N LESS THAN PREVeSNC=SEC=NIM
MOVE 'RECORD OUT OF ORDER' TO ERReMES
PERFNORM ERRePRINT=SEC
GO TO FINeREAD,
IF NOT CDeADD
MOVE ('INVALID RECORD TYPE! TO EFRReMES
PERFORM ERR«PRINT=SEC
GO TO FINeREAD,
MOVE 1 TOD CHANGEeREC,
ADD 1 TO TOTeADD,
PERFORM PREPAREsMOVE=REC®ADD
VARYING TESTeSUB FROM § BY 1 UNTIL
TEST=8UR GREATER THAN NUMTTESTS,
PERFORM MOVE=ADDEDeREC,
PERFORM WRITE=NEWeRECORD,
FINeREAD,
PERFORM PROCESSeRECORD=CARDS,
GO TO FINISHeCARDS,

33



IF MEAN IS8 ASKXED FOR PREPARE AND WRITE MEAN BAND
STANDARD DEVIATION

* &« & &

PROCESS=MEAN,

PERFORM CALLeFQORTeMEAN
VARYING TEST=SUB FROM { BY § UNTIL TEST=SUB
GREATER THAN 15,

MOVE MEAN=LINE TO REPORT=LINE,

PERFORM WRITE«REPORTeLINE,

MOVE STDeLINE TO REPORTeLINE,

PERFORM WRITEeREPORTeLINE,

GO TO AUD=REP=SEC,

MOVE VARIABLES TO PARAMETERS AND CALL FORTRAN SUBROUTINE
MEANST TO CALCULATE THF MEAN AND STANDARD DEVIATION

*« & & &

CALL=FORTeMEAN,
IF TOTeGRAD (TESTeSUB) NOT EQUAL 0

MOVE STDeGRADE (TESTeSUB) TD PASS=SGRADE
MOVE MEAN®GRADE (TESTe8UB) TN PASSeMGRADE
MOVE TOTeGRAD (TEST=SUB) TO PASSsTOTeGRAD
ENTER FORTRAN 'MEANST!' USING

PASSeSGRADE, PASS*MGRANDE, PASS*TNT=GRAD

MEANSFIND, STDeFIND

DIVIDE MEAN=FIND BY 10 GlVING PASSeMFIND
DIVIDE STDeFIND BY 10 GIVING PASS«SFIND
MOVE PASS=MFIND TO MEAN=VALSLINE (TEST=SUB)
MOVE PASSeSFIND TO STD=VALSLINE (TEST=SUB),

a4



*
* PREPARE AUDIT PAGE AND PRINT AT END NF PROGRAM
*
- AUDeREP=SEC,
MOVE 'TOTAL RECORDS READ' TO AUDeMES,
MOVE TOTeRECORDS TO AUD=TOT,
WRITE ERROR=LINE FROM AUDITeLINE AFTER
ADVANCING TOPe0OF«PAGE,
MOVE SPACES TO AUDITsLINE, ,
MOVE 'TOTAL CARDS READ!' TD AUL=MES,
MOVE TOT=CARDS TO AUD=TOT,
WRITE ERROR«LINE FROM AUDIT=LINE AFTER
ADVANCING TOP=OF=PAGE,
MOVE SPACES TO AUDITeLINE
MOVE 'TOTAL RECORDS UPDATEDR!' TO AUDeMES,
MOVE TOT=UP TO AUDeTONT,
WRITE ERROReLINE FROM AUDITeLINE
AFTER ADVANCING {1 LINES,
MOVE SPACES TO AUDITeLINE,
MOVE 'TODTAL RFCORDSE DELETED' 10 AUDeMES,
MOVE TOTeDEL TO AUDeTOT,
WRITE ERROReLINE FROM AUDITeLINE
AFTER ADVANCING | LINES,
MOVE SPACES TO AUDITeLINE,
MOVE f'TOTAL RECORDS ADDED' TD AUDeMES,
MOVE TOTsADD T0O AUDeTOT,
WRITE ERRORsLINE FROM AUDITeLINE
AFTER ADVANCING 1 LINES,
MOVE SPACES To AUDIT=LINE,
MOVE 'TOTAL PREVIQUS ADDS' TO AUDeMES,
MOVE TOT=PRE TO AUDeTOT,
WRITE FRRORe«LINE FROM AUDITeLINE
AFTER ADVANCING 1 LINES,
MOVE SPACES TO AUDITeLINE,
MOVE 'TOTAL RFCORDS WRITTEN' TD AUD=MES,
MOVE TOTe«WRT TO AUD=TOT,
WRITE ERROReLINE FROM AUDITeLINE
AFTER ADVANCING | LINES,
CLOSE=PROGRAM,
CLOSF OLDeGRADEeFILY, NEWeGRADFeFILE,
GRADE«CARDS, REPORTeFILE, ERROR«FILE,
STOP RUN,



]

x x

MAKE MNVES FOR PRINT LINE

MOVE«TEST«GRADES=ALL,
MOVE GRADEeTABLE (TEST=8UB) TO
PRINT=TABLE (TESTe=SUB),
MOVETESTeGRADES=PRE,
MOVE CDeGRDeNO (TEST=SUB) TO TeNUMeSUB,
MOVE GRADE=TARLE (TeNUMeSUB) In
PRINT«TABLE (TeNUMeSUB),

PREPARE DATA TOTALS FOR CALCULATIONS OF AVERAGE, MEAN
AND STANDARD DEVIATION

* & x *

LOAD=AVETABLE,
IF GRADE=TABLE (TEST=SUB) NOT EGQUAL TO O
ADD GRADE=TABLE (TEST~SUB) TO
GRADE=TRAN
ADD § TO TOT=GRADES,
LOADeMEANTABLEeALL,
IF GRADE«TABLE (TESTeSUB) NOT EQUAL T0 0o
ADD 1 TOD TOTeGRAD (TEST=SUR)
MULTIPLY GRADE=TABLE (TEST=SUB) BRY
GRADE=TARLE (TES8TeS8UB) GIVING STDeTRAN
ADD STDeTRAN TO STD=GRADE (TESTeSUB)
ADD GRADE-TABLE (TEST=SUB) TD
MEAN=GRADE (TEST=S8UR),
LOAD=MEANTABLEPRE,
MOVE CDeGRDeND (TEST=SUB) TO TeNUMeSUB,
IF GRADE=TABLE (TeNUMeSUR) NOT EQUAL TO 0
ADD 1 TO TOT=GRAD (TeNUMeSUB)
MULTIPLY GRADE=TABLE (Te=NUMeSUBR) RY
GRADEeTABLE (T=NUM=SUB) GIVING STD=TRAN
ADD STD=TRAN TO STO=GRADE (TeNUM=SUR)
ADD GRADE=TABRLE (TeNUMeSUB) TO
MEAN=GRADE (TeNUMwSHB),



98
WRITE RECORD NN TO NEW FILE AND PREPARE FOR OUTPUT

WRITE«NEWsRECORD,
ADD § TO TOT=WRT,
WRITE NEWeFILE,
MOVE SOC=SECeNUM OF NEWeFILFE TO PREVeSNC«SECa=NUM,
IF ALLeGRADES
PERFORM MOVETESTeGRADES=ALL
VARYING TESTeSUB FROM 1 BY 1 UNTIL TESTeSUR
GREATER THAN S,
IF PRE«GRADES AND CHANGEeREC EQUAL 1
PERFORM MOVE=TEST#GRADES«FPRE
VARYING TESTeSUB FROM 1 BY 1 UNTIL TESTeSUR
GREATER THAN NUMeTESTS,
IF GReAVE
PERFORM LOAD=AVEsTABLE
VARYING TESTeSUB FROM { BY { UNTIL TESTeSUB
GREATER THAN 18
MOVE ZEROES TO GRADEeAVE
ENTER MACRO 'AVERAG' USING GRADEeTRAN,
TOTeGRADES, GRADEeAVE
TUTeGRADES, ' ', GRADE=AVE,
MOVE ZERQES TO TOT=GRADES
MOVE ZEROES TO GRADE=TRAN
MOVE GRADRE=AVE TO PRE=GRADEeAVE
MOVE ',' TO GRAD=PER,
MOVE CORRESPONDING PRE=GRADE«AVE TN PReGRADEeAVE,
IF ALLe=MEAN
PERFORM LOAD=MEANTABLEeALL
VARYING TEST=SUR FROM 1 BY §{ UNTIL TEST=SUB
GREATER THAN 15,
IF PRE«MEAN AND CHANGE«REC FQUAL 1
PERFORM LOADeMEAN=TABLE«PRE
VARYING TESTeS8UR FROM { BY 1 UNTIL TEST=SUR
GREATER THAN NUM=TESTS,
MOVE SOCeSEC=NUM OF NEWeFILE 10 PRINT=SsSeN,
MOVE CORRESPONDING PRINTeSeSeN TN PReS8NeSEC=NUM,
MOVE STUDENTeNAME OF NEWeFILE TO PR«STUDENT=NAME,
MOVE REPORT«DETeLINE TN REPORTeLINF,
PERFORM WRITE«REPORT=LINE,
DISPLAY REPORT=DETeLINE,
MOVE BPACES TO NEWeFILF,
PERFORM ZERDeNEW=RECORD VARYING TESTeSUR FROM 1 BY 1§
UNTIL TEST=SUR GREATER THAN 15,
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Ea

PREPARE AND WRITF TN PRINTER AND/NR TERMINAL FRR(OR MFSSAGFS,
STUDENT RECORDS, FINAL REPORT AND AUDIT PAGF
ERRePRINT=SEC,

DISPLAY ERReMES,
IF ERReLINECNT GREATER THAN 52
PERFORM ERRDReHEAD®RPT,
MOVE HEADER«CARD TO FRReCARD,
MOVE ERR=STATE TO ERROReLINE,
WRITE ERRORLINE AFTER ADVANCING I LINES,
ADD 1 TO ERReLINECNT,
ADD 1 TQO TOT=ERR,
WRITE=REPORT=LINE,
IF REPORTLINE®CNT GREATER THAN §2
PERFORM PRINTeHEAD=SEC,
WRITE REPORTeLINE AFTER ADVANCING | LINES,
ADD 1 TO REPORT=LINE=CNT,
ERROR=HEAD=RPT,
MOVE ERR=PAGE TOD ERRePAGE=PRINT,
WRITE ERROR«LINE FROM ERROR=HEAD
AFTER ADVANCING TOP=0OFePAGE,
MOVE SPACES TD ERROReLINE,
WRITE ERROReLINE AFTER ADVANCING | LINE,
ADD 2 TO ERReLINE=CNT,
ADD 1 TO ERRePAGE,
PRINTeHEAD=SEC,
MOVE REP*PAGE TO REP=PAGE=PRINT,
WRITE REPORT=LINE FROM HEADER®SPACF AFTFR
ADVANCING TOP«OF«PAGE,
WRITE REPORTeLINE FROM HEAD®1 AFTER
ADVANCING 2 LINES,
WRITE REPORTeLINE FROM HEADw2 AFTER
ADVANCING 1 LINES,
ADD 4 TO REPORTeLINE=CNT,
ADD { TO REPePAGE,



PROGPAM § TUDEN
GRADE,CSL N2«NOVeT78 21127

WARNINGS?

0633
n634
0813
0822

NO FATAL

MOST SIGNIFICANMT OIGITS
MAST SIGNIFICANT DIGITS
MOST SIGNIFICANT DIGITS
MOST SIGNIFICANT DIGITS

ERRORS, 4 WARNINGS

TRUNCATED
TRUNCATED
TRUNCATED
TRUNCATED

I
(el
OWn
0N

CoRNL=6K 12(530) RIS

PASS=MFIND
PASS=SFIND
STD=TRAN
STDwTRAN

»

2=ND
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n0§00
0017%
002718
pD0378
00387
00400
00500

SURBRNOUTINE MEANSTINSO, NXeN,MFAN ,NSTD)
XMEANSFLOAT(NXY/FLOAT(H)
MEANS]10#XMEAN
VARS(FLOAT(NSQY/FLOAT (N )= (XMEANNS2,0)
NSTDSIFIX(SORT(ABS(VAR)I*10)

RETURN

END
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000%0
00100
00200
00300
00400
00560
00600

AVERAGS?
MOVE
TMULI
IDIV
MOVEM
POPJ
END

SETZ

n,*"N100
n,B1(16)
N,R2(186)
17,

0
0,8(0186)



Lppendix ©

SAMUTLE CUTPUT



First Run
Control Card(1st 19 positions)

PEYL1111C0000000000

Report Page
Audit Page

niew File

Note: STUGRY,FIL created after each run by

.CCOPY STUGRI FIL..STUGR2,FIL
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