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ABSTRACT

This thesis studies the concept of generaliged computer pro-
gramming as it relates to data retrieval. Of particular interest here
is the problem of data retrieval from free formatted files in which
data is stored in;random sequence,

The investigation is divided into two parts. In part one a
study is made of the state of the art of generalized data retrieval
programs, while in part two a problem is solved for data retrieval from
free formatted files'using the concept of generaliszed programming. The
programs were written for the IBM/360 and involved a combination of the
Report Program Generator language and Basic Assembler Subroutines.

This approach proved successful for small to medium size files
aﬁd involved a minimum of‘programming»effért.. For large files a more
comprehensive study is suggested although not investigated. Generaligzed
programs are shown to involve qﬁite advanced programming effort.
Although the concept is well known, it is stili not very common nor is
it used in the case of complex retrieval requirements. To date it is
still very much in the development stages. In summary this thesis
offers further refineﬁent to the devélopment of generalized data retrieval

e

computer programming,
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CHAPTER I
INTRODUCTION

With the reéent advent of the "third generation" computers buéiness
data processing 1s moving inté a new area.of computing. It is compﬁting
-in which up to the minute status of a éompany's file of information cah be
queried at any time by the management. This coﬁcept is termed a'real time
compahy~wide information‘sysfem. ‘To study some of the problems involved
in‘developing thesevinformation systems is the overall purpose of this
thesis..

It 1s actually three studies in one paper. Firstly, it is a study
of the concépt of Generalized Data'Retrieval;~ In particular a description
is given of the IBM Report Program Generator for the system /360. This is
a generalized data retrievel program which is ﬁow finding wide ﬁse in the
computer industry. Secondly, this thesis is a study of a unique type of
file organization for information storage. The file is orgsnigzed on the
basis of time, containing information which is stored as it is'received
from the enviromment, in time sequence. Finally explanation is given of
'aﬁ attempt made to use the generalized data retrieval program for the /360
to retrieye data from the time sequence file,

But how is generalized date retrieval and the time sequence file
organizaﬁion related to company-wide information.éystems? These informa-
tion systems are very complex and costly to develop. They involve many
mén years éf human effort in interviewing, system designing, and program

writing and testing. Any techniques which can facilitate the development



of thesé information systems are of great interest to the computer oriented
industries. Generalized data retrieval and the time sequence file are two
suggested techniques.

A second article from the Financial Post may illustrate the above
point in another light.
New aids to business are arriving on the market at an unprecedented rate of
technological innbvation. These aids will greatly assist businessmen to
meet growing world competition and in solving problems of cost, profit and

employment (20).

Third generation computers are the aids he is suggesting. They have

been designed to operate closely with businessmen in decision making processes.

Tnside the computer field aids are being developed to assist the compﬁter
to assiét the businessman in making his decisions. So these computer aids
directly touch the effectiveness of businessmen to compete. Two such com-
puter aids suggested in this paper are generalized data retrieval and the
time'sequence file organization. The rest of this paper is'an attempt to

prove their utility in computerized industry today.



CHAPTER II

THE GENERAL EXPLANATION

Generalized data retrieval is a concept in programming used for
the retrieval of information from files. This chapter will outline its
approach under the following three headings, concept (its theory), state

of the art (its history), and advantages and disadvantages (its utility).

NCEPT

First of all}.what is generalization in prpgrémming? Congider a
one time pfogram (written for only one run) used to update a field in
every record of a file., Suppose now that one month after this program
had been written and run it was found that another field needed to be
updéted. The original. program is modified to.handle the second one-time
request. After 6 months the programmer finds that his original one-time -
update program has been used 6 times each time to update a different
figld; In ordér to save himself time in the future if nothing else he
would modify his program to accept a control card, On this card would
bé the size and location of the field to be updated. Then every‘tiﬁe
his program is run he includes this parameter card in front of the up-
dating data, No more modifications are required to the program. An this
is then the first step in generalization. ;

The generalized approach in programming reduces the number of
programs réquired at an installation. Similar repefitive programming

requests are handled with one generalized program and several parameter



cards for each separate run.

Generalization in programming can be applied to a certain class
of problems. In the field of file procéssing, common to all data pro-
cessing installations there are similar procedures. They have been
classified as File Management Procedures. Generaiization’is readily
applicable to this common data processing Jjob,

File Management includes the functions of file creation, file
maintenance, data retrieval, sorting and report preparation.
File creation covers setting up a new file and/or modifying the
structure of an existing file. Tt also includes the handling of
input transaction messages to create a transaction file. File
maintenance and updating includes ingserting, deleting, and
changing either records or fields within a file. Data Retrieval
involves the selection of records (or desired portions of rec-
ords) from a file depending upon a set of selection criteria.
The sorting function includes sorting transactions into file
sequence as well as sorting report items into report sequence.
Finally, the report preparation function includes editing the
report items into the prescribed format, providing column and
report headings, counting records, performing arithmetic on rec-
ords, and perhaps even more complex operations on the records (2).

These procedures are common to the whole camputing industry and
they are very time consuming,
A study of what kind of effort was being expended on an electronic
data processor while performing data processing showed that less
than 20% of running time was spent in performing arithmetic op-
erations. The rest of the time (over 80%) was spent in manipulat-
ing data to maintain files, sort records and print reports (16).
File Management is a natural for generalization. The need is
there. It it possible to develop a generalized system to meet this
need? . In such a system a few generalized programs would be all that is
required for the whole job of file management. Every application could

be solved By adding parameter cards to make specific programs for each

Job. Attempts are being made to generalize the problem of file manage-



ment as will be seen under the heading "State of the Art',

However, this thesis is concerned not with the broad aspect of (
File Management but with one phase of that concept: generalized data
retrieval and reporf preparation. It 1s concerned with the prpblem‘of
developing a single program which will answer all fequésts for data’
from files and prepare different reporf formats as requiféd. The
following discussion, therefore, concerns the céncept of generalization
as it relates specifically to data retrieval; |

A géneralized program can'be_éoﬁpared'to a compiler (16). In both
cases'input to the pfogram is parameter oérds in a pseudo-language re-
lated closely to a broad classification of problems. The compiler and
generalized program both produce as output a specific program in the
language of the particular machine. However, the structure of the ma-
chine program is different in each case., The éompiler program can |
produce a completely variable structure. For example, on Fortran pro-
gram differs completely from another as far as.logic flow is concerne@.
The.generalized'pfogram on the other hand produces machine proérams
that are very similar in structure. Their variability is acquired by
"varying parameters which are supplied tovthe generalized routine. For
example; a generalized report generator produces machine programs that '
do the following in every program. |

(1) Read in a data record.

(2) Do somé calculation and logic on it.

(3) Print fields from it into a report.

(4) Return to #1.



Variability between specific applications is achieved by varying
fields required from the records, and the format of the report. In
every case the macﬁine program has the same logic flow. |

What exactly does the pseudo—_language of the generalize_d_ .progr'axln-
look like and what happens during the running of one df thése programs?

Eirstly, thg language is closely related to the pfoblem to be
solved. In the case of the data retrieval progfam, the language.is set
up conveniently to explain the fofmat of the inpuf files, the fields
required, and the format of the respiting report. Preprinted sheets
are uéed'for deSCribing: |

(1) The input file organization,

(2) The fields required to be retrieved from the records in the

file, | -

(3) The conditions that have fo be met in order that a field be

printed out.

(4) The exact format of the resultingvreport including headings,

spéciﬁg‘and summaries,

This is a rather significant deviation from the classical approach

to programming. In the classical approach, it is customary to

describe a process which will lead to a certain end result. The
approach used in the generalized routine is to describe only the
end result. The process to be used in achieving the end result

is determined by the generalized routines (16),

Secondly, With reference to figure I, the .logic flow for using
the generalized routine is as follows: |

- (1) The programmer prepares the parameters.for his retrieval

problem on reprinted sheets.



(2)  These are keypunched and run through the G.D.R. program
Which‘produces an object deck (or stores the program on
auxiliéry storage until it is called for).

(3) The object deck is combined with the imput files, data is
retrieved, and a feport is produced. | -

This defineg the concept; the fbllowing section Will describe

how well this concept is known.

STATE OF THE ART

e Generalized déta reﬁrieval programé have had quite a history as
far as the computer age is concerned. The first published paper on
such programs written by any user was in mid 1957 (16). This was just 6
years after commercial datavproceséing came on the market. They were
developed because the need was there, .Ai that>early date the sévings
in time and cost achieved by generalization were recognized by industry.
As knowlédge_of the concept Widened several iﬁdustries combined their
efforts to pfodﬁcé generalized programs of broéder scope. One.of the

.better known systems was 9 PAC developed by the combined effort of 12
-major computer users and maintained by I.BM. applied programming group.
The second génerétion computers provided a more powerful language
capabilitj than those on which generalizatioh was first attempted.
This resulted in a few more widely évailable sysééms but mainiy in in-
.dividual.user systéms tailored for their particular needs. These
companies made availeble their systems for sale to other companies

whose computer was compatable. The generalized systems involved a



great deal of programming effort to develop and obvioﬁsly the corpora-
tions that produced them were reluctant to offer them freely to the
computer industry as é-whole. This phenomena has hinderéd industry-
wide acceptance of generalized programming somewhat.

To illustréte the impact of ﬁhé generaliied file maintenance and
reporid preparatiqﬁ approach 1o programming, here is a 1ist of some
corporaﬁions who have devloped their owﬁ systems;

(1) The.Naval Ordnance Laboratory, Corona, California. They
have devloped a set of 20 generalized programs for handling
files of'information which are sorted on magnetic tape.
With these generélized programs, they have been able to
handle just about every data processing request with
efficiency and dispatch. When they first set up this gen-
eralized system, they were maintainihg fhree data files on
magnetic tape.' Today they are maintaining some 30 active
files. But in the face of this ten fold growth in workload,

their pfogramming gtaff today is smaller than itvwas four
years ago. 'When'tﬁeﬁ are ‘requested to sef up a-new data
file_the'systems énd programming time reqﬁired for ﬁrb—
gramming and debugging all of the runs_(input runs, sorts,
file maintenance, repbrt preparation) usuaily amounts to
soﬁething 1ike two mah weeks. When ghey,get a request for
a specia} report to be,deveioped from one of the files (and
they get a number of éuch requests every day), the program

for the general report generally is developed‘in from one



(2)

(3)
(4)

(5)
(6)

(7).
(8)

(9)
(10)

(11)

(12)
(13)
(14)
-(15)

10

to two hours., Their special reports can involve quite com-
plex selection criteria, for the selection of information
that will appear in the reports.

Advanced Information Systems Department of Informatics Inc.,
Los Angeles; California,

Systems Development Corporafion, Santa Monica, California.
Smith Kline and French Laboratories, Philadelphia, Pennsyl-
vania.

Imperial 0il Limited,‘Calgary, Alberta,

General frecision Corporation.

Standard 0il of San Francisco.

National Cash Register Corporation.

General Electric Corporation.

Humble 0il and Refining Company, ﬁaton Rouge, Louisiana.
XEROX Corporation, Rochester, N,Y,

Westinghouse Electric Corporation, Pittsburg, Pennsylvania,
Dupont, Wilmington, Delaware.

Consolidated Edison, N.Y,

s
Johg\Hopkins University.

Finally, to bring the discussion up to the present: the computer

manufacturers are offering generalized report preparation software for

their third generation computers:

(1)

(2)
(3)

International Business Machines for their system /360,
Honeywell for their Series 200.

General FElectric for their Compatables /400.
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(4) Burroughs for their B200/300 series.

(5) Univac for their 1004, 1005, 1050.

(6) Controi Data Canada for their 3000 series.
(7) National Cash for their NCR 315,

(8) R.C.A, for their Spectra 70.

Indeed this concept must be sighifiqant when i.BJM. offers a

generalized programming system that will be used exclusively on their

system

/360 model 20.

ADVANTAGES AND DISADVANTAGES

fornia

Here 1s what the U.,S. Naval Ordnance Laboratory, Corona, Cali-
says -about their generalized programming system mentioned above.

Although there are disadvantages, and some serious ones, in
utilizing a general approach to information processing, we are
convinced that it has been the right direction for us and we
recommend it as the right approach specially for any information
processing group which has a limited programming effort staff
and many customers to satisfy. It has permitted us to devote
our programming effort to the continued expansion of our capa-
bilities to the point where our current complex of processor
programs provides a really extensive, flexible, and powerful
system available for the use of all our files. This would never
have been possible had we taken a tailored approach to systems
design (14).

Some specific advantages are:

(1) The generalized report éénerators are most suitable for one
time special reports where fast programming is required.
The one time speciél reporté that management often reéuesfs
from the data processing department ha&é been 111 received .
by programmers and management because of the long time they

take to produce. So management has kept away from them.
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However, with the advent of popular generalized routines
one time reports can be easily handled. In fact the
generaiized report program may offer a breakthroﬁgh in
management reporting rquirements. If he is able.ﬁO‘re—h
ceive his one time special studies quickly~he'ddesn't need
the repetitive reports, His decisions can be made more
confidently from small one iime predictive reports than
they can from a mass ef repetitive deecriptive reports.
Management recognizes this-poinf. Until recently they
haven't ﬁeen able to realize it in practice. Generalized
Data Retrieval, it is hoped, will be the key to better
‘management reporting. =

(2) Novice programmers can easily use the generalized program
gince its input parameters are proBlem oriented. Pro-
‘gramming effort i1s costly in time and money and programmers
require a lot of training. This ie the classical attitude.
It can be changed if generalized programming reall& comes
into its own. With the report generators provided by the
manufacturers in their third generation of computers the
thin edge of the Wedge'hes been struck. Their acceptance
is assured and their devlopment ineviteble.

Finally here are some of the disadvantagee'encountered in using

the generalized apbroach.
(1) If has an inflexible information organization (i.e, file

organization). Because they are adapted to common data



(2)

(3)

(4)

(5)

13

'processing,problems the ‘generalized routines do not provide

for unusual file organizations. The second part of this
paper will discuss éuch a problem and its soiution.

The pseudo-language of the system needs to be improved to
facilitate prégramming mofe complex File Management prob-
lems. .This is especially true as real time'coﬁputing (
becomes more popular,

It is not suitable for special cases in reai time computing
where remote terminals will supply both requests for data -
and raw éata to be stored in the computer.

There is probably a sacrifice in efficiency over the tailor-
made program. In some cases the running time of a tailor-
made pfogram will be quiéker than the same problem pro-

grammed for the generalized routine. This is offset by the

‘ease of programming for the generalized routine.

Any general easy—to~épp1y information processing technique
is 1likely to encourage the proliferation of inadequately
planned,_iliycohéeivéd information projects. This is to

be guarded against (14),

What has been described so far is avconceptual look at generalized
programming, in particular, generalized data retrieval, What is to
follow is a detailed look at an example of the generalized data 'retriéval'

approach, the I,BM. Report Progrem Generator for the System /360.
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CHAPTER III
A PARTICULAR EXAMPLE -

SYSTEM /360 REPORT PROGRAM GENERATOR'(RPGj

DEVEIOPMENT AND APPT.TCATION

The Report Program Generator is a computer 1anguage-devloped by
the IBM Corporation for their /360 computer. It isn't a unique language
(all of IRM comﬁetitors ha&e devloped similar 1anguages) but it ranks
high in comparison to others (as will be seen later in this chapter). -
Its scope isn't broad but for certain applications it is very powerful.
So far it hasn't been widely accepted but will become more useful in
the management Information system environment,

RPG is a generalized data retrieval and report generator program,
If is an example of the concept discussed in the.previous chapter. It
is generalized because it has the ability to retrieve data and print
reports of all sorts depending simply on the alteration of control cards.
The first part of tﬁis chapter will diéquss these control cards; the
way in which RPG conyerfs‘thémuiﬁto a program, and the range of possi-
bilities with theée control cérds. |

First of all, RPG_is a langﬁage trahslator;v It uses control cards
as input to generate a complete object program separaté from itséif.

This object program can be run imﬁediately‘or itféan.be put ‘on aﬁxiliéry '
stordge for later use.' It doesn't use control cards to alter itself
and become a specific program as some generaliied routines do. It is

a true language translator. Input to it is a problem oriented language,
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output is a specific object program.

The control cards are of four main types:

(1)
(2)
(3)

(4)

File description: describe'the file orgénizétion and stor-
age location of the input file.

Record descri@tion: descfibe the 1écation and type of
fieldg.on each input record.

Calculation description: describe any calculations re-
quired with the fields.

Report description: describe the format of the printed

report.

There are actﬁally six card types RPG will handle. Their format

ig fixed (see figures I, II, III) and predetermined. They are prepared

on preprinted 80 column specification sheets, keypunched in the proper

sequénce and put into the computer. RPG translates these cards intd an

object program which retrieves the data desired and prints the required

report. The various types of cards are:

(1)

(2)

(3)

(4)

(5)

File description; used to describe the organization and lo--
cation of the fiie"td be searched.

File extension; used to describe any tablésvthat miéhf be
used to assist in acceésing thé records of the file.

Line counter: used tb arrange temporary storage of the
report for later printing, |

Imput: used to describe the location and type of fields by‘
name on each record of the file. |

Calculation: used to describe any logic and calculation



(6)
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desired on the input record fields.
Output: wused to describe the format of the resulting
report: heading, location of fields from the input file

and totals.

A complete description of the specification sheets is available

in the RPG manual. Included next are some of the outstanding features

of RPG.
(1)

(2)

(3)

(4)

(5)

Tt will retrieve data from fixed format records efficiently.
Each field in the record must be defined as to its relative
position and length, no variability is allowed here.

The input recordé may come from any data file on cards,
tape or disk., On disk the file may be organized in se-
quential, index sequential or direct._

A1l or just a few records may be retfie?ed using RPG, 'The
latter is accomplished by a table look-up of the KEYS of
the record to be retrieved.

Arithmetic and logical comparisons are possible on an easy
to program ievel. The sourée statements are simble enough
to be haﬁdled by ﬁoyice programmer although'thej do nét
compile into very efficient machine code,

Printed repofts are prbduced by the simple.programming of

headings, input records and totals.

RPG has been designed as a simple to program language which will

handle normal reporting requests from straight-forward simply organized

data files,

It is not oriented to complicated data processing at all.
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COMPARTISON TQO OTHER REPORT GENERATORS

How then does this generalized retrieval program stock up against
those written by other people? Very well. It is the best of all simi-

lar systems studied in its category (i.e. manufacturer written report

generators). It isn't as powerful as user written report generators.

However, the 1at§§r are written for specific applications and are there-
fore more powerful in some concepts which are important to their company.
RPG it must be femembered is an industry wide generalized program. It
must handle the largest number of report requests. These are relatively
simple requests and éO RPG has been written to handle these quite well.
It doesn‘t‘handle any complex files as these are peculiar to only a few
organizations. It must sacrifice some versatility for efficiency to
keep its compiling time minimum,

In comparison to other manufacturer.written report'generators;
RPG comes out on top. Firstly, it appears to be the simplest to under-
stand for novice programmers, Both manuals put out by Honeywell (for
their Series 200) and General Electric (for their compatibles /400) are
more difficult to read and to write programs from. Secondly, RPG
compiles in one pass, while the Honeywell Report Generator requires.two
passes through the computer to produce an object program. Thirdly, RPG
offers a wider and more refined set of extra features in its language
than the other two mentioned. On the whole RPG ééems>to be a more ad-
vanced programming system than similar systems studied from other manu-
facturers.

£

As mentioned before RPG doesn't compare too favourably with user
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written systems. An the reason: RPG is industry-wide while the user
programs are specifioally applied to their own applications.»

Soﬁe comments received by corporafions who have developed their'
own systems show séme of the short-comings of RPG. The Humble.Oil ana
Refining Company of Baton Rougé, Louisiana had this to 'say about their
own retrieval and reporting system: "ﬁuring the run; daté from the re;
cords are picked up and processed in accordance-with prewritten.épeci—
fications, control fields, sﬁmmarizaﬁion, output céntrol stage genera-
tion, ete., All of the collections and resultant output records needed
to prdduce all of thé desired reporfs are handled on one pass of the
input file. Then the sorted collection output records are fed to the
report phase of the system, where prewritten report specifications
control the generation of the desired reports. In our Sales Project
the monthly collection and reporting runs prodﬁce 25 to 30 diffefent
reporfs,vall in one pass. This differs from report generating systems
such as IBM's Report Program Generator, where ﬁhe collection and report-

ing specifications for each report are compiled into a rﬁnvthaf produces
only that report, not multiple ones."

Here they were interested in developing a generalized data re-
trieval and reporting program which could be used to produce reports
from their daily operation. RPG is more oriented to "one time" report
requirements.

XEROX corporation have developed a similar system where the re-
trieval phase is kept separate from the report phase. Imperial 0il

Calgary has developed an advanced retrieval system but it is oriented
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specifically to their own files (of oil well information). Their own
people in Toronto are unabie to use this_ system because their retrieval
problems'involve éccounting and not well data information.

RPG compares favourably to all the user systems studied. It is
of course a different generalized program, developed to do a different
Jjob than most user, systems. It serves fhe industries Jjust starting in
Data Processing who as yet have uncomplicated storage and retrieval pro-
blems. RPG isn}t highly refined nor really industry encompassing. It
has real application at its own level. The following section will illus-

trate what this level is and how well RPG meets it.

USER'S EXPERIENCE

Their overall impreésions are well summarized by Mr. B, N, Munro,
of Alberta Govermment Telephones who, in corréspondence with the author,
said: "We will continue to regard RPG as a valuable tool for the rapid
mechanization of relatively'uncomplicated low-volume applications.”" It
is at this level that RPG is most useful. The users who were questioned
all mentioned the following facts about RPG.

| (1) Easy to learn.
(2) EFasy to write.
(3) Simple to debug.
' (4) Rapid compilation.
(5) Little documentation required.
These comments show RPG to be ideal for noviée programmers who

are given simple programs to get experience on.
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The following comments suggest its limitations:

1)

(2)

3)

(4)

"OQur programmers invariably express a preference for
assembly language programming because there is no doubt
that a more direct machine language approach produces the
highest degree-of efficiency and utilization of the full
potential of the equipment." Maurice Head, Canadian Wheat
Board, Winnipeg.

"An easy RPG program is easy in any language. A difficult
RPG program is average in Basic Assembler. A diffiéulf
bagic aséembler program is probably impossible in RPG "

L. F. Gordon, Ohio State Life Assurance Co.

"Ag the complexity of the program increases the running

. time, core usage and difficulty of de-bugging increase 1o

the point where using RPG i1s no longer economically
feasible," A, T, Hirsch, J. L., Hudson Company, Detroit.

"RPG does not provide for modularity (breaking a program

~into sub programs) and it is difficult to patch object pro-

grams to any significant extent, n B; N, Munro, Alberta

Govermment Telephones.

Again the comments show RPG to be suitable for novice programmers

and simple jobs.

It is also Interesting to note that several companies who have

installed /360's have as yet not used RPG at all. The Prudential In-

surance Company of Americal has installed "several' /360's but have had

"no significant experience with RPG". This indicates that the RPG pro-
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gramming system isn't very powerful on larée scale operations. It is
more suited for simple jobs.

Ailvthe above comments suggest that RPG isn't the ahswer to data
retrieval and reporting in data processing today. In fact RPG seems 1o
be Jjust another fancy language with 1little application. Is this really
true? No. As ye? users experience is limited. The potential of the
RPG type program isn't recognized. Industry isn't ready to progress
from repetitive reporting to one time decision making reports. RPG is
really a stepping stone in the direction of a management predictive
reporting language. 'This elso is the concept of generalized data re-
trieval. Its utility isn't for large accounts receivable applications
but for simple data retrieval and report preparation programs of a one
time nature., It finds its use not where com?lex logic and arithmetic
are required but where simple the status of a record is queried. BRPG
gsolves simple requests for data to be presented in an orgénized fashion,
the interpretation of which is done by the person who reads the report.
The problem solved in the subsequent part of this thesis uses RPG for

the latter type of report requirements,
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CHAPTER I

THE TIME SEQUENCE FILE

REASON FOR THIS FTLE

There exists today in EDP a very restrictive phenomena; the
limitation of fngd and variable format file organigations. The fixed
‘format of the 80 column card posed a problem in the days of unit record
equipment. More recently fiie designers have encountered the problem
of fitting their source information into fixed and variable format tape
and disk records. Tﬁe location of information within these records
must be predetermined. This is a normal procedure. The program must
know where to find a field in a record and it must know how large it
ig. But their conditions are restricting. In many instances certain
fields may not exist for every record or may be of variable length when
they do occur. The file designer usually allots space in every record
for every possible field and this is a waste.. Or he uses control fields
to specify the existence and length of these fields. Again there is a
waste of space.

o The limitation on the type of file that the designer has to work
with becomes more significant as the real time computing develops. To-
day the computing industry with the aid of third generation computers
is‘attempting to reorganize their data processiné. They would like the
source information to bebread directly into the computer and stored as
it comes from the envirorment. Fixed and variable length formats do

not lend themselves to this type of computing. They demand that similar
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information entering the computer at different times be élassified
sepafately but remain exactly the same length and format. Today com;
puting probiem§>require more freedom. The time sequeﬁce file is an
attempt at providing this freedom.

: There'is a trend today towards generalization in order to make
life easier fof the programmer. AA rule of thumb says that he is equally
as expensive as the initial layout for the computer, So it is essential
" that his time is Weli spent. He has been assisted by compiler programs
like Cobol but he still struggles With the problem of file organization
that must be continuélly revised and updated. Why shouldn't a general-
ized approach be taken to this latter problem too? The time séquence
file is an attempt to generalizé. |

A time sequence file or unformatted file is one in which data
can be added quite conveniently. It does not require a predetermined
location.for the information. Several similar fields entering the~com—
puter at different times are simply packed onto the end of the record
in order of their appearance. The first information appears first, the
neﬁt in time comes next and so on until the record is full.

But enough for general introduction, now what does the time se-

quence file actually look like?

HOW IS IT ORGANIZED

The details of the time sequence file have been studied by Tiwari
in his paper on file organization (21). However, for the purpose of

this discussion a resume is provided. The application of this file to
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EDP will be explained next, followed at the end of this paper by
several examples of its use. | '

The following explanation will be more easily understood with
the aid of figure IV. The time sequence file as its name implies is
organized on.the basis of time. The records that make up the file are
created as information comes froﬁ the environment. They are deleted
when they are no Jlonger active in the enviromment. For example: when
a student enters thé university for the first time he is given a number
and a record is created in the stﬁdent file on disk. This record
féllows the one for %he student who waé one ahead of him in the regis-
'tration queuve. When the student leaves the university permanently his
record is removed from the file; It is no longer active. It is
stored on tépe'amd will probably be referred to énly a few times in the
rest of the student's life time.

Each record when it is created hés a fixed length and eVery rec-
ord will be the same, This length is optimum (it depends upon the
.application). It is decided upon by a statistical study of the amount
of.information that will be in the record over its active 1life time in
tﬁe’file. It should be long enocugh to accept data from 95% of all cases
(students). This means that 954 of the records will not be filled or
just filled with information and only 5% of the records will be over-
flowed. The.overflow principle will be explaineé later.

The record is made up of two portions:

(1) One main logical record (MIR).

(2) Many secondary logical records (SLR).
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The MiR has the following characteristics:

(1) The MIR is established when the record is created (when
the student registers for his first year).

(2) It occurs only once, at the beginning of the whole record.

(3) It contains a key field (student registration number) by
which the record is retrieved and other information that is
determined from the environment at this time (student name,
address, date of birfh). |

(4) The format of the MLR is fixed. Each record in the file

: has an identical MIR format.

(5) When the record is created a length of disc storage is re-
served and in the first portion of this length the MIR is
stored.

‘Now, during the life of the record‘(time_student is in university)
information about the student enters the computer and must be stored on
the record. Each separate message (étudent course nunmers, student
exam mark, professor comments) from the enviromment is stored in the
record as a separatevsub—record called an SIR., These sﬁb—records form
the most important part of the record. They contain all the accumulated
information about the record. These SLR'S have the following charac-

_ teristics:

(l) Tﬁey contain one or several fields related to the message
from the environment,

(2) They are formatted identically for each occurence of a simi-

lar message.
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(3) Each SIR has an idéntification code which classifies its
format and information content.

(4)' Similar SIR's (same identification code) are chained to-
gether within the record for ease of retrieval.

(5) The first SLR of a certain identification code that occurs
in thg_record is chained to a table in the MLR which also
assists in retrieval. The actual mechanism of chaining and
retrieval will bé better explained in the examples.

To ;eturn to the problem of overflow where 5% of the records are
not long enough to céntain information about the student. This con-
dition may occur when a studént has ankunusually long stay in the
university. An overflow occurs when information coming into a record
from the enviromment findg that the record is completely full. This
information then goes to an overflow area, which is a separate area of
disk storage from the main time sequence file. The main record and
overflow.are chained toéether for retrieval purposes. The two are
treated as one record.

To summarize on the time sequence file organization:

(1) A record is created and initial'information enters it in

the MLR portion.

(2) The SIR's fill up the rest of the record as messages which
create them enter the computer. |

(3) There is no fixed location within the record for these SIR's.
They may appear anywhere or not at all,

(4) They are easily entered in the record. The next message is
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J
butted up against its predecessor in time sequence.
(5) 1If too many messages occur the excess is put in an overflow

area, and the main record is chained to this overflow area,

WHAT IS ITS APPLICATION

The time sequeﬂce file is a type of file organizationvwhich will
have wider application as real time computing develops. The informa—‘
tion from a real time environment is first edited then stored on the
file. Storage of this information occurs in the first free space
within the record without regard for predetermined fixéd locations.

The étofage of all messages is identical. This means that programs for
putting data on the file are identical. .And they can be guite short,
In addition, information that is discovered after the file is set up
and programs written is added with very little additional programming,
Modification of existing programs is eliminated. Thus the technique
1énds ifself to the real time problem of changes that must be effected
immediately.

The advantage of this file over the fixed predetermined format
is therefore obvious. A new SLR may be creéted and entered into records
of the fiie without disturbing the complexity of programs that process
the file for other applications. The third generation of computers has
made available a new base for compufing (large réndom access storage).
It is up to the users tobqtilize this base to its fullest by developing
new concepts in software, (generalized programming). The time sequence

file is an attempt to make the best use of the computing base and ad-



29

vances in software available,

It has been mentioned that information can be put on the time
sequence file very simply. This is accomplished by a generalized file
maintenance program. However, retrieval from this file is another
problem altogether. The remainder of this thesis is devoted to a study

of data retrieval’from the time sequence file.
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CHAPTER II

RPG AND THE TIME SEQUENCE FILE

To review, the discussion thus far may be outlined as follows:

Generalized data retrieval as a programming base has been ex-
plained on the cdpceptual level. RPG as working example of generalized
data retrieval has been explained as it applied to fixed format files.
Finally a new idea in file design.has been presented. It now remains
to attempt to modify the generalized data retrieval program (RPG for
/360) to handle this'unique file organizetion. Two separate attempts
were made at this modification.

(1) Internal - change some coding of the RPG language trans-

- lator program.

(2) External - add an assembler S/R to the RPG object deck.

MODIFICATTON REQUIRED Tb RPG

The RPG program (1anguage translator) as has been explained
earlier is able to refrieve data from disk files according to the three
main organizations (sequential, index sequeﬁtial or direct) but only
from fixea format records. The location of fields within the record
must be specified on the input specifications. The RPG program gener-
ates object code which takes each field from the input record and stores
it in a SIOT. One slot is generated for each field appearing in the
“input specifications. Subsequently the progrem handles any request for

a field by referring to the necessary slot. For example when a field
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is named on the output specificatiohs for printing the RPG program gen-
erates object code that moves the field from its slot ﬁo‘the print
area. So the object code generated is specific. It knpws.uhere the
field on the input records is located.and the address of the slot.

In the time sequence file the location of the fields wifhin the
record cannot be'predefined on input specifications. SLR data fields
may occur anywhere in the whole record. They are not in fixed order.
It appeared therefore that a modification to RPG would be required
which would allow the fields in the input record to be located, and
pﬁt in the required élot when the program'is run. Two separate tech-
"niques were studied for 1océting the fields within the recofd:

(1) Search the whole record for the desired field {scan the

. record SIR by SLR) on an identification code match.

(2) Use a table look-up available in each record (MLR portion)
that located the position of the desired SLR within the
records.

These two were studied by Tiwari. (21) His investigation found
the table look-up épprbach more efficient. More will be explained in
the examples about the table look-up idea.

A éecond modification was required because of the repetitive
ImhweoftMahﬁmmMﬁm1h1ﬂmxmuxd. Information in this time se-
quence file is not updated, it is accumulated fo£ the whole life of the
record, For example repéated attempts at an examination are always re-
-corded, notvjust the final pass mark, Thus several SLR's of the same

type may be present in the record and retrieval would require accessi-
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bility to them all. That is, it may be necessary to prepare a report
of 211 the marks a student obtained in his attempts to pass a certain
course, This implies that looping capability is required in the re-
trieval of information from the time sequence file. The sﬁart of a
loop is required at the point where the retrieval of the first time
séquence SLR éf a certain type oécurs. When the SIR is located the
program puts its fields into slots. Then this information‘is printed.
Finally a branch muét occur back to the point in‘the program where the
firgt information was retrieved. 'This allows the same coding to look
for the second, and éubsequent SIR's of the same type. The proceaure
continues until all SLR's that satisfied the programmed requirements
are removed from the record. Then the next record in fhe file is re-
trieved and the procedure repeated. The RPG programrdoes not provide
the facility for looping back from output specification to input
specifications on the same record. Every time the program returns to
input specifications it is to retrieve another record. Thus it was
concluded that a second modification was required in the RPG compiler
prégram. It would allow for generation of code for branching from
- printing back to searching the input record for more information.

Twé modifications only were required to handle time sequence
files with RPG. Conceptually they were defined. But practically it
still remained a problem to locate the correct séot for tﬁeir inclusion.
If they were to be internal modifications where should the compiler
coding be altered and exactly how should it be altered? If they were

to be external modifications where should the assembler subroutine be
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added to the RPG object code, how should the two programs be linked
together and exactly what routine should be written? The answers to

these questions are given next.

INTERNAL, ATTEMPT AT SOLUTION

The first’attempt at solution was to alter the RPG language trans-
lator program. If this could be accomplished then the programmer working
with time sequence files Woﬁld have a relatively easy time. He would
simply specify the SLR identification code and fields he wanted retrieved
and RPG would take cére of generating the object code required. As a
generalized data retrieval solution the above procedure was very desir-
able; but was it feasible?

A listing of the RPG (Tape Operating System) program was obtained
and later the RPG logic manual. They had the following specifications:

RPG (T0S) source listing

(1) 690 pages

(2) 41000 1lines of programming

(3) 25 programs

RPG (BOS) logic manual

.(1) 350 pages of flow diagrams

(2) 408 pages altogether

It took 160 man hours of study to narrow éown the location of the
first modifiéation to oné_program. A spot for the second modification,
the branching routine, could not be determined. The language trans-

lator program was simply too complex to break down within the alloted
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time. Even with the additional help of the logic manual the eﬁact
spots could not be located. |
The concept in software with the /360 is to write programs in

sections then link them together for execution as one progrém. This
was the techhique used in developing RPG. Various sections were
written separafely then 1linked tbgether. The sections themselvés were
complex but logical linking was simply too difficult to follow without
asgistance from the briginal program designers. This latter alterna-
tive was rejected as uneconomica1 in time and money.

| Having reached a dead end on the.approach of compiler program
modification the second alternative was chosen. It fitted more easily
into the existing framework of RPG and proved successfﬁl as will be

seen from the examples.

EXTERNAL, ATTFMPT AT SOLUTION

The problem again, was to modify the RPG program to handlé the
time sequence file organization., The attempt at solution involved
adding an assembler language subroutine to the object program generated
by RPG and running them as one program. It was successful.

RPG has included in its logic the capability of linking to an
assembler subroutine and re-entering following executing of the sub-
routine, (Refer to the RPG manual under calculafion specifications.).
The linkage program step may be included after the input record is
retrieved but before any output printing occurs’(oﬁ the calculation

specification sheet). It is used normally during "calculations" to
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take care of a special type of.calcﬁlation (e.g. square root) that is
not available in the RPG calculation macros. The programmer specifies
the EXIT wdrd, and the variable names that he generates in the assembly
routine and wants upon returning to the RPG program. When a retrieval
job is to be run the CPU in executing the RPG object programs doces the
following:
(1) Starts by reading an input record
(2) Braﬁches to fhe subroutine.
(3) Executes the assembler written instructions, which perform
some logic and arithmetic on the RPG input record fields.
(4) Branches back to the RPG object program with the resulting
fields available for printing of the report.
(5) . Prints the report for that input record.
(6) vGoes back to #1. |
In #4 fields may be generated by the assembly routine and these
can be taken back to the RFG program if réquired.
| The solution to retrieval from the time sequence file using tﬁe
EXIT facility of RPG was as follows:

(1) The time sequence record was defined on the file description
specifications and to a limited extent on the input specifiF
cations., The RPG compiler generated code that read a whole
record into core from the disk. The %hole record (containing
yet undefined SIR's) was broken up into convenient length
slots. These slots were in contiguous storage so they could

be treated as one continuous record as it appeared in the
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(3)

(4)

(5)
(6)
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disk.

The EXIT statement was used to send the CPU to a subroutine
written in assembly language.

The assembly subroutine searched the whole record for the
required retrieval fields and these were theﬂ sent back to
the R?G program (the table look-up searching routine will
be explained in the examples).

The assembler rdutine returned to the RPG program at a

docation following the EXIT statement.

The RPG program took care of printing the retrieved fields.
The RPG program then branched back to the beginning where
a new record was read in from the disk and the procedure

from #2, explained above, repeated.

This was the solution atiempted and completed. Immediately sev-

eral conclusions may be drawn from the above.

(1)

(2)

A Generalized Data Retrieval program is already available
to /360 users to retrieve the whole time sequence file from

disk and print a report from it.

The fields to be printed from the time sequence record are

specified and retrieved by a specific assembler routine.
The input file and resulting report formats are described
as parameters in specification sheeté for RPG. But the
fields that ére to be retrieved by the program are des-
cribed in program instructions in the assembler subroutine.

They are not presented to the subroutine as parameters.
J¢ ! P
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One assembler routine and one RPG program must be written
for each retrieval application. The retrieval technique
will be identical in each case. For the same file the
changes from program‘to program will be:

(i) RPG output specifications

(ii) Aésembler subroutine'addressing of desired fields.

(3) The two modifications explained at the beginniﬁg of this
chapter were reduced to one assembler routine. All SIR's
of a similar type weré retrieved in this one subroutine.
This will become more obvidus in the examples,

The assembly subroutine addition to RPG proved successful in

retrieving data from the time séquence file. The following examples

will illustrate this statement.
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CHAPTER III

EXAMPLES

The following examples are iIntended to serve as illustration for

the principle Jjust explained. They illustrate the approach to applying

the time sequence file to RPG. There are four examples. Each one

answers a request for a different type of report. Although individually

they increase in complexity, collectively they demonstrate one technique.'

This common .approach is as follows: (see figure V).

(1)

(2)
(3)

(4)

(5)

(6)

(7)

The file'(the time sequence file) is described on file
descfiption specifications as a fixed format disk input
file. RPG takes care of all the IOCS required to access
this file.

On input specs the MLR fields of éﬁe_records are described.
On'calculatioﬁ‘specs an EXI& is used to branch to a user
subroutine.

In the subroutine the fields required to be retrieved are
gsearched for using a table look-up and chaining technique.
A branch occurs back to the RPG program,

The fields retrieved in fhe agsembly subroutine are printed
on a report described on output specifications.

The RPG program returns to the time éequence file and re-

trieves the next record in succession.

This is the overall technique. Now to explain the detailed

retrieval approach in the user subroutine (assembler routine) (see



figure IV).
(1)

(1)

(i1)
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Certain control fields are available within each record of
the file which assists in the searching.

Fach SIR has an identification cbde and each repetition of
the SLR has the same identification code.

Each"§LR has the record KEY code for validity checking

during retrieval.

(iii)A table is set up in the MLR portion when the record is

created containing x and y entries. The x entries compare

all SLR identification codes which may occur in the record.

The y entry is a relative address of the first occurance of

that SIR (defined by the corresponding identification code)

. within the record. This address is relative to position

(iv)

(v)

(2)

1 (3)

(4)

one at the beginning of the record.

Fach SIR has in addition to its identification code a rela-
tive address which indipates the location within the record
of the next similar SIR.-

Each record is defined according to its KEY which appears
at the beginhing of the NEB,porfion of the record.

Backing up for a moment, using the RPG program the records
are retrieved by KEY.

Once the record is in the memory a bfanoh occurs to the
éssembler subrpuiine.

The assembler subroutine is writiten as a specific program,

It does. the following:
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(i) Locates the relative address in the table corresponding to

the identifiéation code of the SLR to be retrieveq.

(ii) Uses this relative address and %he record's ébsolute-;dd—

ress to locate the SLR.

(iii)Puts the fields.to be retrieved from the SLR into slots.

(iv) Looks at the relative address (chaining address) within the

SLR. |
(v) 1If this address is not zero the next SIR address is formed
(adding the record's absolute address and the next SIR re-
lative éédress). The next SLR fields are put into slots
and the program returns to iv.
(vi) If the address is zero no more SLR's of the same type occur
- within the record and a branch occurs back to the RPG pro-
gram for printing the slcis for this record.

A(5) The printing is done, another record is retrieved and the

gearching begins agéin.

To review for a moment, why do repetitive SLR's of the same type
occur, and require comnection? An illustration will answer this ques-
tion, Sucéessive attempts by a student to pass a certain course are
~ each recorded in the student's time sequence file. Each attempt is
recorded in sub-records of the identical format (SLR with the same
ideﬁtificatibh code). However, they do not appeér in consecutive order
within the record. Between each attempt at this course there may be
records of other exams passed or failed, of fees paid or of student ac-

tivities. In order that the results of all attempis at this exam be
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retrieved quickly these SLR's are chained togetherf Thus repetitive
entries of the same SIR format exist and must be logically connected
for retrieval. This ig the basic concept of the time sequence file
organization. The retrievel of fhese SLR's 1is accomplishedvby using
RPG and an aésembler subroutine.

The above pas been an outline of the detaileé approach uéed 1o

combine the time sequence file and RPG. The following examples will

use this approach.
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EXAMPLE I

Fach example is made from four listings, 11, 12, L3 and L4 (see
appendixes I, II, ITT and IV). The first listings is that of a time
sequence file on disk. It is 1isted in 80 character lines. The second
listing is the RP? source program, and the third is the assembler sub-
routine. The final listing is the report produced from the time se-
guence file by the combination of RPG and assembler program.

Example I illustrates very simple report requirements. Here is
a statemenf of “the pfoblem: Using the disk file MEDRE, search every
record for field.A in SLR 02, Print‘out the first one in every record
that is less than 11654.23. Accumulate all these and print out the sum
at fhe end of the report.

The file MEDRE is located on disk. It is a fixed format, se-
quential_file of 400 charééter records. EachArecord is organized in
time sequence order. It appearé in.il appendix I in 80 position groups.
Tts five records have the format of figure VII and the required SLR
(identification code 02) has the format of figure VIII. Looking at the
first record (that of J. B, MITCHEL) the table indicates that SLR's 01,
7 03, and 04 do not appear but that of SIR 02 occurs in position 80. This
ig the first occurance of SLR 02. The SLR key and identification code
match to the MLR key and table code (02) respectively. However field A
" ig greater than 11654.23, so it isn't printed. The next SLR to be
tested appears in position 160 and the rext in 240. Finally in position

320 of the record is an SLR that meets the comparison requirements
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(347.65 is less than 11654.23). This field is therefore printed and

the program goes on to the next record. This SLR is also the last in
the record (chain field is zero) therefore the program has to pass onto
the next record. For convenience in this example each record has sim-
ilar SLR's. Looking now aﬁ‘L4 of appendix I the required report appears.
Fach record in the file is presented by name and address., The fieid A
meeting the comparison requirements is printed and summarized at the
bottom of the report. Only the A fields meeting the requirements are
listed although all A's are located in the record.

Liétings 12 and L3 represent the programminé required to obtain |
the report in L4‘from the disk file listed in IL1. 12 is the RPG pro-
gram. One input file.(the time sequence disk file MEDRE) and one out-
Vpui file (thg report) are defined. On input specs the MLR fields are
defined for the input file (i.e. KEY, X Y TAB (x y table), NAME, ADDR
(address). The rest of tﬁé record must be defined in sections not
greater than 256 characters. For simplicity the whole record is defined
again in sections of 200 characters; This provides slots for the whole
record in working storage. The slots are consecutive so that the re-
cord appears in configuous order in working storage.

On the calculation specifications a small logic program is de-
veloped (see L2 appendix I).— A branch occurs to the subroutine (EXIT
GTSLR1) which locates and puté into a slot the first A of a record. A
* branch occurs back to the RPG program. In fhe RPG program the field A
is compared to 11654.23. If it doesn't meet the programmed requirements

a branch occurs back to the assembler subroutine (COTO LOOP and the



bty

(EXIT‘GTSLRl) where another field A is searched for in the record.
Finally a field A meets the RPG comparisoﬁ requirements and it is
sumrerized in field SUM. Printing then is done of the KEY, NAME, ADDR,
aﬁd fielq A. The RPG program branches back to retrieve another record
from the disk and the proceéure repeats itself. When’all records are
retrieved the field SUM is printed (on last record).

Also on the calculation specifications each variable required in
the assembler routine appears under RLABL, REC field must appear in
order that the addresé of the whole record is sent to the assembler
subroutine. The’fieid retrieved from the assembler searching routine
is A (ULABL A). | Indicator 02 on indicates a field A has been located
in the assembler routinel and 06 on indicates that it meets the compari-
soﬁ requirements, so it can be édded into SUM. If indicator 07 is
tﬁrned on then the requirements are not met and‘another search must be
ﬁade in the assembler roufine.

On the output Specifications ﬁeadings are printed first. When a
record is retrieved from the file indicator Ol is turned on and the MLR
information is printed. If indicator 02 is on during the printing cycle
a field A has been located that meets comparison requirements and can be
printed. Finally after the Last Becérd has been read the SUM field is
printed. Note that indicator_OB is an error indicator. It is turned
on in the assémbler gubroutine if g validity'che;k occurs (an invalid
~ SIR KEY code). The program prints an error message and continues to
the next record.

The assembler routine is designed to be simple (see L3 appendix
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1). A1l input data is supplied to 1t by RPG and all output deta is
taken from it by RPG for printing., No IOCS is required. This sub-
routine siﬁply searches for the required SLR and moves its.fields into
SLOTS for the RPG program. Variables coming from the RPG program must
be'incluéed in an EXTRN statement (for linking the two programs together).
Since the-record’?s stored in working storage in contiguous sectidns
only the first section need appear in the EXTRN statement (i.e. REC in
this example). At the beginhing of the program the registers are stored
since their values must be present when control returns to the RPG
program. A specific'table entry (x=02) is inquired to see if a chaining
address (y) occurs for SLR 02. If the y value is zero no chaining
address occurs. The registers are restored to their original value and
a bfanoh occurs back to the RPG program. If y isn't zero an SLR of

type 02 occurs within the record. Ahlactual memory address is gener-—
ated for the SLR., It is then validity checked and field A is moved

into a siot. Indicator 02 is turned on and a branch occurs back to the
RPG program. If this field A doesn;t-meet the comparison requirements
the RPG program returns qontrol to the beginning of the assembler sub-
routine which now generates the address of fhe next SLR (if one exists)
from the chaining addréss that appeared in the first SLR, Validity
checking and moving of A into the slot occurs again. A branch occurs

to the RPG program and the process repeats itselfp' RPG addresses are
determined by address cohsﬁants and the dummy control section. An
ENTRY is required for addresses sent to RPC.

When a new record is read from the disk the assembler routine is
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reinitialized automaticélly wifh thé correct control data for searching.
Note that indicator 03 is turned on in the case of a validity error and
this fact is printed out on the report.

This retrieval logic repeats itself for all the Examples con-
sideréd with minor variations depending upon the report requirements.
However, in one fgspect Example 1 is a special case. In it the assem-
bler routiﬁe may be entered several times for each record retrieved
‘from disk. In the folldwing examples, and as a general rule, the
assembler routine is only entered once for each RPG cycle through input,
calculation and outpﬁt. A1l fields to be retrieved are located and
slotted during oﬁe EXIT to the subroutine. The subroutine isn't
entered again t111 the next record is to be searched.

The next three examples are of interest not so much for the

technique of retrieval as for the type of problem they are solving.



47

EXAMPLE II

The statement of this reporting requirement is as follows:
Using the disk file MEDRE locate and print every occurance‘of field A
in SLR 02 fof,every record. No more than 12 values will appear in any
record. Print the values of A, three to a line. No éccumulation is
required.

Looking at Li appendix II it can be seen that 10 SILR's of iden-
tification code 02 occur in each.fecord (similar records were used for
convenience). They occur in positions.64, 926, 128, 160, 192, 224, 254,
304, 336 and 368. This can be seen from the chaining address. The
récord format appears in Figure'VII and the SLR format’(identical to
éxample I) appears in Figure VIII. These SLR's are to be retrieved and
field A in each is to be prihted. Three A's appear on each line. The
resulting report appears in L4 AppendixVII.

- The programming requifed here 1s slightly different frqm Example
'1. All occurances of A are to be retrieved and printed, The RPG pro-
grém as before must retrieve é record from disk. It must EXIT to the
assembler subroutine which now locates and puts Into slots all occur-
ances of A, Control is fetufned to the RPG program which must format
these A field's three to a line. The number of occurances of A is
variable betﬁéen records. Therefore a maximum nﬁmber of slots is
allotted and_defined in both the éubroutine and RPG source programs.
The assembler subroutine searches the record for all A fields. It is

given control from the RPG program only once for every record read from
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disk. When the subroutine is completed all available A fields are
slotted and printing can occur. Control returns to the subroutine only
when the next record is read in from the disk.

In the assembler routine, the slots are initialized Al to A12.
The SIR's ofvfhe'record are retrieved as in Example 1. The number re-
trieved is mainta;ned in.register 3.’ When it reaches.mﬁltiples of
three another indicator is set on. This is done to assist in printing
three to a line on the report.

In this example the validity checking routine is sensed on the
invalid sub-record. .Record 00005 for Richard Stein has been created
incorrectly (see L1). The SIR at position 128 (A field is 3333377) has
a correct key, however the ID cbde is invalid (07 not 02). Therefore
on the final'report a validity error is recognizéd and printed as seeh
on L.

Example 2 illustrates the standard approach - one entranqe 1o
fhe subroutine to locate a variable number of fields. Examples 3 and 4

will present more complex retrieval requirements using this same approach.
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EXAMPLE III

It is conceivable that information to be stored in a time se-
quence file may be purely alphabétic. For example there méy be notes
a professor has made on interviewing a student for scholarshipvawards.
These notes can be of any 1éngth. Another professor interviewing the
same student might also want his notes to be saved, also in the same
student record. The SLR's that are created to store these notes coﬁ—
tain alphébetic description of vafiable length anywhere from a few
words to fifty or moie. The problem ié, how to retrieve these nétes
from a record on disk where they are stored.

Firstly, consideration ié made as to the width éf the resulting
printed repdrt. These notes are of variable length but when they aré
retrieved they'éannot be printed more thén 132 characters per line (the
normal IBM 1442 printer allows 132 print positions). So they should be
Broken up into fixed length sentences. For this example groups of 64
characters each were chosen (see Figure IX). Therefore, a descriptiie
paragraph stored in the time sequence record was divided into sentences
of 64 characters each (one SIR). When breaking them up in this manner
every one is connected to the previous one by a chaining address, so
that they can be retrieved together-as one paragraph. The first sen-
tence in the paragraph is chainedifrom the xy taﬁle (see figure XI).

When a second piece of descriptive information iIs put into the
file at a later date it is broken up as with the first. Each 64 gharac—

 ter sentence is chained to the next for retrieval purposes. However,
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the first sentence must be chained from the first senteﬁce of the prev-
ious paragréph in time sequence. This allows access to be made to ail
descriptive entries on a certain subject (e.g. scholarship interviews).
Only one SLR type 1s created. TIts aata field is 64 characfers long and
contains alphabetic information,

Putting thgse sehtences together for printing occurs by use of
the chaining address (B chain)ywhich links all SLR's of a certain iden-
tification related to the same paragraph.  If other sentences from later
paragraphs are to be retrieved théy are located by a second chain (A
chain) from the firs% sentence of the first paragraph to the first sen-
tence of the second paragraph. Sentences within the second paragraph
are located by chaining as before (B chain). |

-Consider the file listed on Il of appendix III. The records:ih
this file have fhe format of figure VII and the SIR's of interest have
the format of Figure IX., There are iwo éhaining addresses and a A
character length sentence of descriptive material within the SIR.

-Refer to Figure XI. The x-y table chains to the first SLR of the first
pafagraph. The A chain in this SLR locates the first SIR of a later
time sequence paragraph., And the A chain of the first SLR of the
second paragraph locates the first SLR of a third paragraph. Return
now to the first SLR of the first péragraph. Within this SIR is a
second chainiﬁg address, the B chain, Fach B ch;in locates the next
SIR within the paragraph that has been broken up into 64 character
sentences. The last SLR of the paragraph has zero value B chain. This

terminates the retrieval. Only the first SIR of a paragraph has an A
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chain with any value other than zero., If only one paragraph of infor-

mation has been put into the record at the time of retrieval the first

SIR A chain will also be gzero.

The first record of 11 appendix ITT will illustrate the above.

1

(1)

(i1) -

(2)

Two paragraphs are written in this record:

"If you have built castles in the air your work need not

‘be lost, that is where they should be. Now put the found-

ations under them.,"

"If a man does not kéep pacé with his companions perhaps
it is bécause he hears a different drummer."

The x~y table indicates that the 03 SLR occurs first at

position 80 of the record. The A chain in the first SIR

indicates that the next paragraph occurs at position 240.

(3)

(4)

Thus the two paragraphs are chained together.

Within the first paragraph.fhere are two sentences joined
by the B chain, indicated by OL60 in the SIR at position

80. Within the second paragraph there are also two sen-

.tences Jjointed by the B chain, indicated by 0320 in the B
chain of SIR at position 240,

EachAsentenée is treated as an 1ldentical SLR of identifi-

cation code 03.

The resulting retrieval report appears in L4 appendix III.

The retrieval technique (see I2 and L3 appendix ITI) is identi-

cal for that

of Examples 1 and 2, Indicators 13 and 14 are used by the

subroutine to tell the RPG program how many SLR's have been retrieved.
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A maximum of six 64 character sentences are allowed by this program.
When the B chain is zero the subroutine returns to use the A chain to
locate the next paragraph (ENDTXT); Here as in Example 2 a variable
number of fields can be printed. There is also included the possibility
df a validity error in the SLR.

Example 3 is similar‘to Example 1 in that it is a special type
of retrieval problem. Exdmple 4 1s similar to Example 2 because it is
a more common type of retrieval problem. The latter retrieval examples
will be engountered quite often in data retrieval from the time sequence

file.
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EXAMPLE IV

Requests for information from the time sequence file will vary
widely. One, however, will be more common than all the otﬁers. That
will be the féquest to 1list all information accumulated under a certain
SLR identificatiqn code. For example, one SLR type may be used to
maintain all financial information on the student. In it would be
stored the amounts of payments of fees, scholarships, loans, along with
category codes and particulars. The complete financial picture on the
student could be askéd for and obtained by listing the complete history
of one SIR in a studénts' record. This type of request is probably the
most common., It is certainly mbre common than that of Example 1 where
a particulaf field in a SILR had to meet a comparison condition to be‘
printed. Exampie 4 illustrates the retrieval of a whole SLR history in
the,recqrd.

With reference to Figure X and L1 of appendix IV, each SLR of
identification code 04 has five fields, one of which is alphabetic. In
the file there are five SLR's of identification code 04 for Barry
Hartry. Each must be retrieved and printed in a report with spacing and
decimal points included in the proper place. The final report produced
appears on L4 appendix IV. Note that on Il appéndix IV the fifth record
Sanne Jensen has six SIR's of type 04 whereas thé rest have five. Only
five slots were allotted in the program so that an error condition has
occurred for Sanmne Jensen report listing. The error was programmed as

seen from the error note on L4 appendix IV, It will be explained
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shortly.

The programming requirements for produciﬁg this report are
listed on 12 and L3 of appendix IV. It is similar to the previous ex-
amples. Up to five SLR's are allowed per record and these are triggered
for printing by use of indiéators 15, 16, 17, 18 and 19. The setting
of these indicators is done by using address constants and register 7.

The fields are located and moved into a MASK around the decimal
points. This procedure ensures proper spacing and decimal point aiign—
ment. Validity errors are programmer for as before. In addition the
possibility of an overflow error is programmed, This error occurs
when more SLR's of a certain type have been written Into the record
than are allowed by the retrieval program. That is (see 11 appendix IV)
Sanne Jensen has six SLR's of type 04 but the retrieval programs (1.2
ahd 13) allow only fdr five. So an cverflow condition is printed out
in the report (L4 appeﬁdig.IV). To obtain all possible SLR's the pro-
gram would have to be modified fo aliow for more slots. The overflow
condition is programmed in the assembler routine under OFERR.

This completes the detailed explanation of the examples. The
next chapter will try to point out some advantages and disadvantages of

the approach used.
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CHAPTER 1V

COMMENTS, SUGGESTIONS AND IMPRESSIONS -

In Appendix V there is a summary of the programming-requirements
for implemenﬁing the above approach to retrieving data from the tiﬁe
sequence file. This chapter will discuss some of the broader implica-
tions of this approach that need be considered when contemplating its

utility on a large scale.

MMENTS

Some additional comments on the time sequence file which haven't
been mentioned before are given.here.

'Genefation of the time sequence file is déne.by programs outside
the scope of this thesis. Data from a real time environment is edited
by a generalized edit and maintenance program and formaﬁted intq the
éorreot record for the time sequence file. It is the duty of this
editing program to establish correct formats, identification codes,
validity checks and chaining addresses. The design of the exact de-
tails of the above is variable and depends upon the application. The
broader aspects of.the apprcach to be used has been suggested by Tiwari
(21). It is_these broader aspects that have been tested in the EXAMPLES
of this thesis. The exact form of the file in tﬁese EXAMPLES need not
be followed nor need the programming be identical. They serve orly to

demonstrate that the RPG - Assembly sub-routine combination could actu-

' ally work with the time sequence'file. Variations in approach will no
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doubt occur as experience with the time sequence file grows. It is
hoped that these variations will upgrade the prestige of both RPG and
the time sequence file,

In the time sequence file there appears to be a large- amount of
space consumed by control fields. In a real application involving
fifty different types of SIR's an x-y table of considerable length is
implied. kThis is the old problem of the sacrifice of storage for addi-
tional retrieval speed. Control fields make processing much more éffi—
cient buit Qf‘course they require space. By using the System /360 disk
storage cohfiguratidﬁ the problem disappears. Using this computer the
x~-y table can be easily converted to straight binary digits and there-
fore kept at an economical size. In fact it is preferable to have them
in binary since the y values must be used as addresses and therefore
muét be converted to binary anyway. Also considering again the disk as
the auxiliary storage medium the space used by controlvfields isn'tg
critical unless a very large numfer of records are in the disk file.
This idea and many others are discussed in more detail by Tiwari (21).

The unsuccessful attempt at modifying the RPG 1ahguage translat-
or deserves comment.

It suggests two things:

(1) Generalized programs are very compiex computer systems.

They are difficult to write since tﬂey must include a very
wide range of possible conditions. Advanced programming
techniques are essential in devéloping them. It appears

futile to expect novice programmers to attempt any problem
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in generalized programming. Any corporation interested in
developing a generalized programming system must realize
the enormous size of such a project. It involves a great

deal of effort by senior programming staff and should not

be treated lightly.

The above realizatlion became apparent when the possibility
of creating -an original generalized data retrieval program

was still being studied for this thesis.

In any generalized data retrieval program developed inde-
pendently most of the capability of RPG would have to be

included (file and record description, calculation, and

output report formatting). So a program of the magnitude

of RPG was in order. It was not feasible to complete such

a program -in the time allotted.

The most important problem, however, in the development of
an original generalized retrieval program is the input/out-
put programming. The system /360 is controlled by a super-
visor program which handles all input/output. A parameter

fed program as the one suggested above would have to gen-

erate machine coding which would link automatically to the

I0CS portion of the supervisor system. A complete under-

standing of the /360 Operating System supervisor and its

I0CS phase is required to handle it. Only very experienced

/360 programmers could attempt to handle this problem.
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SUGGESTIONS

- Speaking of the programming involved in this thesis generally, a
philosophy should be recognized in order to use the two programming
systems efficiently.

The‘RPG program is béing used to establish all the I0CS required
while the assembler subroutine performs the searching logic. Each pro-
gram is efficient in handling its own function. So overlap of functions
should be kept to a minimum, That is, the assembler routine should not
include any input/output if possible because this is very time consuming
in programming. At éhe same time and for the same reason the RFG program
should ndt attempt to unscramble SIR formats. The most complex func-
tions to be performed are that of input/output so let RPG handle them
automatically. The searching logic is simple and concise so let a
sxﬁéll asgembler routine handle this, - Keep the assembier subroutine
small since for ndvice proérammers, it is the more difficult to code.
Use RPG'for calculation (as in EXNMPLE 1) since novice programmers can
more easily understand its language. Also work towards identical coding
requirements in every assembler routine. Eventually a generalization

of this subroutine may be feasible. (See APPENDIX VI).

IMPRESSTONS
In Winnipeg, Professor B, A. Hodson is working on plans for a
computer system at the University of Manitoba's 250 bed hospital using

a different programming technicgue, This couid be the first operational

hospital information system in Canada (20).
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Impressions presented here are in view of the fact that the
first major application of the time sequence file and generalized pro-
grams may be the above hospital system.

First of all the technique suggested in this thesis-is practical,
Combining RPG (a generalized data retrieval program with a short concise
assembler subrout;ne) solves the retrieval problem of the time sequence
file. The basic idea of using a generalized routine to solve all re-
trieval requests has been adhered to. It appears (as seen in the
EXAMPLES) that this approach is féasible on a small to medium scale,

On a large scale the'approach must be séen.in another 1light. The follow-
ing points explain the technique's limitations:

(1) For a record of cohsiderable length (one éf 2000 charac-

| ters or greater) the programming becomes bulky. ZEach 256
_chéracter sectioh of the record must be redefined. For a
file of records one per tréck (2000-3000 characters each)
this amounts to over 10 definitions in order to establish
continuous working storage for ﬁhe records.

(2)  There may be large variability (in a large application) in

| the number of SLR's of a certain type in each record within
the file. For this reason it is difficult to estimate
what the maximum number of allocated slots should be when
a program is written. Establishing:many more slots than
~will be required to handle most requests, is essential for
handling special requests. This wastes storage although

it does not signifiéantly increase the complexity of the
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programming.

(3) The idea expressed in number (2) is the result of the one

| time nature of the subroutine. It is enfered only once
for each record retrieved. Therefore it must search for
all fields that meet the logic requirements and slot them;
It wPuld be much better if a field could be 1ocated; then
printed, then another located and printed. However RPG
doesn't allow fhis flexibility. So the problem of est-
-ablishing the maximum number of slots before the program

is run éppears every time such a program is written. As
a result the program will generally occupy much more stor-
age than will actually be in use. This is a very definite
limitation,

(4) - Inm a real time environmént the retrieval programs will be
prewritten and stored on auxiliary storage until required.
If a large number of SIR types exist, many programs will
have to be stored and this will require a large amount of
auxiliary storage.

(5). There is a disadvantage in having to program in basic
assembler. The suggested trend in this thesis is towards
generalization (for ease of programming) and away from
machine oriented techniques. It isaa backward step to
have to inciude assembly routines with generalized routines.
However in the long view the picture isn't so bleak. The

inclusion of an assembly routine into RPG at least makes
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the handling of the time sequence file possible., As ex-
perience grows this assembly routine will quite likely be
generalized, firstly in a specific application and then as
an industry wide programming system (see appendix VI).

In this chapter commént has been passed on the time seqﬁence file
and internal work?ngs of RPG, ©Suggestions have been made on a general
philosophy for using the technique. Impressions have been given on the
actual application of the technique to large scale use. It remains

only to express some conclusions,
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CHAPTER V

CONCLUSIONS

This thesis has been a study of the computing concebt.of gener-
alized progrémming and was divided into two parts.

Firstly it'was a descriptive study of the concept of generalized
data retrieval, As a particuiar example the System /360 Report Program
Generator was presented. If was concluded that generalized data re-
trieval is applicable mainly to the one time management reporting re-
quests. The concept.is not very well sﬁited for daily production re-
ports since difficult report requirements cannot be programmed with the
degree of refinement in generalized routines today. However the sugges-
tion made was that as managenment's knowledge of computer capabilities
develops they would request more one time reports in preference to the
regular reports. Thus generalized data fetrieval and RPG are pro-
gramming systems for the near future.
| Secondly, this thesis was a detailed study of a possible appli-
cation for generalized data retrieval. A new idea in disk file organi-
zation, thé time sequence file, has been suggested by B, A, Hodson and
studied by Tiwari (21). An attempt was made in this thesis to use RPG
as a programming base for retrieval of data from this file., To a
limited extent RPG with modifications proved capéble of retrieving data
from this time sequence file. It appeared that on a small to medium
scale application, in.whiéh the file remained fairly simple, RPG qould

retrieve data from it efficiently and effectively, with a minimum of
: ¥y P
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programming effort. The complete technique in detail for handling re-

trieval problems from the time sequence file by RPG has been explained

in this thesis. It remains for furthervstudy to determine the applica-
tion of these two concepts on a large scale (see appendix VI),.

With close supervision over the three phases of file organization,
file maintenance ﬁnd data retrieval the time sequence file could prove
vefy effective in certain applications. These would be of the variety
in Which‘data was constantly accumulated in the file and displayed for
periodic inquiry. The data retrieval phase could also be solved on a
large scale by RPG if close supervision is maintained. Similarities in
retrieval requests must be recognized 1o keep the number of stored pro-
grams to a minimum, Novice programmers should not be given the retrieval
job simply because RPG is oriented towards them, They would introduce
uﬁecessary overlapping anq complications,

In summary, RPG as a generalized data retrieval system is
capable of the rétrieval job in-certain applications. It has its
1imitations but éan be very effective where these limitatlions are

realized.
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This appendix contains the following three program listings:

A program developed to create the time sequence disk files required

to tesf the retrieval programs in the four examples. This program

was written.in.RPG. It reads cards and formats them into records
of 400 characters each and puts these on the disk (with standard
labels) and an entry in the data set catalog. The prégram itself
was cafaloguéd on the.disk and called whenever a test data set was
required to be created for subsequent access by a retrieval program.

A 1isting of the example I computer decks divided into four parts:

i test data which is formatted into disk records - I1.

ii  the RPG program written to refrieve this data - 1L2.

iii the assembler subroutine used té assist the retrieval of this

- data —.LB.

iv  the resulting report produoéd by the retrieval program-L4. In
subsequent appendices the listings shown for example IT, III
and IV follow the same form as above.

A listing of the control card sequence for creating the data filé,

compiling RPG and assem%ler S/R, 1ink edit and execution, is also

presented In this appendix.
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%% L 1 %% GDR FILE CREATE RPG PROGRAM
00000H | _ . . o ,  CREATE
01010FCARDIN IPEAF 80 80 READ4O SYSIPT  CREATE
01020FMEDRE O F 400 400 DISK1l SYSOO07S CREATS
O01030FRECOUT O F 132 132 OF PRINTERSYSLST CREATE
02010ICARDIN AA 01 80 DI o | CREATE
020301 1 80 REC1 CREATE
020401 B8 02 80 D2 | , CREATE
020501 1 80 REC2 CREATE
020601 CC__03 80 D3 CREATE
020701 - , 1 80 REC3 CREATE
020801 DD 04 80 D4 o S CREATE
020901 1 80 REC4 CREATE

- 021001 EE 05 80 D5 - o  CREATY
021101 1 80 RECS CREATI
03010QMEDRE D 05 CREATY
030200 REC1 80 CREAT!
030300 REC2 160 CREATI
030400 REC3 240 CREATE
030500 REC4 320  CREATE
030600 : REC5 400 CREATE
030700RECOUT M 301 OF CREATI
030800 OR 1P ’ ' CREATH
030900 | 70 QTIME SEQUENCE DISK FILEa CREATS
031000 D 2 01 ~ CREAT!
031100 | REC1 105 CREATI
031200 D 2 02 CREATI
031300 ' REC2 105 CREAT!
031400 D 2 03 | CREAT!
031500 REC3 105 CREAT!
031600 D 2 04 CREATI
031700 | REC4 105 CREATI
031800 D 2 05 CREATI
031900 ' REC5 105 CREAT!
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00001M01 02008003 04 J B MITCHEL .39 RIVER ROAD 1
00001020160 4795246 2
00001020240 6543210 3
00001020320 2000101 4
0000102 0034765 , , , 5
60002401 020068003 04 R TOMPSON 656 NORTH DRIVE 1
00002020160 4795246 2
00002020240 6543210 3
00002020320 2000101 4

. 0000202 0039287 : 5
00003M01 02008003 - 04 L SMALLMOUTH 17 ELDER AVENUE 1
000030620160 4795246 : 2
00003020240 6543210 3
00003020320 2000101 4
0000362 0046583 5

. 00004M01 02008003 04 ZEKE HANDLE 99 BUXTON ROAD 1
- 00004020160 4195246 2
00004C20240 6543210 3
00004020320 2000101 4

- 0000402 0092162 : 5
00005M01 02008003 04 ARNOLD GLERK 69 RUE MARIE 1
00005020160 4795246 2
00005020240 6543210 3
00005020320 2000101 4
0000502 0069387 .5
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GDR  EXAMPLE 1 RPG PROGRAM =
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00000H . . e EX1
C1010FMEDRE IPEAF 400 400 - DISK1l SYSO0O07S EX1
01020FAREPORT O F 132 132 OF PRINTERSYSLST Exl
02010IMEDRE AA 01 6 CM EX1
.020201 1 5 KEY EX1
020301 7 30 XYTAS8 CEX1
020401 ‘31 48 NAME EX1
020501 49 64 ADDR EX1
020601 1 200 REC EX)
020701 201 400 REC2 EXi
03010C LOOP TAG ' o _EX1
03020C SETOF 0302 EX1
- 03030C EXIT GTSLR1 N _EX1
03040C RLABL - REC Ex1
03070C RLABL INO2 EX1
03080C RLABL INO3 EX1
- 03090C , ~ULABL A o2 .. EXL
03100C 02 A COMP 11654.23 070607 EX1
03110C 02 07 GOTO LOOP S EX1
03120C 02 06 SUM ADD A SUM 102 £X1
0401 00AREPORT H 201 OF EX1
040200 OR 1P _ EX1
040300 - 50 @GDR TEST PROGRAM NO. 1 3 EX1
040400 75 ASEARCH FOR ONE A PER @ EX1
- 040500 _ 95 JLOGICAL RECORD? EX1
040600 H 1 OF . EX1
040700 OR 1p EX1
040800 10 3aKEYa EX1
- 040900 40 INAMEQ ' EX1
041000 70 2ADDRESS? EX})
041100 D 100 QFIELD A2 EX1
041200 0 1 ol : EX1
041300 ' KEY 10 EX1
041400 NAME 50 EX3
041500 _ ~ ADDR 15 , - EX1
041600 02 A 100 2 0. @ EX1
041650 D 1 0l 03 , EX1
041660 30 BVALIDITY ERROR? EX1
041700 T2 LR : EX?
041800 30 aSUMMARY OF FIELD A3 EXT
041900 SUM 50 3 0. 3 EX1
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" GDR EXAMPLE 1 ASSEMBLER  SUBROUTINE

k% L 3 %%
RPGSUBL START O o o , L
ENTRY GTSLRIsA SYMBOLS DEFINED HERE ARE USED IN RPG
EXTRN REC,IN02,INO3 SYMBOLS DEFINED IN RPG ARE USED HERE
GTSLR1  BALR 15,0
USING %,15
B BEGIN
SAVREG DS 16F
ZERO DC ca @
A DC PL4203
PACKED DS D .
BEGIN STM  0,15,SAVREG STORE REGISTERS
Y 2944 #AZINO2, INO3,RECH
USING RECORD,4 , , o ; ,
CLC  XYTAB+8%4m,ZERO IS SLR 02 PRESENT OR NOT
BE RETURN ~ NO SLR 02 TO ACCESS
MOVE LR 5+4 : , REG 5 NOW HAS ADDRESS OF REC
- PACK PACKED,XYTAB+8%4n '
CVB  6,PACKED ' ; :
AR 5+6 ~ REG 5 NOW HAS SLR 02 ADDRESS
CLC  0%5,50,KEY CHECK SLR KEY CODE
BNE  ERR ,
CLC  5%2,50,#C2023 CHECK SLR ID CODE
BNE  ERR . i
PACK A,19%7,5n .
MVC  XYTAB+8%4m,7%50  UPDATE XYTAB WITH NEXT SLR
MVI  0%20,XaF0a ADDRESS
B RETURN
ERR MVI  0%3n0,XaF0ad
RETURN LM 0,15, SAVREG ~ RETURN REGISTER VALUES
B8R 14 BRANCH TO RPG
RECORD  DSECT _ ~ DUMMY CONTROL SECTION FOR RPG
KEY DS cLS , . VARIABLE NAMES
DS CcL1 THAT WILL BE
XYTAB DS cL24 USED IN THIS S/R

END
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GDR TEST PRCGRAM NO. 1  SEARCH FOR ONE A PE LOGICAL RECORD
KEY NAME ADDRESS FIELD A
0UU01 J B MITCHEL 39 RIVER ROAD 347.65
05062 R TOMPSON 656 NCRTH DRIV 392.87
06005 [ S#ALLMOUTH 17 ELDER AVENU 465.83
CCU04 ZEKE HANDLE 39 BUXTON ROA 921.62
00005 ARNOLD GLERK 693.87

SUMMARY GF FIELD A 2821.84

69 RUE MARIE
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GDR  EXAMPLE 2 TEST.  DATA

73

6439518

00001MO1 02006403 04 CHARLTE ABBOTT 737 UNDER ROAD 00001020096 1
5712634 00001020128 24763 0000102C160 3333377 2
100001020192 6732810 00001020224 1111199 00001020254 3
4932876 00001020304 6739521 00001020336 4
6439518 00001020368 9996664 0000102 2674535 5
00002M01 02006403 04 JEAN VAL JEAN LOWER PARIS ROAD0O0002020096 1
5712634 00002020128 65289 00002020160 3333377 2
00002020192 6732810 00002020224 1111199 00002020254 3
, 4932876 00002020304 6739521 00002020336 4
6439518 00002020368 9996664 0000202 2674535 5
00003M01 02006403 04 HENRY BEDFORD AVENUE OF ELMS 00003020096 1
5712634 00003020128 91263 00003020160 3333377 2

- 00003020192 6732810 00003020224 1111199 00003020254 3
4932876 00003020304 6739521 00003020336 4
6439518 00003020368 9996664 0000302 2674535 5
00004MO01 02006403 04 SIMON P FRASER 63 CANOE BLVD 00004020096 1
) 5712634 00004020128 44421 00004020160 3333377 2
00004020192 6732810 00004020224 1111199 00004020254 3
4932876 00004020304 6739521 - 00004020336 4
6439518 00004020368 9996664 0000402 2674535 5
00005M0 1 02006403 04 . RICHARD STEIN NEW ORLEANS 00005020096 1
5712634 00005020128 20874 0000507C160 3333377 2
00005020192 6732810 00005020224 1111199 00005020254 3
4932876 00005020304 6739521 00005020336 4
00005020368 9996664 0000502 2674535 5
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#% L 2 %%  GDR EXAMPLE 2 RPG  PROGRAM

- 00000H , ' : R o ... EXx2
01010FMEDRE IPEAF 400 400 ' DISK11 SYSO007S . EX2
01020FAAREPORTO  F 132 132 OF PRINTERSYSLST ' EX2
02010 IMEDRE AA OL 6 CM EX2
020201 . ] .1 5Kty B . EX2
020301 7 30 XYTAB EX2
020401 : ' o 31 48 NAME o _ EXx2
020501 49 64 ADDR EX2
020601 1 200 REC Ex2
020701 201 400 REC2 EX2
03010C o SETOF ... .0213 ... . EX2
03020C : SETOF : 141516 EX2
03030C : L EXIT GTSLR2 . EX2
03040C RLABL - REC _ : EX2
03070C i RLABL INC2 VALIDITY CHECKEX2
03080C , RLABL : INL13 EX2
~ 03090C . _RLABL INY& ... EX2
03100¢ ' RLABL INLS EX2
- 03110C . RLABL  IN6 oo EX2
03120C : ULABL . AL 12 EX2
03130C . ULASBL A2 72 EX2
03140C ULABL A3 12 _ EX2
- 03150C .. ... uLABL . A& T2 ... EX2
03160C ULABL AS 72 EX2
03170C ... lutaBL A6 T2 . EX2
03180C ULABL A7 72 EX2
03190C ULABL A8 72 EX2
03200C ULABL A9 72 EX2
Q4010C . uULABL. - oAMlO 72 oo EX2
04020C : ULABL All T2 EX2

- 04030C , . uLABL S M2 T2 EXZ
0501 00AAREPORTH 201  OF EX2
050200 orR 1p : EX2
050300 . 50 aGDR TEST PROGRAM NO. 2 @ EX2
050400 75 BSEARCH FOR ALL AIN 2 EX2
050500 " 89 RLOGICAL RECDRDA EX2

- 050600 H 1 OF e EXZ
050700 OR 1P : EX2
050800 _ 10 2KEYQ EX2
050900 ' R 40 INAMEQD EX2
051000 § 70 2ADDRESS3 EX2
051100 117 2 A VALUES ) EX2
051300 D11 o1 - o EX2
051400 KEY 10 EX2
051500 NAME 50 . EX2
051600 ADDR 75 : EX2

- 051700 D 1 13 , o EX2
051800 AL 103 2 0. @ ' EX2
051900 A2 114 3 0. . , EX2
052000 _ A3 125 3 0. 3 EX2
060100 D 1 14 _ EXZ
060200 . A4 103 3 0. @ EX2
060300 , AS 114 & 0e @ - EX2
060400 : : A6 125 @ 0. 2 EX2
060500 D 1 15 - ' : EXZ
060600 ‘ . - AT - 103 2 0. 3 : EX2
a 0, @ EX2

060700 , A8 114



' GDR EXAMPLE 2 RPG _ PROGRAM

75

¥ L 2 %
060800 : . : A9 125a 0. @ ... EX2
060900 D 1 16 EX2
061000 AlQ 103 @ 0. a EX2
061100 All 114 a 0. 4 EX2
061200 Al2 125 2 0. 2a EX2
061300 D 1 02 EX2
061400 30 QVALIDITY ERROR3 EX2
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#& L 3 #% - GDR EXAMPLE 2 ASSEMBLER _SUBROUTINE
RPGSUB2 START O
ENTRY GTSLRZ Al A2 A3 4 Ak AS, A6,A7 A8,A9,A10,A11,A12
EXTRN REC,INO2,INL3
GTSLR2  BALR 15,0
USING *,15
8 BEGIN
'SAVREG DS 16F
Z2ERQ DC ca )
Al DC PL4203 CONSTANT AREA FILLED IN S/R
A2 oc PL4303
A3 DC PL4303
A4 DC = PL420a
AS DC PL420D
A6 DC PL420R
A7 DC PL4A0E -
A8 DC PL420a
A9 DC PL4203
AlO oC’ PL4202
All DC PL4303
Al12 DC PL4203
PACKED DS D
BEGIN STM  0s154+SAVREG
L 4, #AZRECD )
USING RECORD,4
L 2, #AZINO2D
L T+#AZIN130
MVI  0%82,Xa003a ZERO OUT CONSTANT AREA
MVC | 1%47,80,0%8n B . o o
L 3, #Fa0a COUNT NUMBER OF CONSTANTS
_CaMp . CLC  XYTAB#8%Z4um,7ERC ~  FILLED
BE RETURN .
LR Sy4 _ REG5 HAS REC ADDRESS NOW
PACK PACKED,XYTAB+83%40
CvB  6.PACKED e R o
AR 5,6 "REG5 HAS SLR ADDRESS NOW
CLC  0%5,5U,KEY
BNE  VERR
CLC 5%2,50,#C3023
BNE  VERR
c 3,4Fa033
BNE  MOVE
A 7,#Fa01a EVERY 3 CONSTANTS FILLED SETS 1 INDICATOR
L 3, #Fa0a ‘ .
MOVE A 3, EFa018
MVI  0%7o,XaF0a3
PACK 0%4,80,19%37,50
MVC  XYTAB+834m,7%50 :
A 8, £F20423 UPDATE ADDRESS OF LAST UNFILLED
B COnP CONSTANT
VERR MV I 022u,XaF0a SET ERROR INDICATOR
RETURN LM 0,15, SAVREG
BR 14 ‘ _
RECORD  DSECT . DUMMY CONTROL SECTION FOR RPG
KEY DS CLs : o VARTABLE NAMES
DS cL1 ' ' : THAT WILL BE
_XYTAB DS CL24 _ USED_IN _THIS S/R
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END




)

;;;;?;%‘

e
£
™

Tk Nl Lk ¥ S

VALIDITY

ERROR
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GDR. TEST PROGRAM N3. 2 SCARCH FOR ALL A IN LOGICAL RECORD
KEY NAME ADDRESS A VALUES
L 00001 CHARLIE ABBOTT 737 UMDER ROAD
0 57126.34 247.63  33333.77
67328.10 11111.99  49328.76
£7395.21  64395.18  99966.64
26745435 .00 .00
000U2 JEAN VAL JEAN LOWER PARIS RCAD '
' 57126434 652.89  33333.77
67328.10 11111.99  49328.76
67395.21  64395.18  99966.64
26745435 .00 .00
00003 HENRY BEDFORD AVENUE OF ELMS
' 57126.34 912.63  33333.77
67328.10  11111.99  49328.76
67395.21  64395.18  99966.64
| 26745.35 .00 .00
00U U4 SINON P FRASER 63 CANDE  BLVD
57126434 444,21 33333.77
67328.10 11111.99  49328.76
67395.21  64395.18  99966.64
26745.35 .00 .00
G0005 RICHARD STEIN NEW ORLEANS ‘ '
57126.34 .00
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CEE L] %% GDR _EXAMPLE 3 TEST DATA

00001MO1 02 03008004  HENRY THOREAU CONCORD MASS. 1
000010302401F YOU HAVE BUILT CASTLES IN THE AIR,YOUR WORK NEED NOT BE LOST,01602
0000103 THAT IS WHERE THEY SHOULD BE. NOW PUT THE FCUNDATIONS UNDER THEM 3
0000103 IF A MAN DOES NOT KEEP PACE WITH HIS COMPANIONS, PERHAPS IT IS 03204
0000103  BECAUSE HE HEARS A DIFFERENT DRUMMER. . .5
00002M01 02 03008004  ROBERT FROST NEW ENGLAND 1
00002030240THE WAY A CROW  SHOOK DOWN ON ME o - 01602
0000263  THE DUST OF SNOW  FROM A HEMLOCK TREE 3
0000203 HAS GIVEN MY HEART A_CHANGE OF MOOD 03204
70000203 AND SAVED SOME PART  OF A DAY I HAD RUED 5
. 00003M01 02 03008004  BERTRAND RUSSEL  LONDON ENGLAND o
0000303 I THINK THAT THERE IS FAR TOO MUCH WORK DONE IN THE WORLD, 01602
0000303  THAT IMMENSE HARM IS CAUSED BY THE BELIEF THAT WORK IS VIRTUOUS,02403
0000303 AND THAT WHAT NEEDS TO BE PREACHED IN MODERN INDUSTRIAL SOCIETY03204
0000303 IS QUITE DIFFERENT FROM WHAT ALWAYS HAS BEEN PREACHED. 5
~_700004M0L 02 03008004  GEORGE ORWELL ANIMAL FARM 1
0000403  THE CREATURES OUTSIDE LOOKED FROM PIG TO MAN,AND FROM MAN TO PIGO1602
0000403  AND FROM PIG TG MAN AGAIN, BUT ALREADY IT WAS IMPOSSIBLE 02403
10000403  TO SAY WHICH WAS WHICH. . . ... .. .. 54
00005M01 02~ 03008004 . LUDWIG BEETHOVEN BONN GERMANY 1

00005030320HE 1S NOT AN ARTISAN BUT AN ARTIST, A CHAMPION OF HUMAN FREEDOM,01602
00060503 A BROODING, OVERBEARING PERSONALITY, WHOSE PRIVATE LEGEND IT IS 02403
0000503 TEMPERING TO FORCE INTC A PARALLEL WITH HIS ARTISTIC ONEa 4
0000503 A POPULAR HISTQRY OF MUSIC BY CARTER HARMAN -
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%k L2 Kk - GDR  EXAMPLE 3 RPG  PROGRAM
0000GH: : e , ... . EX3
O1010FMEDRE IPEAF 400 400 o DISKI11 SYS0O07S EX3
01020FALPHARPTO F 132 132 oF PRINTERSYSLST ' £Xx3
02010IMEDRE AA 01 6 CM , . EX3
020201 _ . .1 5 KEY ... EX3
020301 7 30 XYTAB EX3
020401 . 31 48 NAME , EX3
020501 ' 49 64 ADDR EX3
020601 1 200 REC EX3
020701 201 400 REC2 EX3
03010C .. SETOF , . o2131i4 . . EX3
03020C EXIT GTSLR3 EX3
03030C ... RLABL - REC ... ... FEX3
03060C RLABL INO2 , ’ EX3
03070C ’ RLABL IN13 ~ » EX3
03080C _ RLABL INLl4 Ex3
03090CC . ...outaBL  ALPHAY 64 ... EX3
03100C ULABL ALPHA2 64 _ . EX3
- 03110C . uLaBL . ALPHA3 64 ... ... EX3
03120C : ULABL ALPHA4 64 EX3
03130C . utast __ALPHAS 64 Ex3
. 03140C ULASBL ALPHA® 64 EX3
04010CALPHARPTH 201 GOF i EX3
040200 OR 1P EX3
040300 o . 50 3GDR TEST PROGRAM NO. 3 @  EX3
040400 75 aSEARCH FOR ALPHA TEXT2 EX3
040500 _ 94 3 IN LOGICAL RECORD® EX3
040600 H 1 OF , EX3
040700 _OR N . EX3
040800 7 2KEY3 EX3
. 040900 ... .20 aNAMEQD e EX3
041000 V ‘ © 45 JADDRESS? , - EX3
041100 ' 90 ATEXTa ‘ EX3
041200 D 11 01 EX3
041300 , o KEY T i EX3
041400 : NAME 30 EX3
041500 ' , , ~_ ADDR 80 . ... ... FEX3
041600 : D 1 13 EX3
041700 ALPHAL 120 _ EX3
041800 D 1 13 ' , , EX3
04190C - ALPHA2 120 . ... .. EX3
050100 0D 1 13 - _ ' EX3
050200 : ~ ALPHA3 120 - - - EX3
050300 D 1 14 ; . EX3
050400 - ALPHA4 120 = = = : EX3
050500 D 1 14 : : ' - » ' , EX3
050600 ALPHAS 120 L - ; EX3
050700 D 1 14 . o - ‘ . B EX3
050800 : ~ ALPHA6 120 ; - EX3
050900 D 1 02 ' £X3

051000 . 30 QVALIDITY ERRORD EX3
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x¥x L3 k% GDR EXAMPLE 3 ASSEMBLER  SUBROUTINE
RPGSUB3 START O o . : o i} :
ENTRY GTSLR3,ALPHAl,ALPHAZ,ALPHA3 ALPHA4,ALPHAS,ALPHAS
EXTRN REC,INO2,IN13
GTSLR3 BALR 15,0
USING #%,15
. 8 BEGIN
SAVREG DS 16F
ZERQO DC Ca a
AL PHAL 3] CL64D @ ALPHABETIC STORE AREA FOR SLR
ALPHAZ 0C CL643 a RETURN TO RPG
ALPHA3 DC CL64a a :
ALPHA4 De ClLé64a o
~ALPHAS DC CL64a A
ALPHAGL DC CL643 a
PACKED DS D .
ACHAIN DC Ca a CHAIN ADDRESS POINTER IN SLR
BEGIN STM 0,15,SAVREG
L 44 #AZRECH
 USING RECORD,4 o
L 2¢#AZINO2D
L T,#AZIN130O
LA 8+ ALPHAL
MVI 02804+ Xa40a T . e
MVC 1%200,80,0%8n ZERDO QUT STORE AREA
MVC 2012183,8n,200%8n :
L 3y#Fa0a
COMP cLC XYTAB+14%4u,ZERD
BE ENDTXT BRANCH T0 CHECK FOR MORE SLR )
LR 5,4 U BATA
PACK PACKED,XYTAB+14%4n
CVB  6,PACKED . ) )
AR Se6 , .
cLC 0%25,50,KEY
8NE VERR
CLC 522+50,#C203a
BNE VERR
. C  3,8F2033
BNE MOVE
A T+#F301a REGT HAS INDICATOR ADDRESS
L 3,#FQ02 REG3 HAS SLR COUNT PER
MOVE A 3,#F2010 INDICATOR
c MV1 0%704XaF0Q
MVC 0%264,80,11%50 “
MvC XYTAB+14%40,75%50 BCHAIN POINTS TO MORE OF SAME
CLC _ 7%4,50,ZERQ - MESSAGE
BE %410 -
MV_C ACHAINZ4D,7%50
A 8y #Fa642
: B comp
ENDTXT CLC ACHAINZ4D,ZERO
BE RETURN -
MVC XYTAB+14340,ACHAIN ACHAIN POINTS YO NEW MESSAGE
MVC ACHAINZ4D,ZERD
B COMP .
VERR MVI 0%20,4,XafF0a
RETURN LM 0s15,SAVREG

14
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EXAMPLE 3 ASSEMBLER  SUBROUTINE

L 3 %% GDR
RECORD  DSECT _ DUMMY CONTROL SECTION FOR RPG
KEY DS  CLS ~ VARIABLE NAMES
DS cL1 THAT WILL BE
XYTAB DS CL24

END

“USED IN THIS S/R




GOR TEST PRUGRAM NO. 3 SEARCH FOR ALPHA TEXT IN LOGICAL RECORD

O |
: KEY NAME - ADDRESS . , TEXT
¢ L Cu00L HENRY THOREAU CONCORD MASS. ~
( [F YOU HAVE BUILT CASTLES IN THE AIR,YOUR WORK NEED NOT BE LOST,

~ . THAT IS WHERE THEY SHOULD BE. NCW PUT THE FOUNDATIONS UNDER THEM
C » o S S IF A MAN DOES NOT KEEP PACE WITH HIS COMPANIONS, PERHAPS IT IS
BECAUSE HE HEARS A DIFFERENT DRUMMER.

C
Uu092 ROBERT FROST NEW ERGLAND :
C : THE WAY A CROW SHOGK DCWN ON ME ‘ )
' o THE DUST OF SNOW ~ FROM A HEMLOCK TREE
HAS GIVEN MY HEART A CHANGE OF MDGD
¢ ' AND SAVED SOME PART OF A CAY 1 HAD RUED
¢ - - T e
VIVIVAVE BERTKANU RKUSSEL LONDON ENGLAND . :
: I TAINK THAT THERE IS FAR TOO MUCH WORK DONE IN THE WORLD,
- THAT IMMENSE HARM IS CAUSED BY THE BELIEF THAT WORK IS VIRTUQOUS,
AND THAT WHAT NEEDS TO BE PREACHED IN MODERN INDUSTRIAL SOCIETY
IS QUITE DIFFERENT FROM WHAT ALWAYS HAS BEEN PREACHED.
& ’ :
. GGOC4 GEORGE ORWELL ANIMAL FARM
, THE CREATURES OUTSIDE LUOKED FRCM PIG TO MAN,AND FROM MAN TC PIG
o - _ AND FROM PIG TO MAN AGAIN, BUT ALREADY IT WAS IMPOSSIBLE
- ; ‘ » ‘ TGO SAY WHICH WAS WHICH. - o
U005 LUGWIG BEETHOVEN BONN  GERMARNY _
O - HE 1S NOT AN ARTISAN BUT AN ARTIST, A CHAMPICN GF HUMAN FREEDOM,

A BbrROGODING, OVERBEARING PERSUNALITY, WHUSE PRIVATE LEGEND IT IS
: . TeMPERING TO FORCE INTO A PARALLEL WITH HIS ARTISTIC ONE.
(; ; . ’ . ’ ’ A POPULAR HISTORY OF MUSTIC BY CARTER HARMAN
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kL] %% o GDR EXAMPLE 4 TEST DATA B

00001MO1 02 03 040080BARRY HARTRY 100 DAFOE ROAD
000010401607777766663334529THARVEY4T123

0000104024033333555544427644HENDEL 69702

000010402801111199992228T7164HENSON45678 0000104032099999333311127654HEROLD45345
0000104 5555522229996 7921HELPER98124 : ,

00002M01 02z 03 040080R0OBERT CALLUM 440 CENTENNIAL

000020401607777766663334529TCAHOONAT123
0000204024033333555544427644JERZAK69T02
0000204028011111999922287164MATIS745678 00002040320999993333111276540KEEFE4534

A&

. 0000204 5555522229996 7921SIMEON98124 :
00003M01 02 03 04008081LL BUCKWOLD 357 OXFORD
0000304016077 7TT666633345297BURTON4T123
0000304024033333555544427644LEPPKY69T702 :
0000304028011111999922287164MARTINGS56T8 00003040320999993333111276540LESEN45345
0000304 5555522229996 7921RONALD98124

. 0000404016C77777666633345297BUGCK 47123

00004M01 0z 03 040080LEOQ JOHNSON 299 WAVERLY

UJN"‘UI-L\NNHU\-(‘WNI-‘U\PWNH

0000404024033333555544427644LEIBELO69T702
00004040280111119939922287164MASLEN4S5678 0000404032099999333311127654NORTON4S53454

~ 0000404 55555222299967921LAUREN9 8124 . : 5
00005101 02 03 040080SANNE JENSEN STE AGATHE : 1
000050401607777766663334529TBUNKA 47123 ' 2

. 000050402403333355554442T7644LECKEL69702 3

- 0000504028011111999922287164MATSUO45678 0000504032099999333311127654NISBET453454

- 0000504036055555222299967921THOMAS98124 0000504 444446666TTT27561D0NALD61LL2S
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. % L 2 %% ~ GDR EXAMPLE 4 RPG_ PROGRAM
00000H . o I R . EX4
0101 0FMEDRE IPEAF 400 400 "~ DISK11l SYSO007S . - EX4
01020FREPORTO40  F 132 132 OF PRINTERSYSLST ' EX4
020101MEDRE AA 01 6 CM EX4
020201 , . o 1 5 KEY o EX4
020301 ' : 7 30 XYTASB - EX4
020401 ' ' 31 48 NAME , . EX4
020501 , 49 64 ADDR FX&4
020601 1 200 REC EX4
020701 201 400 REC2 EX4
03010C ... ... SETCOF . ........020315 . . EX4
03020C SETOF 161718 EX4
03030C - ... .. SETOF Y9 EX4
03040C ‘ EXIT GTSLR4 EX%
03050C - RLABL REC EX4
03080C RLABL INO2 EX4
03090C ... RLABL  INO3 ... EX&4
03100C " RLABL "~ IN15 EX4
03110C . RtaBL  INle i EX4
03120C : RLABL INY7 . : EX4
03130C . RLABL INLS © EX4
03140C RLABL IN19 EX4
-----03150C . uLuasL - -MASK1 44 , S EX4
03160C ULABL MASK2 44 o EX4
03170C , o ~ ULABL MASK3 44 . EX4
03180C ULABL MASK4 44 EX4
03190C ULABL MASKS 44 E X4
03200C ULABL OFCNT 30 EX4
040100REPORTO4H 201 oF .o EXx4
040200 OR ip EX4
04030C - - 50 2GDR TEST PROGRAM NO. 4 a EX4
040400 75 3SEARCH FOR ALL 04 SLRA EX4
040500 ' 94 @ IN LOGICAL RECORDa EX4
040600 H 1 OF _ EX4
04070C OR 1P , R L L  EX4
040800 " 7 AKEYd EX4
040900 S 20 aNAMEa , o ) EX4
041000 : o o ' 45 QADDRESSA ' o . EX4
041100 80 304 ID SLRa £X4
041200 D11 01 EX4
041300 : KEY S B EX4
041400 NAME 30 EX4
041500 ADCR 50 o , , E X4
041600 D 1 15 EX4
041700 MASK1 100 _ EX4
041800 D 1 16 ' . , EX4
041900 . MASK2 100 o . - . EX4
050100 D 1 17 ] : ‘ EX4
050200 MASK3 100 _ . EX4
050300 D 1 18 EX4
050400 MASK4 100 EX4
050800 D 1 19 EX4
050900 - MASKS . 100 » : , EX4
051000 D 1 02 S EX4
051100 , : " 30 QVALIDITY ERRORQ ; EX4
051200 D 1 03 : - ' EX4

051300 _ 40 AQVERFLOW BY @ - EX4



CEE L 2 ¥% ‘ " GDR EXAMPLE 4 RPG PROGRAM

051400 o . QFCNT 50 @ a L . Ex4
051500 o 60 DRECORDSA . EX4
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L 3 *x% ~ GDR EXAMPLE 4 ASSEMBLER SUBROUTINE
RPGSUB4 START O , o .
ENTRY GTSLR4,MASK1 ¢MASK2,MASK3 s MASK4,MASKS ,OFCNT
EXTRN REC,INO2,INO3,IN1S
GTSLR4 BALR 15,0
USING #*,15
. B BEGIN
SAVREG DS 16F
ZEROD oC Ca ]
MASK1 {19 CL443a . - . . a2
MASK?2 DC CL44Q . . . . a2
MASK3 DC CL"flta - - - .. 8
MASK4 DC CL44@ . - . . a
PACKED DS D
DFCNT 219 PL230a ~
BEGIN STM 0,154 SAVREG |
LM 2+4+#A%ZINO2,INO3,RECH
USING RECORD,4
b To#AZINLSO N
LA 84MASKI
se OFCNT,OFCNT OVERFLOW COUNT
L 9+#Fa0a SLR RETRIEVED COUNT
- COMP CiC XYTAB+20%4n,ZERO
BE RETURN
LR 5,4 ,
PACK PACKED,XYTAB+20%40D
CVB - 6,PACKED
AR 5¢6
CLC  0%5,50,KEY
BNE VERR
CLC 5%24+50, #C3042
BNE VERR
- € 9,#FQ3053
BE OFERR .
MOVE A 9,#Fa013a  COUNT NUMBER OF SLR RETRIEVED
MVI 0ZTu,XaF0a
A 7,4F201d ~ UPDATE INDICATOR ADDRESS
MVC XYTAB+20%4n,7%50
MVC 0%4,80,11%50 MOVE DATA FIELDS INTO MASK
MVC 54%1,80,15%5n ’
MVC 4480,16%5n
Mv_C 14%3,80,20%50
MVC 2034 4811,23%50
MVC 2521 ,80,27%50
MVC 29%6,80,28%50
MVC 38%1,8u,34%50
MVC 40%4,80,35%50
A 84 #F3443
B8 comp , o ‘
OFERR MV 0%3o,XarF0a SET XNDICATOR FOR RPG MESSAGE
AP OFCNT . 4#Pala CCOUNT OVERFLOW SLR
MVC XYTAB+20%40,7%50 .
| B conp =
VERR MVI 0%20,XaF03
RETURN LM 0915, SAVREG
BR 14 | |
RECORD DUMMY CONTROL SECTION FOR RPG

DSECT
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¥% L 3 %% ~ GDR EXAMPLE 4 ASSEMBLER SUBROUTINE

KEY DS cLs . VARIABLE NAMES
DS cL1 o o THAT WILL BE
XYTAB DS CL24 ‘ USED IN THIS S/R

END
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GUR TEST PRCUGRAM NO. 4 SEARCH FOR ALL 04 SLR IN LCGICAL RECGRD
KiY NAKE _ ADDRESS _ 04 ID SLR
C vouul BARRY HARTRY 100 DAFUE ROAD .
1 T1171.1  6666.333  4529.7 HARVEY  4.7123
'3333.3  5555.444  2764.4 HENDEL  6.9702
1111.1  9999.222 8716.4  HENSON  4.5678
9999.9  3333,111  2765.4  HEROLD  4.5345
©5555.5 2222.999  6792.1  HELPER  9.8124
U002 KCBcRT CALLUM 440 CENTENNTAL
7777.7  6666.333  4529.7  CAHOON  4.7123
3333.3  5555.444  2764.4  JERZAK  6.9702
1111.1 9999.222  8716.4  MATISZ  4.5678
$999.9  3333.111  2765.4  OKEEFE  4.5345
5555.5  2222.999 6792.1 SIMEON  9.8124
0GUC3 BitL BUCKWULD 357 OXFORD - - :
. TITT.T 6666.333  4529.7  BURTON  4.7123
T e 3333.3  5555.444  2764.4  LEPPKY  6.9702
1111.1  9999.222  38716.4  MARTIN  4.5678
9999.9  3333,111  2765.4  OLESEN . 4.5345
5555.5  2222.999 6792.1 RONALD  9.8124
00064 LEG JOHNSON 299 WAVERLY . , 7 S
‘ o ‘ ' 77177.7  6666.333  4529.7  BUGCK 4.7123
, , 3333.3  5555.444  2764.4  LEIBEL  6.9702
' 1111.1  9999.222 8716.4  MASLEN  4.5678
G999.9  3333.111  2765.4 NORTON  4.5345
5555.,5  2222.999  6792.1  LAUREN  9.8124
SIVIVEVEY SAMKE JENSEN  STE AGATHE

11777 6666.,333 4529.7 BUNKA 4.7123
3333.3 55554444 276424 LECKEL 6.9702

111L.1 . 99399.222 8715.4 MATSUO 4.5678

9999.,9 3333.111 2765.4 NISBET 445345

_ ' 5555.5 2222.999  6792.1 THOMAS 9.8124
OVERFLCW BY ' 1 RECORDS ' ) )
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APPENDIX V

A SUMMARY OF PROGRAMMING REQUIREMENTS

For programming retrieval problems with the time sequence file

using the technique suggested in this thesis, the following list of

points should be kept in mind:

(1)

(2)

The retrieval technique suggested is a combination of the

System /360, Report Program Generator and an Assembler

-Subroutine. Therefore a thorough knowledge is required of

both 1aﬁguages (RPG and Basic Assembler). The assembler
routine may require some input/output macros as will be
explained later so a familiarity with these is also re-
quired. Aé reference material the following publications
are suggested. (see theABibiiog;aphy for manual file and

form numbers)

CIBM /360 : Intfaducfion |

IBM /360 : Concept and.Faciliﬁies

IBM /360 : Data Management

IBM /360 : Principle of Operation
~ IBM /366 : Assembler Language

IBM /360 : Report Program Generator

iBM /360': . System Control and Sérvice Programs

IBM /360 : - Control Program Services, section on Data

Management Services.

The time sequence file must exist in a document form and
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should be set up according to the sub-record (SLR) concept
using control fields as suggested in this thesis and by
Tiwari (21).

(3) Information is first coded on the RPG report forms beginn-
ing with File Description Specifications.

(a) The time sequence file can have any name, but it must be
identical to that given for it at the time of file creation.
This name resides on the Volume Table of Contents dn‘the
Disk (see 12, manual 4, page 29).

(b) The time sequence file is indicated as follows:

Input file I
Primary file _ P
End of file E
-Ascending sequence A

. File Format F
(¢) The block -length eéﬁals.the record length which is the
full record length, including undefined SLR area.
(d) The rest of the entries are variable and will depend upon
the application. In the / examples a sequential disk file
~was used so columns 28-39 are blank.
(e) The DEVICE name and SYMBOLIC DEVICE must correspond to-
that disk on which the file fesides;
(4) No File Extension or Line Counter Specifications will
normally be requiréd if all the file is-to be searched.

If only selected records are to be searched a table look
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up is used. The File Extension Specifications describe
this table. Line Counter Specifications are needed only
if the report is to be stored temporarily and retrieved
for later printing.

(5) Input Specificétions are next:

(a) On the first line the file is described. It requires a
resulting indicator field and record identification. This
identification must appear in the MIR portion of the fec-
-ord. In the 4 examples each record was identified as M in
positioﬁ 6.

(b) On subsequent lines the record is described in detail.
Each MLR field should be described. TIts relative record
positions are known. The x-y table should be described as
one field as in the examples; |

(¢) The whole recérd must be broken down into sections of 256
characters (or 1es§) eaéh. In the examples two sections
of 200 characters each were chosen,

(6) On the calculation specifications the following must appear:

“(a) At the beginning indicators tested in the assembler sub-
routine éhould Ee SET OfF.

(b) Next and EXIT to the assembler subroutine (named ) must
SCcﬁr (see 12, manual 1, pagés 107 - 109).

b(c) The macro RLABL must be used in the RPG program to give
the subroutine the address of all variables on the input

record. This includes all MLR fields to be used in the



(a)

(e)

("7_)'

(a)
(b)
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assembler routine. It also includes the fifst section of
the record defined on Input specs (REC), This procedure
gives the assembler subroutine addresses of the record

and fields it needs for searching.

Any variablesvgenerated by the assembler routine and re-
quiqed for calculation and/or printing by the RPG program
must appear in a ULABL statement. Their character lengths

and decimal positions are specified in columns 49 - 52.

- The EXIT is encountered only once for each record read in

by RPG from the disk. This means that all fields to be
accessed by the assembly routine are found at once. Re-

turn to the RPG program means returning with all desired

fields in the record. ZEach of these fields must have a

different name and appesr in‘a ULABL statement. Moreover,
a maximum numﬁer of possible fields must be allotted for
in the ULABL stateﬁénts; Each field (or group of fields)
found in the assembler routine has associated with it
(them) an RPG indicator which is set on if this field is

found., The indicator is then tested in the Output speci-

~ fications. If it is on, then the field is printed, and if

it isn't then the field isn't printed.

Output Specifications are the final RPG requirements.

Headings are coded the same for any report.
The MIR information will normally appear for each record

accegged. This includes such identification information



(e)

(a)

®

(b)

(e)

Note:

926

as name and address. It's printing is triggered by the
indicator set on for the record in RESULTING INDICATOR on
Input Specifications (columns 19 - 20).

The printing of the SLR fields is triggered by indicators
set in the aséembler program, All possible variables must
be qoded for printing on the output specifications. At
print time only those whose indicators are on will be

printed. The indicator off means that the variable hasn't

- been filled from the record searched in the assembler pro-

gram.
Summary information may be printed at the end of the report.

Attention now turns to the Assembler subroutine in which

the following items must be included.

The program can have any name which appears in the NAME
field of a START instruction.

The next instructiéh shbuld be an ENTRY instruction whose
OPERAND is the same name that appears in FACTOR 2, of the
RPG EXIT statement. This name must also appear as the

NAME of the BALR instruction which starts the subroutine.

- Variables coming from the RPG program must appear next in

EXTRN per variable. In DOS all variebles may appear in an

EXTRN statement.

only the first section of the record which has been sub-
divided into 200 éharacter sections need appear in an

EXTRN statement. An ENTRY defines the retrieved fields.
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(e)

)

'(g)

(b)) -
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The program begins with BALR and USING instructions. The
NAME of the BALR is the FACTOR 2 field in the EXIT state-
ment in RPG.

Registers must be saved now and later restored when re-
turning to RPG.

The maximum number of fields that can be retrieved from a
record must be defined in this program. They are defined

as separately named variables. They are returned to zero

“before searching begins and are consecutively filled as

slots W£en another field that meets searching réquirements
is found.

Indicators from the RPG program are set at the same time‘
as a slot is filled to indicate to the RPG program that
the slot is ayailable fer oaiculgtiop and/or printing.

The addressing of these slots and indicators as each fieid
in the record is ldéatea is illustrated in fhe fou;
EXAMPLES. Turning on the indicator is accomplished as ex-
plained in the RPG manual (12, manual 1).

Numeric characters in the record appear in zoned decimal

format (see 12, Assembler Language Manual, Appendix A).

Alphabetic characters in the record appear in character
EOrmat (see 12, Assembler Language Manual, Appendix A,
page 103). |

Numeric fields retﬁrned to the RPG program must be con-

verted to packed decimal (they are mumeric if required for
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calculation before printing).

- Alphabetic and numeric fields required for printing only
can be returned to the RPG program Jjust as they appear in
the record.

- Numeric fieldé‘from the RPG program used’in the assembler
prog;ém appear in packed decimal format (use of these is
rare).

" - Indicators occupy one byte of core and are set on as‘ex—
- plained in the RPG manual (12).

(i)  Error indicators are also set if required by the assembler
routine and tested at print time by the RPG program. They
are of two types:

,(1) ' Validity Error
- When a SIR has a KEY which doesn’t correspond to
that of the MLR.
- When an SLR iﬁentification code doesn't match that of
the SIR to which it is chained.
This error occurs when data has been put in the rec-
ord improperly (i.e. an error in the file maintenance
pfogram).i_
(2) Overflow Error
R When too few slots have been éllotted in the program
“to acéess all the possible fields in a particular
record. The amount of overflow should be programmed

and written out on the RPG report. The program will



(9)
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then have to be rewritten to acchodate the extra
SIR's appearing in this particular record. This
error will occur 1ess and less often as knowledge of
the environment of a particular SLR grows.
There is the pbssibility of overflow of a different type.
It has been explained in part II chapter I and is fully
described by Tiwari (21). In order to éccomodate an over-

flow of this type I/0 macros must be included in the

“Assembler rbutine along with additional coding to determine

when thé overflow area has to be accessed. The I/0 macros
will depend upon the organization of the overflow area
which is dependent upon the particular application. The
accessing of this overflow area takes place at the beginn-
ing of the assembler routine.. When the searching logic
comes to’the énd of the record it immediately goes to the
overflow record and;searches it using the same logic. The
assembler routine must therefore know:

(1) That an overflow record is available for this record.

(2) What its core address will be on access.

(3) The lengths of the main record and overflow record.

It must access the overflow record from disk when one is
iﬁdicated in the main record. It must have the additional
coding to sense the end of the main record and then search
the overflow record. It must sense the end of the over-

flow record and stop searching.
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(10) When the two programs have been written they are put to-

| gether with Job Control Cards for compiling and execution.
The input deck is described on pages 135-140 of the BOS
RPG manual (12, manual 1). This is the System /360 DISK
OPERATING SYSTEM control card sequence (see appendix I).
Othe? operating systems will require modified versions of

this control card sequence.
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APPENDIX VI
SUGGESTED APPROACH FOR
GENERALIZING THE ASSEMBLER

SUBROUTINE

JImplementation of RPG plus assembler subroutine programming on a
large scale needs some additional comments. This appendix is intended
to provide some suggestions which will assist in the establishment‘of
full scale use of the above discussed data retrieval concept.

As éxperience'grows with the use of the RPG - assembler S/R data
retrieval technique various trends should become evident. The first
trend will be towards fhe retrieval of all SIR's of one type for a cer-
tain aécount record (i.e. student record) upon random request. The
pérson making the request will most often.be interested in obtaining
all the facts on a certainhtopic for an account (all chemistry exam
results). He may be interested in oﬁly one SLR which meets his needs
(the chemistry exam results over 70%), bﬁt he will want all information
for an SLR. This is significant because it then allows the programming
effort to be divided into jobs of producing one retrieval program for
i each SIR. MQst requeéts for_information from_this SLR can be satisfied
by this one program. It should produce the SIR as in example 4 with
the option of.fetfieving only one copy depending ﬁpon some comparison
' qonditibn as in example 1;-_So for each SIR designed for the file one
rétriéval program must be written and catalogued on disk for periodic

access. It will describe the file, arithmetic processing, and report
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format in RPG and will include an assembler subroutine fo search for
the SLR's. No generalization of the subroutine is possible under
these circumstances. EFEach SLR will require separate RPG report re-
quirements and separate assembler searching and slotting requirements.
There is a similarity in fofm of each SLR program but it is not close
enough to allow one routine to be written for all. It appears reason-
able that routines such as exampie 4 could quite eaéily be written for
g1l SLR's once a few are developed.

Generalization does, however, have its place in the RPG -
assembler S/R data retrieval concept. RPG is a generalized routine.

It creates a specific progrém from parameter card input. However, the
assembler S/R is still specific. Indeed, for the complete SLR retrieval
mentioﬁed above, the subroutine camnot be generalized. ZEach SLR format
.ié quite different from the next.

A class of retrievai problems not covered by complete SLR re-
trieval still exists and it is iﬁ this area that the subroutine could
possibly be generalized. These retrieval problems are of the type in
which a small amount of information is required from some SLR. Normally
this information must meet comparison requirements to be printed.. There
are two forms: alphaﬁetic and numeric retrieyal. Alphabetic is the
simpler of the two and has been described in example 3, The retrieval
of»é few5fields éf numeric data using RPG and a éarameter card for a
' generaliged subroutine is‘described in the following.
| An agssembler routine is presented in this appendix, listing L3,

which will supply to an RPG program up to three fields from any SLR for



103

comparison and/or printing purposes. The file is defined in RPG, any
calculation required is developed in RPG and all printing is formatted
in RPG. In addition, the programmer must supply a parameter card which
specifies the location and lengths of fields to be retrieved. In RPG
an EXIT to the subroutine ié written along with the names of fields to
be supplied to and retrieved from this subroutine. With this the pro-
gramming job is finished. He has written a complete’program for a
generalized routine.

The subroutine written is generalized. It modifies itself de-
pernding upén the values of the parameters supplied to it. It uses the
parameters to recognize the SLR to be retrieved and the field locations
for slotting for subsequent RPG use (for comparison and printing). The

programmer need only supply the parameters and the routine will locate
and slot the fields. |

The assembler routi;e is shown in L3 of this appendix. It was
used to broduce the report L4 frémvthe disk file 1I1. The RPG program
written to retrieve the data from the fiie, and print the report upon
certain comparison requirements is shown in I2.

‘The - disk file L1 is similar to Example I, apendix I, L1, but has
two fields per 02 SLR; one 7VQigits aﬁd the other 4 digits long. The
report requirements are: Retfieve the fields in positions 15-18 and
20f26 of SLR 02 for every record. Check the larger field against
' 1;654.23. When one is found less than that value, print both rields
ffom that SLR, add the smaller field to an accumulator and go on to the

next record. Summarize the smaller field at the end of the report.
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The RPG program does all the comparison and printing require-
ments. The parameter card is defined in the RPG input specifications

as follows:

CCL NAME IDENTIFICATION
1- 2  sIRD  SIR identification code

3- 6 ATOC location of field A
7- 8  ALEN length of field A

9-12 "~ BLOC location of field B
- 13-14 BLEN length of field B

' 15-18 CLOC location of field G
19-20 _ CLEN ' length of field C

In this example the parameter card had the following form:

02002007001 504
02 - SIR O2 B
0200 - A field location (rélative to the beginning of the SIR)
a7 - A‘field length (number of;digits to be'printed)
0015 - B field location |
04 - B field length

" These parameters when supplied to routine GT SLR5 (RLABL SLRID)
) allowed the routine té retrigye the fields required. The fields had o
be named Al-A15, Bl1-Bl5, Cl—ClS. This allows for the complete range of
numeric fieldé'hahdled by RPG 1 to 15 mumeric digits and allows up to
’three fields per SIR. Ianny more are required from the same SLR, a
Compléte SLR retrieval program should handle this request.

13 is similar in many ways to the previous four examples. It
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isn't significantly longer than the previous four L3's except in the
data definition area where all the possible field lengths must be
present. A program of this type involving similar parameter card
épproach should be produced to solve small numerié.requests. Together
with a routine for small albhébetic requests and one routine for each

complete SIR retriéval most data retrieval problems can be solved.
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0000502

2578 0069387

¥k L 1 %% ~ GDR EXAMPLE 5 TEST  DATA
00001MO1L 02008003 04 J B MITCHEL 39 RIVER ROAD 1
00001020160 1245 4795246 S 2
00001020240 3265 6543210 3
00001020320 5689 2000101 4
0000102 2441 0034765 o o 5
00002M01 02008003 04 R TOMPSOCN 656 NORTH DRIVE 1
00002020160 2255 4795246 2
00002020240 5555 6543210 3
00002020320 6682 2000101 4
... 0000202 5439 0039287 5
. 00003M01 02008003 - 04 L SMALLMOUTH 17 ELDER AVENUE 1
00003020160 6875 47195246 : 2
00003020240 3256 6543210 - 3
- 00003020320 2456 2000101 4
0000302 6897 0046583 , ' 5
- 00004M01 02008003 04 ZEKE HANDLE 99 _ BUXTON ROAD 1
00004020160 1245 4795246 o ' 2
00004020240 3568 6543210 3
- .00004020320 221t 200010t 4
0000402 5885 0092162 ~ 5
00005M01 02008003 04 ARNCOLD GLERK 69 RUE MARIE 1
00005020160 9111 4795246 2
00005020240 5513 6543210 3
00005020320 3564 2000101 4
5
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X L 2 %%  ° GDR EXAMPLE 5 RPG  PROGRAM
00000H : : e T . EXS
O1010FPARMCARDIP F 80 80 " READ40O SYSIPT _ . EXS
01 02CFMEDRE ISEAF 400 400 -~ DISK11l SYS007S EXS
01030FAREPORT O F 132 132 OF PRINTERSYSLST EXS
02010IPARMCARDAA 01 80 CP _ , o EXS
020201 ' : 1 2 SLRID EX5
020301 - , 3 6 ALOC ) , , EX5
020401 7 8 ALEN EXS
020501 _ 9 12 BLOC EX5
020601 13 14 BLEN EX5
020701 .15 18 CLOC o . _EXs
020801 : ~ 19 20 CLEN . EX5
03010IMEDRE BB .05 . 6 CM o B S ... . EXs
030201 - , 1 5 KEY EX5
030301 . . 7 30 XYTAB EX5
030401 . 4 : 31 48 NAME EXS
- 030501 o .49 64 ADODR ... EX5
030601 , 1 200 REC EXS
030701 , S ... 201 400 REC2 .. EXS
04009C ol : GOTO BYPASS . EXS5
04010C LogP . TAG EX5
04020C SETOF ° 020313 EXS5
04030C = . EXIT GTSLRS ... ... . -EXS5
04040C RLABL REC EX5
04050C , . RLABL INO2 ... EX5
04060¢ . RLABL INO3 EXS5
04070C RLABL IN13 EXS5.
04071C RLABL SLRID ' EX5
o4080C - ULABL - AT T2 .. .. ... EX5
04090C ULABL B4 41 EX5
- 04100C 02 AT COMP 11654.23 . oT0607 _ . ... EXs
04110C 02 07 _ GOT0 LOOP EX5
04120C 02 06 SUM ADD B4 SUM 102 EXS
04130C BYPASS TAG EXS
04140C o SEYOF o 0Y EX5
050100AREPORT H 201 oF ’ EXS
050200 OR 1P . B , . . o ~ EXS
050300 : 50 aGDR TEST PROGRAM NO. 5 3 EX5
050400 75 ASEARCH FOR ONE A AND B @ EX5
050500 ' 95 APER LOGICAL RECORDA EX5
- 050600 H 1 OF B . o , EXS
050700 CR 1P EX5
050800 , 10 3KEYQ CEX5
050900 ) 40 INAMEQ EX5
051000 70 aADDRESSZE EXS
051100 : 100 QFIELD A3 : EX5
051200 : - 110 JFIELD Ba EX5
051300 D 1 05 ) : ' FX5S
051400 KEY 10 EX5
051500 NAN 50 EX5
051600 ADDR 15 EXS
051700 02 A7 100 2 0. @ EX5
051800 02 - B4 110 & 0. @ . EXS
060100 D 1 05 0 — £X5
060200 . ' 30 AVALIDITY ERRQOR® o EXS
060300 D 1 0l 13 ' EXS

060400 : : , 30 QINVALEID PARMATER CARD 1Da _EX5
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060500 T 2 LR - . - , EXS
060600 . 30 aSUMMARY OF FIELD B4a , EX5
060700 SUM ' 50 a Qe a EXS
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%% L3 #%  GDR EXAMPLE 5 ASSEMBLER SUBROUTINE

RPGSUBS START 0. : -
. ENTRY GTSLRS5sA1+A2,A3,A4,A5,A64,A7,A8,A9,A10,A11,A12,A13,A14
ENTRY A}5,81,B2,83,8B4,B5,B6,8B7,8B8,89,810,811,812,B813,B14,815

ENTRY €1.,C2,C3,C4,C5,C6,C7,£8,(9,C10,C11,C12,C13,C14,C15
; EXTRN REC,INO2,INO3,SLRID,INL3
GTSLRS BALR 15,0

USING #,15
B BEGIN
SAVREG DS 16F 4
2ERQ oC ca a
Al DC PL1a30Q FIELDS OR SLOTS THAT WILL CONTAIN VALUES FROM
A2 DC PL230a SLR AREA TC BE RETURNED
A3 DC  PL2303 TO RPG BY NAME
DS BL1
A4 DC PL3203
) DS BL1
A5 DC PL3203
BS BL2
A6 ocC PL4@0&
DS BL2
A7 DC PL42D0A
DS BL3
A8  DC PL5202
DS BL3
A9 DC  PL5202
DS BLL
Al0 ] PL6203
, DS BL4
All  DC  PL6BOB
: DS BLS
Al2  pC  PL7303
DS BLS ,
Al3 pC PL7a203
DS BL6
Al4 DC  PLB8IOR
DS BL6
~ Al5 - DC PL820Q
B1 DC PL12O2
B2 DC PL2302
B3 "DC  PL2303
) DS BL1
B4 . DC PL320a _
: ' DS BL1L )
85 DC PL3202
' DS 8L2..
B6 , oC PL4203
. DS  BL2
B7 DC PL&ZOT
' DS . BL3
88 . DC PL530a
: DS BL3
B9 oC PL5203
DS BL4
B10O ne PL6TO0D
DS BLS
811 DC PL6R0OQ

DS BLS
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%%k L 3 %%
- B12 DC PL7203 |
DS BLS
B13 DC PLT303
DS - BL6
Blsg (o PLBA0A
DS BL6
B1S oC pPL8A0a
cl DC PL1303
c2 oC PL230a
c3 bC PL2303
DS BL1
C4 DC . PL3a0’
DS BLL o
c5 DC PL3303
DS BL2 i
Cé pC PL4303
. DS  BL2
c7 oC PL4R0R
.. .. DS BL3 R
(of:] DC PL5303
DS BL3
c9 oC PL5303
, DS BL4 ,
C10 DC PL6@OR
_ DS BL&
cll DC PL6Q03
DS BLS *
c12 oC PL72023
. Dbs  BL5
c13 DC PLTQ03
_ DS BL6 o B
Cl4 DC PL8203
DS ‘BL6
Cc15 DC PL8203
PACKED DS D o - _ V o o
SW DC Fa03 INTERNAL SWITCH FOR PARM FIELDS.
BEGIN STH  04154SAVREG o
LM 2+59#AZINO2,INO3;RFC,SLRIDM
USING RECORDs4
L  13,#A%INl3o
, LR 954 "REG9 HAS REC ADDRESS NOW
LOCATE A 9, 4F 263
cLC 0%2,9u,0%50 COMPARE XYTAB ID TO PARMATER CARD ID
BL LOCATE
BH ERR? PARAMETER CARD ID INVALID
A 9,#Fa2a REGY POINTS TO SLR CHAINING ADDRESS
MVC SWy #F202
MOVE LR 8+4 REG8 POINTS TO.REC
PACK PACKED,0%4,90 PACK SLR CHAINING ADDRESS
CVB  6,PACKED
AR 846 REGS POINTS TO SLR REQUIRED
CcLC 0%5,80,KEY
BNE ERR
cLC 5%2,8u,0%50
~ BNE  ERR
SETUP1 LA 11,A1 SET UP FIELD LENGTHS FIRST
SETUP2 PACK PACKED,2%4,50 -
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END

¥% L 3 %k ~ GDR_ EXAMPLE 5 ASSEMBLER SUBROUTINE
CVB  6,PACKED - ‘ , :
S 6yhF21a REG6 HAS DYSPLACEMENT FROM START OF SLR .
AR 6,8 REGS6 POINTS TAQ PARM SPECIFIED FIELD
PACK PACKED,6%2,50
CcvB T+PACKED REG7 HAS FIELD LENGTH IN ZONED DEC
SRA Tel REG7 HAS FIELD LENGTH IN PACKED DEC.
LR 10,7 o , o
SLA 10,4
cvs 1yPACKED
S T,4#F213
OR 16,7 REG10 HAS L1 AND L2 FOR REMOVE INST.
SETUP3 L 12,#F313 LOCATE CORRECT PACKED FIELD FOR
CvB T+PACKED INSERTION AND RETURN
‘LGop CR 12,7 TO RPG
BE EXECUT ~
AR 11,12 UPDATE SLOT ADDRESS BY COUNT .
A 12,#F313 . , )
B Loge :
EXECUT - EX 10,REMOVE  PACK SLR FIELD INTQ SLOT
A S, #F363
CLC 2%44+50,7ERQ
BE NEXTSLR NGO MORE FIELDS TO BE RETRIEVED BY PARM.
~CLC SW,#F32093 o ... CARD SPECS.
BE SETB1 B FIELD TO BE RETRIEVED
cLC SHs#F313 o o
: BE SETC1 C FIELD TO BE REYRIEVED
REMOVE PACK 0%0,110,0%0,60 MOVE SLR FIELD INTQO SLOT
SETB1 LA 11,81 :
MVC  Su,#Fala
B SETUP2
SETC1 LA 11,C1
B SETUP2
NEXTSLR MVC 0%4,90,7%80 LOAD CHAIN ADDRESS FROM SLR INTO XYTAB
MVi 0220, X2F0Q SET ON IN02 SINCE A FIELD IS LOCATED
, B RETURN ‘ _ . e :
ERR MVI 0%30,XaF0a VALIDITY ERROR
B RETURN | N o
ERR2 MVI 0%13u,XaF03 INVALID PARM CARD 1D
RETURN LM 0,15,SAVREG -
BR 14 RETURN TO RPG
RECORD  DSECT -
KEY NS CLS
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) .
' GOR_TEST PRUGRAM NO. 5 SLARCH FOR OME A AND B PER LOGICAL KECORD

.

00004 ZEKE HANDULE 99 HBUXTON ROAD ' 821.62

KEY NANE ACDPESS FIFLD & FIFLD A

. 5u001 J & MITCHEL 39 RIVER ROAD 347.65 2441
4 S R_TCNMPSON 056 NCRTH DRIVE 392,07 542.9
) Cou03 L SMALLMOUTH 17 ELLER AVENUE 465,23 589.7

8.5

7.3

TN o
b

~
ut s

Jubuo ARNULD GLERK _ 59 RUE MARIE 653..07
SUMAARY LF FLELD B4 2324.00 '

S
°
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Fi‘gure 1

File Extension

File Description

RPG Control Card

Bosic Operating System
Job Control Statements

RPG Deck Arrangement in the
Basic Operating System Input )
Stream
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START
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GLOSSARY OF TERXS

Assembler routine - program written in symbolic language which is
closest to machine language.

Auxiliary storage - = computer disk, drum, or tape.

BAIR - /360 assembler language macro.

BOS B - Basic Operating System /360.

Chain field ' - data used in a record to locate similar rec-

ords in auxiliary storage.

Cobol : ~ Common Business Oriented Language.
CPU - Central Proceésing Unit.

DP ~ Data Processing.

DOS - Disk Operating System.

EDP - + = Electronic Data Processing.

ENTRY | - /360 aésembler language macro.
EXIT - /360 RPG language macro.

EXTRN - /360 assembler language macro.
‘Field - smallest element of information.
Filé - logical grouping of records,

GDR ' - géneralized data retrieval - programming tech-

- nique in which one data retrieval program is
written and modified by parameter cards to
suit a specific application.

1) f - identification. -

10Cs o ; Input Outppt Céntrol Systeﬁ.,

KEY - - code identifying a logical reéora.

Language translator .'— manufacturer writiten prégram which converts

symbolic language into machine language,



Linkage
MACRO

MLR
Parameter card

Real Time

Record
RLABL

RPG

Slot

SLR

Spec.

START

TAG

Tailor-made program

Time Sequence File

T0S
ULABL
USING

Validity check
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programming routine used to comnect two pro-
grams together.

a programming word which is expanded into
machine language by the corresponding compiler.

Main Logical Record.

data on cards which modify program logic,

a concept used in computing in which the com-
puter immediately affects the environment
which creates data for it.

logical grouping of fields.

/360 RPG language . macro.

Report program Generator - a programming sys-
tem developed by IBM for their /360.

storage location of a field of data.
Secondary Logical Record.

specification.

/360 assembler language macro.

/360 RPG language macro.

a program'written for a particular application.
a type of data organization in auxiliary
storage in which the data is present in the
order in which it was received. Today's data
before tomorrow's.

Tape Operating System /360.

/360 RPG language macro.

/360 assembler 1aﬂguage‘macro

program logic to ensure correct data is being
received,
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