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Introduction 

In th i s  work, we i l l u s t r a t e  s t ructured programming techniques for  IBM COBOL 
560/570 OS by t racing the development and associated documentation of a COBOL ed i t  
program through four s teps:  problem d e f i n i t i o n ,  program spec i f i ca t ion ,  program 
design, andprogram coding. We have also out l ined,  in  an appendix, the OS JCL 
required to compile and execute a COBOL main program with subroutines.  

yrograu~ing Techni.qtm 

In our qpinion, the s ing le  most important feature of s t ructured prograuming i s  
h igh ly  readable code. In th i s  regard, we have implemented many of the s u ~ e s t i o n s  
made by Baker and H i l l s  (1) who have wr i t ten  that  a readable program p e m i t s  

"the ~hief  programmer to read, understands and va l ida te  a l l  programs 
and data developed by o t ~ - p ~ e ~  on the team; th i s  motivates 
be t t e r  programming. The other programmers in  turn read and understand 
programs wr i t t en  by the ch ie f  progra~ner that  define the program stubs 
which they ~ s t  in te r face .  While th i s  brganiza t ion  r e s u l t s  in  the 
benef i t s  of  ' ego . less  programming'~ as described by Weinberg, i t  goes 
f a r the r  i n  insuring that  a t  l e a s t  two programmers f u l l y  understand 
every l i n e  of the program." (Emphasis added) 

We have also adopted the well-known suggestion made by D i k j i s t r a  as to 
programming without the GO TO statement (2). 

Modular  ograming 

In our prograu~/ng, we have used CALL and ~q~Y statements to wri te  modular 
programs. These two statements are proposed extensions to ANS COBOL (5) tha t  
already have been implemented under IBM 360/370 COBOL (4). Our modular design 
techniques are s imi l a r  to those proposed by W.P. Stevens, G. S. Meyers, and 
L. L. Constantine .(5). Consider the following spec i f ica t ions  for  ,control l ing 
charges for  water and sewer usage in  The City of New York. 

http://crossmark.crossref.org/dialog/?doi=10.1145%2F987531.987533&domain=pdf&date_stamp=1976-08-01
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Problem Definition 

"A customer record will be transmitted from one of five borough offices. 
This record must be checked for accurate, reasonable, and valid informa- 
tion. Incorrect records must be returned ~ith an accompanying errors 
list for correction. Correct records will be converted according to 
specifications." 

This is a con~non problem for an edit progrsm: edit the file and create an 
exceptions list for error records. In the next step we translate the problem 
into program specifications° 

Program Specifications 

A file called OFFSET-TRANSACrIONS, containing custc~ner credits, is input to 
the edit program, where the validity of all fields in the record is checked. If 
the record is valid, it is converted to a specified format called FIHANCE format. 
If the record is invalid--where one or more fields in the record is in error °- 
the record is printed with an appropriate error message. The progrsm must also 
nmintain counters for the number of records checked, converted, printed,  etc. 

~esign Technique 

W. P. StevenS et al have illustrated the division of the design process into 
a general program e~ign and a &tailed program design: 

"General program design is  deciding what functions are needed for  the 
program (or progr~mnning system). Detailed design is  how to implement 
the f u n c t i o n s . "  - - -  

We begin by examining the overall flow of control dictated by the problem 
definition. Then we prepare a general and detailed progrsm design; l~inally, we 
Code the program into clear meaningful COBOL program statements. 

A Flowchart 

In Figure 1, the overall  flow of control is  defined. At (1) a record is  read. 
The va l id i t y  of the record is  then checked against pre-deterndned specif icat ions 
at  (2). I f  the record is  invalid,  we process the record at  ( 3 ) .  I f  the record is 
va l id ,  we process i t  a t  ( 4 ) .  At (5) we specify that  the ent i re  process is  to be 
repeated un t i l  the end of the input f i l e .  
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General Prggram Desipj, 

We begin ,  wi th  the a id  o f  the f lowchar t ,  by d iv id ing  the program s p e c i f i c a t i o n s  
in to  d i s t i n c t  f imct ions .  For each o v e r a l l  func t ion  of  the program, we a s s ign  a 
module name: 

Module Name Function 

FRONT1 
FRONT2 
FRONT3 
FKONT4 
FRONT5 

Read Input 
Check Input 
P r i n t  Inva l id  Records 
Convert Val id  Records 
Write Output 

Figure 2 represen t s  our imple~aentation of  t h i s  s t ruc tu red  des ign  technique ,  
where each s tep  in  the flow becomes a module. 

Detailed program Design 

The next  t a sk  i s  to t r a n s l a t e  the genera l  program design i n to  a d e t a i l e d  design.  
This process involves  de f in ing  a main program, subrout ines ,  and the  parameters t h a t  
are  passed between c a l l i n g  and c a l l e d  programs. In Figure 3, we p resen t  a " s t r u c t u r e  
char t "  (a term used by Constantine) for  the f i v e  modules; here  we s h a l l  r e f e r  to  them 
as subrou t ines .  A s i x t h  module naned FRONTll has been added as a main program. Later  
we s h a l l  show how a main program such as FRONTll can c a l l  and pass parmneters to  
subrout ines .  

Parameter Table 

In Figure 3, the parameter l inkages  between main program and subrout ines  have 
been l a b e l l e d  1 through 5. Figure 4 r ep resen t s  a parameter t a b l e  or program stub 
u m t  conta ins  t/le parameters tha t  are passed between FRONTll and the c a l l e d  prograns.  
For example, F~ONT1, a module designed to read and count records ,  r e tu rns  th ree  
parameters to FRL~Tll, namely: 

(1) a O31~T-OF-OFFSEr-P~CORDS-I~AD 
(2) an OFFSET-TRANSACTION record 
(3) an EOF-SWIT(~t-OFFSET-FILE. 

Therefore,  these  three  p a r m e t e r s  are s h o ~  under the OUT column in  the t a b l e .  
S i m i l a r l y ,  FRogrl i s  passed as input  a COb~T-OF-OFFSET-RECORDS-I~AD parameter .  Note 
t h a t  t h i s  parameter i s  both an input  and output parameter because- -as  we s h a l l  see 
l a t e r - - i t  i s  rece ived ,  ~ ~ n ~ ' - a n ~ - r o t ~ d  by H~ONT1 every time a record i s  
read.  In a s i m i l a r  manner, parameters are l i s t e d  for  the o ther  four modules tha t  
are  c a l l e d  by the main progran FRONTll. 

FRONT2 i s  used to check the  v a l i d i t y  of an o f f s e t  record;  i t  i s  passed the  
fo l lowing paraMEters as input  from FRONTll: 

(I) an OFFSET-TRANSACTION-RECORD 
(2) a O0UNT-OF-RECOP~S-CHECKF~ 
(5) a COUNT-oF-RECORDS-FOUND-VALID 
(4) a OI~T-OF-P3~CORDS-FOUND-INVALID 
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FRONT2 re tu rns  as output  the fol lowing par~neters  to FRONTll: 

(i) a twenty-one element EDIT-ERROR-TABI~, where each element conta ins  a 
; 0' or ' i ' .  A ' I '  i n  EDIT-ERROR (I)  i nd ica t e s  t h a t  the  I t h  f i e l d  i s  
i nva l id ;  a ' 0 '  i nd i ca t e s  the I t h  f i e l d  i s  v a l i d .  

C23 

An EDIT-ERROR-TABLE p ic tu red :  '010000011000000000000' 
i nd ica te s  t h a t  f i e l d s  two, e igh t ,  and nine have e r r o r s ;  while  the  
remaining e ighteen  f i e l d s  are  co r r ec t .  

a RECORD-VALIDITY-INDICATOR. Although there  i s  a redundancy h e r e - - s i n c e  
EDIT-ERROR-TABLE w i l l  l ikewise  ind ica te  inva l id  records : -we s h a l l  show t h a t  
t h i s  parameter  makes the main program more readable .  

(3) a COUNT-OF-RECORDS-QtECKED incremented by 1 fo r  every record  checked by 
FRONT2. 

(4) a COL~T-OF-RECORDS-FOUNI~VALID incremented by 1 f o r  every record  found v a l i d .  

(5) a CCOL~r-oF-RECORDS-FCUND-INVALID. 

Note t~a t  in  t h i s  l i s t ,  the l a s t  th ree  parameters a re  both input  and output  parameters .  
In a s i m i l a r  manner in  Figure 4, we def ine  parameter  l i s t s  f o r  FRONT3, ~ONT4, FRONTS. 

Sub_routine Entry Points  

In the f i n a l  s tep  o f  the  des ign  process we use CALL and EVrRY statements  to  
f u r t h e r  modularize the funct ions  of  each subrout ine .  A l i s t  o f  en t ry  point  names and 
a s soc ia t ed  funct ions  i s  shown in  Figure 5. In Figures 6 and 7, we show a s t r u c n r r e  " 
cha r t  and corresponding parameter  t ab l e  to i l l u s t r a t e  the f i n a l  modular izat ion of  FRONT1. 

In the remaining sec t ions  of  t h i s  paper ,  we p resen t  a d e t a i l e d  ana lys i s  of  
th ree  of  the modules--FRONTllj FRONT1, and FRONT2--as we t r a n s l a t e  the. s t r u c t u r e  
cha r t  in to  c l e a r  COBOL s ta tements .  I t  i s  use fu l  to r e - w r i t e  the o r i g i n a l  program 
s p e c i f i c a t i o n s  introduced above to show how English language s ta tements  can be 
made analogous to the paragraphs in the Procedure Division of a COBOL program. 

Revised Program Spec i f i ca t ions  

Open input  and output f i l e s ;  i n i t i a l i z e  counters  to zero. Read an o ~ s g r  record;  
i f  an EOF i s  reached,  c lose  a l l  f i l e s ,  d i sp l ay  counters ,  s top run.  

O~eck the  v a l i d i t y  of  a record;  i f  the record  i s  i nva l i d ,  p r i n t  an appropr ia te  
e r ro r  messaged keep a count of  bad records ;  i f  the  record i s  v a l i d ,  convert  the  
record to  FINANCE format ,  then w r i t e  the record-as -conver ted  to  an output  f i l e ,  keeping 
a count o f  records  converted and w r i t t e n .  

Continue t h i s  process  u n t i l  an BOF has been read .  
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Translation of the  Structure Chart into COBOL Statements 

• We begin by" examining in Figure S the E~ONTIi main program that calls the five 
subroutines listed in the structure chart of Figure 4. FRONT11 contains the 
fundamental control logic of the system; it determines when each of the subroutines 
should be called. 

The COBOL source cede in FRONTIi is a good example of the internal documentation 
techniques available in COBOL. The data names that are defined in the Working Storage 
Section and used in the CALL statements correspond almost exactly with the Knglish 
phrases  used in  the  parameter  t ab le  o f  our s t r u c t u r e  cha r t .  Desc r ip t ive  da ta  and 
paragraph names such as RECORDS-FOUND-VALID and READ-AN-O~SET-RECORD were chosen to  
make the  program completely t r anspa ren t  to  a l l  the  p r o g r a m e r s  on the  p r o j e c t .  Note 
also the flow of control in FRONT11: top down, with no GO TO statements. Ilere we 
use PERFORM UNTIL... and IF...ELSE to control program loops. 

Call Statements 

T h e u s e  of  subrout ines  allows us to  develop a mainprogram t h a t  i s  r e l a t i v e l y  
s h o r t - - t h c  Procedure Divis ion length  i s  appreximately one page.  FRONTll i s  
u n c l u t t e r e d  wid~ spec i a l  t e s t s ;  we have thus avoided confusing main- l ine  log ic  
wi th  s p e c i f i c  subrout ine  func t ions .  

Nested PERFORM Statements 

This technique a l so  involves the  use o f  nes ted  PERFORM s ta tements .  For example, 
the  MAIN-SEG~NT paragraph conta ins  a PERFORM sta tement  a t  pP6500~ which invokes the  
PROCESS-RECORIB paragraph which in  tu rn  performs the  KEAD-AN-OSWSET-RECORD paragraph 
which f i n a l l y  c a l l s  FBONT1 to  read  a record from the-OFFSET f i l e .  

The input  log ic  can be c l a r i f i e d  by using the s t r u c t u r e  cha r t  of  Figure 9. 
At (1) the  MAIN-SEGMENT paragraph performs the PROCESS-RECORDS paragraph.  A t  (2) 
PROCESS-RECORDS performs READ-AN-OFFSET-RECORD. At (8) RFAD-AN-OFFSET-KECORD 
c a l l s  FRONT1B to read  an OFFSET record .  

We again use nes ted  PERFORM sta tements  to e d i t  input  r ecords .  For example, in  
the PROCESS-RECORDS paragraph a t  007100, the PERFORM fHECK-A-RECORD THROUGH WRITE-A- 
FINANCE-RECORD causes the (HECK-A-RECORD, PRINT-ERROR-MESSAGE-IF-ERROR, CONVERT-TO- 
FINANCE-FORMAT, WRITE-A-FINANCE-RECORD paragraphs to be performed. The flow of 
control for processing valid records can again be clarified by examining the path 
Ci)-C2)-C8)-C3)-C9)-C4)-C10)-(5)-Cii)-C6)-C12)-C7) in. the s t r u c t u r e  cha r t .  

End-of-File Logic 

A switch tanned EOF-SWITCH-OFFSET-FILE (defined at statement 004100} is returned 
to FRONT11 from FRONT1 after the READ-AN-O~SET-RECORD paragraph is performed. A 
value of 0 for EOF-SWITfH-OFFSET-FILE indicaies that a record has been read ffrcm the 
OFFShT file; a value of 1 means that FRCNrl has read an end-of-file in this file. 

We define a level-88 entry name END-OF-OFFSET-FILE tO utilize the PERFORM UNTIL 
opt ion,  avoiding the  customary use o f  the GO TO sta tement  a f t e r  an e n d - o f - f i l e  t e s t .  
This technique a l so  adds to  the  r e a d a b i l i t y  o f  the  program. 
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How Parameters a re  Passed Between Programs 
, , ,  , • 

There razst be a one-to-one correspondence between parameters  in  CALL and ENTRY 
s t a t e ~ n t s .  Consider fo r  example the CALL FRONT1A, CALL FRONT1B, and CALL FROgrlC 
s ta tezmnts  ,at  005600,009800, and 006600 in ~ ) N T l l .  For each o f  these  CALL s t a t e -  
ments in  the main program the re  r~zst be correspondin~ ENTRY FRC~T1A, ENTRY FRONT1B , 
B¢rI~ FRONT1C s ta tements  in a subrout ine .  

A Linkage Sect ion in the  Data Divis ion o f  the  ca l l ed  program i s  used to  def ine  
parameters  t h a t  a re  passed from the c a l l i n g  to  the  ca l l ed  program. A Linkage sec t ion .  
should only be included in a program when t h a t  program rece ives  a parameter  from a 
c a ~ g  program. 

FROBr111, as a main program, contains  no Linkage Sect ion;  as a c a l l i n g  program 
only,  i t  does not  rece ive  parameters .  FRONT1, FRONT2, FRONT3, E~ONT4. and FRONT5 
con ta in  Linkage Sect ions because they rece ive  parameters from ERCNrll. 

FRONT1 

In t h i s  s ec t ion ,  we examine the Linkage Sect ion and the  Procedure Div is ion  o f  
FRONT1, shown in  F i g u r e  10. 

The da ta  names in  the CALL and ENTRY statements  need not  be the  same in  the 
c a l l i n g  and ca l l ed  programs; however, in  BRONTll and B~0NT1, corresponding d a t a  names 
lmve been made i d e n t i c a l  to add to program r e a d a b i l i t y .  For example, COUNT-OF-OFFSET- 
I~SCORDS-t~AD i s  def ined in  both the Working Storage Sect ion o f  FRONTll and the 
Linkage Sect ion o f  FRONT1. 

L h ~ e  Sect ion in FRONT1 

~he parameters t h a t  a re  in  an ENTRY statement  r n s t  be def ined in the  Linkage 
Sect ion of  the ca l l ed  program. For example, the  01 en t ry  f o r  COUNT-OF-OFFSET-PS~COPS~S 
a t  003250 def ines  the parameter passed in the ENTRY E~ONT1A s ta tement .  At s ta tement  
003300 and 003400, we def ine  OFFSET-TRANSAcrION and EOF-SWITOI-OFFSET-FII~ as the  
two parameters  used in  the ENTRY FRONTIB s ta tement .  

Note t ~ t  the d e f i n i t i o n  of  parameters  in  the Linkage Sect ion does not  have 
to  be in  the same order  as they appear in  the corresponding ENTRY s ta tement .  For 
exan@le, EOF-SWITCH-OFFSgr-FII~ appears before  COUNT-OF-OFFSET-PS~COP~S-P~AD in  
the Linkage Sectioff~ 

Upon en t ry  to  the c a l l e d  program, the cu r ren t  values  of  a l l  the  da ta  i term 
in the parameter  l i s t  o f  the ENTRY sta tement  are  copied in to  the  c a l l e d  program 
from the c a l l i n g  program. Later  when the ca l l ed  subrout ine executes  a GOBACK 
s ta tement ,  the  cu r ren t  values  o f  the  items in  t h e p a r a m e t e r  l i s t  a re  copied back 
in to  the c a l l i n g  program, over r id ing  the o r i g i n a l  values  of  the parameters  in  the 
c a l l i n g  program. 

For exar~xle, when the CALL to FRONT1A i s  made, the  value  of  coEn~rr-oF-OFFSET- 
REC0~J~S-PJSAD in FROQNTll i s  copied in to  FRONT1 and s e t  equal to  zero.  A f t e r  the  
GOBACK i s  executed a t  s ta tement  004100, COUNT-OF-O~SEr-PJiCORDS-REAI) i s  copied back~ 
in to  FRONTll, s e t t i n g  COUNT-OF-OFI~SET-PJ~CORDS-READ in ~ N T 1 1  equal  to zero.  

La t e r ,  when I~ONT1B i s  c a l l ed  b y  FRONTll to  read a record ,  COUNT-OF-OFFSET- 
PJ~CORDS-RSAD i s  aga in  copied in to  FRONT1, incremented by 1 and copied back in to  FRDNTll. 
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FRONT2 

In Figure 11, we show an abbreviated version of FRCNr2, which contains its 
Working Storage Section, Linkage Section, and Procedure Division. As noted above, 
the function of FRONT2 is to identify all of the fields in the input record that are 
in error. 

FRO2~I~ fills EDIT-ERROR-TABI~, a 21-element table (for the 21 fields in the 
record) with elements 1 or 0, depending on the r e s u l t  of  the v a l i d i t y  check performed 
on each field. 

We again use 5NTRY points to modularize the functions of FRONT2. For example, 
FRDNTZA is used to initialize counters and switches in the program. 

FRONT2B is  ca l led  to check the v a l i d i t y  of an input record. As each paragraph 
i s  performed, an INDEX is  incremented by 1 to keep t rack  of  the f i e l d  being t e s t ed .  
If a field is in error, the STORE-INDEX-PARAGRAPH is performed, which sets the 
corresponding element in EDIT-ERROR-TABLE to i, and sets the RECORD-VALIDITY- 
INDICATOR to 1 as well. 

Conclusions 

In th i s  work, we have made the bas ic  concepts of  s t ruc tured  progr~ming design 
more concrete by examning a COBOL main progr~n and i t s  subroutines.  We have also 
discussed the case of  s t ruc tured  docunentation techniques to c l a r i f y  the design process.  

All  of  the programs tha t  were presented were wr i t t en  in a productive environment 
under " r e a l  l i f d "  condit ions.  We have found tha t  the techniques presented resu l ted  in  
a system of easily modifiable programs with few errors~ developed within a group 
enviromnent in which junior programmers, working in liaison with a senior programmer, 
improved and strengthened their COBOL programming and structured programning ability. 
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APPENDIX 

JCL to Compile a Main Program and Subroutines 

Under II~i 560/70 OS, the COBOL compile-link-go procedure (COBUCLG) and the 
COBOL compile (COBUC) procedure are used to run a COBOL main program and subrou t ines .  

~ e ~ i ~  

In the  f i r s t  s tep of  the  job,  we use the COBUC procedure to  t r a n s l a t e  the  main 
program in to  an ob jec t  module t h a t  i s  s to red  on d isk .  

In subsequent s t e p s ,  we again execute the COBUC procedure to t r a n s l a t e  the  
subrout ines ;  in  each s tep  we can compile only a s ing le  subrout ine .  In add i t ion ,  
we: use spec ia l  JCL s ta tements  to connect the ob jec t  module c rea t ed  in  each s tep  
in to  a s ing le  ob jec t  module. 

In Figure ii, we show the JCL required to compile FRONTiI and the five 
subroutines in our job. 

At (1) we execute the COBUC with  the LIB parameter  because we use  COPY 
sta tements  in  our programs. 

The COB.SYSIN DD card at (2) is used to override the SYSLIN DD card in the COB 
step of the COBUC procedure. Here we allocate SPACE on disk (UNIT=5550) for a 
t~nporary file named ~OBJ. We specify PASS to pass ~OBJ to the next Step. 

At (3) we def ine  F2A.FRN.SOURCE as the l i b r a r y  which conta ins  the  members' 
r e fe rence  in  the COPY statements  of  our programs. 

At (4) we def ine  FRONTll as the f i r s t  program to be compiled in  the job.  
Note t h a t  the f i r s t  prograrfi to be compiled us ing the technique descr ibed  here  n~s t  
be the  main program. 

At (5) we use the  COBUC procedure to  compile FRONT1. 

At (6) we spec i fy  on the COB.SYSLIN DD card  the M0D parameter  bemuse  we are  
extending ~0BJ to include the machine language equiva lent  of  FRONT1. 

At (7) we use the COBUC procedure to compile FRONT2, extending ~OBJ f u r t h e r  to 
include the FRONT2 machine language code. 

This process continues until the last subroutine is to be compiled, whereupon 
we use the COBUCLG procedure to finish the job. Thus at (8) we use the COBUCLG to 
compile FRONTg. At (9) we insert the JCL that defines the input and output files 
for our programs. 
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FRONT11 

~1 _ ~2 ~3 ~4 , ~5 

FRONTI FRONT2 FRONT3 . I FRONT4 FRONT5 

FIGURE 3 

STRUCTURE CHART FOR FRONTII AND SUBROUTINES 

.SUBROUTINE 

FRONT1 

FRONT2 

FRONT3 

FRONT4 

INPUT PARAMETERS 

COUNT-OF-OFFSET-RECORDS-READ 

OFFSET-TRANSACTION 
COUNT-OF-RECORDS-CHECKED 
RECORDS-FOUND-VALID 
RECORDS-FOUND-INVALID 

OFFSET-TRANSACTION 
EDIT-ERROR-TABLE 
RECORDS-ON-ERRORLIST 

OFFSET-TRANSACTION 
COUNT-OF-RECORDS-CONVERTED 
RECORDS-ON-CREDITLIST 
RECORDS-ON-DEBITLIST 

OUTPUT PARAMETERS 

COUNT-OF-OFFSET-RECORDS-READ 
OFFSET TRANSACTION 
EOF SWITCH OFFSET FILE 

EDIT-ERROR-TABLE 
COUNT-OF-RECORDS-CHECKED 
RECORDS-FOUND-VALID 
RECORDS-FOUND-INVALID 
RECORD-VALIDITY-INDICATOR 

RECORDS-ON-ERRORLIST 

FINANCE-TRANSACTION 
COUNT-OF-RECORDS-CONVERTED 
RECORDS-ON-CREDITLIST 
RECORDS-ON-DEBITLIST 

FRONT5 FINANCE-TRANSACTION 
GOOD-CREDITS-ONTO-TAPE 
GOOD-DEBITS-ONTO-TAPE 

GOOD-CREDITS-ONTO-TAPE 
GOOD-DEBITS-ONTO-TAPE 

FIGURE 4 

PARAMETER TABLES 
FOR FRONT11 SUBROUTINES 
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ENTRY POINT NAME 

FRONTIA 

FRONTIB 

FRnNTIC 

FRONT2A 

FRONT2B 

FRONT3A 

FRONT3B 

FRONT3C 

FRONT4A 

FRONT4B 

FRONT4C 

FRONTSA 

FRONT5B 

FRONTSC 

FUNCTION 

OPENS INPUT FILE; INITIALIZES COUNTERS 

READS INPUT RECORD;SETS EOF SWITCH 

CLOSES INPUT FILE 

INITIALIZES COUNTER FOR RECORDS CHECKED 

VALIDATES A RECORD;CREATES AN ARRAY INDICATING 
ERROR FIELDS; SETS ERROR INDICATOR TO 0 OR 1 
OPENS ERROR PRINTFILE; INITIALIZES-COUNTER 

PRINTS ERROR RECORD; INCREMENTS COUNTER BY 1 

CLOSES ERROR PRINTFILE 

OPENS PRINT FILE; INITIALIZES COUNTER 

CONVERTS AND PRINTS VALID RECORDS 

CLOSES PRINT FILE 

OPENS OUTPUT FILE 

WRITES OUTPUT RECORD; INCREMENTS COUNTER BY 1 

CLOSES OUTPUT FILE 

FIGURE 5~ ENTRY POINT N~IES AND ASSOCIATED FUNCTIONS 

FRONTll 

I FRONTIA 

I FRONTIB 

I FRONTIC 

INPUT PARAMETERS 

COUNT-OF-OFFSET-RECORDS-READ 

COUNT-OF-OFFSET-RECORDS-READ 

NONE 

OUTPUT PARAMETERS 

COUNT-OF-OFFSET-RECORDS-READ 

OFFSET-TRANSACTION-OUT 
EOF-SWITCH-OFFSET-FILE 
COUNT-OF-OFFSET-RECORDS-READ 

NONE 

FIGURE 6 

FRONTI ENTRY POINTS 

FIGURE 7 

PARAMETER TABLE FOR ENTRY POINTS IN FRONT] 
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000100 IOENTIFICATION DIVISION* 
.000200 PROGRAM-ID* FRONT1* . . . . . . . . . . . . . . . . . . . . .  
-0006DD. RE_NAgKSL_TH|S._SUBROUTJNE IS__CALLED BY A.~.MAIN_IPROGR.AN_.T.L_. 
000700 READ THE FRONTAGE F I L E .  THIS PROGRAM IS PART OF 
.OOOSO0 ........ THE FRONTAGE SYSTEM FOR COLLECTING WATER.AND . . . . . .  

• 000900 SEWER TAXES. THIS PROGRAM HAS THE FOLLOWING 
• .001000 .................... THREE ENTRY POINTS . . . . . . . . . . . . . . . . . . . . . . . . . . .  

001100 (1 )  FRONTIA - OPENS THE FRONTAGE TRANSACTION 
JlOlZDD F|LE 
001300  (21FRONT1B - READS A RECORD FROM THE FRONTAGE. 

.001600.-. . . . . . . . . .  E.ILE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
001500 131FRONTIC - CLOSES THE OFFSET FILE AFTER THE 
001600 LAST RE.CORD HAS BEEN READ, 
001700 ENVIRONMENT D IV IS ION,  

_001800 CONFIGURATI ON_SE£UON, 
001900 SOURCE-COMPUTER. I B M - 3 7 0 - 1 5 5 .  

~02000..OBJECT~COMPU~EBjmIBH_~_310-15S- . 
002100 INPUT-OUTPUT SECTION. 

_O_022.00__EJ.LE.~CONTR_O.L~ 
002300 SELECT FRONTAGE-OFFSETS ASSIGN TO UT-ZGOO-S-OFFSETS, 
002600 DATA DIV IS ION.  

~ 0 2 5 0 0 _ F I L E  S E C T I O N , _ _ _  
002600 FD FRONTAGE-OFFSETS 

..0.02700 L~BEL_B~QRD$ ARE STANDARO 
002800 RECORD CONTAINS 80 CHARACTERS 

..D.02900~ BLID.CK_CONTAIELLO__RECQq.DS 
003000 DATA PECORD IS OFFSET-TRANSACTION. 

~03100_J~l.~_QF_JE,~T~TR.AN~ACTION COPY OFFSET. 

003250  01 COUNT-OF-OFFSET-RECORDS-READ PIC 9 ( 5 )  COMPUTATIONAL, 
~0330LOI___DEESE~RA~ACCI_IO~.~UT COPy OFFSET. . . . . . . .  
003600 01 EDF-S,  ITCH-OFFSET-FZLE PIC 9.  
003500  8B END-OF-OFFSET-FILE VALUE IS 2~ 
003600 88 MORE-RECOROS-IN-OFFSET-FILE VALUE IS O, 
~_03610._01 EOE.~_$W.;~TC~_E.LNA~CE-F!_LE PIC 9 ,  
003620 8B END-OF-FINANCE-FILE VALUE IS 1, 
903~30 8B__~OR_E~.RE~RP~_JL~H~NC~-FILE~VA~E |S O. 
003700 PROCEDURE DIV IS ION.  
.Q_O~_SOO OPEN-ALL-FILES.  
003900 ENTRY eFRONT1A t U'SING COUNT-OF-OFFSET-RECORDS-READ. 
906.000 OPEN_INPUT_FRONTAGE-OFFSETS. 
006050 HOVE ZEROES TO COUNT-OF-OFFSET-RECORDS-READ. 
006100 GOBACK, 
~D62OO_~EAD--_AN~EESEI~RECDR, D, 
006300 ENTRY eFRONTIB e, USING OFFSET-TRANSACT|Ott-oIJrT 
~04_600__ EO~W.LTCH-__IEESET_.~J:_|LE, 
006610 COUNT-OF-OFFSET-RECORDS-READ, 
~6~_00 READ F~NTA__.G~..~_OFF.~ETS AT END 
006600 N O V E I  TO EOF-SWITCH-OFFSET-FILE 
006700  .......... GOBACK . . . . . . . . . . . . . .  
006800 MOVE CORRESPONDING OFFSET-TRANSACTION TO 
~06900 ........ OFFSET-TRANSACTION-OUT. 
006950 ADD I TO COUNT-OF-OFFSET-RECORDS-READ. 
00~000 .____COVE O TO EOF-SHITCH-'OFFSET-FILE. 
005100 GOBACK, 
005200 CLOSE-FILES, 
005300 ENTRY eFRONTIC I .  
005600 . . . . .  CLOSE FRONTAGE~OFFSET$~ . . . . . .  
005500 GOBACK, 
005600 

FI~J~ 10 
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_OO1800_WORKING-STORAGE__SEGTION" 
nn lRtO 77 SCC-CHECK P ie  g- 
001900 77 INDX PiC 99 VALUE ZERO, 

002400 LINKAGE SECTION, 
002455 01 COUNT-OF-RECORDS-CHECKED PIC 9 ( 5 J  COMPUTATIONAL, 

_0024~6 OL RECORDS-FOUND-VALID ......... p i e  ~ [5 )  GOMPUTATIONAL. 
002457 01 RECOROS-FOUND-INVALIO PIC 9(51 COMPUTATIONAL. 

_002462 01 -~ RECORO-VALIDITY-INDICATO~ . . . . . .  _EICG9~ 
002465 88 RECORD-IS-VALID 

_002466 .......... 8 8  RECORD-IS~INVALID- 
._~0.Z500_~I OFFSET-T~ANSA~_!.ON COPY OFFSET. 

002700 Ol EDIT-ERROR-TABLE. 
._0_0.2800 . . . . . . .  DS__.EDIT~EKROR . . . . .  PIC 9 COMPUTATIONAL 

002900 OCCURS 21 TIMES, 
O0~O00 PROCEDURE DIVISION . . . .  : . . . . . .  . , . . . . .  
003100 CLEAR-THE-COUNTERS, 

_0~3105_L ENTEY_~_FRON_T_~NG £OUNT-~E~RECORDS~CJIFCKFD 
003106  RECORDS-FOUND-VALID 

_.Q03107 REGO~S~_FJ~U.ND-INYALID. 
003110 MOVE ZEROES TO COUNT-OF-RECORDS--CHECKED 

003111 RECORDS-FOUND-VALID 
003112  RECORDS-FOUND-INVALID. 

_O~.3JJL5 . . . .  _GO.BACK.._ 
003120  BEGIN-THE-EDIT, 

_~03125 _E_N~_.~.Y !FRQHT2B ~ USING OFFSET-TRA~ACTJON 
003200 EOIT-ERROR-TABLE 
003300 RECORD-VALIDITY-INDICATOR 

VALUE IS O, 
VALUE._L~_LL- 

003310  COUNT-OF-RECORDS,CHECKED 
0 0 3 3 2 0  RECORDS-FQUND~ALI~ 
003330 RECORDS-FOUND-INVALID. 
003400 MP[L~EBO TO IND,_, 
003500 MOVE ZEROS TO EDIT-ERROR-TABLE, 
003550  MOVE 0 TO RECORD-VALIDITY-INDICATOR. 
003560 
O036OOCARD~CODE~ES~-~I~ 
003700 

_0_~0~ 
003900 
004000 
004010 
004100 
004200 
.0_0~3.00. 
004400 
004500 
004600 
_0_0_4_Z0_0 
004800  
_0_0~9~ 
005000 
005100  

ADD 1 TO INDX, 
IF CARD.CODE NOT E~AL TO 5 

PERFORM STORE-INDEX. 
NEW-AUTHORITY-TEST-CC2-CC6. 

ADD 1 TO INDX, 
E~A~.[NE_.NE~_AUTHO.RLTY-NU_~BER REPLACIN~_JLEADING 

SPACES BY ZEROS, 
IF  NEW-AUIH~RITY.~_NU~BER~_EQUAL TO tO0000 o 

PERFORM STORE-INDEX, 
I~  NEW-AUTHORITY-NUMBER NOT NUMERIC 

PERFORM STORE-INDEX. 
QFFSE~A~_ION~TO~BE-TA~E_H-CC_Z_t 

ADD i TO INDX, 
.,. IF._QFFSET-ACT.ION~TO~BE,TAK_EN_NOT EQUAL_T_O e l L _ _ .  

AND OFFSET-ACTION-TO-BE-TAKEN NOT EQUAL TO 12° 
PERFORM STORE~!NDEX~_ ~ .  

* * * * * * * * * * * * * * * * * * * * * * * * * *  REMAINDER OF PROCEDUDE D I V I S I O N  O ' O O O Q e  

¢I, 

..O_ZIZO.O__S T D R E ~ I N D EX, 
021300 MOVE 1 TO RECORD-VALIDITY-INDICATOR, 

-Q2J~4LJ40_¥E_LIQ_EDI.T~_ERI~OR I/J~JCLXJL, 

FIeJl~ 1.1 
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__{Sl 
161 

-//OZR+FR.5 JOB IBSZ6,F~RS,ZO,ZJ,'~ARV R~ OALCAL;,CLASS-e'" 
................ /+SETUP ..+ SETUP EPAPAK ...................................................... 

/mMESSAGE THIS IS A RUN 

/ *  

. ( l J  . . . . . . . .  / / S T E P 1  +EXEC COBUCePARH.COB=ILIBI  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
121' / / S Y S L | N  00 DSNANE=&OBJtUNIT-3330+ 

. . . . . . . . . . . .  I /  .............................. S P A C E = ( 6 O O . ( I O O ~ I O O | t ~ t R O U N D ) , .  
I F  DCB=(LRECL=BOtBLKSIZE=4OO~RECFHmFBs|t  .......... 
/ /  .... DISP=(.MOD~PAS$.)__ 

( ] )  / / S Y S L ' I B  OD OSNAHE=EPA,FRN.SOURCE,OISP=OLD 
- - ~ |  . . . . . . . .  / / C O B . S Y S I N  ......... DD..O.SNAME=EPA..FRN,SGURCE{FRONTII| ,DISP=OLD ..... 

/ *  
/ / S T E P Z  .+EXEC_.~OBUC~PAR~.COB=(LIB) .... 
/ / C O B . S Y S L I N  DO DSN=&OBJ,DISP=(MOO,PASS) 

/ /COBoSYSIN  DO DSNAHE=EPA,FRN.SOURCE(FRONTI)mDISP=OLD 

(71 / / S T E P ~  EXEC COBUCtPARH.COB=IL IB)  
I ~ O B . . . S Y S L i N  DO__DSH~LO_BJ~D[SP=(NOD,pASS) 
I I S Y S L I B  OO DSN=EPA.FRN.SOURCE,DISP=OLO 
/ /~O~.L~_SJ~ DO DSNAH~=~PA.FRN.$~URCEIFR_Q~T3I,~ISP=OLO 
/ *  

/ /STEP61 . . . . . .  EXEC_CDBUCe.~ARH.COB=(LIB). 
/ / C O 8 . S Y S L I N  DO OSN=&OBJtOISP=(HOD,PASS) 
/ ~ S Y S L I B  . . . . . . .  OD_D.SN=EPA.FRN.SOURCE,D.ISP=OL~. 
I / C O B . S Y S I N  DO DSNAME=EPA.FRN.SOURCE|FRONT~|,OISP=OLD 

(Rl 

(91 

/ / S T E P 5  EXEC 
//_£OB.5.YSLIN 

• / / S Y S L I B  
/ /COBo$~S_IN Go 
I *  
I /STEP& FXFC 
/ / S Y S L I B  
/ /COB°SIS  IN 
/ *  
/I.GO°OFESET.S 
I IGO.FINANCE 

//GO.ERRORS 

COBUCtPARM.COB=(LIBI  
DO~SN=~OBJ.D.IS.E=IHOP~LP_AS.SZ 
DD DSN=EPA*FRN*SOURCEtDISP=OLD 

DSNAME=EPA-FRN,.S~U.~G.EJ~O~T~).LDJ~P~QLJ). 

COBUCLG.PARM.COB=fLIB)  
DO DSNANE=EPA*FRN.SOURCEeDISP=OLO 

_._DO DSN.~.EP_A~_RNLSOURCEIERONT.9.LeDISP=OLO 

OD DSN~O.F~SET_StDjSP=OtD. 
DO DSN=FINANCEtDISP=(NEW.CATLGeDELETEI t  
I IN IT=TAPEg,VOL=SER=EPA999,LAJ~EL=( loSL}  
DO SYSOUT=A 

Fte.e  i2 
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