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PREFACE

This retitled edition supersedes the seventh edition, called the

IMS/VS Version 1 Application Programming Reference Manual. This
manual contains the application programming information from the
previous edition, and additional information on designing IMS/VS
application programs. The application programming information
from the previous edition has been separated into a guidance part
and a reference part to better support application programming.

PREREQUISITE KNOWLEDGE

Before using this manual, you should understand basic IMS/VS
concepts, the IMS/VS environment, and your installation's IMS/VS
system. The IMS/VS concepts explained in this manual are limited
to those concepts pertinent to developing and coding IMS/VS
application programs. You should also khow how to use COBOL, PL/I,
or assembler language.

HOW THIS BOOK IS ORGANIZED

The manual is divided into three parts. The first and second
parts, "Application Design Guide" and "Application Programming
Guide," guide you in designing and coding IMS/VS application
programs. The third part, "For Your Reference," contains
reference information about the parts of an IMS/VS application
program. This part is for experienced programmers who understand
IMS/VS application programming and need only to look up facts like
a call format, a command code, or the meaning of a particular
status code.

Part 1. Application Design Guide
This part contains the following five chapters:

. Chapter 1, "Concepts and Terminology;" describes the
characteristics of a hierarchic data base and explains the
relationship between the programs vou are designing and
coding and the DL/I data base. This chapter also introduces
vou to the tasks you will perform in developing online and
batch application programs.

. Chapter 2, "Analyzing Application Requirements,”™ gives an
overview of application design and explains two of the
subtasks of application design: defining application data
and designing local views.

. Chapter 3, "Understanding Online and Batch Processing,"
describes the types of processing available in IMS/VS in
terms of the application requirements that each type answers.
This chapter will help you understand characteristics of each
type of processing so you can decide which type will satisfy
the requirements of the application.

. Chapter 4, "Gathering Requirements for Data Base Options,"
describes data base options in terms of the application
requirements they satisfy and how each option affects the
performance and efficiency of the program. This chapter
describes the information about your application that you
should supply to the data base administrator. This
information will be helpful to the DBA in choosing a data base
design that will meet the requirements of all applications.

. Chapter 5, "Gathering Requirements for Data Communications
Options," describes data communications options in terms of
the application requirements each satisfies. This information
Wwill help you understand these options and will enable you to
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Part 2. Application Programming Guide

gather information that will be useful to the DB/DC system
administrator. , -

This part contains the following seven chapters:

Chapter 6, "Structuring the DL/I Portion of a Program,"
contains guidance information to help you structure programs
using DL/I calls, SSAs, command codes, status codes, and
other tools and techniques. This chapter and the next contain
all the information you need to structure and code batch
application programs. Chapters 8, 9, and 10 contain
additional information on structuring and coding MPPs, BMPs,.
and Fast Path programs.

Chapter 7, "Coding the DL/I Portion of a Program," will guide
you in coding batch programs and the DL/I portions of online
programs, according to the design decisions you have made.

Chapter 8, "Structuring a Message Processing Program,"
explains what your program must do to process messages. It
tells how to structure an MPP using the tools and techniques
described in Chapter 6 and those introduced in this chapter.

Chapter 9, "Coding a Message ProcesSing Program," explains
how you code an MPP once vou have a detailed design of it.

Chapter 10, "Structuring and Coding a Batch Message Program,”
describes the types of BMPs that you can write, and tells what
tools they can use.

Chapter 11, "Testing an Application Program," gives vou
guidance for testing DL/I call sequences, explains what vou
need to test a program, and describes the tools available to
help you test. This chapter also describes the actions you can -
take in isolating a problem when your program does not execute (
correctly. ,

~

Chapter 12, "Documenting an Application Program," explains
why vou should document your programs and suggests parts of
the application development process to document.

Part 3. For Your Reference

This part contains reference information about the parts of an
IMS/VS application program such as entry statements, DL/I calls,
system service calls, SSAs, command codes, PCBs, and status
codes, as they apply to COBOL, PL/I, and assembler language.

Appendixes

The appendixes contain the following:

Appendix A is a sample batch application program. This
program is written in COBOL and accesses the sample data base
that is part of the IMS/VS Primer function.

Appendix B is a sample batch message (BMP) program. This
program is written in COBOL and accesses the sample data base
that is part of the IMS/VS Primer function.

Appendix C is a sample message processing program (MPP). This
program is written in PL/I and accesses the sample data base
that is part of the IMS/VS Primer function.

Appendix D is a sample conversationai\MPP program. This
program is written in COBOL and accesses the sample data base
that is part of the IMS/VS Primer function.

Appendix E is a sample status code error routine. This progrém <:
is written in assembler language and accesses the sample data
base that is part of the IM5/VS Primer function.

IMS/VS Application Programming
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PREREQUISITE PUBLICATION

RELATED PUBLICATIONS

Appendix F contains reference information on the formats and
usage of the DL/I Test Program control statements.

The IMS5/VS General Information Manual, GH20~1260 introduces
IMS/VS. You can use this manual to acquaxnt yourself with
IMS/VS functions, the hardware and software products
prerequisite to using IMS/VS, and the IMS/VS facilities that
help satisfy application requirements.

The IMS/VS Data Base Administration Guide, SH20-9025,
contains guidance information on planning, designing,
implementing, monitoring and tuning, and controlling a data
base in an IMS/VS system. It gives the characteristics of the
various kinds of IM5/VS data bases and the design
considerations of each.

The IMS/VS System Administration Guide, SH20-9178, contains
guidance information on establishing a data base/data
communication (DB/DC) system. This book explains how to
control the content of the IMS5/VS system definition and
establish operating procedures. This manual also has
information on monitoring the performance of the IMS/VS
system, coding IMS/VS execution JCL, and preparing IMS/VS
system definition macros for application and tuning
requirements.

IMS/VS Utilities Reference Manual, SH20-9029, describes the
function and use of IMS/VS utilities. It contains refarence
information necessary for those installing an application
system and planning operational procedures.

IMS/VS Installation Guide, SH20-9081, contains IMS/VS
reference information for all aspects of IMS/VS installation
and system definition.

IMS/VS System Programming Reference Manual, SH20-9027,
contains reference information useful when tuning the IMS/VS
system or for coding exit routines.

IMS/VS Message Format Service User's Guide, SH20-9053,
contains both design and reference information for formatting
messages to and from terminals.

IMS/VS Fast Path General Information Manual,GH20-9069,
describes the IMS/VS Fast Path feature and provides
information for evaluating the use of this feature.

IMS/VS Primer, SH20-9145, describes the subset of IMS/VS
functions available under the IMS/VS Primer function. The
Primer function enables a first-time IMS/VS user. to design
and install an application within a simpler system.

DB/DC Data Dictionary General Information Manual, GH20-9104,
contains introductory information on the DB/DC Data
Dictionary and the hardware and software products
prerequisite to using it.

DB/DC Data Dictionary Applications Guide, SH20-9173, explains
how you define subjects to the Data Dictionary.

BTS II Batch Terminal Simulator II Program
Description/Operations Manual, SH20-1844, tells you how to
use BTS II to test application programs.
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For installations with IMS/VS DB and CICS/0S/VS:

e CICS5/VS General Information Manual, GC33~0066, contains a
general introduction to CICS/VS, sample applicatvons, and
machine and program requirements.

. CICS/VS Application Programmer's Reference Manual, SC33-0079,
contains information about requesting Data Language I (DL/I)
services from a CICS5/VS application program.
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SUMMARY OF AMENDMENTS

VERSION 1, RELEASE 2, MARCH 1981

NEW PROGRAMMING FACILITIES

. Data sharing provides control for application programs in two
or more IMS/VS systems to access IMS/VS data basas
concurrently. Tha IMNS5/VS systems can be in ona processor, or
they can be in separate processors. Application programs that
share data bases with application programs in other IMS/VS
systems should issue checkpoint calls frequently; if thay
don't, they can tie up portions of the data base, preventing
other application programs from accessing soma data.

J There are two new processing options that can be used with the
G0 processing option for application programs: T and N. If an
application program with the processing option GO tries to
retrieve a segment containing an invalid pointer, IMS/VS
terminates the program abnormally. If the application program
uses the T or N option with GO (GOT or GON), IMS/VS returns
control to the application program and returns a GG status
code. In addition, the T processing option causes IM5/VS to
retry the call before returning control to the program.

VERSION 1, RELEASE 1.6, JULY 1980

A
/
P
NEW PROGRAMMING FACILITIES

. Intersystem Communication, or ISC, is a part of Multiple
Systems Coupling (MSC) that makes communication sessions
betwean IMS/VS and other subsystems (such as CICS/VS, a
user-uritten system, or another IMS/VS system) possible.

. MSC directed routing makes it possible for an application
program to specify the multiple system name (MSNAME) and
destination within that system for a message in another
system. The application program can receive the MSNAME of the
system that originally scheduled it.

. Application programs may bypass MFS editing or basic editing
when communicating via 3270 or SLU 2 devices. This bypass
makes it possible to leave the screen in an unprotected mode
so that IMS/VS can send output to the device without requiring
input from the device. The application program can also
control the locking and unlocking of the keyboard.

MAJOR EDITORIAL CHANGES

This book is a complete reorganization of the IMS/VS Version 1
Application Proagramming Reference Manual. The revised book
contains information on application design that is, for the most
part, new to IMS/VS publications, and it contains information on
application programming from the APRM.

Part 1 is a guide to designing IMS/VS applications. This new
information has been added to help vou in designing IMS/VS
:> applications.

Parts 2 and 3 contain information on application programming from
the APRM. This information has been separated into guide and
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reference information. Part 2 is a guide to application
programming; it explains the steps of structuring and coding
IM5/7VS application programs. Part 2 is for those who are not
thoroughly familiar with IMS/V¥S, particularly people who have
little or no experience with IMS/VS. Part 3 contains reference
information concerning application programming. This information
is intended for experienced IMS/VS application programmers who
understand the concepts of IPMNS/VS application programming, and
need only to look up a specific piece of information.

For a chapter by chapter description of the revised book, see the
Preface at the beginning of this book.

VERSION 1, RELEASE 1.5, DECEMBER 1978

FIELD LEVEL SENSITIVITY

Changes have been made to reflect the use of field level
sensitivity.

VERSION 1, RELEASE 1.5, SEPTEMBER 1978

NEW PROGRAMMING FACILITIES

OTHER CHANGES

service Changes

. An application program can issue IMS/VS operator commands,
and a user-written exit routine can monitor resource
activity, by using the Automated Operator Interface (AQI).

. Expanded security facilities, including the presence of the
user identification in the I/0 PCB.

. Access to Fast Path and IMS/VS data bases from both Fast Path
and IMS/VS application programs and other enhancements for
integrated support.

. Support for direct dependent segment types for DEDBs.

. An IMS/VS Primer function which makes it easier for new IMS/VS

users to get IMS/VS and their initial applications up
running. This function runs under 05/VS1l and 05/V52 MVS.

. The rollback (ROLB) call can be issued by IMS/VS app11catlon
programs to undo data base changes without subsequent
abnormal termination.

. Further system service call clarification.

L Correction to PL/I conversational program example.

RELEASE 1.4, FEBRUARY 1978

TECHNICAL CHANGES

. The DL/I call trace facility has been added to the book. This
facility traces and records all DL/I calls issued by an
application program, making it possible to duplicate the

- conditions that caused a program failure. The trace output
can be used as input to the DL/I test prgram, DFSDDLTO.

viii IMS/7VS Application Programming
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OTHER CHANGES

service Changes

. COBOL and PL/I examples have been updated.

U The explanations of the DL/I system service checkpoint,
restart, log, and statistics calls have been clarified.

. The example of the independent AND Boolean operator has been
expanded.

. A single use of the MFS MOD parameter is allowed for data
communication insert and purge calls. Clarification in the
use of the data communication change call has been added.

. DL/I test program changes:

- The DATA statement maximum segment size has been
corrected.

- The operation of the SNAP call has been clarified.
. DL/I status code changes:

- The detailed descriptions of status codes AM, DJ, and IX
were expanded.

- A description for status code XX was added.

. The majority of the Boolean operator information given in
Chapter 2 has been moved to the end of Chapter 3.

) VERSION RELEASE 1.4

NEW PROGRAMMING FEATURE

OTHER CHANGES

The Fast Path feature provides data base and data communication
facilities for applications requiring high transaction rates but
needing only simple data base structures. The Fast Path feature
uses functions of the Data Communication feature and operates
Wwith existing telecommunication networks.

Fast Path provides two new types of data bases that are accessed
with standard DL/I calls and, optionally, with Fast Path DL/1I
calls. The feature includes a message-handling facility to
expedite the processing of Fast Path messages.

Four new DL/I calls exist for use in Fast Path applications: the
field (FLD), rollback (ROLB), synchronize (SYNC), and position
(P0S) calls. These calls and all status codes associated with them
have been added to the manual. Also added are notes on the use of
those IMS/VS DL/I calls applicable in the Fast Path environments.

L Fast Path application programming is addressed in a new
Chapter 6.

° A section on determining data base position after a GE status
code has been added to the manual.
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VERSION 1, RELEASE 1.2

TECHNICAL CHANGES

This release reflects technical changes to this publication in
support of the following new feature and devices:

L]

OTHER CHANGES

Multiple Systems Coupling Feature
3767 Communication Terminal

3779 Data Coummunication System

A symbolic all interface for the .extended checkpoint/restart
facility has been added. With this facility, ANS COBOL and
PL/1 application programs can now issue extended CHKP and
XRST DL/I calls and also CHKP DL”I calls that specify 0S
checkpoints.

Updates have been made to PL/I information, and a ravised
example is included for the Pl/I Optimizing Compiler.

Chapter 7 of this edition describes the "DL/I Test Program"
and "Message Processing Region Simulation." This information
was formerly in Appendix C of the IMS/VS Utilities Reference
Manual and Appendix B of the IMS/VS Svstem/Application Design
Guide, respectively.

VERSION 1, MODIFICATION LEVEL 1.1.

Support has been added for the 3740 Data Entry System. IMS/VS
supports the 3741 Data Station, Model 2, and the 3741
Programmable Work Station, Model 4, attached on a switched
line using BTAM.

The restriction against the Utility Control Facility (UCF)
has been lifted.

VERSION 1, MODIFICATION LEVEL 1

ng Sollowing new and/or enhanced IMS/VS functions have bean
added:

X

L]

Generalized Sequential Access Method (GSAM)

Expanded restart (restart call), get System Contents
Directory Call, and statistics call

Response alternéte PCBs
Fixed-length SPAs
Program isolation

Application program output limits

Message Format Service (MFS) support for additional terminals

Note: Information in this manual about the Utility Control
Facility (UCF) is for planning purposes only until that facility
becomes available.

IMS/VS Application Programming
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VERSION 1, MODIFICATION LEVEL 0.1

U Support for the IBM 2260 Display Station, Model 1 and 1, and
for the IBM 2265 Display Station, Model 1

Summary of Amendments
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PART 1. APPLICATION DESIGN GUIDE

This part of the book gives you an introduction to IMS/VS, and
covers the decisions that you have to make when you are designing
an IMS/VS application. The introductory material and the tasks
that this part covers are:

L J

concepts and Terminoloay

Analyzing Application Requirements
Understanding Online and Batch Processing
Gathering Requirements for Data Base Options

Gathering Requirements for Data Communications gptions

Part 1. Application Design Guide 1




CHAPTER 1. CONCEPTS AND TERMINOLOGY

This chapter is an introduction to IMS/VS, and to designing and
coding IMS/VS application programs. The first section explains
some basic concepts about processing a data base, and the second
section gives an overview of the tasks covered in this book:

. Processing Information in a Data Base

This section explains the concepts and terms that vou need to
understand before reading the chapters that follow.

+ A Look at the Tasks Ahead of You

This section describes what you do to design and code IMS/VS
application programs. :

PROCESSING INFORMATION IN A DATA BASE

Before explaining what data base records look like and how vou
process them, this section describes what makes storing data in a
data base different from other ways of storing data.

COMPARING HAYS TO STORE DATA

The advantage of storing and processing data in a data base is
that all of the data appears only once, and that each program has
to process only the data that it needs. One way to understand this
is to compare three ways of storing datat in separate files, in a
combined file, and in a data base.

storing Data in Separate Files

2

If yvou keep separate files of data for each part of your
organization, vyou cah make sure that each program uses only the
data it needs, but you have to store a lot of the data in several
places at once. The problem with this is that redundant data takes
up space that could be used for something else.

For example, suppose that a medical clinic keeps separate files

for each of its departments, such as the clinic department, the

accounting department, and the ophthalmology department.

. The clinic department keeps data about each patient that
visits the clinic. For each patient, the clinic department
needs to keep this information:

- The patient's identification number

- The patient's name

- The patient's address

- The patient's illnesses

- The date of each illness

- The date that the patient céme to the clinic for treatment
- The treatment that was given for each illness

- The doctor that prescribed the treatment

- The charge for the treatment

IMS/VS Application Programming
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. The accounting department also keeps information about each
patient. The information that the accounting department might
keep for each patient is:

- The patient's identification number
- The patiént's name

- The patient's address

- The charge for the treatment

- The amount of the patient's payments.

The information that the ophthalmology department might keep
for each of its patients is:

- The patirnt's identification number

- The patient's name

- The patient's address

- The patient's illnesses that relate to ophthalmology
- The date of each illness

- The names of the members in the patient's household

- The relationship between the patient and each household
member

If each of these departments keeps separate files, each
department uses only the data that it needs, but a lot of data is
redundant. For example, every department in the clinic uses at
least the patient's number, name, and address. Updating the data
is also a problem because if several departments change the same
piece of data, vou have to update the data in several places.
Because of this, it's difficult to keep the data in each
department's files current. There's a danger of having current
data in one department, and "old" data in another.

Storing bData in a Combined File
Another way to store data is to combine all of the files into one
file for all of the departments at the clinic to use. In the
medical example, the patient record that would be used by each
department would contain these fields:
. The patient's identification number
. The patient's name
. The patient's address
. Tha patient’s illnesses
. The date of each illness
. The date that the patient came to the clinic for treatment
. The treatment that was given for each illness
. The doctor that prescribed the treatment
. The charge for the treatment
. The amount of the patient's payments

. The names of the members in the patient's household

Chapter 1. Concepts and Terminology 3




. The relationship between the patient and each household
member i

Using a combined file solves the updating problem becausae all of
the data is in one place, but it creates a new problem: the
programs that process this data have to access the entire data
base record to get to the part that they need. For example, to
process only the patient's number, charges, and payments, an
accounting program has to access all of the other fields as well.
In addition, changing the format of any of the fields within the
patient's record affects all of the application programs, not
just the programs that use that field. Using combined files can
also involve security risks, since all of the programs have access
to all of the fields in a record.

storing Data in a Data Base

Storing data in a data base gives you the advantages of separata

files and combined files: all of the data appears only once, and

:?cz program accesses only the data that it needs. This means
hat:

. When you update a field, vou only have to update it in one
place.

. Since you store each piece of information only in one place,
you can't have an updated version of the information in one
place and an out-of-date version of the information in
another place.

. Each program accesses only the data it needs.
. You can keep programs from accessing private information.

In addition, storing data in a data base has two advantages that
neither of the other ways has:

. If you changa the format of part of a data base record, the
change doesn't affect the programs that don't use the changed
information.

. Programé aren't affected by how the data is stored.

Because the program is independent of the physical data, a data
base can store all of the data only once and vet make it possible
for each program to use only the data that it needs. In a data
base, what the data looks like when it's stored, and what it looks
like to an application program are two different things.

WHAT THE DATA LOOKS LIKE WHEN IT'S STORED

4

In IMS/VS, a record is stored and accessed in a hierarchy. A
hierarchy shows how each piece of data in a record relates to
other pieces of data in the record. Figure 1 shows the hierarchy
vou could use to store the patient information described earlier
in this chapter.

IMS/VS Application Programming
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PATIENT

ILLNESS BILLING HOUSHOLD

TREATMNT PAYMENT

Figure 1. Medical Data Base Hierarchy

IMS/VS connects the pieces of information in a data base record by
defining the relationships batween the pieces of information that
relate to the same subject. The result of this is a data base
hierarchy. The hierarchy shows how each piece of information is
related to other pieces of information in the record. The
relationship between two pieces of information in the hierarchy
means that one piece of information is either dependent on or
equal to another piece of information.

In the medical data base, the data that you're keeping is
information about a particular patient. Information that is not
associated with a particular patient is meaningless. For example,
keeping information about a treatment given for a particular
illness is meaningless if the illness isn't associated with a
patient. ILLNESS, TREATMNT, BILLING, PAYMENT, and HOUSHOLD must
always be associated with one of the clinic's patients to be
meaningful information.

There are five kinds of information you're keeping about each
patient. The information about the patient's illnesses, billings,
and household depends directly on the patient. The information
about the patient's treatments and the patient's payments depends
resPEffively on the patient's illhesses and the patients payments
as well.

Each of the pieces of data represented in Figure 1 is called a
segment in the hierarchy. A segment is the smallest unit of data
that an application program can retrieve from the data base. Each
segment contains one or more fields of information. The PATIENT
segment, for example, contains all of the information that
relates strictly to the patient: the patient's identification
number, the patient's name, and the patient's address.

WHAT THE DATA LOOKS LIKE TO YOUR PROGRAM

IMS/VS uses two kinds of control blocks to make it possible for
application programs to be independent of the way in which you
store the data in the data base. One control block defines the
physical structure of the data base; another defines an
application program’'s view of the data base:

° A data base description, or DBD, is a control block that
describes the physical structure of the data base. The DBD
also defines the appearance and contents, or fields, that
make up each of the segment types in the data base.

For example, the DBD for the medical data base hierarchy shown
in Figure 1 would describe to IMS/VS the physical structure
of the hierarchy, and it would describe each of the six
segment types in the hierarchy: PATIENT, ILLNESS, TREATMNT,
BILLING, PAYMENT, and HOUSHOLD.

Chapter 1. Concepts and Terminology 5
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. A data base program communication block, or DB PCB, in turn,
defines an application program's view of the data base. An
application program often needs to process only some of the
segments in a data base. A PCB defines which of the segments
in the data base the program is allowned to access. The program
is "sensitive" to the segments that it's allowed to access.
The data structures that are available to the program contaln
only segments that the program it sensitive to.

For example, an accounting program that calculates and prints

bills for the clinic's patients would need only the PATIENT,

BILLING, and PAYMENT segments. You could define the data
structure shown in Figure 2 in a DB PCB for this program.

PATIENT

BILLING

PAYMENT

Figure 2. Accounting Program's View of the Data Base

A program that updates the data base with information on patients!'
illnesses and treatments, on the other hand, would need to process
the PATIENT, ILLNESS, and TREATMNT segments. You could define the
data structure shown in Figure 3 for this program.

PATIENT

ILLNESS

TREATMNT

Figure 3. Patient Illness Program's View of the Data éase

Sometimes a program needs to process all of the segments in the
data base. When this is true, the program's view of the data base
as defined in the DB PCB is the same as the DL/I hierarchy that's
defined in the DBD.

Each DB PCB defines a way in which the application program views
and processes the data base. The DB PCB also tells IM5/VS how the
program is allowed to process the segments in the data
structure—whether the program can only read them, or whether it
can update segments as well.

A program specification block, or PSB, contains the DB PCBs for a
particular application program. A program may use only one DB
PCB—which means it processes only one data structure—or it may
use several DB PCBs, one for each data structure. There is one PSB
for each application program.

Since an application program processes only the segments in a data
base that it requires, if you change the format of a segment that
a program doesn't process, you don't have to change the program. A
program is affected only by the segments that it accesses. In-
addition to being sensitive to only certain segments in a data
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base, a program can also be sensitive to only certain fields
within a segment. This is called field level sensitivity. If you
change a segment that the program isn't sensitive to, it doesn't
affect the program. In the same way, if you change a field that
the program isn't sensitive to, it doesn't affect the program.

HOW YOU PROCESS A DATA BASE RECORD

A data base record is a root segment occurrence and all of its
dependents. In the medical example, a data base record is all of
the information about one patient. The PATIENT segment in the
medical data base is called the root segment. The segments below
the root segment are called dependents, or children, of the root.
For example, ILLNESS, BILLING, and HOUSHOLD are all children of
PATIENT. ILLNESS, BILLING, and HOUSHOLD are called direct
dependents of PATIENT; TREATMNT and PAYMENT are also dependents
of PATIENT, but they are not direct because they are at a lower
level in the hierarchy.

Each data base record has only one root segment occurrence, but it
may have several occurrences at lower levels. For example, the
data base record for a patient contains only one occurrence of the
PATIENT segment type, but it may contain several ILLNESS and
TREATMNT segment occurrences for that patient.

To process the information in the data base, your application
program communicates with IMS/VS in three ways:

. Passing control: IMS/VS passes control to your application
program through an entry statement in vour program. Your
program returns control to IMS/VS when it has finished its
processing.

. Communicating processing requests: Your program communicates
processing requests to IMS/VS by issuing calls to Data
Language I, or DL/I. DL/I is an access method that handles the
data in the data base.

. Exchanging information with DL/I: Your program exchanges
information with DL/I through two areas in your program.
First, DL/I reports the results of your calls in the DB PCB.
Your program builds a mask of the DB PCB and uses this mask to
check the results of the calls. Second, when you request a
segment from the data base, DL/I returns the segment to your
I/0 area. When you want to update a segment in the data base,
you place the new value of the segment in the I/0 area.

An application program can read and update a data base. When vou
update a data base, you can replace segments, delete segments, or
add segments. You indicate to DL/I the segment you want to
prgcess, and whether you want to read or update it, in a DL/I

ca

A_LOOK AT THE TASKS AHEAD OF YOU

There are five kinds of tasks in devéloplng an IMS/VS application
and the programs that are part of the application:

. Desrgnlng the application. Application design varies from

installation to installation, and from one application to

. another. Because of this, this book does not try to cover the
early tasks that are part of designing an application.
Instead, it covers only the tasks that you are concerned with
once the early specifications for the appllcatvon have been
developed. These subtasks are:

- Analyzing Application Requirements. Two important parts
of application design are defining the data that each of
the business processes in the application will require,
and designing a local view for each of the business

Chapter 1. Concepts and Terminology. 7
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processes. "Chapter 2. Analyzing Application
Requirements" explains these tasks.

Understanding Online and Batch Processing. When you
understand the business processes that are part of the
application, you can analyze the requirements of each
business process in terms of the processing available
with different types of IMS/VS application programs.
"Chapter 3. Understanding Online and Batch Processing™
explains IMS/VS processing and the application
requirements that each satisfies.

Gathering Requirements for Data Base Options. You then
need to look at the data base options that can efficiently
answer the requirements and gather information about your
application's data requirements that relates to each of
the options. "Chapter 4. Gathering Requirements for Data
Base Options" explains these options, and it helps you to
gather information about your application that will be
heipful to the data base administrator in choosing these
options.

Gathering Requirements for Data Communications Options.
If your application will use data communications, you
also need to look at its data communications requirements
and gather information.that relates to DC options.
"Chapter 5. Gathering Requirements for Data
Communications Options" explains the IMS/VS data
communications options, and helps vou to gather
information about vour application that will be helpful
in choosing them.

U Developing specifications. This task depends completely on
the application being developed and the installation.

. Implementing the design. Once the specifications for each of
the programs in the application have been developed, you can
structure and code the program according to those
spacifications:

Structuring the DL/I Portion of a Program. Once the
program design is complete, you can structure the DL/I
calls and data areas based on the programming
specifications that have been developed. "Chapter 6.
itrgcﬁﬁ:jng the DL/I Portion of a Program”™ tells you how
o do is.

Coding the DL/I Portion of a Program. Once you know the
structure of the program, you implement that structure by
coding DL/I calls and the data areas used to communicate
with IMS/VS. "Chapter 7. Coding the DL/I Portion of a
Program” is a guide to coding a batch program.

Structuring a Message Processing Program. If vou're
writing a program that will communicate with terminals
and other programs, you need to structure the message

- processing part of the program. "Chapter 8. Structuring a

Message Processing Program" tells how you do this.

Coding a Message Processing Program. Again, once you have
developed the structure of the progoram, you implement
that structure by coding the DC calls that enable vour
program to send and receive messages. "Chapter 9. Coding
a Message Processing Program" tells how vou code the
parts of an MPP.

Structuring and Coding a Batch Message Program. If your
program performs batch processing online, there are some
additional considerations in structuring and coding your
program. "Chapter 10. Structuring and Coding a Batch
Message Program" explains these considerations.

IMS/VS Application Programming
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Testing an Application Program. When yvou have completed
coding your program, you test it by itself and then as part of
a system. "Chapter 11. Testing an Application Program" gives
some guidelines on program test.

Documenting an Application Program. Documenting a program
should not be something that you do at the end of a project.
It is most effective when done incrementally; when the
program is completely tested, however, there is some
additional information you need to supply for people who use
and maintain vour program. "Chapter 12. Documenting an
Application Program” gives some suggestions about the
information you should record about your program.

Chapter 1. Concepts and Términology 9




CHAPTER 2. ANALYZING APPLICATION REQUIREMENTS

Designing an application that meets the requirements of end users
involves. a variety of tasks, and, usually, people from several
departments at an installation. Application design begins when a
department or business area communicates a neaed for some tvpe of
processing; it ends when each of the parts of the application
system—for example, the programs, the data bases, the display
screens, and the message formats—have been designed. This
chapter gives an overview of application design and explains two
of the tasks involved in the process:

. An Overview of Application Dasign

This section gives a general description of application
design so that you'll understand how the tasks explained
later in this chapter fit into the application design
process. It also gives some suggestions about how you
document the application design process and describes some of

the considerations in converting an existing application to
IMS/VS.

® Identifying Application Data

One part of application design is gathering and analyzing the
data that an application requires. This section describes
listing, naming, and documenting data.

. Designing Local Vieus

This section explains how you develop local vieuws for each
business process in the application. A local view records a

conceptual data structure and the and the relationships

between the pieces of data in the structure. The information
that you develop at this stage will be helpful to the data

gase administrator, or DBA, when the DBA designs the data
ase.

AN OVERVIEW OF APPLICATION DESIGN

Application design is a process that varies from installation to
installation, and from application to application. The overview
that's given in this section, and the suggestions about
documenting application design and converting existing
applications are not the only way that these tasks are perférmed.
Each of these processes varies from installation to installation.

THE TASKS OF APPLICATION DESIGN

10

The purpose of this overview is to give vou a frame of reference
so that you'll understand where the techniques and guidelines
explained later in this chapter fit into the process. The order in
which you perform the tasks described here, and the importance
given to each one, depend on your installation. Also, the people
involved in each task, and their titles, may differ from
installation to installation.

. Using Installation Standards

Throughout the design process, be sure that vou're aware of
the standards that vour installation has established. Some of
the areas in which installations usually establish standards
are: naming conventions (for example, for data bases,
terminals, data elements); formats for screens and messages;
programming and coding conventions (concerning things like
the use of common subroutines and macros); and control of and
access to the data base. Setting up standards in these areas
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is usually an ongoing task that's the responsibility of data
base and system administration.

Following Your Installation's Security Standards

' Security means protection of the installation's resources

from unauthorized access and use. Like defining standards,
designing an adequate security system is often an ongoing
task. As an application is modified or expanded, often the
security has to be changed in some way as well. Security is an
important consideration in the initial stages of application
design. Establishing security standards and requirements is
usually the responsibility of an area like system
administration. These standards are based on the requirements
of the applications at the installation. "Identifying
Security Requirements” and "Identifying Online Security
Requirements" on page 64 gives some suggestions about the
kind of information that vou can gather concerning yvour
application's security requirements. This information can be
helpful to data base administration and system administration
in implementing data base and data communications security.

Some of the areas in which security is a concern are! access
to and use of the data bases; access to terminals;
distribution of application output; control.of program
modification; and transaction and command entry.

Identifying Application Data

Identifying the data that an application requires is a major
part of application design. One of the tasks of data
definition is learning from end users what information will
be required to perform the reaquired processing. Once you have
listed the data that will be required, other tasks are naming
the data and documenting it. "Identyfying Application Data"
describes these parts of data definition.

Providing Input for Data Base Design

In order to dasign a data base that meets the requirements of
all of the applications that will process the data base, the
DBA needs information about the data requirements of each
application. One way to gather and supply this information is
to desigh a local view for each of the business processes in
yvour application. A local view is a description of the data
that a particular business process requires. "Designing a
Local View" explains how you can develop a conceptual data
structure and analyze the relationships between the pieces of
data in the structure for each business process in the
application.

Designing Application Programs

Once tha overall application flow and system externals have
been defined, vou define the programs that will perform the
required processing. Some of the most important
considaerations involved in this task are installation-
standards, security and privacy requirements, and performance
requirements. When you develop the specifications for the
programs, the specification should include:

- The security requirements of the application program

- The input and output data formats and volumes

- The data verification and validation requirements

- The logic specifications for the program

- The performance requirements of the program

- The recovery requirements of the program

Chapter 2. Analyzing Application Requirements 11




- The linkage requirements and conventions

"Chapter 3. Understanding Online and Batch Processing”
describes the considerations in this task, and it describes
the types of processing available with IMS/VS. "Chapter 4.
Gathering Requirements for Dota Base Options" describes some
of the data base options that you should be aware of while
developing program specifications. "Chapter 5. Gathering
Requirements for Data Communications Options" describes some
of the data communications options that you should be aware of
at this stage.

In addition, vou may be asked to provide some information about
your application to the people responsible for network and
display design.

DOCUMENTING THE APPLICATION DESIGN PROCESS

Recording information about the application design process is
valuable to othars who work with the application now and in the
future. One kind of information that's helpful is information
about why you designed the application the way you did. This
information can be helpful to people who are responsible for the
data base, your IMS/VS system, and the programs in the
application—espacially if any part of the application has to be
changed in the future. Documenting application design is done
most thoroughly when it's done during the design process, instead
of at the end of it.

A good place to keep this information is in a data dictionary. For
example, using the IBM DB/DC Data Dictionary (Program Product
Number 5760-XXF), you can define a data processing
environment—the application system, the programs, the programs'
modules, the IMS/VS system, and so on. The DB/DC Data Dictionary
Applications Guide explains how vou can use the Data Dictionary
for these purposes.

CONVERTING AN EXISTING APPLICATION

One of the main aspects in converting an existing application to
IMS5/7VS is to know what already exists. Before starting to convert
the existing system, find out everything vou can about the way it
works currently. For example, the information below can be of help
to you when you begin the conversion:

. The record layouts of all of the records used by the
application. -

. The number of data element occurrences for each of the data
elements.

. The structure of any existing related data bases.

IDENTYFYING APPLICATION DATA

12

One of the steps of identifying application data is to thoroughly
understand the processing that the end user wants done. You need
to understand the input data and the required output data to be

able to define the data requirements of the application. You also

‘need to understand the business processes that are involved in the

end user's processing needs. Three of the tasks involved in
identifying application data are:

U Listing the data required by the business process
. Naming the data

. Documenting the data

IMS/VS Application Programming
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When you analyze the data that an application requires, you'll
find that the data falls into one of two categories:

. An entity is a person, place, or thing, that is of interest to
the end user, about which data may be recorded. It's what
you're keeping information about.

. A data element is the smallest named unit of data pertaining
to an entity. It's information that describes the entity.

For example, in an education application, "students" and
"courses" are both entities; these are two subjects about which
you collect and process data. Fiogure 4% shows some data elements
that relate to the student and course entities.

Entities Data Elements

Students Student Name
Student Number

Course Course Name

Course Number
Course Length

Figure 4. Entities and Data Elements

When you store this data in a DL/1 data base, groups of data
elements are potential segments in the hierarchy; each data
element is a potential field in that segment.

LISTING DATA ELEMENTS

This chapter uses as an example a company that provides technical
education to its customers. The education company has one
headquarters, called HQ, and several local education centers,
called Ed Centers.

A class is a single offering of a course on a specific datae at a
particular Ed Center. There may be several offerings of one course
at different Ed Centers; each of these is a separate class. HQ is
responsible for developing all of the courses that will be
offered, and each Ed Center is responsible for scheduling classes
and enrolling students for its classes.

Suppose that one of the education company's requirements is for
each Ed Center to print weekly current rosters for all of the
classes at the Ed Center. The current roster is to give
information about the class and the students enrolled in the
class. HQ wants the current rosters to be in the format shown ln
the sample current roster in Figure 5.

Chapter 2. Analyzing Application Requirements 13




CONFIRMED = 30
WAIT LISTED = 1
CANCELED = 2

CHICAGO 1704780
TRANSISTOR THEORY 41837
10 DAYS
INSTRUCTOR(S): BENSON, R.J. DATE: 1/14/80
STUDENT CUST  LOCATION STATUS  ABSENT  GRADE
1.ADAMS, J.W. XYZ SOUTH BEND, IND CONF
2.BAKER, R.T. ACME  BENTON HARBOR, MICH  « WAIT
3.DRAKE, R.A. XYZ SOUTH BEND, IND CANC
33.WILLIAMS, L.R. BEST  CHICAGO, ILL CONF

Figure 5. Current Roster

To list the data elements for a particular business process, look
at the required output. The current roster shown in Figure 5 is
the roster for the class, "Transistor Theory" to be given in

" Chicago, the Ed Center, starting on January 14, 1980, for ten

days. Each course has a course code associated with it—in this
case, %1837. The code for a particular course will always be the
same; if Transistor Theory is also given in New York, the course
code will still be 41837. The roster also gives the name(s) of the
instructor(s) who will be teaching the course. Although the
example only shows one instructor, a course may require more than
one instructor.

For each student, the roster keeps the following information: a
sequence number for each student, the student's name, the
student's company (CUST), the company's location, the student's
status in the class, and the student's absences and grade. All of
the above information on the course and the students is input
information.

The current date (the date that the roster is printed) appears in

the upper right corner (1/064/80). The current date is an example

of data that is only output data. The current date is generated by

the operating system and is not stored in the data base.

The bottom left-hand corner gives a summary of the class status.

This data is not included in the input data; these values will be

getermined by the program during processing. It is processing
ata.

When you list the data elements, it's helpful to abbreviate them

because you'll be referring to them frequently when you design the
local view.

LIST OF CURRENT ROSTER DATA ELEMENTS

EDCNTR The name of the Ed Center giving the class

DATE The date the class starts

CRSNAME The name of the course

CRSCODE The course code

LENGTH The length of the course

INSTRS The name(s) of the instructor(s) teaching the class

}
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STUSEQ# The student's sequence number
STUNAME The student's name

CUST The name of the student's company
LOCTN The location of- the student's company

STATUS The student's status in the class—uhether the student
is confirmed, wait~listed, or canceled

ABSENCE The number of days on which the student was absent
GRADE The student's grade for the course

Once you've listed the data elements, choose the major entity that
these elements describe. In this case, the major entity is class.
There is a lot of information about each student as well, and some
information about the course in general, but together all this
information relates to a specific class. If the information about
each student (status, absence, grade, for example) isn't related
to a particular class, then the information is meaningless. This
holds true for the data elements at the top of the list as well:
the Ed Center, the date the class starts, and the instructor don't
mean anything unless you know what class they're describing.

NAMING DATA ELEMENTS

Some of the data elements that your application uses may already
exist and be named. After you have listed the data elements, find
out if any of them exist by checking with the DBA, or the
equivalent at your installation.

Before vou start naming data elements, be sure you're aware of the
naming standards at your installation. When you name data
elements, use the most descriptive names possible. Remember that
since -other applications will probably be using at least some of
the same data, the names should mean the same thing to everyone.
Try not to limit the name to a meaning that makes sense only in
your application; use global names rather than local names. A
olobal name is a name whose meaning is clear cutside of any
particular application. A local name is a name that must be seen
in the context of a particular application to be understood.

One of the problems with using local names is that you can develop
synonyms, two names for the same data element. For example, in the
current roster example, suppose the student's company was
referred to simply as "company” instead of "customer." But
suppose the accounting department for the education company used
the same piece of data in a billing application—the name of the
student's company—and referred to it as "customer." This would
mean that two business processes uwere using two different names
for the same piece of data. At worst, this could lead to redundant
data if no one realized that "customer" and "company" contained
the same data. To solve this, use a global name that is recognized
by both departments using this data element. In this case,
customer is more easily recognized and the better choice. This
name uniquely identifies the data element and has a specific
meaning within the education company.

Homonyms are the opposite of synonyms. A homonym is one word for
two different things. For example, suppose HQ, for each course
that is taught, assigns a number to the course as it is developed
and calls this number the "sequence number." The Ed Centers, as
they receive student enrollments for a particular class, assign a
number to each student as a means of identification within the
class. The Ed Centers call this number the "sequence number." Thus
HQ and the Ed Centers are using the same name for two separate
data elements. You can solve the problem by qualifying the names.
The number that HQ assigns to each course can be called "course
code™ (CRSCODE), and the number that the Ed Centers assign to
their students can be called "student sequence number" (STUSEQ#).
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The name of a particular data element must identify that element

and describe it as much as possible. Data element names should bea: 4

r/—‘

Unique: The name is clearly distinguishable from other names.

Self-explanatory: The name is easily understood and
recognized.

Concise: The name is descriptive in a few words.

Universal: The name means the same thing to everyone.

DOCUMENTING APPLICATION DATA
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After you've determined what data elements a business process
requires, it's a good idea to record as much information about
each of these elements as possible. This information is useful to
the DBA. Make sure that you are aware of any standards that vour
installation has established about data documentation. Many
installations have standards concerning what information should
be recorded about data, and how and where that information should
be recorded. The amount and type of this information may vary from
installation to installation; the list below is the type of
information that is often recorded:

The descriptive name of the data element. Data element names
should be precise, vet they should be meaningful to people who
aren't familiar with the application, as well as to the people
who are familiar with the application.

The length of the data element. This will be used to determine
segment size and segment format.

The character format—uwhether the data is alphameric,
hexadecimal, packed decimal, or binary. The programmer will (/
need this information. \

The range of possible values for the element. This is
important for validity checking.

The default value. The programmer will also need this
information.

The number of data element occurrences. This information will

help the DBA to determine the space required for this data,
and it affects performance considerations.

How the business process affects the data element—unill it
just read it, or will it be updating it as well? This
information will determine the processing option that is:
coded in the PSB for the application program.

Other information that you should record about the data concerns
control considerations, such as maintenance and security:

L4

If the format of a particular data element changes, which
business processes does that affect? For example, if an
education data base has as one of its data elements a 5-digit
code for each course, and the code is changed to 6 digits,
which business processes will this affect?

Where is the data now? Know the sources of the data elements
required by the application.

Which business processes make changes to a particular data
element?

Are there security requirements about the data in your
application? For example, you would not want information such
as employees' salaries available to everyone at the
installation.
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. Which department owns and controls the data?

One way to gather and record this information is to use a form
similar to the one shown in Figure 6. Again, the amount and type
of data that vour record depends primarily on the standards at
your installation. This form is provided as an example of the kind

of data that is useful to record.

ID Data Allowed Null Default ‘Number of
# Ehement Length Format Values Value Value Occurrences
ame
5 Course 5 Char. 00100~ 00000 NZA There are 200
Code bytes 90000 courses in the
curriculum. An
average of 10
are new/revised
per year; an
average of 5 are
dropped per vear.
25 | Status 4 Char. CONF blanks WAIT 1 per student
bytes WAIT
CANC
36 Student 20 Char. Alpha blanks N7A There are 3-100
Name bytes only students per
class; this is an
average of 40 per
class.

Figure 6. Example of Data Elements Information Form

A data dictionary is a good place to record the facts about the
application's data. When you are analvzing data, a dictionary can
help you find out whether or not a particular data element already
exists, and if it does, its characteristics. With the IBM DB/DC

. Data Dictionary, you can use the Data Dictionary online to

determine what segments exist in a particular data base, to
determine the fields that segments contain, and so on. You can
also use it to create reports involving the same information.

The DB/DC Data Dictionary Applications Guide explains how you can
use the Data Dictionary for these purposes.

DESIGNING A LOCAL VIEM

A local view is a description of the data that an individual
business process requires. It includes a list of the data
elements, a conceptual data structure that shows how you've
grouped data elements by the entities that they describe, and the
ralationships between each of the groups of data elements. A group
of data elements is called a data aggregate. Once you have grouped
data elements by the entity they describe, you can determine the
relationships between the aggregates. These relationships are
called mappings. Based on the mappings, you can design a
conceptual data structure for the business process. You should
document this process as uwell.

ANALYZING DATA RELATIONSHIPS

When you analyze data relationships, you are developing
conceptual data structures for the business processes in your
application. Data structuring is a way to analyze the
relationships between the data elements required by a business
process, not a way to design a data base. The decisions about
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segment formats and contents belong to the DBA. The information

you develop is input for designing a data base.

Data structuring can be done in many different ways. The method

explained in this section is an example.

Grouping Data Elements into Hierarchies

18

A group of data elements that describes a particular entity is
For example, the data elements STUSEQ#,

called a data aggregate.
STUNAME, CUST, LOCTN,

student.

aggregate. STUSEQ#,
GRADE are the names of data elements.

Data elements have values as well;

STUNAME,

STATUS, ABSENCE, and GRADE all describe a
This group of data elements is called the student data
CUST, LOCTN, STATUS, ABSENCE, and

for the student data elements

the values are a particular student's sequence number, the
student's name, company, company location, the student's status
in the class, the student's absences, and grade. The names of the
data aggregate are not unique; all the students in the class are

described in the same terms.

The combined values, however, of a

data agoregate occurrence are unique. No two students can have the
same values in each of these fields.

As you group data elements into data aggregates and data
structures, look at the data elements that make up each group and
choose one or more data elements that will uniquely identify that
group. A data aggregate's key is the data element or group of data
elements in the aggregate that uniquely identifies the aggregate.
Sometimes you have to use more than one data element to unvquely

identify an aggregate.

By following the three steps explained in this section vou can
develop a conceptual data structure for a business process's

data.

structure that the program that performs the business process
Wwill end up with. The three steps are:

1.

3.

This does not mean that vou are developing the logical data (/
.

Isolate repeating data elements in a single occurrence of the

data aggregate.

Isolate duplicate values in multiple occurrences of the data

aggregate.

Group data elements w1th their controlling keys.

1. ISOLATING REPEATING DATA ELEMENTS: For the first step, look at

a single occurrence of the data aggregate.
this looks like for the class aggregate.

.Figuré 7.

Figure 7 shows what

DATA ELEMENT CLASS AGGREGATE OCCURRENCE
EDCNTR CHICAGO
DATE(START) 1714780
CRSNAME TRANSISTOR, THEORY
CRSCODE 41837
LENGTH 10 DAYS
INSTRS - multiple
STUSEQ# multiple
STUNAME multiple
CUST multiple
LOCTN multiple
STATUS multiple
ABSENCE multiple
GRADE multiple

Single Occurrence of Class Aggregate
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The fields that say multiple are the fields that repeat. Separate
the data elements that repeat by moving them to a louwer level;
keep data elements with their controlling keys.

The data elements that repeat for a single class are STUSEQ#,
STUNAME, CUST, LOCTN, STATUS, ABSENCE, and GRADE. INSTRS is also a
repeating data element because some classes require two
instructors, although this class requires only one.

When you isolate repeating data elements, you have the structure
shown in Figure 8.

XEDCNTR
XDATE
CRSNAME
¥CRSCODE
LENGTH
v v
¥STUSEQ# XINSTRS
STUNAME
CUST
LOCTN
STATUS
ABSENCE
GRADE

Figure 8. Current Roster Step 1

The asterisks in Figure 8 signify the data elements that make up
the key. For the class aggregate, it takes more than one of the
data elements to identify the course, so you need more than one
data element to make up the key.

After you have shifted repeating data elements, make sure that
each element is in the same group as its key. INSTRS is separated
from the group of data elements describing student because the
information about instructors is unrelated to the information
about the students. The student sequence number does not control
who the instructor is. A dependent aggregate's key is made up of
the concatenated keys of all of the aggregates above the dependent
aggregate. This is because a dependent's key doesn't mean
anything if vou don't know the keys of the higher aggregates. For
example, if you knew that a student's sequence number was 4, you
would be able to find out all of the information about the student
associated with that number. This number would be meaningless,
however, if it were not associated with a particular class. But,
since the key for the student aggregate is made up of Ed Center,
date, and course code, you would know what class the student was
in.

Figure 8 shows these aggregates with thevfollowing keys:

. Course aggregate: EDCNTR, DATE, CRSCODE

. Student aggregate: EDCNTR, DATE, CRSCODE, STUSEQ#

. Instructor aggregate: EDCNTR, DATE, CRSCODE, iNSTRS

2. ISOLATING DUPLICATE VALUES: For the second step, you need to

look at multiple occurrences of the aggregate—in this case the
values you might have for two classes. Figure 9 shows multiple
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occurrences of the data elements. As vou look at Figure 9, look
for duplicating values. Remember that both occurrences describe

onhe course.

DATA ELEMENT LIST OCCURRENCE #1 OCCURRENCE #2
EDCNTR CHICAGO NEW YORK
DATE(START) 1714780 3710780
CRSNAME TRANS THEORY TRANS THEORY
CRSCODE 41837 41837

LENGTH 10 DAYS 10 DAYS
INSTRS multiple multiple
STUSEQ# multiple multiple
STUNAME multiple multiple
CUSsT multiple multiple
LOCTN multiple multiple
STATUS multiple multiple
ABSENCE multiple multiple
GRADE multiple multiple

Figure 9. Multiple Occurrences of Class Aggregate

The data elements that say multiple are the data elements that
repeat. The values in these elements will not be the same. The
aggregate will always be unique for a particular class.

In this step, compare the two occurrences and shift the fields
with duplicate values to a higher level. If you need to, choose a
key for aggregates that do not yet have keys.

CRSCODE, CRSNAME, and LENGTH are the fields that can have
duplicate values. A lot of this process is common sense. Student
status and grade, although they can have duplicate values, should
not be separated because they are not meaningful values by
themselves. These values would not be used to identify a
particular student. This becomes clear when you remember to keep
data elements with their controlling keys. .

When you isolate duplicate values, you have the structure shown in

Figure 10.
¥CRSCODE
CRSNAME
LENGTH
XEDCNTR
¥DATE
v v
*STUSEQ# ¥INSTRS
STUNAME
CUST
LOCTN
ABSENCE
GRADE
STATUS
Figure 10. Current Roster Step 2
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Determining Mappings

3. GROUPING DATA ELEMENTS WITH THEIR CONTROLLING KEYS: The third
step is often a check on the first two steps. Sometimes the first
two steps have already done what this step tells you to do.

At this stage, make sure that each data element is in the group
that contains its controlling key. The data element should depend
on the full key. If the data element only depends on part of the
key, separate the data element along with the partial key 'that it
depends on.

In this example, CUST and LOCTN do not depend on the STUSEQ#. They
are related to the student, but they don't depend on the student.
They identify the company and company address of the student.

CUST and LOCTN are not dependent on the course, the Ed Center, or
the date. They are separate from all of these things. Since a
student is only associated with one CUST and LOCTN, but a CUST and
LOCTN can have many students attending classes, the CUST and LOCTN
aggregate should be above the student aggregate. Figure 11 shows
what the structure looks like when you separate CUST and LOCTN.

¥CRSCODE
CRSNAME
LENGTH
v
¥CUST ¥EDCNTR
¥LOCTN ¥DATE
v v v
¥STUSEQ# *INSTRS
STUNAME
STATUS
ABSENCE
GRADE

Figure 11. Current Roster Step 3

Where the customer and location information will be located is
part of data base design. Data structuring should separate any
inconsistent data elements from the rest of the data elements.

Once you have arranged the data aggregates in a conceptual data
structure, you can examine the relationships between the data
aggregates. A mapping between two data aggregates is the
quantitative relationship between the tuo. The reason that vou
record mappings is that they reflect relationships between
segments in the data structure that vou've developed. If vou store
this information in a DL/1 data base, the DBA can construct a data
base hierarchy that will satisfy all of the local views, based on
the mappings. In determining mappings, it's easier to refer to the
d?ta a%gregates by their keys, rather than by their collected data
elements.

There are two possible relationships between any two data
aggregates:

. One-to-many
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LOCAL VIEW EXAMPLES

For each segment A, there are one or more occurrences of
segment B. For example, for each class, there are multiple
students. Mapping notation shows this like so:

clasg (========>> Student
Many-to-many

Segment B has many A segments associated with it and segment A
has many B segments associated with it. In a hierarchic data
structure, a parent can have one or more children, but each
child can be associated with only one parent. The
many-to-many association does not fit into a hierarchy,
because each child can be associated with more than one
parent. This is covered in Chapter 3, "Analyzing Data
Requirements," in the IMS/VS Data Base Administration Gujde.
Many-to-many relationships occur between sagments in two
business processes. A many-to-many relationship indicates a
conflict in the way that two business processes need to
process those data agoregates. If vou use DL/I, you can solve
this kind of processing conflict by using secondary indexing
or logical relationships.

The mappings for the current roster are:

Course <-==----- >> Class

For each course, there may be several classes scheduléd, but a
class is associated with only one course.

Class <——-=———==-—= >> Student

A class has many students enrolled in it, but a student may be
in only one class offering of this coursa.

Class <—===—==- >> Instructor

A class may have more than one instructor, but an instructor
only teaches one class at a time.

Customer/location <-=-===—=-- >> Student
A customer may have several students attending a particular

class, but each student is only associated with one customer
and location.

This section goes through three more examples of designing a local
view. These examples are the Schedule of Classes, the Instructor
Skills Report, and the Instructor Schedules. This section does
not explain the steps of designing a local view; it simply takes
yvou through the examples. Each example shows the two parts of
designing a local view:

1.

Gather the data. For each example, the data elements are
listed and two occurrences of the data aggregate are shouwn.
Two occurrences are shown because vou need to look at both
ocfurrences when you look for repeating fields and duplicate
values.

Analyze the data relationships. First, group the data
elements into a conceptual data structure using these three
steps:

a. Isolate repeating data elements in a single occurrence of
the data aggregate by shifting them to a lower level. Keep
data elements with their controlling keys.

b. Isolate duplicating values in two occurrences of the data
aggregate by shifting those data elements to a higher
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level. Again, keep data elements with their controlling
\ keys.

c. Group data elements with their controlling keys. Make
sure that all of the data elements within one aggregate
have the same controlling key. Isolate any that don't.

Then, determine the mappings between the data aggregates in
the data structure you've developed.

schedule of Courses

HQ keeps a schedule of all of the courses given each quarter and
distributes it monthly. HQ wants the schedule to be sorted by
course code and printed in the format shown in Figure 12.

COURSE SCHEDULE

COURSE: TRANSISTOR THEORY COURSE CODE: 41837
LENGTH: 10 DAYS PRICE: $280
DATE LOCATION
APRIL 14 BOSTON
APRIL 21 CHICAGO

NOVEMBER 18 LOS ANGELES

) Figure 12. Schedule of Classes

1. Gather the data. Figure 13 lists the data elements and two
occurrences of the data aggregate.

Data Elements Occurrence 1 Occurrence 2
CRSNAME TRANS THEORY MICRO PROG
CRSCODE 41837 41840

LENGTH 10 DAYS 5 DAYS

PRICE $280 $150

DATE multiple multiple
EDCNTR multiple multiple

Analyze the data relationships. First, group the data

Figure 13. Class Schedule Data Elements

elements into a conceptual data structure.

a. JIsolate repeating data elements in one occurrence of the

data aggregate, as shown in Figure 14.
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¥CRSCODE
CRSNAME
LENGTH
PRICE

v

*EDCNTR
¥DATE

Figure 14. Class Schedule Step 1

b. Next, isolate duplicate values in two occurrences of the
data aggregate.

There are no duplicate values in this data aggregate.

c. Group data elements with their controlling keys.
Data elements are grouped with their controlling keys in
the present structure. No changes are necessary for this
step.

Once vou've developed a conceptual data structure,
determine the mappings for the data aggregates.

The mapping for this local view is:

cours@ (====ww=- >> Class

Instructor skills Report

Each of the Ed Centers needs to print a report giving the courses
that each of its instructors is qualified to teach. The report is
to be in the format shown in Figure 15.

INSTRUCTOR SKILLS REPORT

INSTRUCTOR COURSE CODE COURSE NAME

BENSON, R. J. 41837 TRANS THEORY

MORRIS, S. R. 41837 TRANS THEORY
41850 CIRCUIT DESIGN
41852 LOGIC THEORY

REYNOLDS, P. W. 41860 MICRO PROG
41850 CIRCUIT DESIGN

Figure 15. Instructor Skills Report

1. Gather the data. Figure 16 lists the data elements and two
occurrences of the data aggregate.
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DATA ELEMENTS OCCURRENCE 1 OCCURRENCE 2

INSTR BENSON, R. J. MORRIS, 5. R.
CRSCODE multiple multiple
CRSNAME multiple multiple

Figure 16. Instructor Skills Data Elements

2. Analyze the data relationships. First, group the data
elements into a conceptual data structure.

a. Isolate repeating data elements in one occurrence of the
data aggregate as shown in Figure 17.

¥INSTR

v

%¥CRSCODE
CRSNAME

Figure 17. Instructor Skills Step 1

b. Isolate duplicate values in two occurrences of the data
aggregate.

There are no duplicate values in this data aggregate.
c. Group data elements with their controlling keys.
All data elements are greuped with their keys in the
current data structure. You don't have to make any
changes to this data structure.
Determine the mappings for the data aggregates.
The mapping for this local view is:

Instructor (~=-===w=- >> Course

Instructor Schedules

HQ wants to produce a report giving the schedules for all the
instructors. Figure 18 shows what the report is to look like.

INSTRUCTOR SCHEDULES
INSTRUCTOR COURSE CODE ED CENTER DATE
BENSON, R. J. TRANS THEORY 41837 CHICAGO 17147890
TRANS THEORY 41837 NEW YORK 3703780
MICRO PROG 41840 NEW YORK 3717780
MORRIS, S. R. CIRCUIT DES 41850 CHICAGO 1721780
LOGIC THEORY 41862 BOSTON 2725780
REYNOLDS, B. H. CIRCUIT DES 41850 LOS ANGELES 3710780

Figure 18. Instructor Schedules
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1. Gather the data. Figure 19 lists the data elements and two
occurrences of the data aggregate.

DATA ELEMENTS OCCURRENCE 1 OCCURRENCE 2
INSTR BENSON, R. J. MORRIS, S. R.
CRSNAME multiple multiple
CRSCODE multiple multiple
EDCNTR ‘ multiple multiple
DATE(START)  multiple multiple

Figure 19. Instructor Schedules Data Elements

2. Analyze the data relationships. First, group the data
elements into @ conceptual data structure.

a. Isolate repeating data elements in one occurrence of the
data aggregate as shown in Figure 20.

*INSTR

\'

CRSNAME
¥CRSCODE
¥EDCNTR
¥DATE

Figure 20. Instructor Schedulés Step 1

b. Isolate duplicate values in two occurrences of the data
aggregate as shown in Figure 21.

In this example, CRSNAME and CRSCODE can be duplicated
for one instructor or for many instructors, for example,
41837 for Benson and 41850 for Morris and Reynolds.

¥INSTR

v

CRSNAME
¥CRSCODE

v

¥EDCNTR
¥DATE

Figure 21. Instructor Schedules Step 2

c. Group data elements with their controlling keys.
All data elements are grouped with their controlling keys

in the current data structure. You don't have to make any
changes to the current data structure.
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Determine the mappings for the data aggregates.
The mappings for this local view are:

Instructor (=-=====- >> Course
cCourse {(=====w==--= >> Class

Combining the requirements of the four examples presented in this
chapter and designing a hierarchic structure for the data base

based on these requirements are covered in Chapter 3, "Analyzing
Data Requirements," in the IMS/VS Data Base Administration Guide.

Chapter 2. Analyzing Application Requirements

27




CHAPTER 3. UNDERSTANDING ONLINE AND BATCH PROCESSING

This chapter describes IMS/VS online and batch processing, and
the kinds of programs that perform both kinds of processing. How
online and batch programs are scheduled, how they update the data
base, and how they are recovered and restarted after a program or
syszem failure are different. This chapter has three major
sections:

. online Processing

"Online processing"” is the kind of processing that's often
done during prime shift. Online processing allows many people
to use the system at the same time, through terminals. This
section describes the characteristics of online processing
and it explains the types of programs that run online.

. Batch Processing

"Batch processing" is the kind of processing that's often
done at night or on the weekends—separately from online
processing. This section explains the characteristics of
batch processing.

e summarizing IMS/VS Application Program characteristics
The last section of this chapter contains a chart that

summarizes and compares some of the characteristics of each
type of IMS/VS application program.

ANALYZING FROCESSING REQUIREMENTS //
\
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One of the steps of application design is to decide how the
business processes, or tasks, that the end user wants done can be
best grouped into a set of programs that will effrclently perform
the required processing. Some of the considerations in analyzung
processing requirements are:

. When the task must be executed:

- Will it be scheduled unpredictably, for example on
terminal demand; or periodically, for example, weekly?

. How the program that performs the task is invoked:

- Will it be invoked online, where response time is
crucial; or by batch job submission, where a slower
response time is acceptable?

] The consistency of the processing components:

- Does this task involve more than one type of program
- logic? For example, does it involve mostly retrievals,
and only one or two updates? If so, you should consider
separating the updates into a separate program.

- Does this task involve several large groups of data? If it
does, it might be more efficient to separate the programs
by the data they access.
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. Any special requirements about the data or processing:

Maintenance—how often must the data be updated?
Security—should access to the program be restricted?
Recovery—are there special recovery considerations in
the program's processing?

Integrity—do other departments use the same data?

There is not always a "right" answer when you are trying to
determine how many programs can most efficiently do the required
processing. It is often a matter of common sense, and not hard and
fast rules. As you look at each task, examine the data and
processing that each task involves. If a task requires different
types of processing and has different time limitations (for
example, weekly as opposed to monthly), that task may be more
efficiently performed by several programs.

As you define each program, it's a good idea for maintenance and
recovery reasons to keep programs as simple as possible. The
simpler a program is—the less it does—the easier it is to
maintain and restart after a program or system failure. At the
same time, if the data that the application requires is in a large
data base, it may be more efficient to have one program do more of
the processing than usual. These are considerations that depend
on the processing and the data of each application.

When doing this, it's a good idea to document each of the user
tasks. Be sure you're aware of installation standards in this
area. Some of the information that's often collected is when the
task is to be invoked, a functional description, and maintenance,
security, and recovery requirements. For example, for the Current
Roster process described in "Chapter 2. Analyzing Application
Requirements," you might record the information shouwn in

Figure 22. The frequency is determined by the number of classes
(20) for which the Ed Center will print current rosters each week.
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NAME: Current Roster

USER TASK DESCRIPTION

ENVIRONMENT:

Batch FREQUENCY: 20 per week

INVOKING EVENT OR DOCUMENT: Time period (one week)
REQUIRED RESPONSE TIME: 24 hours

FUNCTION DESCRIPTION: Print a current roster for each

class offered at the Ed Center once a week. Students

on the roster should be listed in order of their

student sequence numbers.

MAINTENANCE:

maintenance.

Included in Education Data Base

SECURITY: None

RECOVERY: Ability to resume printing a particular class

roster after a specified student.

Figure 22. Current Roster Task Description

ONLINE PROCESSING

There are three major kinds of IMS/VS application programs that
run online. These are:

. Message processing programs, or MPPs
. Fast Path programs
U Batch message programs, or BMPs

Online processing is typically done during the day, when the
system is used most heavily. Online programs process requests and
communicate with end users. Because online programs use IMS/VS
resources concurrently, thesé programs run under the control of
the IMS/VS control region. Each type of online program—an MPP, a
Fast Path program, and a BMP—runs in a region that is dependent
on the control region for access to the message queues and the
data bases. Some of the application requirements that online
programs canh answer are:? :

. The information inbthe data base must be available to many
users.

. The programs needs to communicate with terminals and other
programs.

. The program must be available to users at remote terminals.
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U Response time is crucial; vou need the results of the
application program's processing immediately.

. The information in the data base must be current.

There are two types of processing that an online program can do.
Some online programs process messages. These are the programs
that communicate with terminals and other programs through the
message queues. When a person at a terminal enters a request for
information, the request is called a message. IMS/VS collects
messages oh a message queue and schedules a program when there is
a message for it to process. The program then retrieves its
messages one at a time, processes them, and replies to the
originators.

For example, a bank teller enters a request at a terminal for the
current balance in a certain checking account. This is a message.
Part of the message is a transaction code that identifies the
processing request and associates the request with the
application program that can answer the request. IMS/VS routes
the message to the message queue, and the program retrieves the
message, gets the requested information, and replies to the bank
teller's terminal. )

Online programs can also perform batch processing. These programs
don't have to communicate with terminals or other programs for
their input and output; they are simply batch-type programs that
run online. Some of the reasons that yvou use an online program to
do batch processing are:

) You want a batch program to access online data bases.

® You don't want to wait until the night or the weekend to
update the data base because the data will not be as current.

. You don't want tb degrade the response time of an MPP by
having the MPP handle its data base updates.

There are three kinds of online programs. All of them are able to
process messages and access IMS/VS data bases; some of them can
perform batch processing as well.

. MPPs are IMS/VS application programs that process messages to
and from the IMS/VS message queues. You use them only for
message processing.

U Fast Path programs are online programs that emphasize fast
processing of simple data structures and high volumes of
transactions. There are tuwo types of Fast Path application
programs you can use.

- A message-driven Fast Path program accesses the Fast Path
message queues for its input; it is similar to an MPP.

- A nonmessage-driven Fast Path prooram processes Fast Path
data bases. It does not communicate with terminals or
other programs, except in mixed mode. "Mixing Fast Path
and IMS/VS Processing" explains mixed-mode processing. A
nonmessage-driven Fast Path program is similar to a BMP.

. BMPs are IMS/VS application programs that can perform message
processing or batch processing. BMPs have characteristics of
both online and batch programs in that they run online, but
they are started with JCL. Unlike MPPs, BMPs can access 0S5/VS
files. There arae two kinds of BMPs. One kind accesses the
message queue for its input, the other doesn't. Both types can
send output to the message queue.

- A transaction-oriented BMP accesses message queues for
_its input. What makes it different from an MPP is that it
doesn't have to access the message queues; it can process

input from 05/VS filas, and it can create 05/VS files.
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MESSAGE PROCESSING

- A batch-oriented BMP does not access the message queue
for input; it is simply a batch program that runs online. {/
It can send its output to the message queue.
Batch-oriented BMPs are usually shorter than typical
batch programs because you don't want to tie up online
resources with a long-running program.

The programs that can process messages from terminals and other
programs are MPPs, message-driven Fast Path programs, and
transaction—-oriented BMPs. Before you look at each of these types
of programs individually, there are some concepts of message
processing that vou need to understand.

When a person at a terminal enters a request for processing, that
request is called a message. The message that the person enters
can be one of three types:

. If the message starts with a transaction code, the message is
a processing request for an application program. In this
case, IMS/VS puts the message on the message queue and
schedules the application program that can process that
transaction.

. If the message starts with the name of a logical terminal, the
control region sends the message to the queue and then to the
logical terminal specified in the message. This is called a
message switch.

. If the message starts with a slash ("/"), it is a command.
IMS/7VS executes the command.

The important thing to notice about the messages that a terminal

can enter is that only messages that contain transaction codes go (
to an application program. The control region handles the other \
two types of messages.

When a program that processes messages is scheduled, its main
purpose is to process the messages that are waiting for it. It may
or may hot have to access the data base to do this. Generally,
this type of program goes through these four steps in its
processing:

1. Retrieve a message from the message queue.

2. Process the message; this includes getting any information
you need from the data base.

3. Reply to the terminal or program that sent the input message.

4. Check to see if there are any more messages. If there are,
repeat the process. If there aren't, terminate the program.

'How IMS/VS Identifies Terminals

When a person at a terminal sends a message to a program, IMS/VS
places the name of the terminal that sent the message in the I/0
PCB mask. This is not the name of the physical terminal; IMS/VS
uses what are called "logical terminals." A logical terminal is a
name that is related to a physical terminal. One physical terminal
can have one or more logical terminals associated with it. The
advantage of using a logical terminal name instead of the physical
terminal itself is that you don't have to worry about the physical
addresses of the terminals vou're working with; IMS/VS makes sure
that vour messages go to the physical terminal associated with the
name you're using. If a physical terminal becomes inoperative,

the master terminal operator can dynamically reassign the logical
terminal associated with the inoperative physical terminal to
another physical terminal. This means that the output from the MPP

7
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would go to a new physical terminal without affecting the MPP's
processing.

How IMS/VS Protects Online Data: Sync Points

MPPs

IMS/VS data communications makes it possible for people at
terminals and application programs to access the data at one time.
Because of this, IM5/VS has to have control over which users and
programs access the data, and when. If IM5/VS doesn't control the
data, several application programs could access and update the
same segment at the same time and no one would know the correct
value of the segment. To avoid this, IM5/VS serializes and
enqueues segments for online application programs.

IMS/VS does two things to protect data inteority. First, when an
online program accesses a data base record, IMS/VS puts a hold on
that record until the program is finished with the record. If the
program is only reading from the data base record, IMS/VS
considers the program to be finished with it when the program
moves to another data base record in the same data structure that
contains the first data base record. IMS/VS then takes the hold
off the previous data base record and makes it available to the
next program that wants to use it. If, on the other hand, the
program is updating some of the data in the data base record,
IMS/7VS has to hold the record for a longer period of time to make
sure that the update is valid.

The second thing that IMS5/VS does to protect data involves
synchronization points. A synchronization point, or sync point,
is a place in a program at which the program indicates to IMS/VS
that all of the processing thus far is accurate. When a program
reaches a sync point, that means that even if the program
terminates abnormally after the next call, the processing up to
the sync point is accurate. When an online program updates a data
base record, IMS/VS doesn't release the record until the program
reaches a sync point. Where sync points occur in a program depends
on the type of processing the program does.

In addition to indicating to IMS/VS that a program's processing is
accurate, sync points establish places in the program from which
the program can be restarted.

One way to understand the differences between the online message
programs—MPPs, message-driven Fast Path programs, and
transaction-oriented BMPs—is to look at specific ways in which
they differ and compare them. The main ways in which these three
types of programs differ are:

. Where sync points occur in each type of program
U How IMS/VS handles recovery for each type of program

. When IMS/VS applies the updates produced by each type of
program

An MPP is an online program that processes messages and accesses
online data bases. It is controlled by the IMS/VS control region.

You use an MPP when you want the program to ansuer requests
Entered at a terminal; these requests deal with IMS5/VS online data
ases.

An MPP cannot process 05/VS files or GSAM data bases. GSAM, or
Generalized Sequential Access Method, is used to convert 05/VS
files into nonhierarchic data bases that IMS/VS can checkpoint.

HPP OPTIONS: An MPP has several options concerning its
interactions with terminals. The MPP can send its output to the
same terminal that sent the input message, or it can send output
to other terminals and application programs as well.
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An MPP can also process a conversation. Conversational processing
allows the person at the terminal to interact more than once with
an application program or a set of application programs. In other
words, the person at the terminal might have several parts to a
transaction, instead of only one.

The messages that a terminal sends to an MPP are made up of
segments. A message from a terminal is made up of as many segments
as necessary. The MPP retrieves one message segment at a time
until IMS/VS indicates to the program that it has retrieved all
the segments of that message.

SYNC POINTS IN AN MPP: Where sync points occur in an MPP depends
on whether the program is single or multiple mode. When an MPP
reaches a sync point, the program indicates to IMS/VS that its:
processing thus far is accurate. When this happens, IMS/VS
releases the resources that the program has enqueued since the
last sync point, and it sends the output messages that the program
has created to their destinations.

When you specify single mode for an MPP, a sync point occurs each
time the MPP issues a call for a new message. This means that
IMS/VS sends the output messages that the program creates to their
destinations at each sync point. Single-mode is good for recovery
reasons because, in the event of a program or system failure, a
single-mode MPP can be restarted from the most recent call for a
new message.

If the program is multiple mode, the only sync points in the
program occur when you issue a checkpoint call to cause a sync
point, and when the program terminates. These are the only times
during the program that IMS/VS sends the program's output
messages to their destinations. Because there are fewer sync
points to process in multiple-mode MPPs than there are in
single-mode MPPs, multiple-mode MPPs may be able to give slightly
higher performance than single-mode MPPs.

When an MPP reaches a sync point, IMS5/VS does two things:

1. IMS/VS releases any data base records that the MPP has updated
since the last sync point so that these records are available
to other application programs.

2. IMS/VS sends output messages from the MPP to their final
destinations. Until the program reaches a sync point, IMS/VS
holds the program’'s output messages at a temporary
destination. This ensures that, if the program terminates
abnormally, terminals and programs will not receive
inaccurate data from the MPP.

RECOVERY IN AN MPP: When an MPP terminates abnormally, IMS/VS:

. Backs out all of the changes that the MPP has made to the data
base since the last sync point

. Throws away the output messages that the MPP has produced
since the last sync point

. Throws away the input message the MPP had retrieved and was
processing when the MPP terminated abnormally

Once the master terminal operator has restarted the MPP, IMS/VS
gives the MPP the next message.

In a single-mode MPP, the program reaches a sync point each time
it issues a call to retrieve a new message from the message queue.
This means that when IMS/VS restarts the program after the program

‘has terminated abnormally, the program will start by processing

the next message.

On the other hand, when a multiple-mode MPP terminates
abnormally, IMS/VS can only restart it from a checkpoint call.
This can mean that instead of having only the most recent message
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to reprocess, the MPP miaht have several messages to reprocess.
This depends on when the MPP issued the last checkpoint call.
Using single mode, rather than multiple mode, simplifies recovery
for the MPP.

HHEN IMS/VS SCHEDULES AN MPP: When a person at a terminal uwants to
process a particular transaction, the person enters a transaction
code. A transaction code is associated during system definition
with the program that can process it. An MPP can be defined to
process only one transaction code, or it can be defined to process
several different transaction codes.

When IMS/VS receives a méssage with a transaction code, IMS/VS
checks the priority for the program associated with the
transaction code. If there are messages waiting for other
programs with higher priorities, IM5/VS schedules those programs
first. Program priorities are decided by the DB/DC system
administrator.

When IMS/VS schedules an MPP, the MPP processes the message or
messages that are waiting for it—uwithin limits—and then
terminates. The limits are defined by the IMS/VS DB/DC system
administrator when the application program is defined. For each
MPP, the DB/DC system administrator specifies:

U The number of messages for a particular transaction code that
the MPP can process in a single scheduling

. The amount of time (in seconds) in which the MPP is allowed to
process a single transaction

The MPP can process several messages during one scheduling, or it
can process only one message during a scheduling.

Message-Driven Fast Path Programs

A message-driven Fast Path program is similar to an MPP. The
purpose of Fast Path is to provide better response than you can
normally get from an MPP or a transaction-oriented BMP. As a
result, message-driven Fast Path programs do not have all the
options available to them that MPPs do. For example,
message-driven Fast Path programs cannot use conversational
processing; they must respond to the terminal that sent the
message before the terminal can enter any more requests. This is
called transaction response mode. In addition, messages to Fast
Path programs can only be single segment messages. This helps Fast
Path achieve its high performance.

All the transactions that Fast Path programs process must be
wait-for-input transactions. This means that when the program
finishes processing the transaction, the program remains in main
storage, even when there are no more messages for it to process.
This is another part of Fast Path that gives it high performance
and response rate.

FAST PATH DATA BASES: Fast Path programs access two kinds of data
bases. (They can also access IMS/VS data bases; "Mixing Fast Path
and IMS/VS Processing” explains this.) These are special data
bases that, again, are designed for high performance.

. Main storage data bases, or MSDBS, are data bases that contain
only root segments. These data bases are designed to handle
the most frequently used data. The data is held in main
storage. MSDBs can be owned by a particular terminal; only
that terminal can update that data. If an MSDB isn't owned by
a particular terminal, then the data in the MSDB is generally
available.

. Data entry data bases, or DEDBs, are data bases designed to
handle large volumes of detailed data. Each DEDB contains a
root segment and up to seven dependent segment types and
resides on direct access storage.
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SYNC POINTS IN MESSAGE-DRIVEN FAST PATH PROGRAMS: Message-driven
Fast Path programs must be defined as single mode. This means that
a sync point occurs each time a message-driven Fast Path program
retrieves a message and when the program issues a checkpoint call.
IMS/VS holds the data base updates from a Fast Path program in
buffers between sync points; it isn't until the Fast Path program
reaches a sync point that IMS/VS actually applies the updates to
the data base. At a Fast Path sync point, IMS/VS first checks to
make sure that there's room for the updates in the data base, then
it applies the updates and releases the IMS/VS and Fast Path
resources that the program has been holding.

RECOVERY IN A MESSAGE-DRIVEN FAST PATH PROGRAM: When a
message-driven Fast Path program terminates abnormally, IMS/VS
doesn't have to back out the data base updates, because data base
updates from Fast Path programs aren't applied until the program
reaches a sync point. Nor does IMS5/VS send output messages until
the program reaches a sync point.

Since each call to the message queue is a sync point,
message-driven Fast Path programs, like single-mode MPPs, don't
have to issue checkpoint calls.

WHEN IM5/VS SCHEDULES A MESSAGE-DRIVEN FAST PATH PROGRAM: Fast
Path programs are not scheduled in the same way that MPPs are.
Fast Path can use multiple copies of an application program so
that a transaction from a terminal doesn't have to wait very long
before it's processed. This improves response time to Fast Path
transactions significantly. Messages are handled on a first-in,
first-out basis. Fast Path transactions bypass IMS/VS scheduling.

Transaction-Oriented BMPs

36

Although there are some differences between a
transaction-oriented BMP and an MPP, they are similar. A
transaction-oriented BMP has the same recovery and sync point
considerations as an MPP does, and a transaction-oriented BMP can
do much of the same kinds of processing that an MPP can. For
example, like an MPP, a transaction-oriented BMP can:

. Process input from an MPP or a terminal by issuing calls for
the messages to the message queue.

. Send output to a terminal; for example, the result of one
update or processing totals can be sent to a terminal.

. Send a transaction to the message queue for another BMP or an
MPP to process

Some of the differences between transaction-oriented BMPs and
MPPs are:

¢ A transaction-oriented BMP is started with JCL; an MPP is
normally scheduled by IMS/VS.

° A transaction-oriented BMP can process GS5AM data bases; an
MPP cannot.

. A transaction-oriented BMP can process 05/VS files; an MPP
cannot.

A typical use of a transaction~oriented BMP is reading and
processing of transactions that were sent to the message queue by
an MPP. For an example of a transaction-oriented BMP, see the
sample program in "Appendix B. Sample Batch Message Program."

Having a BMP process transactions from an MPP can be more
efficient than having the MPP process them if the MPP's response

- time is very important; but this method does split the transaction

into two parts when it doesn't necessarily have to be split. If
you do this, you should run the BMP during periods of the day when
the system load is low. Using a BMP to process transactions from
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an MPP is a good idea when the response time for the MPP is
critical.

If vou have a BMP perform data base updates that were generated by
an MPP, vou should design the BMP such that the message can be
reentered as input to the BMP. This is a recovery consideration.
For example, suppose an MPP gathers data base updates for three
BMPs to process, and one of the BMPs terminates abnormally. In
this kind of situation, vou need to be able to find out what
message the terminated BMP was processing and have one of the BMPs
reprocess it.

BATCH PROCESSING ONLINE

Batch-Oriented BMPs

There are two types of programs that are designed to perform batch
processing online:

. A batch-oriented BMP is an IMS/VS batch application program
that runs online. It does not communicate with other
terminals or programs; it processes online data bases.

. A nonmessage-driven Fast Path program processes Fast Path
data bases and is similar to a batch-oriented BMP. It doesn't
normally communicate with other programs or terminals,
although it can when in mixed-mode.

In a batch-oriented BMP, the only sync points are the checkpoint
calls that the program issues. Establishing sync points by
issuing checkpoint calls in a BMP is important because the
checkpoint calls:

. Establish places in the program from which the program could
be restarted in the event of a system failure or abnormal
termination

. Release resources that IMS/VS has enqueued for the program

If a batch-oriented BMP doesn't issue checkpoint calls frequently
enough, it can be abnormally terminated (or it can cause another
application program to be abnormally termlnated) by IMS/VS for
one of the following reasons:

° The space needed to enqueue information about the segments
that the program has read and updated exceeds what has been
defined for the IMS5/VS system at system definition.

. As a result of the number of segmaents that the program has
enqueued, other programs are having to wait excessively for
those segments, because the program has not issued a
checkpoint call to free its enqueued segments.

° The dynamic log is out of space because too much time has
elapsed since the program's last sync point. IMS/VS records
the "before" image of each segment that a BMP updates on the
dynamic log. When the BMP reaches a sync point, the space that
has been used by the BMP's before images is freed for other
programs' use. If a BMP goes for too long without issuing a
checkpoint call, the dynamic log can reach a wraparound
point. When this happens, the next time that IMS/VS tries to
write on the dynamic log, IMS/VS sends a warning message to
the master terminal operator. The master terminal operator
might then have to abnormally terminate the program whose
"hefore" images were being written on the dvynamic log. The
program that's abnormally terminated could be the BMP that
caused the wraparound, or it could be another application
program.

Recovery in a batch-oriented BMP is similar to recovery in an MPP:
if the program terminates abnormally, or if the system fails,
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IMS/VS backs out the data base updates that the program has made
since the last sync point. You then have to restart the program
with JCL. If the BMP processes 05/VS files, it is vour
responsibility to back out the updates made to 05/VS files since
the program's last sync point. There is a call that the program
can issue to make this easier—this is the basic checkpoint call
with the 0S/VS option. This call establishes sync points from
which vou can subsequently restart the program. The call has the
option of letting vou request an 05/VS checkpoint as well. If you
use this option, 05/VS repositions 0S/VS files, and you can use
057VS restart to restart yvour program. A disadvantage of using
basic checkpoint with the 05/VS5 option is that you cannot change
your program between the time that it terminates abnormally and
the time vou want to restart it. "Choosing a Checkpoint Call"
describes this call in more detail.

Batch message processing ansuwers an application requirement that
can't be ansuwered by either message processing or offline batch
processing: it updates the data bases online and keeps the data
more current than is practical with offline batch processing. To
use batch message processing most effectively, however, avoid a
large amount of batch-type processing online. If the BMP performs
long-running processing such as report-uriting and data base
scans, schedule it during nonpeak hours of processing so that it
doesn't degrade response time for MPPs. On the other hand, you
don't have to keep vour DB/DC system up only to run a
batch-oriented BMP; you can run a batch-oriented BMP as a batch
program offline. If vou do run batch-oriented BMPs as batch
programs, they cannot run concurrently. Batch-oriented BMPs can
run concurrently only online.

Note: Batch message processing can answer requirements at your
installation that aren't answered by other types of processing.
At the same time, BMPs can have a negative effect on the response
time of MPPs. Because of this, the response time requirements at
vaur installation should be the main consideration in deciding on
the extent to which vyou'll use batch message processing.

Nonmessage-Driven Fast Path Programs

MIXING FAST PATH AND
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A nonmessage-driven Fast Path program is similar to a
batch-oriented BMP. It cannot access the message queue. The only
sync points in a nonmessage-driven Fast Path program occur when
the program issues checkpoint calls or sync calls. Sync calls are
used only in nonmessage-driven Fast Path programs.

Recovery in a nonmessage—driven Fast Path program is like
recovery in message-driven Fast Path programs. Nonmessage-driven
Fast Path programs cannot use GSAM. You can design
nonmessage-driven Fast Path programs to process 05/VS files; if
you do, however, it is your responsibility to back out the updates
made to 0S/VS files in the event of a program or system failure.

INS/VS PROCESSING

The online processing that has been described so far in this
chapter is either Fast Path or IM5/VS processing. You can mix Fast
Path and IMS/VS processing; this is called mixed mode. Here's what
you can do in mixed mode:

. Fast Path programs can access IMS/VS data bases.

. IMS/VS programs can access Fast Path data bases.

. Fast Path programs can send messages to IMS/VS programs and
terminals.

The following restrictions apply to mixed mode processing:

. IMS/VS programs can't send messages to Fast Path programs.
unless you have Intersystem Communication with MSC.
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BATCH PROCESSING

. MPPs cannot pass conversations to a Fast Path program.
] 0ffline batch programs cannot process Fast Path data bases.

. Fast Path programs cannot enter commands.

There is only one type of application program that does not run
online; this is a batch program. Because a batch program runs by
itself—it doesn't compete with any other programs for IMS/VS
resources—it can run independently of the control region. It's
possible to run a DB/DC system and a batch system at the same
time; they just can't access the same data bases. Batch programs
usually run at night or on weekends; they are typically
longer-running programs than online programs.

For example, you use batch programs when you have a large number
of data base updates to do, a report to print, or a lot of data to
gather. For example, the current roster task described earlier in
this chapter could be efficiently run as a batch program. You
could run this program once a week to print the current roster for
a particular class.

The reason that you do this type of processing when the rest of
the system is not being used is so that you don't tie up system
resources when there are a lot of people at terminals or a lot of
other programs trying to use the computer's resources. Some of the
requirements that batch programs ansuwer are:

. The application program produces a large amount of output.

. There is no need for the program to be invoked by another
program or user.

. The program is a long-running program that can reasonably be
run at night or on the weekend (or anytime that the online
system isn't running) so that it doesn't tie up system
resources.

. Turnaround time for the program's output is not crucial; wyou
don't need the processing results right away.

SYNC POINTS IN A BATCH PROGRAM

The only sync points in a batch program are the checkpoint calls
that the program issues. There are two reasons for a batch program
to issue checkpoint calls:

U Checkpoints establish points from which the program can be
restarted. This is especially important in long-running batch
programs, because the time and cost involved in reprocessing
a long batch program can be significant.

. A batch program that issues checkpoint calls can be run online
as a BMP. For example, the sample program in "Appendix A.
Sample Batch Program" could be run as a batch-oriented BMP or
as a batch program.

Where and how often the program issues checkpoint calls depend on
the program's length and the type of processing it does.

RECOVERY IN A BATCH PROGRAM

When an online program terminates abnormally, IMS/VS takes care
of most of the recovery by restoring the data to its values before
the terminating program updated it. In a batch proaram, however,
IMS/VS doesn't do this. IMS/VS applies the updates from a batch
program as the program makes the updates. If the program
terminates abnormally, vou have to run the IMS5/VS Data Base
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Backout utility to restore the data base, or you can restore an
earlier copy of the data base by using the IMS/VS Data Base Image
Copy utility and the IM5/VS Data Base Recovery utility. Then,
unless the program has requested 05/VS checkpoints, you can fix
the program error, restart the program from the most recent
checkpoint, and finish executing the program. If the program has
requested 05/VS checkpoints, however, you cannot fix the program
p:tween the time it terminates abnormally and the time you restart
it.

SUMMARIZING IMS/VS APPLICATION PROGRAM CHARACTERISTICS

Figure 23 is a summary of the characteristics of the six types of
IMS/VS application programs. A "Y" in a column indicates a yes
answer to the question’in that column; an "N" in a column
indicates a no ansuwer to the question in that column.

Can this type MPP Fast Path _ BMP ‘ Batch

of program: -
Message- Nonmessage- Batch- Transaction-
Driven Driven Oriented Oriented

Access online
IMS/VS Y Y Y Y Y N
data bases?

Access
offline DL/I N N N N N Y
data bases?

Access
Fast Path Y Y Y Y Y N
data bases?

Access ’ .
GSAM : N N N Y Y Y
~data bases?

Access
- 05/VS files? N N Y Y Y Y

Process input Y Y N N Y N
messages?

Send output
to the Y Y N Y Y N
message queue? ’

Figure 23. Summary of IMS/VS Application Program Characteristics
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CHAPTER 4. GATHERING REQUIREMENTS FOR DATA BASE OPTIONS

This chapter guides you in gathering information that the DBA will
use in designing a data base and implementing that design. After
designing hierarchies for the data bases that your application
Wwill access, the DBA evaluates data base options in ‘terms of which
options will best meet application requirements. Whether or not
these options are used depends on the collected requirements of
the applications. In order to design an efficient data base, the
DBA needs information about the individual applications. This
chapter describes the type of information that can be helpful to
the DBA, and how the information vou're gathering relates to
different data base options.

This chapter describes the different aspects of your application
that you need to examine for each DL/I option. These are the tasks
involved in this process:

. Analyzing Data Access

Look at the way that the programs in your application will
access the data. Will the data access be mostly direct?
Mostly sequential? Or a combination? The ansuwers to these
questions and more detailed ones influence the choice of
access methods for DL/I data bases.

. Understanding How Data Structure Conflicts Are Resolved

Look at the data base hierarchy that the DBA has designed and
compare the ways in which your application programs use the
data. Are there conflicts betuween the way one program needs
the data to be organized and the way another needs it
organized? There are three DL/] options that can change the
data base structure for a particular application program.
These are field level sensitivity, secondary indexing, and
logical relationships.

+ Identifying Security Requirements

Identify any security requirements involved in the data that
your application uses and be aware of the DL/I security
mechanisms that can be used in each case. These are processing
options in the DB PCB, segment sensitivity, and field level
sensitivity.

. Identifying Recovery Requirements

Look at the recovery requirements and options available for
each program. Specifying checkpoint type and frequency are

high level design decisions that must be made individually

for each application program.

ANALYZING DATA ACCESS

The DBA chooses an access method for a DL/I data base based on how
the majority of programs that use the data base will access the
data. There are four basic DL/1 access methods, and three access .
methods that are used in special cases. Some of the information
that you can gather to help the DBA in this decision is ansuers to
questions like the following:

L To access a data base record, a program must first access the
root of the record. How will each program access root
sagments?

- Directly

- Sequentially
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- Both

. The segments within the data base record are the dependents of
the root segment. How will each program access the segments
within each data base record?

- Directly
- Sequentially
- Both

It's important to note the distinction between accessing a
data base record and accessing segments within the record. A
program could access data base records sequentially, but once
within a record, the program might access the segments
directly. These are two different requirements, and can
influence the choice of access method.

. To what extent will the program update the data base?
- Will the program be adding new data base records?

- Will the program be adding new segments to existing data
base records?

- Will the program be deleting segments or data base
records?

Again, don't ignore the distinction between updating a data
base record and updating a segment within the data base
record. They are different requirements.

The advantage of direct access processing is that vou can get good
results for both direct and sequential processing. Direct access
means that by using a randomizing routine or an index, DL/I can
find any data base record that you want; access is not based on
the sequence of data base records in the data base.

DL/I has two direct access methods.
. The Hierarchical Direct Access Method, HDAM, processes data

directly by using a randomizing routine to store and locate
root segments.

o The Hierarchical Indexed Direct Access Method, HIDAM, has an
index to help it provide direct processing of root segments.

The direct access methods use pointers to maintain the hierarchic
relationships between segments of a data base record. By
following pointers, DL/I can access a path of segments without
passing through all of the segments in the preceding paths.

Some of the requirements that direct accessing satisfies are:

. Fast direct processing of roots using an index or a
randomizing routine

. Good sequential processing of data base records with HIDAM
using the index

. Fast access to a path of segments via pointers

In addition, when vou delete data from a direct access data base,
the nen space is available almost immediately. This gives you
efficient space utilization, and it means that vou don't have to
reorganize the data base often because of unused space. Direct
access methods maintain their own pointers and addresses
internally.
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A disadvantage with direct access is that you have a larger IMS/VS
overhead because of the pointers. If direct access answers your
data access requirements, however, it is more efficient than
using a sequential access method.

Primarily Direct Procaessing: HDAM

HDAM is efficient for a data base that will have primarily direct
access, but with some sequential accessing. HDAM uses a
randomizing routine to locate its root segments, then chains
dependent segments together in their hierarchic paths. The 0S
access methods that HDAM can use are VSAM and 0S5AM.

The requirements that HDAM satisfies are:

. Direct access of roots by root keys—HDAM uses a randomizing
routine to locate root segments

J Direct access of paths of dependents

. Adding new data base records and new sagments—the new data
goes into the nearest available space

U] Deleting data base records and segments—the space created by
a deletion can be used by any new segment

gDA? CHARACTERISTICS: For root segments in an HDAM data base,
L/I:

. Can store them anyuwhere; in other words they don't have to be
in sequence because the randomizing routine locates them.

. Uses a randomizer to locate the relative block number and root
anchortpoint, or RAP, within the block that points to the root
segment.

. Returns root segments in physical sequence, not key sequence,
if you retrieve root segments sequentially. .

For dependent segments, an HDAM data base:
o Can store them anvwhere

. Chains all segments of one data base record together with
pointers .

AN OVERVIEW OF HOW HDAM HORKS: When a data base record is stored
in an HDAM data base, HDAM keeps one or more RAPs at the beginning
of each physical block. The RAP points to a root segment. HDAM
also keeps a pointer at the beginning of each physical block that
points to any free space in the block. When you insert a segment,
HDAM uses this pointer to locate free space in the physical block.
To locate a root segment in an HDAM data base, yvou give HDAM the
root key. The randomizing routine gives it the relative physical
block number and the RAP that points to the root segment. The RAP
number specified gives HDAM tha location of the root within a
physical block.

Although HDAM can place root and dependents anywhere in the data

base, it's better to choose HDAM options that keep roots and

dependents close together.

HDAM performance depends largely on the randomizing routine you

use. Performance can be very good. Performance also depends on

other implementation factors such as:

° The block size you use.

. The number of RAPs per block.

. The pattern for chaining together different segments. You can
chain segments of a data base record in two ways:
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= In hierarchic sequence starting with the root.

- Parents can contain pointers to each of their paths of
dependents. ~

HDAM is not good for sequential access of data base records by
root key unless you use a randomizer that stores roots in physical
key sequence or a secondary index.

birect and Sequential Processing: HIDAM

44

HIDAM is the access method that is most efficient for an
approximately equal amount of direct and sequential processing.
The 0S access methods it can use are VSAM and ISAM/0SAM. The
specific requirements that it satisfies are:

. Direct and sequential access of records by their root keys
. Direct access of paths of dependents

. Adding new data base records and new segments—the new data
goes into the nearest available space

. Deleting data base records and segments—the space created by
a deletion can be used by any new segment

HIDAM can answer most processing requirements that involve an
even mixture of direct and sequential processing; a situation in
which it's not very efficient is sequential access of depandents.

HIDAM CHARACTERISTICS: For root segments, a HIDAM data base:
. Initially loads them in key sequence
. Can store new root segments wherever there's space Ve

U Uses an index to locate a root that you request and identify ~
by supplying the root's key value

For dependent segments, a HIDAM data base:
. Can store segments anywhere, preferably fairly close together

. Chains all segments of a data base record together with
pointers

AN OVERVIEW OF HOW HIDAM WORKS: HIDAM uses two data bases: one,
the primary data base, holds the data, and the other is an index
data base. The index data base contains entries for all of the
root segments in order of their key fields. For each key entry,
the index data base contains the address of that root segment in
the primary data base.

When you access a root, you supply the key to the root. HIDAM
looks the key up in the index to find the address of the root,
then goes to the primary data base to find the root.

HIDAM chains dependent segments together so when vou access a
dependent segment, HIDAM uses the pointer in one segment to locate
the next segment in the hierarchy.

When you process data base records directly, HIDAM locates the
root through the index, then locates the segments from the root.
HIDAM locates dependents through pointers.

If you are going to process data base records sequentially, vou

can specify some special pointers in the DBD for the data base so

that DL/I doesn't have to go to the index to locate the next root
segment. These pointers chain the roots together. If you don't

chain roots together, HIDAM always goes to the index to locate a (
root segment. When vou process data base records sequentially, <
HIDAM accesses roots in key sequence in the index. This only
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SEQUENTIAL ACCESS‘

applies to sequential processing; if vou want to access a root
saegment directly, HIDAM uses the index, and not pointers, to find
the root segment you've requested.

When you use a sequential access method, the segments in the data
base are stored in hierarchic sequence, one after another. There
are no pointers in a sequential data base.

DL/1 has two sequential access methods. Like the direct access
methods, one has an index and the other doesn't:

. The Hierarchical Sequential Access Method, HSAM, only
processes root segments and dependent segments sequentially.

. The Hierarchical Indexed Sequential Access Method, HISAM,
processes data sequentially but has an index so that you can
access records directly. HISAM is primarily for sequentially
procegsing dependents, and directly processing data base
records.

Some of the general requirements that sequential accessing
satisfies are:

. Fast sequential processing

. Direct processing of data base records with HISAM

. Small IMS/VS overhead on storage because sequential access
methods relate segments by adjacency rather than with
pointers

There are three disadvantages to sequential access methods:
first, sequential access methods give slouwer access to the
rightmost segments in the hierarchy, because HSAM and HISAM have
to read through all of the other segments to get to them. Second,
HISAM requires frequent reorganization to reclaim space from
deleted segments and to keep the logical records of a data base
record physically adjoined. And third, vou can't update HSAM data
ba:es: yvou have to create a new data base to change any of the
data.

sequential Processing Only: HSAM

HSAM is a hierarchical access method that can handle only
sequential processing. You can retrieve data from HSAM data
bases, but you can't update any of the data. The 0S access methods
that HSAM can use are QSAM and BSAM.

HSAM is good for situations in which:

U You are storing historical data that vou will not need to
update.

. You are using the data base to just collect data or
statistics, but will not need to update it.

. You will be processing the data only sequentially.

HSAHM CHARACTERISTICS: HSAM stores data base records in the
sequence in which you submit them. You can only process records
and dependent segments sequentially; "sequentially" means in the
order in which you've loaded them. HSAM stores dependent segments
in hierarchic sequence.

AN OVERVIEW OF HOW HSAM HORKS: HSAM data bases are very simple
data bases. The data is stored in hierarchic sequence, one segment
afterbthe other. There are no pointers, no indexes, just the HSAM
data base.
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Primarily Sequential Processing: HISAM

HISAM is an access method that stores segments in hierarchic
sequence Wwith an index to locate root segments. It also has an
overflow data set; vou store segments in a logical record until
you reach the end of the logical record. When you run out of space
on the logical record, but you still have more segments belonging
to the data base record, you store the remaining segments in an
overflow data set. The 05 accass methods that HISAM can use are
VSAM and ISAM/0SAM,

HISAM is well-suited for:

. Direct access of record by root keys

. Sequential access of records

. Sequential access of dependent segments

There are situations in which your processing has some of the
characteristics above but where HISAM is not necessarily a good
choice. These situations are when:

° You have to access dependents directly.
. You have a high number of inserts and deletes.

. A lot of the data base records exceed average size and have to
use the overflow data set. This is because the segments that
overflow into the overflow data set require additional I/0.

HISAM CHARACTERISTICS: For data base records, HISAM data bases:
° Store records in key sequence

U ?ag locate a particular record with a key value by using the
index '

For dependent segments, HISAM data bases:

. Start each HISAM data base record in a new logical record in
the primary data set

. Store the remaining segments in one or mbre logical records in
the overflow data set if the data base record won't fit in the
primary data set

AN OVERVIEK OF HOW HISAM WORKS: The reason that HISAM is not
well-suited for a lot of inserting and deleting segments.is that,
unlike HIDAM and HDAM, HISAM doesn't reuse space right away. HISAM
data bases have to repack to use extra space to make room for new
segments. HISAM space is reclaimed when vou reorganize a HISAM
data base. HISAM data bases have to shift data around when vou
insert a new segment to make room for the new segment, and they
leave unused space after deletions.

ACCESSING 0S/VS FILES THROUGH IMS/VS: GSAH

There is one additional access method that DL/I programs can use:
this is the Generalized Sequential Access Method, or GSAM. GSAM
makes it possible for a sequential 05/VS data set to be handled by
IMS/VS as a simple data base. The 0S access methods that GSAM can
use are BSAM and VSAM.

A GSAM data base:

. Is an 05/VS data set record defined as a data base record. The
record is handled as one unit; it contains no segments or
fields and the structure is not hierarchic.

. Can be accessed by 05/VS or by IMS/VS.
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One common use of GSAM is as input to batch-oriented BMPs or batch
programs. Batch-oriented BMPs and batch programs can also send
output to GSAM data bases. To process a GSAM data base, an
application program issues calls similar to the ones it issues to
process a DL/] data base. The program can read data sequentially
from a GSAM data base, and it can send output to a GSAM data base.
GSAM is a sequential access method; you can only add records to an
output data base sequentially. For an example of a program that
uses GSAM, see the sample batch program in "Appendix A. Sample
Batch Program." This program reads its input from a GSAM data base
and sends its output to another GSAM data base.

N

ACCESSING IMS/VS DATA THROUGH 0S/VS: SHSAM AND SHISAM

There are two data base access methods that give vou simple
hierarchical data bases that 05/VS can use as data sets. These
access methods can be particularly helpful when you're converting
data from 05/VS files to an IMS/VS data base. Again, one is
indexed and one is not:

. The Simple Hierarchical Sequential Access Method, SHSAM

L The Simple Hierarchical Indexed Sequential Access Method,
SHISAM

When you use these access methods, vou define an entire data base
record as one segment. The segment does not contain any DL/I
control information or pointers; the data format is the same as it
is in 05/VS data sets. The 0S access methods that SHSAM can use
are BSAM and QS5AM. SHISAM uses VSAM.

What makes SHSAM and SHISAM data bases useful during transitions
}ﬁstzzt they can be accessed by 05/VS access methods without
/VS.

) UNDERSTANDING HOW DATA STRUCTURE CONFLICTS ARE RESOLVED

The order in which application programs need to process fields and
segments within hierarchies is frequently not the same for each.
When the DBA finds a conflict in the way that two or more programs
need to access the data base, DL/I1 has three options that can
solve these problems. Each option solves a different kind of
conflict. These options and the kinds of conflicts they solve are:

. When an application program doesn't need access to all of the
fields in a segment, or if the program needs to access them in
a different order, the DBA can use field level sensitivity for
that program. Field level sensitivity makes it possible for
an application program to access only a subset of the fields
that a segment contains; or for an application program to
process a segment's fields in an order that is different from
their order in the segment.

. When an application program needs to access a particular
segment by a field other than the segment's key field, the DBA
can use a secondary index for that data base.

. When the application program needs to relate segments from
different hierarchies, the DBA can use logqical relationships.
Using logical relationships can give the application program
a logical hierarchy that includes segments from several
hierarchies.

USING DIFFERENT FIELDS: FIELD LEVEL SENSITIVITY

Field level sensitivity means the same kind of security for fields
within a segment that segment sensitivity does for segments
' within a hierarchy: an application program can access only those
) fields within a segment, and those segments within a hierarchy teo
which it is sensitive.
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Field level sensitivity also makes it possible for an application
program to use a subset of the fields that make up a segment, or
to use all of the fields in the segment but in a different order.
If there are fields within a segment that the application program
doesn't need to process, using field level sensitivity means that
the program doesn't have to process those fields that it doesn't
use.

AN EXAMPLE OF FIELD LEVEL SENSITIVITY: For example, suppose that a
segment containing data about an employee contains the fields
shown in Figure 24. These fields are:

. Emplovee number: EMPNO

. Employee‘namet‘EMPNAME

. Birthdate: BIRTHDAY

. Salary: SALARY

. Address: ADDRESS

EMPNO EMPNAME BIRTHDAY SALARY ADDRESS

Figure 24. Physical Employee Segment

A program that printed mailing labels for employees' checks each
week would not need all the data in the segment. If the DBA
decided to use field level senstivity for that application, the
program would receive only the fields it needed in its I/0 area.
Figure 25 shows what the program's 170 area would contain.

EMPNAME ADDRESS

Figure 25. Employee Segment with Field Level Sensitivity

Field level sensitivity makes it possible for a program to receive
a subset of the fields that make up a segment, the same fields but
in a different order, or both. Another situation in which field
level senstivity is very useful is when new uses of the data base
involve adding new fields of data to an existing segment. In this
situation, you want to avoid recoding programs that use the
current segment.

By using field level sensitivity, the‘old programs can see only
the fields that were in the original segment. The new program can
see the old and the new fields.

WHERE FIELD LEVEL SENSITIVITY IS SPECIFIED: You specify field
lavel sensitivity in the PSB for the application program by using
a sensitive field (SENFLD) statement for each field to which you
want the application program to be sensitive.

RESOLVING PROCESSING CONFLICTS IN A HIERARCHY: SECONDARY INDEXING
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Sometimes a data base hierarchy doesn't meet all the processing
requirements of the application programs that will process it.
Secggdary indexing can be used to solve two kinds of processing
conflicts:

. When an application program needs to retrieve a segment in a
sequence other than the one that has been defined by the
segment's key field
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. When an application program needs to retrieve a segment based
on a condition that is found in a-dependent of that segment

A way to understand these conflicts and how secondary indexing can
resolve them is to look at a couple of examples. The examples
explained here are two application programs that process the
patient hierarchy shown in Figure 26. There are three segment
types in this hierarchy?

. PATIENT contains three fields: the patient's identification
number, the patient's name, and the patient's address. The
patient number field is the key field.

] ILLNESS contains two fields: the date of the illness and the
name of the illness. The date of the illness is the key field.

. TREATMNT contains four fields: the date the medication was
given; the name of the medication; the quantity of the
medication that was given; and- the name of the doctor who
prescribed the medication. The date that the medication was
given is the key field.

PATIENT

ILLNESS

TREATMNT

Figure 26. Patient Hierarchy

Using a Different Key

When an application program retrieves a segment from the data
base, the program identifies the segment by the segment's key
field. But sometimes an application program needs to retrieve a
segment in a sequence other than the one that has been defined by
the segment's key field. Secondary indexing makes this possible.

‘For example, suppose you have an online application program that
processes requests as to whether or not an individual has ever
been to the clinic. If vou're not sure whether or not the person
has ever been to the clinic, then you won't be able to supply the
identification number for the person. But the key field of the
PATIENT segment is the patient's identification number.

Segment occurrences of a segment type (for example, the segments
for each of the patients) are stored in a data base in order of
their keys (in this case, by their patient identification
numbers). If you issue a request for a PATIENT segment and
"identify the segment you want by the patient's name instead of the
patient's identification number, DL/I might have to search
through all of the PATIENT segments to find the PATIENT segment
you've requested. DL/I doesn't know where a particular PATIENT
segment is just by having the patient's name.

To make it possible for this application program to retrieve
PATIENT segments in the sequence of patients' names (rather than
in the sequence of patients' identification numbers), you can
index the PATIENT segment on the patient name field and store the
index entries in a separate data base. The separate data base is
called a secondary index.

Then, if you indicate to DL/I that DL/I is to process the PATIENT
segments in the patient hierarchy in the sequence of the index
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entries in the secondary index data base, DL/I can locate a
PATIENT segment if you supply the patient's name. DL/I goes
directly to the secondary index and locates the PATIENT index
entry with the name you've supplied; the PATIENT index entries are
.in order of the patient names. The index entry is a pointer to the
PATIENT segment in the patient hierarchy. DL/I can determine
whether or not a PATIENT segment for the name you've supplied
exists, and return the segment to the application program if the
segment exists. If the requested segment doesn't exist, DL/I
indicates this to the application program by returning a
"not-found" status code.

There are three terms involved in secondary indexing that you
should know.

. The pointer seqment is the index entry in the secondary data
base that DL/I uses to find the segment you've requested. In
the example above, the pointer segment is the index entry in
the secondary index data base that points to the PATIENT
segment in the patient hierarchy.

. The source segment is the segment that contains the field that
vyou're indexing. In the example above, the source segment is
the PATIENT segment in the patient hierarchy, since vou're
indexing on the name field in the PATIENT segment.

. The target segment is the segment in the data base that you're
processing that the secondary. index points to; it's the
segment that vyou want to retrieve.

In the example above, the target segment and the source segment
are the same segment—the PATIENT segment in the patient
hierarchy. When the source segment and the target segment are
different segments, secondary indexing solves the processing
conflict described belou.

The PATIENT segment that DL/I returns to the application
program's I/0 area doesn't look any different than it would if
secondary indexing had not been used.

The DB PCB key feadback area is different. When DL/I retrieves a
segment without using a secondary index, DL/I places the
concatenated key of the retrieved segment in the DB PCB key
feadback area. The concatenated key contains all the keys of the
sagment's parents, in order of their positions in the hierarchy.
The key of the root segment is first, followed by the key of the
segment on the second level in the hierarchy, then the third, and
so on—with the key of the retrieved segment last. But when you
retrieve a segment from an indexed data base, the contents of the
key feedback area after the call are a little different. Instead
of placing the key of the root segment in the left-most bytes of
the key feedback area, DL/I places the key of the pointer segment.
For example, suppose index segment A shown in Figure 27 on a field
in segment C. Segment A is the target segment, and segment C is
the source segment.

A {—— Target Segment
B
C {——5ource Segment

Figure 27. Indexing a Root Segment
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Figure 28.

When you use the secondary index to retrieve one of the segments

in this hierarchy, the key feedback area contains one of the
following:

. If vou retrieve segment A, the key feedback area contains the
key of the pointer segment from the secondary index.

. If yvou retrieve segment B, the key feedback area contains the
key of the pointer segment concatenated with the key of
sagment B

. If you retrieve segment C, the key of the pointer segment, the
key of segment B, and the key of segment C are concatenated in
the key feedback area.

Although this example creates a secondary index for the root
segment, you can index dependent segments as well. If you do this,
you create an inverted structure: the segment you index becomes
the root segment, and its parent becomes a dependent. For example,
suppose you index segment B on a field in segment C. In this case,
segment B is the target segment, and segment C is the source
field. Figure 28 shows the physical data base structure and the
structure created by the secondary index.

{———— Target

{——— Source A C

Indexing a Dependent Segment

When vou retrieve the segments in this secondary index data
structure on the right, DL/I returns the following to the DB PCB
key feedback area:

. If you retrieve segment B, the key feedback area contains the
key of the pointer segment in the secondary index data base.

. If vou retrieve segment A, the key feedback area contains the
key of the pointer segment concatenated with the key of
segment A.

. If vou retrieve segment C, the key feedback area contains the
key of the pointer segment concatenated with the key of
segment C.

Retrieving Segments Based on a Dependent's Qualification

Sometimes an application program needs to retrieve a segment, but
only if one of the segment's dependents meets a certain
qualification. For example, suppose that the medical clinic used
in the example above wants to print a monthly report of the
patients who have visited the clinic during that month. If the
application program that processes this request doesn't use a
secondary index, the program has to retrieve each PATIENT

segment, then retrieve the ILLNESS segmaent for each PATIENT
segment. The program tests the date in the ILLNESS segment to
determine whether or not the patient has visited the clinic during
the current month, and prints the patient's name if the answer is
ves. The program continues retrieving PATIENT segments and
ILLNESS segments until it has retrieved all the PATIENT segments. -
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But with a secondary index, you can make the processing that the
program has to do much 51mp1er. To do this, you 1ndex the PATIENT
segment on the date field in the ILLNESS segment. When you define
the PATIENT segment in the DBD, you give DL/I the name of the
field that you're indexing the PATIENT segment on, and the name of
the segment that contains the index field. The application
program can then issue a call to DL/I for a PATIENT segment and
qualify the call with the date in the ILLNESS segment. The PATIENT
segment that DL/I returns to the application program looks just as
it would if you were not using a secondary index.

In this example, the PATIENT segment is the target segment; it's
the segment that vou want to retrieve. The ILLNESS segment is the
source sagment; it contains the information that you want to use
to qualify your request for PATIENT segments. The index segment in

the secondary data base is the pointer segment. It points to the
PATIENT segments.

CREATING A NEW HIERARCHY: LOGICAL RELATIONSHIPS

When an application program needs to associate segments from
different hierarchies, logical relationships can make it possible
for that program to do so. A couple of the conflicts that logical
relationships can solve are:

. When two application programs need to process the sama
segment—but they need to access the segment through
di fferent hierarchies

. When a segment's parent in one application program's
hierarchy acts as that segment's child in another application
program

Accessing a segament through Different Paths

52

Sometimes an application program needs to process the data in a
different order than the way it's arranged in the hierarchy. For.
example, an application program that processes data in a
purchasing data base also requires access to a segment in a
patient data base:

. Program A processes information in the patient data base
about the patients at a medical clinic: the patients'
illnesses and their treatments.

. Program B is an inventory program that processes information
in the purchasing data base about the medications that the
clinic uses: the item, the vendor, information about each
shipment, and information about when and under what
circumstances each medlcatuon was given.

Figure 29 shouws the hlerarchtes that Program A and Program B
require for their processing. There is a conflict in their
processing requirements: they both need to have access to the
information that's contained in the TREATMNT segment in the
patient data base. This information is:

. The date that a particular medication was given

. The name of the medication

. The quantity of the medicatioh given

. The doctor that prescribed the medication

To Program B this isn't information about a patient's treatment;
it's information about the disbursement of a medication. To the

purchasing data base, this is the dlsbursement segment
(DISBURSE).
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Figure 29 shows the hierarchies for Program A and Program B.
Program A needs the PATIENT segment, the ILLNESS segment, and the
TREATMNT segment. Program B needs the ITEM segment, the VENDOR
segment, the SHIPMENT segment, and the DISBURSE segment. The
TREATMNT segment and the DISBURSE segment contain the same
information.

PATIENT ITEM
ILLNESS VENDOR
TREATMNT SHIPMENT
DISBURSE
Program A Program B

Figure 29. Patient and Inventory Hierarchies

Instead of storing this information in both hierarchies, you can
use a logical relationship. A logical relationship solves the
problem by storing a pointer from where the segment is needed in
one hierarchy to where the segment exists in the other hierarchy.
In this case, vou can have a pointer in the DISBURSE segment to
the TREATMNT segment in the medical data base. When DL/I receives
a request for information in a DISBURSE segment in the purchasing
data base, DL/1 goes to the TREATMNT segment in the medical data
base pointed to by the DISBURSE segment. Figure 30 shouws the
physical hierarchy that Program A would process and the logical
hierarchy that Program B would process. DISBURSE is a pointer
segment to the TREATMNT segment in Program A's hierarchy.

PATIENT ITEM
ILLNESS VENDOR
TREATMNT SHIPMENT
\
\
D

\ DISBURSE

Program A Program B

Figure 30. Logical Relationships Example

To define a logical relationship between segments in different
hierarchies, vou use a logical DBD. A logical DBD defines a
hierarchy that does not exist in storage, but can be processed as
though it does. Program B would use the logical structure shown in
Figure 30 as though it were a physical structure.
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Inverting a Parents/child Relationship

54

Another type of conflict that logical relationships can resolve
occurs when a segment's parent in one application program acts as
that segment's child in another application program:

. The inventory program (Program B above) needs to process
information about medications using the medication as the
root segment.

] A purchasing application program, Program C, processes
information about which vendors have sold which medications.
Program C needs to process this information using the vendor
as the root segment.

Figure 31 shows the hierarchies for each of these application
programs.

ITEM VENDOR
VENDOR - ITEM
Program B Program C
Supplies Hierarchy Purchasing Hierarchy

Figure 31. Supplies and Purchasing Hierarchies

Logical relationships can solve this problem by using pointers.
Using pointers in this example would mean that the ITEM segment in
the purchasing data base would contain a pointer to the actual
data stored in the ITEM segment in the supplies data base. The
VENDOR segment, on the other hand, would actually be stored in the
purchasing data base. The VENDOR segment in the supplies data base
would point to the VENDOR segment stored in the purchasing data
base.

Figure 32 shows the hierarchies these two programs.

ITEM \ / VENDOR
T \ /
\ /
\/
/ N\
/ \
..... ceseeees 7/ N teeevsocesonas
VENDOR / \ ITEM
Program B Program C
Supplies Data Base Purchasing Data Base

Figure 32. Program B and Program C Hierarchies

If you didn't use logical relationships in this situation, vou
would:

. Keep the same data in both paths, which means yvou would be
keeping redundant data
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. Have the same disadvantages as separate files of data:

- You would have to update multiple segments each time one
piece of data changed.

- You would need more storage.

IDENTIFYING SECURITY REQUIREMENTS

If you find that some of the data in your application has a
security requirement, DL/I can provide security for that data in
two ways:

) Data sensitivity is a way to control what data a particular
program can access.

. Processing options are a way to control how a particular
program can process that data.

KEEPING A PROGRAM FROM ACCESSING THE DATA: DATA SENSITIVITY

segment Sensitivity

A DL/I program can only access data to which it is sensitive. You
can control the data to which your program is sensitive on three
levels:

. seagment sensitivity can prevent an application program from
accessing all of the segments in a particular hierarchy. It's
how you tell DL/I which segments in a hierarchy the program is
allowed to access.

. Field level sensitivity can keep a program from accessing all
of the fields that make up a particular segment. Field level
sensitivity tells PL/I which fields within a particular
segment a program is allowed to access.

3 Key sensitivity means that the program can access segments
below a particular segment, but it cannot access the
particular segment. DL/I will return only the key of this type
of segment to the program.

You define each of these levels of sensitivity in the PSB for the
application program. Key sensitivity is defined in the processing
option for the segment. Processing options are how you indicate to
DL/1I exactly what a particular program may or may not do to the
data. You specify a processing option for each hierarchy that the
application program processes; vou do this in the DB PCB that
represents each hierarchy. You can specify one processing option
for all the segments in the hierarchy, or you can specify
different processing options for different segments within the
hierarchy.

Segment sensitivity and field level sensitivity are defined using
special statements in the PSB.

You define what segments an application program is sensitive to in
the DB PCB for the hierarchy that contains those segments. For
example, suppose that the patient hierarchy shoun in Figure 26
belongs to the medical data base shown in Figure 33. The patient
hierarchy is like a subset of the medical data base.
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PATIENT
ILLNESS BILLING HOUSHLD
TREATMNT PAYMENT

Figure 33. Medical Data Base Hierarchy

To make it possible for an application program to view only the
saegments PATIENT, ILLNESS, and TREATMNT from the medical data
base, vou specify in the DB PCB that the hierarchy you're defining
has these three segment types, and that they are from the medical
data base. You define the data base hierarchy in the DBD; you
define the application program's view of the data base hierarchy
in the DB PCB.

Field Level Sensitivity

Key sensitivity

56

In addition to providing data independence for an application
program, field level sensitivity can also act as a security
mechanism for the data that the program uses.

If a program needs to access some of the fields in a segment, but
one or two of the fields that the program doesn't need to access
are confidential, vou can use field level sensitivity. If you
define that segment for the application program as containing
only the fields that are not confidential, vou prevent the program
from accessing the confidential fields. Field level sensitivity
acts as a mask for the fields you wish to restrict access to.

To access a segment, an application program must be sensitive to
all segments at a higher level in the segment's path. In other
words, in Figure 34, a program has to be sensitive to segment B in
order to access segment C.

Suppose that an application program needs segment C to do its
processing. But if segment B contains confidential information
(such as an employee's salary), then the program should not be
able to access that segment. Using key sensitivity lets you
withhold segment B from the application program, and at the same
time give the program access to segment B's dependents.

IMS/VS Application Programming
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Figure 34. Sample Hierarchy

When a sensitive segment statement has a processing option of K
specified for it, the program cannot access that segment, but the
program can pass beyond that segment to access the segment's
dependents. When the program does access the segment's
dependents, DL/I doesn't return that segment; DL/I returns only
the segment's key with the keys of the other segments accessed to
the program's I/0 area.

PREVENTING A PROGRAM FROM UPDATING DATA: PROCESSING OPTIONS

There are five processing options that you use to indicate to DL/I
whether the program can just read segments in the hierarchy, or
whether the program can update segments as well. These are:

G You specify G if your program can read segments.
I You specify I if your program can insert segments.

R You specify R if your program can replace segments. The R
processing option includes the G processing option. In other
words, DL/I assumes that if vour program will be replacing
segments, your program will be reading segments as well.

D You specify D if your program can delete segments. Like the R
processing option, if vou specify D it's as though you've
specified G as well.

A Specifying A means that your program needs all the processing
options above. It's the equivalent of specifying G, I, R, and
D.

Processing options act as security mechanisms in that they can
limit what a program can do to a particular segment or to the
hierarchy. If a program doesn't need to delete segments from a
data base, there's no reason to specify the D option. Specifying
only those processing options that the program requires ensures
that the program can't update any of the data that it's not
supposed to.

You must specify a processing option for a DB PCB. If vou specify
a processing option for a particular segment, the processing
option you specify for the segment takes precedence over the one
you specify for the DB PCB. For example, if you specified G, I,
and R for the DB PCB—meaning that the program could retrieve,
insert, and replace segments in that hierarchy—and then
specified A for a particular segment, the program would be able to
delete that segment as well.

There are two additional processing options that you use only for
online programs. These are E and GO.
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E means that that program has exclusive use of the hierarchy or
the segment vou use it with. The E processing option is a security
mechanism in that it cverrides program isolation; other programs
cannot access that data while the program with the E processing
option is running.

When an application program that has any of the processing options
described so far retrieves a segment, IMS/VS enqueues the segment
for that application program. If the program is only retrieving
the segment, the segment's available to other programs as soon as
the application program moves to the next data base record. If the
program is updating the segment, the segment is unavailabla to
other programs until the program reaches a sync point.

But when an application program with a processing option of GO
retrieves a segment, IMS/VS does not enqueue the segment. The
segment continues to be available to other application programs.
This is because GO means that the program can only read the data;
the program is not allowed to update the data base. IMS5/VS doesn't
enqueue segments for programs with processing options of GO. The
segment remains available to other application programs while the
GO program is reading it.

An application program with a processing option of GO can also
retrieve a segment even if another program is updating the
segment. This means that the program doesn't have to wait for
saegments that other programs are accassing, but it also means that
it's possible for the GO program to retrieve a segment containing
an invalid pointer. If an online application program terminates
abnormally, IMS/VS backs out the changes that it has made to the
data base since the program's last sync point. But if the updating
program terminates abnormally before reaching the next sync
point, the segments that the program has updated may contain
invalid pointers. Becayse of this, it's possible for the GO
application program to retrieve a segment containing a pointer
that's invalid. IMS/VS protects online programs—except for those
with a processing option -of GO—from invalid pointers by
preventing them from retrieving updated segments until the
updating program reaches a sync point. But a program with the GO
processing option can retrieve a segment even if IMS/VS has -
enqueued that segment for another application program. If the GO
application program retrieves a segment that contains an invalid
pointer, IMS/VS terminates the program abnormally.

To prevent a GO application program from being terminated
abnormally in this situation, there are two additional processing
options you can use with G0: N and T. When you use N with GO (GON),
IMS/VS returns a GG status code to your program if the sagment
vou're retrieving contains an invalid pointer. You can then
decide what vou want to do; for example, you might continue
processing by reading a different segment. lhen you use T with GO
(GOT), IMS/VS retries the call the program just issued; if the
program that was updating the requested segment has reached a sync
point since you tried to retrieve the segment, the updated segment
is valid and you would be free to retrieve it. If, when IMS5/VS
retries the call for you, the pointer is still invalid, IMS/VS
then returns a GG status code.

IDENTIFYING RECOVERY REQUIREMENTS
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The degree to which you need to plan for recovery for a program
depends more than anything else on the type of processing that the
program does. There are three DL/I calls that are related to
recovery: symbolic checkpoint, restart, and basic checkpoint.

Two of these calls take checkpoints of your program so that, if
your program were to terminate abnormally, vour program could be
restarted from a place other than the beginning of the program.
Checkpoint calls establish synchronization points throughout your
program. A program canh be restarted only from a synchronization
point.
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The third call gives you a way to restart your program. It
restores your program's data areas to the way they were when the
program terminated abnormally, and it indicates to DL/I the
synchronization point from which the program is to be restarted.

These calls are most important to batch programs and BMPs, since,
for the most part, IMS/VS handles recovery and restart for message
programs. But because batch programs and BMPs are not started by
IMS/VS (like message programs) and they do not have the built-in
synchronization points that message programs do, batch programs
and BMPs need checkpoints to establish synchronization points.

- CHOOSING A CHECKPOINT CALL

There are two kinds of checkpoint calls you can use: symbolic and
basic. Although the reasons you use each call and the results of
each call differ, there are some similarities. Issuing either
kind of call in a batch program or a batch-oriented BMP causes
IMS/VS to record all modified data base buffers and to send
messages to the system console and the system log describing the
checkpoint.

The biggest difference between the symbolic and basic calls is the
type of restart each uses. With the symbolic call, you can
checkpoint areas in vour program, and the program must use the
restart call. The restart call restores those user areas that were
checkpointed and restarts the program.

With the basic checkpoint call, on the other hand, you have the
option of requesting an 05/VS checkpoint, and then using 0S5/VS
restart to restart your program. You cannot use the 05/VS option
in Fast Path programs. This is the only supplied method of restart
with the basic call; if you don't use 05/VS checkpoint and
restart, it's up to you to provide program restart. If an
application program that updates 05/VS files terminates
abnormally, it is your responsibility to back out the 05/VS
updates made by the terminating application program.

Another advantage of the symbolic call concerns programs that
access 05/VS files. If an application program accesses 05/VS
files, vou can convert those files to G5AM and use symbolic
checkpoint. If you have to restart the program, the restart call
automatically repositions GSAM input and output files for restart
processing. If you can't convert the files to G5AM, vou can use
the 05/VS option on the basic call.

Because of it's easier restart, programs should use symbolic
checkpoint whenever possible. To see what the calls look like and
how they fit in to the rest of an application program, you can
refer to the sample batch program in "Appendix A. Sample Batch
Program" and the sample BMP in "Appendix B. Sample Batch Message
Program."” Both of these programs issue symbolic checkpoint and
restart calls. Figure 35 is a summary of the differences betueen
the symbolic and basic checkpoint calls.
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Symbolic Checkpoint Basic Checkpoint

To restart Use the restart call Use 0S/VS option and
the program 05/VS restart; or supply
vour ouwn method

To use with Convert 0S files to Specify the 05/VS option

0S files GSAM on the call

Advantages *You restart the *Provides cheékpoint
program simply by and restart for programs
using the restart accessing 0S5 files.
call.

*You can change the
program before you
restart it.

Figure 35. Summary of Symbolic and Basic Checkpoint Calls

HOH OFTEN TO USE CHECKPOINTS

Chgckpoint frequency depends on the type of processing vou're
using.

Checkpoints in Batch Programs

Any batch program that updates data bases should issue
checkpoints. The main consideration in deciding how often to
checkpoint a batch program is the time required to back out and
reprocess the program after a failure. A general recommendation
is one checkpoint call every ten or fifteen minutes. bhatever
frequency vou decide on, it's a good idea to make the frequency
easy to modify, in case you find that it's too high or too low.
For example, a counter in the program can keep track of the number
of data base updates the program has performed. When the count
reaches a certain limit, the program issues a checkpoint call.

If there's a chance that you might have to back out the entire
batch program, the program should issue the checkpoint call at the
very beginning of the program. IMS/VS will back out the program to
the checkpoint that you specify, or to the most recent checkpoint,
if vou don't specify a checkpoint.

Another important reason for checkpointing batch programs is that
although they may currently run in a DL/I region, they might later
need to access online data bases. This would require converting
them to BMPs. Checkpointing a BMP is important for reasons other
than recovery.

checkpoints in Batch-Oriented BMPs

Checkpoints in batch-oriented BMPs are imbortant for three
reasons bevond recovery. These are enqueue lockout, enqueue
space, and dynamic log space.

. Enqueue Lockout

When a BMP retrieves or updates a segment occurrence, IMS5/VS
prevents other programs from accessing that segment
occurrence until the updating BMP moves to the next data base
record (if the BMP has only retrieved the segment
occurrence), or reaches a sync point (if the BMP has updated
the segment occurrence). If a BMP retrieves and updates many
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data base records between checkpoint calls, it can tie up
large portions of the data bases, causing excessive wait
times for other programs trying to access the same segment
occurrence. (The exception to this is @ BMP with a processing
option of G0. IMS/VS does not enqueue segments for programs
with this processing option.) Issuing checkpoint calls
releases all segment occurrences that the BMP has enqueued
and makes them available to other programs.

. Enqueue Space

Failure to issue checkpoints frequently enough can also cause
a storage space problem. Because program isolation enqueues
are held until a sync point is reached, the amount of storage
required for enqueue records can exceed the amount that was
specified for the system, and result in an abnormal
termination of the application program. The amount of storage
available is specified when the IMS/VS system is defined.

. Dynamic Log Space

A checkpoint call frees dynamic log records. If checkpoints
are not issued frequently enough, the dynamic log can reach a
"wraparound" point. If this happens, the program has to issue
checkpoints more frequently, or the storage for the dynamic
log has to be increased.

Checkpoints in MPPs and Transaction-Oriented BMPs

Issuing a checkpoint call in an MPP or a transaction-oriented BMP
generates an internal retrieval call to the message queue. If
there is a message available, IMS/VS returns it to the program.
How often you issue checkpoint calls in these programs depends on
whether the programs are single or multiple mode.

Single mode means that each retrieval call to the message queue is
a sync point for the program. Single mode is recommended for
recovery because sync points occur automatically, each time the
program issues a call to retrieve a new messaga. Single mode
programs don't need checkpoint calls, unless a single-mode
transaction—-oriented BMP is too long to restart from the
beginning. This type of program should issue all checkpoint
calls, instead of retrieval calls to the message queue. This is
for recovery reasons. A checkpoint call, in addition to
establishing a sync point in the program's processing, returns a
new message, if one is available, to the application program's I/0
area. In other words, it acts like a call to the message queue for
a new message. If a program issues a checkpoint call, does some
processing, and then issues a call to the message queue to
retrieve a nex message, the program can have a recovery problem if
it terminates abnormally. The checkpoint call and the message
retrieval call both establish sync points; but a program can be
restarted only from a8 checkpnint. If the program terminates
abnormally after issuing the message retrieval call, IMS/VS backs
out the data base updates to the most recent sync point—the
message retrieval call. But IMS/VS will restart the program from
the most recent checkpoint call. The program's restart
processsing will be inaccurate because the processing prior to
the abnormal termination was not entirely backed out.

In multiple mode programs, the only sync points are the checkpoint
calls that the program issues. If the program terminates
abnormally, IMS/VS backs out the program's data base updates and
cancels the messages it's created since its last checkpoint call.
Since the only sync points are the checkpoint calls that the
program issues, you can issue calls to the message queue and
checkpoint calls. The considerations for issuing checkpoint calls
in multiple mode programs are recovery considerations: the
program should issue checkpoint calls frequently enough to make
it easy to back out and recover the program if the program
terminates abnormally.
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Checkpoints with Data Sharing

When several application programs in one IMS/VS system run
online, the IM5/VS control region makes it possiblae for them to
read and update IMS/VS data bases concurrently. It does this by
preventing a program from accessing data that another program is
updating until the updating program indicates to IMS/VS that its
updates are valid. Data sharing extends what the control region
does by making it possible for application programs in separate
IMS/VS systems—running in the same or separate processors—to
access data bases concurrently.

In an online IMS/VS system, an application program cannot access a
segment if another program is reading or updating it. If the
program is reading the segment, the segment is available to other
programs as soon as the first program moves its position to a new
data base record. If the program is updating the segment, the
segment does not become available to other application programs
until the updating program reaches a sync point. If the updating
program does not issue checkpoints frequently enough, other
application programs needing the same segment might have to wait
for long periods of time. Issuing frequent checkpoint calls
reduces the time that other programs have to wait for updated
segments. llhen application programs in separate IMS/VS systems
share data bases, issuing frequent checkpoint calls in all types
of programs is important because the data base is being shared
among application programs in several IMS/VS systems.
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CHAPTER 5. GATHERING REQUIREMENTS FOR DATA COMMUNICATIONS OPTIONS

If your IMS/VS system uses IMS/VS data communications, you will
need to gather information about the data communications
requirements of yvour application as well as the DL/I
requirements.

This chapter tells you what information you need to provide to the
data communications administrator and the system programmer, and
it tells you why that information is important. After the
explanation of each DC option, you will find a description of the
information that vou need to provide to those responsible for
choosing or not choosing these options.

The tasks that this stage of application design involves are:
. Identifying Online Security Requirements

IMS/VS protects online data through the use of sign-on,
terminal, and password security. Sign-on security makes it
possible for you to allow only authorized individuals access
to IMS/VS. Terminal security means that individuals can enter
certain transaction codes or commands only from specific
terminals. Passuword security enables you to associate a
transaction code or command with a password, so that only
individuals who know the password can enter that transaction
code or command. This section tells you what characteristics
of your application you should examine when considering each
type of security.

. Analyzing Screen and Message Formats

Choosing and defining the kind of editing that an application
program requires depends on the program's input and output.
The program's input is the information that the program
receives from someone at a terminal or from another
application program. The program’s output is the information
that the program sends back to the person at the terminal or
to another application program. This section gives an
overview of how IM5/VS edits messages between an application
program and a terminal, and it tells you what information you
need to supply.

) Gathering Requirements for Conversational Processing

If an MPP bases its processing on successive input from the
terminal, or if the input from the terminal is too long or
complex to be entered as one message, conversational
processing can make it possible for the transaction to be
processed in several cycles. If an MPP uses conversational
processing, there is some additional information that you
need to provide about the MPP's processing and data.

. Identifying Output Message Destinations

In addition to replying to the terminal that sent an input
message, an MPP can send output messages to other terminals.
To do this, the MPP must use one or more alternate PCBs. This
saection describes the information that yvou can provide about
vour application that relates to this requirement.

IDENTIFYING ONLINE SECURITY REQUIREMENTS

You use security to protect the data from unauthorized use.
Protecting the data in an online system doesn't stop at protecting
the data base itself; you need to protect the application programs
that access that data as well. For example, vou don't want a
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program that processes paychecks to be available to everyone who—
can access the system.

There are three ways that you can protect an application program
from being used by unauthorized users. These are sign-on,
terminal, and password security. Chapter 6, "Establishing IMS/VS

Security," in the IMS/VS Svstem Administration Guide explains how
vou define these types of security.

LIMITING ACCESS TO SPECIFIC INDIVIDUALS: SIGN-ON SECURITY

With sign-on security, individuals who want to access IM5/VS have
to be defined to IMS/VS before they are allowed to use IMS/VS. If
your installation uses MVS, sign-on security is available through
the Resource Access Control Facility (RACF), or a user-written
security exit. If yvour installation doesn't use MVS, sign—-on
security is available through a user-uritten security exit.

When a person signs on to IMS/VS, IMS/VS verifies that the person
is authorized to use IMS/VS before the person is allowed access to
the system. IMS/VS checks authorization when you enter the /SIGN
ON command. You can also limit the transaction codes and commands
that certain individuals are allowed to enter. You do this by
associating an individual's user identification (USERID) with the
transaction codes and commands that you want that individual to be
able to enter.

LIMITING ACCESS TO SPECIFIC TERMINALS: TERMINAL SECURITY

Terminal security enables vou to limit the entry of a transaction
code to a particular terminal or group of terminals in the system.
How you do this depends on how many programs vou want to protect.
To protect a particular program, you can either authorize a
transaction code to be entered from a list of logical terminals;
or you can associate each logical terminal with a list of the
transaction codes that a user can enter from that logical
terminal. For example, vou could protect the paycheck application
program by defining the transaction code associated with it as
valid only when entered from the terminals in the payroll
department. If, on the other hand, yvou wanted to restrict it more
than this, you could associate the paycheck transaction code with
only one logical terminal. This means that to enter that
transaction code, you have to be at a certain terminal.

LIMITING ACCESS TO THE PROGRAM: PASSWORD SECURITY

The third way you can protect the application program is to
require a password when a person enters the transaction code
associated with the application program you want to protect. If
you use only password security, that means that before IMS/VS will
process a particular transaction code, the person entering the
transaction code must also enter its password.

If you use password security with terminal security, that allous
you to restrict access to the program even more. In the paycheck
example, using password security and terminal security means that
vou can restrict unauthorized individuals within the payroll
department from executing the program.

SUPPLYING SECURITY INFORMATION

66

When vou evaluate your application in terms of its security
requrrements, vou need to look at each program individually. Once
vou've done this, vou should be able to supply the following
information to the person in charge of security at your
installation.

. For programs that require sign-on security:
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- List the individuals who should be able to access IMS/VS
. For programs that require terminal security:

- List the transaction codes that must be secured.

- List the terminals that should be allowed to enter each of
these transaction codes. If the terminals you're listing
are already installed and being used, identify the
terminals by their logical terminal names. If not,
identify them by the department that will use them—for
example, the accounting department.

U For programs that require passuword security:
- List the transaction codes that should require passwords.
L For commands that require security:

- List the commands that require sign-on or password
security.

ANALYZING SCREEN AND MESSAGE FORMATS

AN OVERVIEHW OF MFS

When an application program communicates with a terminal, an
editing routine translates messages from the way they are entered
at the terminal to the way the program expects to receive and
process them. The decisions about how IMS/VS will edit your
program's messages are based on how the data that's being
processed should be presented to the person at the terminal and to
the application program. You need to describe how you want data
from the program to appear on the terminal screen, and how vou
?agt data from the terminal to appear in the application program's
/0 area.

To supply information that will be helpful in this decision, you
should be familiar with how IMS5/VS edits your messages. IMS/VS has
two editing routines that an application program can use:

. Message Format service, or MFS, is most commonly used with
display screens. MFS uses control blocks that define what a
message should look like to the person at the terminal and to
the application program.

. Basic edit is available to all IMS/VS application programs.
Basic edit removes control characters from input messages and
inserts the control characters you specify in output messages
to the terminal.

Chapter 3, "Design Considerations for IMS/VS Networks," in the
IMS/VS Svstem Administration Guide contains information on

defining IMS/VS editing routines.

MFS uses four kinds of control blocks to format messages between
an application program and a terminal. The information you gather
about how you want the data formatted when it is passed between
the application program and the terminal is contained in these
control blocks. MFS creates the control blocks from the
information supplied in the message statement (MSG) and the
format statement (FMT).

There are two control blocks that describe input messages to
IMS/VS.

L The device input format, or DIF, describes to IMS5/VS what the
input message Wwill look like when it's entered at the
erminal.
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AN OVERVIEW OF BASIC
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. The message input descriptor, or MID, tells IMS/VS how the s

application program expects to receive the input message in
its I/0 area. N

By using the DIF and the MID, IMS/VS can translate the input
message from the way that it's entered at the terminal to the way
it should appear in the program's I/0 area.

There are two control blocks that describe output messages to
IMS/VS.

. The message output descriptor, or MOD, tells IMS/VS what the
output message will look like in the program’'s I/0 area.

. The device output format, or DOF, tells IMS/VS how the message
should appear on the terminal screen.

Many installations have a specialist who defines application
requirements to MFS for all the applications at the installation.
To define the MFS control blocks for an application program, the
specialist needs to know how you want the data to appear at the
terminal and in the application program's 170 area for both input
and output. The INS/VS Messaage Format Service User's Guide
explains how you define this information to MFS.

EDIT

Basic edit removes the control characters from an input message
before the application program receives it, and inserts the
control characters vou specify when the application program sends
a message back to the terminal. To format output messages at a
terminal using basic edit, you need to supply the necessary
control characters for the terminal yvou're using.

Again, you need to describe how you want the data to be presented (
at the terminal, and what it will look like in the program's 170 ~
. area. ,

EDITING CONSIDERATIONS IN YOUR APPLICATION

66

Before vou describe the editing requirements of vour application,
be sure that you are aware of standards that your installation has
concerning screen design. Make sure that the requirements that
you describe comply with those standards.

The information you should provide about your program's editing
requirements is:

. How you want the screen to be presented to the person at the
terminal for the person to enter the input data. For example,
if an airlines agent wants to reserve seats on a particular
flight, the screen that asks for this information could look
like this:

FLIGHT#:
NAME:
NO. IN PARTY:

. What the data should look like when the person at the terminal
enters the input message

L What the input message should look like in the program's 1I/0
area

. What the data should look like when the program builds the
output message in its 1/0 area

. How the output message should be formatted at the terminal

. The length and type of data that your program and the terminal
will be exchanging
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The type of data you're processing is only one consideration when
vou analyze how you want the data presented at the terminal. In
addition, you should consider the needs of the person at the
terminal—the human factors in your application—with the effect
of the screen design on the efficiency of the application
program—the performance factors in the application program.
Unfortunately, sometimes there is a tradeoff between human
factors and performance factors. A screen design that's easily
understood and used by the person at the terminal may not be the
design that gives the application program its best performance.
Again, your first concern should be that you're following
whatever screen standards your installation has established.

A terminal screen that has been designed with human factors in
mind is one that puts the person at the terminal first; it's one
that makes it as easy as possible for that person to interact with
the application program. Some of the things you can do to make it
easy for the person at the terminal to understand and respond to
vour application program are:

o Display a small amount of data at one time.

. Use a format that is clear and uncluttered.

. Provide clear and simple instructions.
. Display one idea at a time.
U Require short responses from the person at the terminal.

. Provide some means for help and ease of correction for the
person at the terminal.

At the same time, you don't want the way in which a screen is
designed to have a negative effect on the application program's
response time, or on the system's performance. When you design a
screen with performance first in mind, you want to reduce the
processing that IM5/VS must do with each message. To do this, the
person at the terminal should be able to send a lot of data to the
application program in one screen so that IM5/VS doesn't have to
process additional messages. And the program should not require
two screens to give the person at the terminal information that it
could give on one screen.

When describing how the program should receive the data from the

terminal, vyou need to consider the program logic and the type of
data you're working with.

GATHERING REQUIREMENTS FOR CONVERSATIONAL PROCESSING

Conversational processing means that the person at the terminal
can have several interactions with the application program. When
you use conversational processing, the person at the terminal
enters some information, and an application program processes the
information and responds to the terminal. The person at the
terminal then enters more information for an application program
to process. Each of these interactions betueen the person at the
terminal and the program is called a step in the conversation.

WHAT HAPPENS IN A CONVERSATION
A conversation is a series of terminal/program interactions.

Although it's not apparent to the person at the terminal, a
conversation can be processed by several application programs
instead of only one. If vou use only one application program to
process the conversation, the conversation may or may not take
place during one scheduling of the program. For example, IMS/VS
might schedule the program to start the transaction, then, if
there are no other messages for the program to process, the
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program will terminate. When the person at the terminal responds,
IMS/VS schedules the program again to continue the conversation.

In order Tor the same program or another program to continue a
conversation, the program must have the necessary information to
continue processing. IMS/VS stores data from one staace of the
conversation to the next in a scratchpad area, or SPA. When a
program continues the conversation (the same program or a
different one), IMS5/VS gives the program the SPA for the
conversation associated with that terminal.

In the airlines example above, the first program might save the
flight number and the names of the people traveling, then pass
control to another application program to reserve seats for those
people on that flight. The program saves this information in the
SPA. If the second application program didn't have the fliaght
number and names of the people traveling, it wouldn't be able to
do its processing.

DESIGNING A CONVERSATION
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A conversation can be processed by one application program, or it
can be processed by several application programs. The first part
of designing a conversation is to design the flow of the
conversation. If the requests from the person at the terminal will
be processed by only one application program, then designing the
flow of the conversation is simply a matter of designing that
program. If, on the other hand, you decide that the conversation
should be processed by several application programs, vou need to
decide which stages of the conversation each program will
process, and what each program will do when it has finished
processing its stage of the conversation.

When a person at a terminal enters a transaction code that has
been defined as conversational, IMS/VS schedules the
conversational program (for example, Program A), that is
associated with that transaction code. When Program A issues its
first call to the message queue, IM5/VS returns the SPA that has
been defined for that transaction code to Program A's I/0 area.
The person at the terminal has to enter the transaction code (and
password, if there is one) only on the first input screen. IMS/VS
treats data in subsequent screens as a continuation of the
conversation started in the first screen.

After it has retrieved the SPA with a message retrieval call,

Program A can issue another message retrieval call to retrieve the
input message from the terminal. After it has processed the

message, Program A can then continue the conversation, or it can

:nd the conversation. There are several ways to do both of these
hings.

To continue the conversation, Program A can:
. Reply to the terminal that sent the message.

. Reply to the terminal and pass the conversation to another
conversational program, for example, Program B. This is
called a deferred program switch, and it means that Program A
responds to the terminal and then passes control to another
conversational program—in this case, Program B. Program A
does this by placing the transaction code associated with
Program B in the SPA, then issuing a call to return the SPA to
IMS/VS. For this type of switch, Program A references the I/0
PCB in the call. After doing this, Program A is no lonhger part
of the conversation. The next input message that the person at
the terminal enters will go to Program B, although the person
at the terminal will be unaware that this message is being
sent to a second program.

* Pass control of the conversation to another conversational
program Without first responding to the originating terminal.
This is called an immediate program switch; an immediate
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program switch lets vou pass control directly to another
conversational program without having to respond to the
originating terminal. Program A does this by placing the new
transaction code in the SPA, then issuing a call to return the
SPA to IMS/VS. In an immediate switch, however, the call that
the program issues must reference an alternate PCB. When you
do this, the program that you pass the conversation to has the
responsibility of responding to the person at the terminal.

To continue the conversation, Program B then has the same
choices as Program A did: It can respond to the originating
terminal and keep control, or it can pass control in a
deferred or immediate program suitch.

If Program A wants to end the conversation, it can:

. Move blanks to the first 8 bytes of the SPA, then return the
SPA to IMS/VS.

. End the conversation and pass control to a nonconversational
program. This is also called a deferred switch, but Program A
ends the conversation before passing control to another
application program. The second application program can be an
MPP or a transaction-oriented BMP that processes transactions
from the conversational program.

THINGS YOU NEED TO KNOW ABOUT THE SPA

When Program A passes control of a conversation to Program B,
Program B needs to have the data that Program A saved in the SPA
in order to continue the conversation. IMS/VS gives the SPA for
the transaction to Program B when Program B issues its first
message call. )

There are some restrictions about passing conversational control
to another program that have to do with the type and size SPA
associated with the transaction codes for the programs. Each SPA
has three characteristics about it that are defined for it at
system definition. They are:

U The size of the SPA

. Where the SPA will be stored—in main storage or on a direct
access storage device

. Whether the SPA is fixed length or variable length.

Also at system definition, the system administrator defines the

maximum size allowed in the system for each type (main storage or
direct access) of SPA. There are some restrictions about passing a
conversation to another program. These restrictions depend on the
SPA's length (fixed or variable) and storage (main storage or
?iregt access). There are two restrictions that concern the SPA's
ength.

J If the first program in the conversation uses a fixed-length
SPA, all the programs in the conversation must use
fixed-length SPAs as well.

. If the first program in the conversation uses a
variable-length SPA, the other programs in the conversation
can use either fixed- or variable-length SPAs. If the first
program to be scheduled for the conversation uses a
variable-length SPA, and the next program uses a smaller or
larger SPA, IMS/VS truncates or extends the SPA for the new
zr:gram. If IMS/VS truncates the SPA, it saves the truncated

ata.

What these two restrictions mean is that if the first program in
the conversation uses a fixed SPA, the program can pass control
only to programs that use fixed-lenath SPAs. If, on the other
hand, the first program in the conversation uses a
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variable-length SPA, the program can pass control to a program
that uses either a fixed- or variable-length SPA.

There is another restriction that depends on the maximum SPA
length defined for the system. At system definition, the system
administrator defines a maximum length for main storage SPAs and a
maximum length for direct access storage SPAs. A program cannot
pass the conversation to another program whose SPA size is larger
than this maximum size. If the maximum size defined for main
storage SPAs is different from the maximum size defined for direct
access SPAs, then IMS/VS uses the maximum length of the type of
SPA used by the first program in the conversation. For example, if
the SPA used by the first program is a main storage SPA, then the
maximum length defined for main storage SPAs is the maximum length
for any SPAs (main storage or direct access) used during the
conversation.

Suppose that Programs A, B, C, and D process transactions A, B, C,
and D respectively. Figure 36 shows the type and length of SPA
defined for each transaction. For this example, assume that the
maximum length for a main storage SPA is 100 bytes, and the
maximum length for a direct access SPA is 500 bytes.

Transaction Code Type of Storage for SPA Length of SPA
TRANA Main Storage 50 bytes
TRANB Direct Access 100 bytes
TRANC Direct Access 300 bytes
TRAND Main Storage 100 bytes

Figure 36. Example of SPA Storage

The length of SPA that IMS/VS allows during a conversation depends
on the type and length of the SPA used by the first program
scheduled during the conversation. For example:

. If Program A or Program D is the first program scheduled
during the conversation, the maximum length for any SPA used
during the conversation is 100 bytes. That's because these
programs process transactions whose SPAs are defined as main
ftorggf SPAs, and the maximum length for a main storage SPA is

00 bytes.

If Program A is the first program to be scheduled, it can pass
the conversation to Program B or Program D, but Program A
can't pass the conversation to Program C.

] If Program B or Program C is the first program scheduled
during the conversation, the maximum SPA length for the
conversation is 500 bytes. If Program B is the first program
scheduled during the conversation, it can pass control to any
of the other programs. The same is true of Program C.

"Conversations" describes how you structure a conversational
program.

Recovery Considerations in conversations

70

Because a conversation involves several stages and can involve
several application programs, there are some special things you
should understand about recovery in a conversation. This list is a
summary of these special considerations:

. One thing you can do to make recovery easier is to design the
conversation so that all the data base updates are done in the
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last step of the conversation. This way, 'if the conversation
terminates abnormally, IMS/VS can back out all the updates
because they were all made during the same stage of the
conversation. Updating the data base during the last stage of
the conversation is also a good idea, because the input from
each stage of the conversation is available.

. Although a conversation can terminate abnormally during any

: step of the conversation, IMS/VS backs out only the data base
updates and output messages resulting during the last step of
the conversation. IMS/VS doesn't back out data base updates
or cancel output messages for previous steps, even though
some of that processing might be inaccurate as a result of the
abnormal termination.

. There is a system service call that can be helpful if the
program determines that some of its processing was invalid.
The rollback call (ROLB) backs out all of the changes that the
program has made to the data base, and cancels the output
messages that the program has created (except those sent with
an express PCB, as explained below), since the program's last
sync point.

U The program can use an express PCB to send a message to the
person at the terminal, and to the master terminal operator.
When the program sends a message using an express PCB, IMS/VS
sends the message no matter what. Messages sent with an
express PCB are sent to their final destinations even if the
program terminates abnormally or issues a rollback call. A
rollback call does not cancel messages sent with an express
PCB.

. To .help verify the accuracy of the previous processing, and to
correct the processing that's determined to be inaccurate,
you can use the conversational abnormal termination
routine—DFSCONEO. IMS/VS schedules DFSCONEO and uses it for
all conversations that terminate abnormally. DFSCONEO can
identify the transaction that was being processed when the
abnormal termination occurred because IMS/VS gives the SPA to
DFSCONEO. The SPA contains the transaction code. The SPA also
indicates which step in the conversation was being processed
when the conversation terminated abnormally. DFSCONEGS needs
this information so that it can determine what action to take.

. You can write an MPP to examine the SPA, send a message
notifying the person at the terminal of the abnormal
termination, make any necessary data base calls, and use a
user-written or system-provided exit routine to schedule it.

IDENTIFYING OUTPUT MESSAGE DESTINATIONS

When an application program sends an output message, it does so by
issuing a call and referencing the I70 PCB or an alternate PCB. In
the same way that a DB PCB represents a hierarchy that the
application program processes, the I/70 PCB and alternate PCBs
represent logical terminals and other application programs with
which the application program communicates. An application
zrogfamlcan send messages to other application programs and to
erminals.

THE ORIGINATING TERMINAL

To send a message to the logical terminal that sent the input
message, the program uses an I/70 PCB. Sending a message with the
I/0 PCB sends the output message to the logical terminal that sent
the message. The program doesn't have to do anything to the I/0
PCB before sending the message. IMS/VS puts the name of the
logical terminal that sent the message in the I/0 PCB when the
program receives the message.
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TO OTHER PROGRAMS AND TERMINALS
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When you want to send an output message to a terminal other than,

or in addition to, the terminal that sent the input message, vou \
use an alternate PCB. You can set the alternate PCB for a specific -
logical terminal when the program's PSB is generated, or you can
define the alternate PCB as being modifiable. A program can change
the destination of a modifiable alternate PCB while the program is
executing, so if vou use a modifiable alternate PCB, yvou can send
output messages to several alternate destinations.

There are situations in which the application program must
respond to the originating terminal before the person at the
originating terminal can send any more messages. These situations
occur when a terminal is in exclusive mode; a terminal is in

. response mode; or during conversational mode.

. Exclusive mode applies to a terminal. When a terminal is in
exclusive mode, the only messages it can receive are those
that are in response to an input message that was entered at
the terminal after the ZEXCLUSIVE command was entered. The
terminal remains in exclusive mode until the person at the
terminal enters the 7END command. If there were other
messages sent to the terminal while exclusive mode was in
effect, IMS/VS sends them to the terminal after the Z7END
command has been entered.

. Response mode can apply to a communication line, a terminal,
or a transaction. When response mode is in effect, IMS/VS
won't accept any input from the communication line or
terminal until the program has sent a response to the previous
input message. The originating terminal is unusable (for
example, the keyboard locks) until the program has processed
the transaction and sent the reply back to the terminal.

‘You can define communication lines and terminals as operating
in response mode; not operating in response mode; or

: S . 7
operating in response mode only if processing a transaction \
that's been defined as response mode. You specify response ~

mode for communication lines and terminals on the TYPE and
TERMINAL macros, respectively, at IMS/VS system definition.
You can define any transaction as a response mode
transaction; you do this on the TRANSACT macro at IMS/VS
system definition. Response mode is in effect if:

— . The communication line has been defined as being in
response mode.

- The terminal has been defined as being in response mode.

= The transaction code has been defined as response mode.
) conversational mode applies to a transaction. When a program

is processing a convaersational transaction, the program must

respond to the originating terminal after each input message
it receives from the terminal.

In these processing modes, the program doesn't send a message to
an alternate destination; it must respond only to the originating
terminal. But sometimes the originating terminal is a physical
terminal that's made up of two components—for example, a printer
and a punch. If the physical terminal is made up of two
components, each component has a different logical terminal name.
If the program needs to send an output message to the printer part
of the terminal, it has to use a different logical terminal name
than the one associated with the input message. In other words, it
has to send the output message to an alternate destination. There
is a special kind of alternate PCB that a program can use in these
situations; it's called a response alternate PCB.

A response alternate PCB lets you send messages when exclusive
mode, response mode, or conversational mode is in effect. The
destination of a response alternate PCB must be a logical

N
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terminal—you can't use a response alternate PCB to represent
another application program. When you use a response alternate
PCB during response mode or conversational mode, the logical
terminal represented by the response alternate PCB must represent
the same physical terminal as the originating logical terminal.
This is not a requirement when using a response alternate PCB
during exclusive mode.

You can also specify an alternate PCB as being an express PCB.
When vou send messages using any of the PCBs described so far,
IMS/VS doesn't send the message if your program terminates
abnormally. But when you send messages using an express PCB,
IMS/VS sends the messages to the destination represented by the
express PCB no matter what happens to your application program
after you've sent the message. If the application program
terminates abnormally, or if the program issues a rollback call,
IMS/VS cancels messages that the program has sent using an 1/0
PCB, an alternate PCB, a modifiable alternate PCB, or a response
alternate PCB. But IMS/VS sends messages that use an express
alternate PCB to their final destinations as soon as the program
issues the call to send the message. These messages are not
affected if the program terminates abnormally, or if the program
issues a rollback call.

You should provide the ansuwers to the QUQstions below to the data
communications administrator to help in establishing your
application's requirements:

. Will the program be required to respond to the terminal before
the terminal can enter another message?

L Will the program be responding only to the terminal that sends
input messages?

. If the program needs to send messages to other terminals or
programs as well, is there only one alternate destination?

. What are the other terminals to which the program will have to
send output messages?

. Should the program be able to send an output message before it
terminates abnormally?
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PART 2. APPLICATION PROGRAMMING GUIDE

This part is a guide to coding IMS5/VS application programs. The
tasks this part explains are:

e - Structuring the DL/I Portion of a Program

¢ coding the DL/I Portion of a Program

* Structuring a Message Processing Program

¢ Coding a Message Processing Program

. structuring and Coding a Batch Message Program
¢ Testing an Application Program

. Documenting an Application Program
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STRUCTURING THE DL/I PORTION OF A PROGRAM

This chapter explains how you use DL/I to read and update a data
base. How yvou use DL/I calls to do this is the same, whether
vou're writing a message processing program (MPP), a Fast Path
program, a batch message program (BMP), or a batch program.

This chapter gives you the basics you need to specify DL/I call
sequences and call formats for any of these types of programs. If
vou are writing a batch program that might someday be converted to
a batch message program (BMP), you can refer to "Planning Ahead
for Batch-to-BMP Conversion" for additional desigh considerations
that can make this conversion easier.

Some of the information in this chapter applies only to batch
programs. You will find additional considerations for MPPs in
"Chapter 8. Structuring a Message Processing Program,”" and for
BMPs in "Chapter 10. Structuring and Coding a Batch Message
Program.” "Processing Fast Path Data Bases" explains Fast Path
exceptions to the information in this chapter.

A batch program has only one source of input—the input you
supply—but an online program can also receive input from
terminals and other programs. A batch program might retrieve and
update data base records directly, or it might process data
sequentially, then print a report by listing a particular part of
the data base.

This chapter gives you an introduction to how an application
program processes a DL/I data base, then explains the decisions
that you will be making about your program:

. How You Read and Update a DL/I Data Base: An Overvieu

This section explains the parts of a DL/I program and also
explains the examples that are used throughout this chapter.

. Retrieving Information

This section describes the calls that a program uses to
retrieve information from the data base: GU, GHU, GN, GHN,
GNP, and GHNP.

. Updating Information

This section explains the calls that a program uses to update
information in the data base: DLET and REPL. It also explains
how you use the get hold calls with the update calls.

. Inserting Information

This sections tells you how you use the ISRT call to add new
seagment occurrences to an existing data base, and to
initially load a data base.

. Determining Your Position in the Data Base

This section explains when your position in the data base is
important, how each of the data base calls affects vour
position in the data base, and where your position is after a
call that DL/I is unable to satisfy.

. Techniques to Make Programming Easier
This section explains some things vou can do to make your

programming easier. It also gives some general programming
guidelines.
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. Checking Status Codes

This section explains different types of status codes and
explains what your error routine should do.

. Taking Checkpoints

This section explains why checkpoints are important in a
batch program and describes symbolic CHKP and XRST and basic
CHKP.

. Using secondary Indexes and Logical Relationships

This section tells you how secondary indexing and logical
relationships affect your programming.

) Planning Ahead for Batch~to-BMP Conversion
This section describes some of the reasons that people

convert batch programs to BMPs and gives some suggestions
about the conversion.

. Designing a Program that Uses GSAM
This section explains how you process a GSAM data base.

. Processing Fast Path Data Bases
This section describes how you use the DL/I calls to process
Fast Path data bases. It also explains three additional calls
that you can use with Fast Path data bases: the field call, or

FLD; the position call, or P0S; and the synchronization call,
or SYNC.

HOW YOU READ AND UPDATE A DL/I DATA BASE: AN OVERVIEHW

)
To access data in a DL/I data base, you issue calls to DL/I from
your application program. The calls tell DL/I what you want done;
whether vou want to retrieve information, delete information,
replace information, or add information. When vou retrieve or
update information from the data base, you do so in segments.

In addition to specifying what you want DL/I to do in a call, you
can give DL/I some additional search criteria about the segment
you want to process. You give this information in segment search
arguments, or $S5As. Giving this information helps DL/I to find the
segment you want.

DL/I communicates the results of your call to you in two places.
First, you use an 170 area in vour program to pass segments back
and forth between vour program and DL/I. What the I/70 area
contains depends on the kind of call you're issuing:

U When vou retrieve a segment, DL/I places the segment you
requested in the I/0 area.

° When you add a new segment, you place the new segment in the
I/0 area.

. When you delete or replace a segment, you have to first.
retrieve the segment using one of the get hold calls. When you
issue a get hold call for a segment, DL/I places the requested
segment in an 1/0 area, just as it does after the other
retrieve calls.

- To delete that segment, you issue a DLET call and
reference the same I/0 area in the DLET call. You don't
have to do anything to the segment or the I/0 area; you
just issue the DLET call.

Chapter 6. Structuring the DL/I Portion of a Program 77



78

- To replace a field or fields in the segment, vou modify
those fields in the segment in vour I/0 area. Then you
issue a REPL call and reference that I/0 area.

The second place that DL/I uses to describe the results of your
call is the DB PCB. After a retrieval call, DL/I places this
information about the call's results in the DB PCB:

U The level number of the lowest segment that DL/I accessed
while processing the call.

. A status code that tells you whether or not the call was
successful.

. The name of the lowest-level segment that DL/I accessed while
processing the call.

. The concatenated key of the segment being accessed. A
segment's concatenated key is made up of the keys of all the
segment's parents and the segment's ouwn key.

. The length of the concatenated key of the segment being
accessed.

To find out about the results of a DL/I call, your program needs
to look at this information in the DB PCB. But PCBs are outside
the application program; the PSB that contains a given program's
PCBs resides in an IMS/VS library. To use the DB PCB, the program
defines a mask of the DB PCB. It can then reference the mask to
check the DB PCB after each call and find out about the success or
failure of the call. An application program doesn't change any
fields in a DB PCB; the program only checks it to determine what
happened when the call was issued.

Figure 37 shows the structure of a DL/I program. The numbers on
the right refer to the notes that follow.
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>Program.Entry 1

Get Input Record 2
—>DL—1I Calls for Data Base Processing 3
Retrieve
Replace
Delete
Insert
I-0 Area 4
Segments to and <
from the data base
DB PCB Mask 5
Return information <
from DL/I
Processing 6
[
®
[
Print Output Record 7
Termination 8
Entry v
Call v DL/I
Exit

Figure 37. DL/I Program Structure

Notes:

1. Programentry. IMS5/VS passes control to the application
program. The entry statement lists the DB PCBs that the
program uses in the order in which they appear in the PSB.

2. Get an Input Record. The program retrieves an input record.

3. DL/I calls. The program issues DL/i calls to read and update
information from the data base.

4. IXI/0 area. DL/I returns the requested information to the
program's I/0 area.

5. DB PCB mask. DL/I describes the results of each DL/I call in
the DB PCB mask. Your program checks the information in this
area after each DL/I call to find out whether or not the call
was successful.

6. Processing. The program does the required processing,
including issuing additional DL/I calls, if necessary.

7. Print output Record. The program might print an output record
based on its processing.

8. Termination. The program returns control to IMS/VS when it

has finished its processing. In a batch program you can, if
vou wish, set the return code and pass it to the next step in
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the job. If you don't use the return code in this way, it's a
good idea to set it to zero as a programming convention. You
can also use the return code for this purpose in BMPs. But in
MPPs. setting the return code is meaningless, since MPPs
can't pass return codes.

A DL/I program reads and updates data by issuing DL/I calls. There
are three calls you can use to retrieve data, two calls you can
use to update existing data, and one call you can use to add new
data to the data base.

The retrieval calls are get unique (GU), get next (GN), and get
next within parent (GNP). There are also three special retrieval
calls, called get hold calls, that vou use just before you want to
update or delete a segment. Each retrieval call has a
corresponding get hold call: get hold unique, or GHU; get hold
next, or GHN; and get hold next within parent, or GHNP.

There are two calls vou use to update-data that already exists in
the data base. These are delete (DLET) and replace (REPL). But.
before vou can update a segment, vou have to retrieve the segment.
You do this by using one of the get hold calls; then you issue the
DLET or REPL call immediately after the get hold call.

There is one call vou use to add new segments to a data base; this
is the insert call (ISRT). You use ISRT to add new segments to an
existing data base, and you use it to initially load a data base.
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