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face-d with t.hB pro'ble'1i of a l'1~ans of comm11r:icat5.o:1 wi th t:-~c machtrre. 

Early programmers were l~ft 't~rt th ~>h8 ":ask (l f wri.ttn: cede j:2 the «l&chine 

'!lade +-c:.' a rro:-:;rar.: th,:; res 111 t 'lias that !')lost of the other codi-DiS also !"Ieed-

to the ~achine and t~e addreRGp.~ were changed Mi.th different code. 

From th~ machine langllagt", most computer Manufacturers c'lc:veloped 

an aG30'11bly langnaGe whi ch made 11 fe easi 1"1' for the progranmer. ','!~ th 

the aS8~mbly IfP1guag<:>, it waG not necesca:ry to change t:l'? arldress' '1C wi. t}:; 

the 811t-.~ re r.i8ch:i J1e. ,,\)'1 arldresp. cC'1I1d also be r8ferenr:ed ''';f a r,':;,mp. assi .::;n-

.d to a lor.at-:ion. A110ther simplification developed "in an:c;e~;1bly la~1~'1ac'~ 

'Jf ~nG.:i",,: for a sm.:1.11 proce~dvre waR still necessary. Lan:::ua::eG ,"8rn sUlJ 

of a hi,::;her 1'::'"e1 was reeded to ml-O'et the ~1"8ds. 

~ith this in mind. many ~roup8 we~t aboqt the task of desicnins hi3h­

p.r level lansuagf!s. In the pa0t f<:w decades, hundredr:: of computer 1<3.0-

gua8'~G ha'Tf) hee~ d",'r'-·loped. b1Jt only a small numher are HEed to any ".'xtent. 

~;hi I,:; others r'av~ been replaced :,)~, rlOre 

for 'IS8 in sc:i entj fi c and :!1lmerical computi!'s. Developed for "}xccutio'1 

~f~ency, t.he earliest version~ were d~Gigned an~ implemented in the mid-
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1 
19",0'8. 

Tho, l:tnguage achi.e'Ti r.g t'H:: most success has been COBOL. \'Jh:i ch 

1950'", through the backir.g l,f e:ovprl1m~nt D.!1d computer ll'ar~ufact~;r8rs, 

ba~k~d by a mai~tenanC0 committee. 

? 
ctandardizpd lang11a£:e. - Trlis has anowed fl'r a wider U:':~' ('t.t. t:~,~ ;'an-

chines with 1ittl~ vartation. l n0n-3tandardized lanGuaGe ca~ vary 

ta]anc~ two ~et2 of ~onflicting coals. Th2 pr0blen wa~ the ~cpd for a 

i za t t·,:: n. 

ri",-\-~;mn!'t .. ~ 
.......... .;.~ J.. ."l1..l" • 

3 

Pra t t, Programpd Dg Lan ;:u~gc s : JGr-i-'] .suill. I;'Jplement<:.t:cn. 
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answered by PL/I. COBOL and FORTRAN individually fall sh4)rt in answer­

ing the problem. In instances where large character strblgs and reports 

are needed along with large numerical computations, it would 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 bEtneficial to 

programs In'itten in other languages. FORTRAN, for instance, has a set of 

library calls for trigonometric fUnctions and other numer1.cal 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 programmer and the computer. 

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

with multi-languages will be explained. 

4 





.LOAD GRADE.REL,AVERAG.MAC,MEANST.REL 

To be able to use the result of the load t t.he combined machine 

language must be saved. This is done by entering SAY after the programs 

are loaded. A name is then assigned to the execution file. In 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 whil~h can be 

done ~ entering 

.RUN STUDEN 

The above process is a relatively simple task. The problem arises 

in setting up the programs to be executed. Certain stand~is and idiosyn­

crasies must be dealt with so the code of each subprogram Clm be under­

stood by the others. One restriction set upon the program '.s 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/output 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 experience that a parameter 

can not be a table or an element of a table. Digital Equipmerlt's COBOL 

-----------------'.~-

6 



h~~.rl, ~efu~~~ ~Mil ~~Ul t~.~ 
~ j;;;:i1 ; 
~ ... ~nBU ti fp81 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 is 

.. 'tMACRO 1 ENTER FORTRAN-IV program-name 
FORTRAN 
COBOL 

[ [

ldentlfler-1 J "I 
USING literal-l 
_ procedure-name-1, ~dentlfler-2 1J ] 4 

literal-2 ••• 
procedure-name-2 

The eX8Dlple uses FORTRAN instead of FORTRAN-IV. A COBOL subroutine 

which is equivllant to a CALL statement has also been excluded in the 

example. When enterhg the program-name, the identifier should be placed 

within quotation marks. The USING clause is optional, mIt 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. 



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 t.he variables should be defined as integers. '!be above limi.tatlons 

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 is 

·t
MACRO 

( 
ENTER FORTRAN-TV program-name 

FORTRAN 
COBOL J 

4 

r- [identifier-l J I 
USING literal-l L procedure-name-l. • t

identifier-2 1J~ J 
literal-2 ••• 
procedure-name-~ 

The example uses FORTRAN instead of FORTRAN-IV. A COBOL subroutine 

which is equivilant to a CALL statement has also been excluded in the 

example. When enter~the program-name, the identifier should be placed 

within quotation marks. '!be USING clause is ontlonal, but. is necessary 

if any information is to be passed between the programs. 

When the COBOL program 1s compiled the ENTER instruction is convert-

ed to MACRO code. Looking at the ENI'ER for the FORTRAN example, the code 

generated 1.s comparable to that below. 

MOVEI 
PUSHJ 

%LIT060, XWD 

~ti~ /0- ~~~ 
%LIT XWD 
%LIT XWD 

16.%LIT060 5 
17. MEANS'T' 

44O.PASS.SGRADE 
440, PASS-_oMGRADE 
O,PASS-TOT-GRAD 
O.MEAN-FIND 
O,STD-FIND 

4 
COBOL Decsystem 10 Programmer's Reference Manual(Maynardt tigital 

Equipment Corporation, 1975) p. 6-33. 

5 Ibid •• P. C-2. 

7 



The MOVEI 16,%LIT060 loads the address of the parameter address 

list into accumulator 16 where it can be referenced from in. the subprogram. 

The PUSH 17,MEANST places the address of the next sequerlitie.l instruc-

tion on to the top of the stack. The address of the subprolgram 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 POpJr 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 paE~sed. By moving 

the resulting information to one of the parameters, the main program can 

make use of what the subroutine generates. 

8 
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inc ';1:at tt:,: :;rade is to 't.:l o-r1dea. ,'\. 'C' i.5 enteY"f~d in frs:it1.0n 80. 

After t~e control card ~2 vp.Y"1.fied. a student card Is read in and 

'!il'"ber of a reccrd read from t:re old fill':. After rjeterminin:" whet:-:"3r t:-,;~ 

~"try is lass t~an, equal to. c~ grpater tha~ the old record, action 

is tak~n d8pending; C'll tbe shdent type of the ~ntry. A student can be 

aided w~en the soci 0.1 f3eCl)ri ty Y',umoer if' les,3 thar the old record. If 

social security numbers rn~st be equal. 

A new filp is creat~d from bId records, updated records, and ~ew 
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ad1ei ~p 1~ a ta~l~ ~c~~rdin:nhow the ~~an 1.8 spec1fted. A~~thgr ta~ln 
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port. 

~um~8r 0f records wrttter. A!] th~s infGrmatic~ ~jl1 be printed on tte 

<;·rror/a11di t pag"'. 

,-
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7h" s'lbroutin<:- ClPD3'S t!:0 ,::lcc'lm1l1ator () and by indirect addrBss-

10. 
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DIVISION. IDENTlFICATION 
PROG~AM-tO, 
AUTHOR, 
DATE-WRITTEN, 
DATE-COM~ILEO, 
R!:MA~KS, 

STUDENT GRADE FIL~. 
PAM SROWN 
OCTOBER 7, 1978 

THE FOLLOWlNG PPOG~AM IS PART or ~ THESIS 
ON MULTI LANGUAGE PPOGRAMMING, THE PROGRAM 
CALLS OPON SU8ROUTINES WRrTEN IN FORTRAN AND 
MAC~O. THE PROGpAM US~8 TO FILES FOP STUDENT 
~'CORDS. RECORn. CA~ SF Annrn, upnATFn np 
D~L~TEO. I' TH, RgCORD IS OFLFTPD, tT IS ST1LL 
ON THE FILE PUT CONTAINS A io' IN A DROP RIT. 
THE PPOGRAM CAN CALCULATE THE AVERAGE, T~~ 
MEAN AND THE STANDARD DEVIATION F~R NONE, 
SOME, OR ALL or THE GRADFS DEPENDING ON THE 
CnNTROL CARD, 

ENVIRONMENT OIVISION. 
CONFIGURATION SECTION. 
aOUPCE-COMPUTER. OECSYSTEM-tO. 
08Jr.CT-COMPUTER. DECSYSTEM-10. 
SPECIAL-NAMES. CHANNEL (0) IS Top-Or-PAGE. 
IN~UT-OUTPUT SECTION, 
FILE-CONTROL, 

S!LECT OLD-GRADE-'ILE 
SELECT NEw-GRADE-PILE 
SELECT GRADE-CARDS 
SELECT REPORT-FILE 
SELECT ERROP-'ILE 

DATA DIVI8ION, 
rILE SECTION, 
rD OLD-GRADE-rILE 

ASSIGN 
ASSIGN 
ASSIGN 
ASSIGN 
ASSIGN 

LA8EL RECORDS ARE STANDARn 
RECORDtNG MOOr. IS ASClt 
DATA RECORD IS OLC-FILE 
VALUE or 10 l~ 'STUGA1FIL', 

01 OLD-FILE. 

to OSKB, 
To OSKS. 
to TTY, 
to LPT. 
TO LPT. 

05 SOC-SEC-NUM 
05 8TUDENT-NAME 
05 TYPE-STU 

88 TYPE-DROP 
88 TYPE-ADD 
88 TYPE-~EG 

05 TYP!-NUM 

PIC S9(9), 
PIC X(]O). 
PIC X, 
VALUE '0'. 
VALUE 'A'. 
VAl,UE , '. 
PIC 99, 

05 ,.-GRAOE-TABLE 

,0 NEW-CRAOE-'ILt 

OCCURS 15 TIMES 
PIC S999, 

LABfL Rr.COROS ARE STANDARO 
RECORDING MODe IS ASCII 
DATA RECORD IS NEw-rILE 
VALUE OF 10 IS 'STUGP2'IL', 

01 N!W-'IL!. 
05 SOC-SEC-NUM PIC S9(9), 
05 STUDENT-NAME PIC X(lO), 
05 TYPE-STU PIC X, 
05 TYPE-NUM PIC 99. 
05 GAAOE-TABLE OCCURS 15 TIM~S 

Ptc S999. 
'D GPADE-CAROS 

LABEL RECO~DS ARr OMITTED 
OATA RECORDS ARE HEADER-CARD, CONTROL-CARD, 



-

,-

STUDENT-CAPO, 8TOP.CA~D. 
01 HEADER-CARD. 

OS HEADER-MES PIC X(79). 
05 CARD-CODE PIC X. 

88 HEAD-CODE VALUE 'H'. 
Ot CONTROL-CARD. 

05 FILLER PIC X(79), 
05 CARD-CODE PIC X. 

88 CONTROL-CODE VALUE 'C'. 
01 STUDENT-CARD. 

05 CO-SOC-SEC-N PIC 89(9). 
05 CD-NAME PIC X(lO). 
05 eO-TEST-NO ptc 99, 
05 CD-GRADES OCCURS 7 TIMES. 

10 eO-GRO-NO PIC 99, 
10 CO-GRD-SCORE PIC 999. 

05 rILLER PIC XX. 
05 CD-CODE PIC X. 

88 CO.PRF.VIOUS VALUE 'PI. 
88 CO-DROP VALUE '0'. 
88 CO-ADD VALUE 'A'. 
88 CO-UPDATE VALUE 'U'. 

05 CARD-CODE PIC X. 
88 STUDENT-CODE VALUE '5'. 

01 STOP-CARD. 
05 rILLER PIC X(79). 
05 CAR~-COD! pIC X. 

88 STOP-CODE VALUE 'Xt. 
'0 REPORT-rILE 

LABEL PECORDS ARE OMITTED 
DATA PECORD IS REPORT-LINE, 

01 REPORT-LINE PIC X(I)]), 
FO ERROR-rIL! 

LABEL RECORDS ARE OMITTED 
DATA RECORD 18 ERROR-LINE. 

01 ERROR-tINE PIC XCt]]), 

,5 
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WOR!clNG·STO~4GE SECTION. 

'''I 77 
77 
71 
77 
77 
7"1 
77 
77 
17 
77 
71 
77 
71 
77 
17 
77 
77 
77 ,., 
77 
71 
71 
77 
77 
71 
77 
7' 
77 
77 
77 
77 
77 
01 

Ot 

ot 

ENO-CAPDS 
END-rILE 
NO-CAPOS 
NO-REC 
PEP-PAGE 
ERR-PAGE 
tNV-TEST 
TEST-SUB 
T_NUM-SUB 
CHANGE-PEe 
TOT-ERR 
TOT-CARDS 
TOT-RECORDS 
TOT-UP 
TOT-O!:I" 
TOT-ADO 
TOT-PPE 
TOT-WRT 
LEO-SUB 
ERP-LINE-CNT 
REPf'lPT-LINE-CNT 
MEAN-FIND 
STD-FIND 
PASS-SG'RADE 
PASS-MGRADE 
PASS-TOT-GRAD 
STD_TRAN 
GRADE-TPAN 
TOT-GRADES 
GPAOE-AVE 
PR!V-SOC-SEC-NUM 
PA8S-MFIND 
PAss-srIND 
CT-CONTROI,,-CAPD. 
05 CT-GRAOE 

88 PRE-GRADES 
88 ALL-GRADES 

05 CT-MEAN 
88 PRE-MP.:AN 
88 ALL-MEAN 
88 NO-MEAN 

05 CT-AVE 
98 GR-AVE 
88 NO-AVE 

05 NUM-TESTS 
OS TEST-ADD OCCURS 

05 FILLER 
HEAO-l. 
OS 'ILLER 
05 'ILLER 
05 rILLER 
os 'ILLER 
OS FILLER 
HEAO-2, 
05 rILLER 

PIC 9 
PIC 9 
PIC 999 
,tc 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 59(8) 
PIC 89(7) 
pIC 9999 

PtC 99999. 
PIC 89(6) 
PIC 59(6) 
PIC 59(6) 

PIC 59(9). 
PIC 999V9. 
PIC 99V9. 

PIC x, 
VALUE tpt, 
VALUE tAt. 
PIC X. 
VAIIUE ,pt. 
VALUE 'A', 
VALUE , '. 

PIC X. 
VALUE 'Y'. 
VALUE 'N'. 
PIC 9. 
15 TIMES 
PIC 9. 
PIC X("t)e 

PIC 
PIC 
PIC 
PIC 
PIC 

X(84) 
X(6) 
X(]6) 
X(5) 
X 

PIC X(2) 

VALUE O. 
VALUI' O. 
VALUE O. 
VALur o~ 
VALUE 1. 
VALUE t. 
VALUE O. 
VALUE O. 
VALUE O. 
VALUE O. 
VALUE O. 
VALUr;: o. 
VALUE O. 
VALUE O. 
VALUE O. 
VALUE 0. 
VALUE O. 
COMP VALm: o. 
VALUE O. 
VA1,UE O. 
VALUE O. 
COMP, 

CaMP. 
COMP, 
CaMP. 
COMP. 

COMP. 
COMP. 
COMP. 

VALUE SPACES. 
VALUE 'GRADF.S'. 
VALUE SPACES. 
VALU' 'GRADE'. 
VALUF. SPACE. 

VALUE 5PACFS. 

((:; 



n 
05 FILLER PIC XCI1) VALU[ 'SOC-SFC-NUM', 
05 rILLER PIC XCII) VALUE SPACES. 
05 'ILLER PIC X(12) VALUE 'STtlOt.'NT NAMF', 
OS 'ILLER PIC X(15) VALUE SPACES. 
05 FILLER PIC X(36) 

VALUE '1 2 1 4 5 6 , S'. 
OS FILLIR PIC X(16) 

VALUE' 9 to tt 12 13 14 15'. 
05 rILLER PtC X(8) VALUE' AVE '. 

01 HEADER-SPACr" 
05 'ILLER PIC X(27) VALUE SPAC~S. 
05 HEADER-RPT PIC X(79) VALUr. SPACES. 
05 FILLER PIC X(tS) VALUE SPACES, 
05 rILLER PIC XCS) VALUE 'PAGE '. 
OS REP-PAGE-PRINT PIC Z9. 
OS 'ILLER PIC xes) VALUE SPACES. 

01 [RROP-HEAD. 
05 'ILLER PtC X(]9) VALUE SPACES. 
05 FILLER PIC X(4) VALUE 'CARD'. 
05 'ILLER PIC X(55) VALUE SPACES. 
05 rILLER PIC X(7) VALur 'MESSAGE'. 
05 rILLER PIC X(16) VALUE ~PACES. 
05 rILLER PIC XeS) VALUF 'PAr.E '. 
OS ERR-PAGE-PIUNT PIC Z9. 
05 FILLER PIC xes) VALUE ~PACES. 

01 ERR-STATE. 
OS fILLER PIC X. 
OS ERR-CARD pIC X(BO) VALur SPACES. 
05 'ILLER Ptc XX VALUE SPACES. 
OS ERR-MES PIC X(SO) VALUE SPACES. 

01 AUDIT-LINE. 
05 rILLER PIC XCS) VALU! SPACES. 
05 AVO-MES PIC X(25) VALUE SPACES, 
05 AUO-TOT PIC Z99. 
05 FILLER PIC X(100l VALUr SPACES. 

01 REPORT-OET-LINE. 
05 FILLER PIC X(2) VALUI SPACES. 
05 PR-SO-SEC-NUM. 

10 SOC-l PIC 999. 
10 FILLER PIC X VALUE t_'. 
10 SEC-1 PIC 99. 
10 rILLER PIC x VALUE t_'. 
10 NUM-1 PIC 9999. 

OS FILLER PIC XC]) VALU~ SPACES. 
05 PP-STUOENT-NAME PIC X(30) VALur 5PAC!S. 
05 FILLER PIC XC) VALUE SPACES. 
05 PAINT-TAB OCCURS 15 TIMES. 

10 FILLIP PIC XX. 
10 PPINT-TABLE PIC ZZZ. 

OS 'ILLER PIC X(2) VALUE SPACES. 
05 PR-GRADE-AVE. 

10 GRAD-QUO PIC ZZ9. 
to GRAD-PER PIC X. 
to GRAD-REM PIC 99. - 01 MEANaLINE, 

05 FILLER PIC X(20) VALUE SPACES. 
05 P'tLLER PIC X(4) VALliE 'MEAN', 
05 JI' ILL E Jot P I (' X ( 25 ) V A L tJ~' SPA C E 5 , 
05 MEAN-PR-fAB OCCURS 15 TIM~S. 

10 ~EAN-VALaLINE pIC ZZ9.9. 



01 

-
01 

01 

01 

01 

01 

01 

-

05 FILLER 
STO-LINE. 

PIC X(9) 

05 rILtER PIC X(20) 
05 FILtER PIC X(tS) 

VALUE 'STANDARD nEVIATION'. 
OS FILLER PIC X(1t). 

05 STO-PR-TAB OCCUPS 15 TIMES. 
10 FILLtR PIC X. 
10 STD-VAL-LINF. PIC Z9.9. 

05 FILLER PIC X(9) 
MEAN-TABLE. 
05 MEAN-TAB OCCURS 

10 TOT-GRAD 
10 MEAN-GRAD! 
10 BTD-GRADE 

TTY-CONTROL-LINE. 

15 TIMES. 
PIC 9999 
PIC 9(1, 
PIC 9(8) 

05 FILLER PIC X(40) 
VALUE 'GMAN123456189012345 

OS FILLER PIC X(40) 
VALUE , 

TTY-CARD-LINE. 
05 rILLER PIC X(40) 

VAUJE SPACES. 

VALU!: SPACES. 

VALliE SPAC!S. 

caMP. 
COMP. 
COMP. 

• 
C' • 

VALUE 'SOCSECNUMxxxxxxxxxJXXXXNAMEXYXyxxyxxxxX9'. 
05 FILLER PIC X(40) 

VALUE '9NnSCnNOScnNoSCONoSCONnSCnNnscnNnSCn CS'. 
PRINT-S-S-N. 
OS SOC-I 
05 SEC-l 
05 NUM_1 
PRE-GRADE-AVE. 
05 'ILLER 
05 GRAD-gUO 
05 GRAD-REM 
OLD-wRITE 
88 NOT-WRITE 

PIC 999. 
PIC 99. 
PIC 9999. 

PIC 9. 
PIC" 999. 
PIC' 99. 
PIC 9. 
VALUr. '1'. 



-

-

-

-

.. 

PROCEDURE DIVISION. 
OPEN INPUT OLO-GRAD!-'I~E, GRADE-CARDS, 

OUTPUT NEW-G~AD~-rILE, RLPORT-'ILE, ~RROR-'lLF. 
DISPLAY TTY-CONTROL-LINE • 

.. STUDENT pr,CORns READ A'TER CONTROL ClRO FROM TERMINAl . .. 

• 

READ·CA~D·IN. 
READ GRADE-CARPS AT FNn MOV' 1 TO FNO-CAROS, 

GO TO FINISH-COPY. 
IF STOP-CODE MOVE 1 TO ENO-CAROS, 

GO TO fINISH-COPY. 

• VALIDATE CONTROL CARD 
• 

PROCESS-HEAO-CONTROL. 
PERFORM ERROR-HEAP-RPT. 
IF H,AD-COOE MOVE HrADEP-MFS TO HEAO~R-RPT 

PER'O~M READ-CARD-IN. 
MOVE CONTROL-CARD TO eT-CONTROL-CARO. 
IF NOT CONTROL-CODE 

MOVE ' NO CONTROL CARD I TO FRR-~!S, 
PERFORM ERR-PRINT-SEC 
GO TO lUn-REP-SEC. 

IF NOT PRE-GRADES AND NOT ALL-GRADES 
MOVE 'INCORRECT GRADr. COD~ I TO FRP.MrS 
P[R'O~M ERR-PRINT-SEC 
GO TO AUO-REP-SEC. 

IF NOT PPE-MEAN AND »OT ALL-M~AN AND NnT NO-MEAN 
MOVE 'INCORRECT MEAN CODE I TO FRR-MES 
PERFORM ERP-PRINT-SEC 
GO TO AUO-RE~-S!C. 

IF NOT GR-AVE AND NOT NO-AVE 
MOVE 'INCORRECT AV'RACF COOl' TO EPP_MES 
PERFORM ERP-PRINT-SEC 
GO TO AUO-PEP-SEC. 

l' NUM-TESTS NOT NU~EPIC OR NUM-TESTS GREATER THAN 7 
MOVE 'INCORRECT NU~8ER OF TESTS I TO ERP-MES 
PEPFOPM ERP-PRINT-SEC 
GO TO AUO-PEP-SEC. 

PERFOPM CHECK-VAL-TEST VARYING TEST-RUB FROM 1 AY 1 
UNTIL TEST-SH! GREATER THAN 15, 

tF INV-TEST [OUAL 1 
MOVE 'INV~LID CHnICE or TEST' Tn ERR-MES 
PERFORM ERP-PRINT-SEC 
GO TO AUO.REP-SEC, 

PERFORM PRINT-HEAO-SEC. 

/<t 



.-

* * VALIDATE STUDENT PECORD FPOM TERMINAL 

* 
PROCESS-PECOPD-CAROS, 

DISPLAY TTY-CARD-LI~E, 
PERFORM READ-CARD-IN, 
ADD 1 TO TOT-CARDS, 
IF NOT STUDENT-CODE 

MOVE 'INVALID CARD COOt' Tn ERR-MFS 
PERFOPM ERR-PRINT-SEC 
GO TO PROCESS-PECORO-CAR06. 

tF CO-SOC-SEC-N NOT NUMERIC 
MOVE ~INVALID SOCIAL SECU~ITY NUMBER' TO EPP-MfS 
P!PFORM ERR-PRINT-SEC 
GO TO PROCESS-PECORD-CARDS. 

IF NOT CD-PREVIOUS 
PEP FORM TJI'5T-GAIOr.-HUM THFu TP'ST-GRAIH:-Ii\COFF 

VARYING TEST-SUB FPOM 1 BY 1 UNTIL 
TEST-suB GREATEP THAN NUM-TESTS. 

tF INV-TEST EQUAL t 
MOVE 'INVALID TEST OR SCOPE • TO ERR-MES 
PERFORM ERR-PRINT-SEC 
GO TO PROCESS-PECORD-CAPDS. 

IF CD-PREVIOUS 
PERFORM TEST-GRADE-SCORE 

VARYING TEST-SUB FROM 1 BY 1 UNTIL 
TEST-SUB GREATER THAN 7, 

l' NOT cn-PREVIOUS AND NOT CO-DROP ANO NOT CD-ADD 
AND ~OT CD-UPDATE 
MOVE 'INCnRRECT STUDENT CODE' TO ERR-M~S 
PERFORM ERR-PRINT-SEC 
GO TO PROCESS-~tCO~D-CARDS. 

t, (Cn-DROP OR CO-Ano) AND CO·TEST-NO NOT NUMERIC 
MOVE 'INVALID AOO/OEL!TF lEST NUMBPP , TO ERP-Mrs 
PEPFORM ERR-PRINT-SEC 
GO TO PROCESS-PECORD-CARDO. 

READ-OLO-PEe, 
READ OLD-GRAD~-~IL£ AT END MOVF 1 TO ~NO-~ILF, 

GO TO 'INISH-CAROS. 
MOVE t TO OLO-WRITE. 
ADD 1 TO TOT-RECORDS. 



-
.. .. .. 
* 

UPDATE, O~Op, n~ ADD STUDENT ~ECOpn IN SEOUFNTIAL 
OPDE~ ON THE STUDENT-PECORO FILE 

P~r.PAPE-NEw-rILE. 
IF SOC-SEC-NUM or OLn-FILE LESS THAN CD-soc-srC-N 

AND NOT-W~ITE 
MOVE 0 TO CHANGE-PEC 
MOVE CO~RESPONDING OLO-FILr, TO NEW-FtLE 
PERFORM MOVE-OLD-'ILE VAPXING TEST-SUB '~OM 1 ~y 

1 UNTIL TEST-SUB GREATER THAN 15 
PERrO~M w~ITr.-NEW-Pr.CORD 
M~VE 0 TO OLD-wRtTY. 
PERFORM REAO-OLO-REC 
GO TO PREPARE-NEw-rILE. 

rF (SOC-SFC-NUM 0' OLn-,ltE EQUAL Tn cn-SOC-SFC-N) AND cn-AnD 
~OV[ 'RECORD ALREAOY EXIsts' TO EPP-ME8 
PtRroRM ERR-PRINT-SEC 
PtRroRM PROCE8S-~ECORD-CARDS 
GO TO PREPARE-HEW-FILE. 

r, SOC-SEC-NU~ or OLn-FILF 'QUAL Tn CO-SOC-SFC-N ANn CD-DROP 
ADO 1 TO TOT-DtL 
MOVE '0' TO TYPE-STU OF OLo-rILE 
MOVE CO-TEST-NO TO TYPE-NUM OF otO-rILE 
MnVt CORREspnNDING OLD-FILE TO NEW-FILE 
pr~'ORM MnV[-OLD-FILE VARtING TEST-SUB FROM 1 ~y 

1 UNTIL TEST-SUB GPEAT~R THAN 15 
MOVE 0 TO CHANGE-PEC 
PE~rORM WRITE-NEW-~ECORD 
MOVE 0 TO OLD-WPITE 
PERFORM PROCESS-RECORO-CARoS 
PERFORM R~AO-OLD-R[C 
GO TO PREPARE-NEw-rILE. 

t, SOC-SEC-NUM OF OLa-rILE EQUAL Tn CO.SOC-SFC-~ AND 
CO-UPDATE 
ADO 1 TO TOT-UP 
PERFORM P~EPARE-MOVE-REC 

VARYING TEST-SUB FROM 1 BY 1 UN'I'ltJ TE:ST-StJP 
GREATER THAN NUM-TESTS 

MOVE CORRESPONOING OLO.FILe TO Nrw.rILE 
PERFORM MOVE-OLD-rILE VAP¥ING T~ST-SUB FROM 1 BY 

1 UNTIL TEST-SU8 GREAriR THAN 15 
MOVE 1 TO CHANGE-~EC 
PERFORM wRITE-NEW-PECOPD 
MOVE 0 TO OLO-WRITE 
pr~'ORM PROCESS-RECOPO-CA~ns 
PERrORM RrAD-OLO-PEC 
GO TO PREPARE-HEW-FILE. 

I' SOC-SEC-NUM OF OLn-FILE FQUAL TO CO-SOC-SEC-N AND 
CO-PREVIOUS 
ADO t TO TOT-PRE 
PERFORM PRf,PARE-MOVE-PEC 

VARYING TEST.SnB FPOM 1 BY t UN'I'IL "!~ST-SUP 
GREATER THAN ., 

PERFORM PRnCESS-RECORn-cA~ns 
GO TO PREPARE-NEW-FILt. 

')./ 



IF SOC-SEC-NUM OF OLD-FILE GREATE~ THAN C~-SOC-SEC.N 
ANO CO-ADO 
ADO 1 TO TOT-ADD 
PERFORM PR~PARE-MOVE-REC-ADO 

VARYING TEST-St!~ fl"ROM 1 BY 1 UNTIL TE:sr-SUB 
GREATER THAN NUM-TESTS 

PER'ORM MOV'-ADorn-REC 
MOVE 1 TO CHANGE-REC 
PERFORM WRITE-NEW-RECOPD 
PERFORM PROCESS-RECOPD-CA~DS 
GO TO PREPARE-Nr,W-,ILf.. 

I' SOC-SEC-NUM 0' OLO-,ILE GPEATER THAN CO-SOC-SEC-N 
AND NOT cn-ADD 
MOVE 'PECORD OUT 0' ORDER' TO F-RR-MES 
PERFORM ERR-PRINT-SEC 
PERFORM PROCE8S-RECORD-CA~DS 
GO TO PREPARE-HEW-'ILE. 



-
* * COpy REM~INOE~ or RECO~DS FPOM OLD FILE TO NEW FILE 

* 

• 

FINISH-COPY. 
tF END-FILE EaUAL t GO TO PROCESS-MEAN. 
MOVE COPRESPONDING OLD-rILE TU NEW-'lLF. 

PERFORM MOVE-OLC-FILE VAR~lNG TEST-SU8 'ROM 1 ~y 
1 UNTIL TEST-SUB GPEATER THAN 15 

MOVE 0 TO CHANGE-PEC. 
PERFORM WRITg-NEW-PECORO. 
PERFORM REAO-OLO-PEC. 
Go TO FINISH-COPY • 

* AnD RrMAIND~R OF STUDENT RECORDS FPOM TtRMINAL 
* IF NOT ADD COOE - rRPOR IN RECORD 

* FINISH-CARDS. 
IF END-CARDS EQUAL 1 GO TO PROCESS_MEAN. 
I' CD-SOC-SEC-~ LESS THAN PREV-SOC-SEC-NUM 

MOVE 'RECORD OUT OF ORDEP' TO ERP-M!S 
PERFORM ERR-PRINT-SEC 
GO TO FIN-PEAD, 

IF NOT CO-ADO 
MOVE 'INVALID pECORD TYPE' TO ERP-MES 

PERFORM ERR-PRINT-SEC 
GO TO FIN-PEAO, 

MOVE 1 TO CHANGE-PEC, 
ADO 1 TO TOT-ADO. 
PERFQRM PREPARE-MOVE-REC-ADO 

VARYING TrST-SUB FROM 1 e~ 1 IINTIL 
TEST-SUB GREATER THAN NUM-TESTS. 

PERFORM MOVE-~DDED-REC, 
PERFORM WRITE-NEW.RECORD. 

FIN-READ. 
PER'OR~ PROCESS-AECORD-CARDS. 
GO TO FINISH-CARDS. 



* * 
* 
* 

• 

I~ MEAN IS ASKED rOR PFEPARE AND WRITE MEAN JND 
STANDARD DEVIATION 

PROCESS-MEAN. 
PERFORM CALL-roRT-MEAN 

VARYING TEST-SUB FROM 1 eX 1 UNTIL TEST-SUB 
GREATER THAN 15. 

MOVE MEAN-LINE TO REPORT-LINE. 
PERFORM WRITE-REPORT-LINE. 
MOVE STO-LINE TO REPORT-LINE. 
PERFORM WRITE-REPORT-LINE. 
GO TO AUO-REP-SEC • 

• MOVE VARIABLEs TO PARAMETERS AND CALL rORTRAN SUBROUTINE 
* ~tANST TO CALCULATE THE MEAN AND STJNDARD OEVIATION 

* CALL-FORT-MEAN. 
tr TOT-GRAD (TEST-SUB) NOT EQUAL 0 

MOV! STO-GRAO! (TEST-SUB) TO PASS-SGRAOE 
MOVE MEAN-GRADE (TEST-SUB) TO PASS-MGRADE 
MOVE TOT-GRAD (TEST-SUS) To PASS-TOT-GRAD 
ENTER FORTRAN 'MEANST' USiNG 
PASS-SGRAOE, PASS-MGRAO!, PASS-TOT-GRAD 

MEAN-fIND, STD-FINO 
DIVIDE MEAN-FIND BY to G1VING PASS-MrINO 
DIVIDE STO-FINO BY 10 GIVING PASS-arYNO 

MOVE PASS-MrIND TO MEAN-VAL-LINE (TEST-SUB) 
MOVE PAsS-srYNO TO STO-VAL-LINE CTEST-SUS). 



-

* * PREPARE AUDIT PAGE AND PRIMT AT ENO OF ppnGP~M 

* AUO-REP-SEC. 
MOVE 'TOTAL RECORDS READ' TO AUO-MES. 
MOVE TOT-RECORDS TO AUO-TOT. 
WRITE ERROR-LINE FROM AUDIT-LINE AFTER 

ADVANCING TOp-Or-PAGE. 
MOVE SPACES TO AUDIT-LINE. 
MOVE 'TOTAL CARDS READ' TO AUU-MES, 
MOVE TOT-CARDS TO AUO-TOT. 
WRITE ERROR-LINE FROM AUDIT-L1NE AFTER 

ADVANCING Top-Or-PAGE. 
MOVE SPACES TO AUDIT-LINE 
~OV[ 'TOTAL RECORDS UPDATED' TO Aun-MES. 
MOVE TOT-UP TO AUO-TOT. 
WRITE ERROR-LINE 'PO~ AUDIT-LINE 

AFTER ADVANCING 1 LINES. 
MOVE SPACES TO AUOIT.LINE. 
MOVE 'TOTAL R,COROS DELETED' to ADD-Mrs. 
MOVE TOT-DEL TO AUO-TOT. 
WRITE ERROP.LIN! FROM AUDIT-LINE 

AFTER ADVANCING 1 LINES. 
MOVE SPACES TO AUDIT-LINE. 
MOVE 'TOTAL RECORDS ADD[O' TO AUO-MES. 
MOVE TOT-ADD TO AUO-TOT. 
~RITE ERROR-LYME FROM AUDIT-LINE 

AFTER ADVANCING 1 LINES. 
MOVE SPACES To AUDIT-LINE. 
MOVE 'TOTAL PPEVIOUS ADDS' TO AUO_MES. 
~OVE TOT-PPE TO AUO-TOT. 
WRIT! [PROP-LINE 'PO~ AUDIT-LINE 

ArTER ADVANCING 1 LINES. 
MOVE SPACES TO AUDIT-LINE. 
MOVE 'TOTAL P,COPDS WPITTEN' to AUO-MES. 
MOVE TOT-WRT TO AUO-TOT. 
WRITE EPROP-LINE FPOM AUOIT-L1NE 

AFTER ADVANCING 1 LINES. 
CLOln:-PPOGRAM. 

CLOSr. OLD-CRAPE-'lL', NEW-GRAUF-,rLE, 
GPADE-CAPDS, PEPORT-rILE, ERROP-'ILE. 

STOP ~UN. 



--

* * MAKE ~OVgS rOR PRI~T LI~E 

* 

* 

MOVE-T£8T-GPAOES-ALL, 
MOVE GRADE-TABLE (TEST-SU8) TO 

PPINT-TABLE (TEST-SUB), 
MOVE-TEST-GRADES-PRE, 

MOVE CD-GRO-NO (TEST-SUB) TO T.NUM.~UB. 
MOVE GPAOE-TARLE (T-NUM-SUB) Tn 

PRINT-TA8LE (T-~UM-SUB). 

* PPEPARE OATA TOTALS FOR CALCULATIONS OF AVE~AGE, MFAN 
* AND STANDARD DEVIATION 

* 

* 

LOAP-AV[-T~8Lr.. 
IF GRADE-fASLF (TEST-SUa) NOT EQUAL TO 0 

ADD GRADE-TABLE (TEST-SUB) TO 
GRADE-fRAN 

ADD 1 TO TOT-GRADES, 
LOAO-MElN-TA8LE-ALL. 

I" GRADE-TASl"E ('TEST.SIlB) NOT EQUAL TO 0 
ADD 1 TO TOT·GRAD (TEST.SUB) 
Mul"TIPLY GRAPE-TABLE (TE6T-$UB) BY 

GRADE-TARLE (TEST-sua) GIVING STO_TRAN 
ADD STO-TRAN TO STO-GRADE (TEST-SU8) 
ADD GRADE-TABLE (TEST-SUB) TO 

MEAN-GRADE (TEST-SUB), 
LOAO-MEAN-TABLE-PRE. 

MOVE CO-GRO-NO (TEST.8U8) TO I.NUM_SUB, 
IF GRADE-TABLP.: (T-NUM-SUB) NoT EQUAL TO 0 

ADD 1 TO TOT-GRAD (T-NUM-6US) 
~ULTIPLY GRADE-TABtE (T-NUM-SUS) BY 

GRAOE-TABLf (T-r,alM"SUB) GIV ING STD .. TRAN 
ADO STO-TRAN TO 8TO-GRADi (T-NUM"SllS, 

ADO GRADE-TARLE (T_NUM-SU~) TO 
MEAN-GRADE (T.NUM-SUB), 



* w~ITF RtCORD ON TO NEW rILE AND PREPARE rOR nUTPUT 

* 

WRIT€-NE~-R[CORO. 
ADD 1 TO TOT-WRT. 
wRITE NEw-rILE. 
MOVE SOC-SEC-NUM or NEW-FILF To PRFV-SOC-SEC-NUM. 
IF ALL-GRADES 

PERFORM MOV!-TEST-GRADEs_ALL 
VARYING TEST-SUB FROM 1 BY t tJNTlt TEST-SUA 
GREATER THAN 15. 

I' PRE-GRADES AND CHANGE-REC £QUAL 1 
PERFORM MOYE-TEST-GRADES-PRE 

VARYING T!ST-SUB FROM 1 AI 1 UNTIL TEST-SUB 
GREATER THAN NUM_TESTS. 

IF GR-AVE 
PERFORM LOAO-AVE-TABLE 

VARYING TEST-SUB FROM 1 BY 1 UNTIL TEST-SUB 
GREATER THAN 15 

MOVE ZEROES TO GRADE-AVE 
ENTER MACRO 'AVERAG' USING GRADr-TRAN, 

TOT-GRADES, GRADE-AVE 
TOT-GRADES, t " GRADE-AVE. 

MOV! ZEROES TO TOT-CRAOES 
MOVE ZEROES TO GRAOE-TRAN 
MOVE GRADE-AVE TO PRE-GRAOE-AVE 
MOVE '.' TO GRAD-PER. 
MOV! CORR~SPONDING PRE-GRAOE-AVE Tn PR-CPADE-AVF. 

I' ALL-MEAN 
PERFORM LOAD-MEAN-TABLE-AL~ 

VA~YING TEST-SUB 'ROM 1 BY 1 UN~IL TEST-SUB 
GREATER THAN 15. 

Ir PRl-MEAN AND CHANGE-REC FQUAL 1 
PERFORM LOAO-MEAN-TABLE-P~E 

VARYING TEST-SUB FROM 1 BY 1 UNTIL TEST-SUB 
GRE4T!R THAN NUM-TESTS. 

MOVE SOC-SEC-NUM or NEw-rILE In PRINT-S-S-N. 
MOV! CORRESPONDING PRINT-S-S-N To PR-sn-SEC-NUM. 
~OVl STUDENT-NAME OF NEW-,ILE TO PR-STUDENT-NAME. 
MOVE REPORT-DET-LINE Tn REPORT-LINE. 
P!R'OR~ wRITE-REPORT-LINE. 
DISPLAY REPORT-OET-LINE. 
MOVE SPACES TO NEW-'lL'. 
PERroRM ZERO-NEW-RECORO VARYING TEST-SUR FROM 1 BY 1 

UNTIL T[ST-SU~ GREATER THAN 15. 



* * PREP~RE AND WRIT~ TO PRINTfP AND/nR T~PMINAL FRPOR MFSSAGES, 
* STUDENT RECOROS, FINAL REPORT AND AUDIT PAG' 

* ERR-PRINT-SEC. 
OISPLAY ERR-MES. 
t, ERR-LINE-CNT GREATER THAN 52 

PERFORM ERROP-HEAD-RPT. 
MOVE HEADER-CARD TO FRP-CARD. 
MOVE ERR-STATE TO ERROP-LINE. 
WRITE ERROP-LINE "TFR ADVANCiNG 1 LINF.S. 
ADD 1 TO ERR-LINE-eNT. 
ADD 1 TO TOT-ERR. 

WRITE-REPORT-LINE. 
IF REPORT-LINE-CNT GREATER THAN 52 

p[RrORM PRINT-HEAO-SEC. 
~RtTE REPORT-tINE A'TER ADVANCING 1 LINES. 
ADO 1 TO REPORT-LINE-eNT. 

ERROR-HEAD-PPT. 
MOVE ERP-PAGE TO EPR-PAGE-PRINT. 
wRtTE EPROR-LINE 'ROM ERROR-HEAD 

ArTER ADVANCING Top-Or-PAGE. 
MOVE SPACES TO ERROP-LINE. 
WRITE ERROR-LINE ArTER ADVANCING 1 LINE, 
ADO 2 TO ERR-LINE-CNT. 
ADD 1 TO ERR-PlGE. 

PRINT-HElD-SEC. 
MOVE REP-PAGE TO REP-PAGE-PRINT. 
WRITE REPORT-LINE r~o~ HEAOE~·SPACF AFTFR 

ADVANCING Top-Or-PAGE. 
WRITE REPORT-LINE FRO~ HEAO-! A'TE~ 

ADVANCING 2 LIN!S. 
WPITE REPO~T-LIN[ fROM HEAO-2 AFTER 

ADVANCING 1 LINES. 
ADD 4 TO REPORT-LINE-CNT. 
ADO 1 TO REP-PAGE. 
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GRAOE.C~L 02-NOV-78 21127 

WARN HJGS J 

- 0633 MOST SIGNIFICANT OIGl'r5 TP[J~CA1'~:D ON P~~~.MFIHD 

0634 "'1')51 SIGNIFICANT nYGI'T'S TRUNCATED nr~ PA~S .. SF'PHI 
0813 MOST SIGNIP'ICAMT DrGITS TRUNCATrO 07" STfl-TRAN 
0822 MOST SIGNIFICANT DIGITS TIHJNC A '1 FO O~ STD-TRAN 

NO P'ATAL ERPORS, 4 WARNINGS 

-"--,-----------, 



AVERAG .11.AC 
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00100 
00175 
00275 
00375 
00)87 
00400 
00500 

SlIBRno'J" hlB r'H£AN ~T (NSq, N X, N, Mtr l.\ "J, NST()) 
XMEAN-'LO~T(NX)/'LOAT(N' 
MEAN-l0*XMEAN 
VAP.('LOAT(NSQ)/FLO~T(N')·'X~EAN.*2.0) 
NSTD.IFIX(SQRT(ARS(VAP)~.10) 

PE'J"UPN 
END 



--
00050 AVEPAGII SfTZ 0 
00100 MOVE O,fa(16) 

00200 tMtJLI n,-n100 
00300 IDIV 1),@1 (tb) 

00400 MOVEM n,((I1(1fQ - 00500 POPJ t 7 , 
00600 END 

-

-

... 



OUTPUT 

FJ1JR 



First Run 

Control Card(lst lq positions) 

PPY41111COOOOOooooo 

Report PaGe 

ii9V1 File 

Not~: 3TUGR1.FIL created aftar each run by 

• COpy 3TUGR1. FIL_STDGR2. I'n 


