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This publication presents the design ccnsideraticns associated with
installing and oreratirng Infcrmatior Management System/Virtual Storage
(IMS/VS). It presents IMS/VS concepts, and the facilities available
for designing IMS/VS Data Base (DB) and Pata Fase/Cata Communication
(DB/DC) systems.,

This publication provides data base administratcrs, system designers,
syster prcagranmers, and aprlicaticn programmers with the information
+hey require to design an IMS/VS system and tc design the applications
which crerate under IMS/VS.

Prerequisite to this publication is the INMS/VS General Information
Manual, GH20-1260. 1In addition to information in the IMS/VS General
Informration Manual, the reader is expected to have a knowledge of
Operating System/Virtual Storage (0S/VS) and 0S/VE access methods. The
chapters in this rublicaticn are:

1. "Design, Installation, and Maintenance of the IMS/VS LCata Base
System" that addresses +he factors tc te ccnsidered when
installing a DB syster.

2. "pDesign and Control of the Data Base/Data Cammunication System"
that addresses the factors to be considered when installing a
DB/DC system,

3. "application Program Design" that includes considerations for
design of batch and teleprccessing IMS/VS agrlications.

4. "Data Base Design Corsiderations" that describes data base
concepts, structures, and the options available for designing
IMS/Vs data bases.

5. "Design Ccnsideraticns for the Multiple Systems Coupling (MSC)
Feature" that describes MSC and contains design considerations
for its use.

6. "Design Ccnsideraticrs for the Fast Path Feature" that describes
Fast Path and ccntairs design considerations for its use.

RFLATED PUBLICATICNS

IMS/VS Installaticn Guide, SH20-9081
This gpublication presents step-by-ster details fcr the IMS/VS
installaticr rrccess,

IMS/VS System Prograrming Reference Manual, SH20-9027
This manual provides system programming personnel with
installation consideraticns and details for generation

(definiticn) cf an IMS/VS system.

IMS/VS Application Programming Reference Manual, SH20-9026
This document is a reference manual for the application
programmer., It provides inforrmaticn abcut the coding
techriques necessary to implement a designed application
under the IMS/VS system.
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IMS/VS Utilities Reference Manual, SH20-9029
This manual provides a descripticn of the IMS/VS system
utili+y rrcgrars. It describes how to execute these
utilities under the operating systern.

IMS/VS Operator's Reference Manual, SH20-9(C28
This manual prcvides the master terminal, remote terminal,
and system console operators witl the irfcrmaticn asscciated
with crerating IMS/VS once the system has been established
in a user environment.

IMS/VS Message Format Service User's Guide, SH20-9053
This manual describes the use, defirition, and implementation
of thes Message Format Service (MFS).

IMS/VS Advanced Function for Communicaticns, SH20-9054
This marual explains the IMS/VS surpcrt for advanced furction
cormunicaticns systems. It addresses the areas that
programmers oOr analysts involved in ccrrunicating with IMS/VsS
must be familiar with.

IMS/VS Messages and Codes Reference Marual, SH20-9030
This ranual lists, explains, and suggests apgrcpriate
resrcnses to +the completion codes and messages produced by
all the IPM-supplied components cf the IMS/VS system.

IMS/VS Prograr logic Manual,
Volume 1 of 3, Ly20-8004
Volure 2 of 3, LY20-8005
Volumre 3 cf 3, LY20-8041
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iv

Introduction to the IBM 3850 Mass Storage System (MSS), GA32-0028

0S/VS Mass Storage Systemr (MSS) Planning Guide, GC35-0011

IBM 3850 Mass Storage System (MSS) Frinciples cf Operation,
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SUMMARY OF AMENLMENTS

ERSICN 1, RELEASE 1.4
N¥W PROGRAMMING FEATURE

The Fast Path feature prcvides data base and c¢ata ccommunication
facilities for arrlicaticns requiring high transaction rates but needing
only simple data base structures. The Fast Path feature uses functions
of the Data Cornunication feature and operates in exis+ing
+elecommunication networks.

Fast Path rrcvides twcC rew types of data bases that are accessed
with standard DL/I calls ard, optionally, with Fast Path L[L/I calls.

The feature includes a message-hardling facility tc expedite the
processing of Fast Path wessages,

VERSION 1, RELEASE 1.2
This publication has been revised +o reflect technical and editorial
changes made for Release 1.2.

TECHN ICAL CHANGES

Multiple Systems Coupling Feature

The Multiple Systems Coupling feature allows a user tc define a
configuration ccnsisting of up to 255 interconnected IMS/VS systems
running on any combina*ion of 0S/VS1 and O0S/VS2. Informaticn on
channel-to-channel communication with the Multiple Systems Coupling
feature is for planning purposes cnly until IMS/VS support for this
facili+y becomes available.

3270 Information Digrlay Station

With +he addition c¢f Synchronous Data Iink Control, 3270s can now
be attached on SLIC lines as well as BSC lines.

3350 Direct Access Storage Levice

The 33597 may now be specified for data base and message queue data
set residence.

3767 Communicaticn Termiral
3770 Data Communication System

The 3767 and 3770 are supported on an SDLC link through VIAM, Full
IMS/VS functional carabili+ies are included.

Surrrary of Amerdments xvii



EDITORTIAL CHANGES

e The IMS/VS rlanning infcrmation about MSS (mass storage system),
previously contained in DB/DC MSS Planning Infcrmaticn: IMS/VS,

cIics/vs, and GIS/VS, is now contained in Chapter 2 of this
publication., The former MSS publication is ncw obsolete.

e The informaticn previously contained in Charter 1 of this
publication has been moved to the IMS/VS General Information Manual.

e The information previously contained in Chagters 6 and 7 and
Arpendixes C and D of this publication has been moved to the IMS/VS
System Programmirg Reference Manual.

¢ The information previously contained in Arrpendix A of this
publication has been mcved to the IMS/VS Installation Guide.

s The informaticn previously contained in Appendix B of this
publication has been moved to the IMS/VS Application Programming
Reference Manual.
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CHAPTER 1. DESIGN, INSTALLATION, AND MAINTENANCE OF THE IMS/VS DATA BASE SYSTEM

This charter addresses the factors to be considered by the user data
processing organization ir rlanning, scheduling and controlling the
installation of the IMS/VS LCata Pase (PB) Syster. Three major time
phases shculd be ccnsidered:

e Pre-installation system design and configuration
e Installation
e System tuning and phased expansion

For each of tlrese phases, this chapter suggests the steps to be
+aken, referencing the tcols rrovid=ad by the data base management
services of IMS/VS to facilitate the effort, ard identifying those
2lements cf the user installation which are involved or affected.

DESCRIPTION OF FACILITIES

The data bacse management services of INS/VS are packaged as basic
material in an orderable component called tke Data Base (DB) system.
The DB system surrorts the inplementation of multiple user-written
batch processing applications in a ccmmon data base environment.

The DB system provides the user with full IMS/VS facilities to:
¢ Define, load, and reorganrize data bases

e Access a data base from arplication programs via a high-level
language interface called DL/I

e Support systems integrity via data base logging, checkpoint/restart,
and data base recovery programs

e Use system-rrovided exits to incorporate user extensions to IMS/VS

e Migrate +o a full IMS/VE DB/DC system in a shared terminal
environment

The major executicr-time slements of the IMS/VE DB system are the
DL/I (Data Language/I) interface and the data base logging program.
DL/I interfaces between the problem program and the data bases the
prograr wishes tc access. The use of DI/I and its functions are
described in detail in the IMS/VS Application Prcgramming Reference
Manual. The data base logging carability is one of the principal IMS/VS
recovery features. It provides a log of all activity against a data
base. The log enables a user to analyze and tune his system, and is
thes basic support for recovery, restart, and backcut activity. The
log is discuss=d later in this chapter.

In additicn, several utility rrograms which assist in creation and
maintenance of the LCE System are supplied. 1Ircluded in this utility
program set are:

IME/VS System Definition

IMS/VS Data Base Tescription Generation
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IMS/VS Prcgram Specification Plock Generation

IMS/VS Applicatior. Control Blocks Creation and Maintenance
IMS/VS Data Base Reorganization and Load

IMS/VS Data Base Reccvery

IME/VS Utility Contrcl Facility

System definition is descrited in the IMS/VS Installa*ion Guide; the
other programs are described in the IMS/VS Utilities Reference Manual.

The DB system operates on an IBM System/370, using the services of
0S/VS in its mul*irrcgranmming configurations 0S/vVS1 and CS/VS2.

In the IMS/VS DB system, applications are scheduled for execution
through the 0S/VS job stream in a process calleéd batch scheduling. ‘The
basic unit of work is assumed to be the operating system job step. The
application itself can be either transacticn-criented or batch-oriented.
A transacticn-oriented rrcgram facilitates migration to a DB/DC
environment.

It is common system practice *o implement +he full CB/LCC carabilities
in a rhased mannexr by installing a ba*tch LB systen first. Once an
initial program/data base cluster has been designed and installegd,
users can see the step-wise expansion leading tc a comprelkensive cn-line
installaticn.

Figure 1-1 shows the relationship of CS/VS, the IMS/VS LR system,
and an application program at execution time. The grograr and the DR
syster are contained in a single batch-processing problem program
address space (region, memory). A second applicaticn prograr can occupy
a second address space, with a rerlica of the DL/I and data base logging
functions, accessing a separate data base and writing a second log
+ape. Two or more IMS/VS batch systems can run ccncurrertly in separate
address sraces, if they dc nct access the same data bases., Most of
+he IMS/VS DB system is composed of reenterakle ccde.

The user's arrlicaticn prcogram operates as an OS/VS prcblem program.
As illustrated in Figure 1-1, the application program has %*wo tasic
interfaces. These are:

1. Transaction Input and Response Output
2. Data Base Input/Outgut Cperations

Although this is a batch processing environment, the concept of
transaction processing is advocated, because it can be carried over to
the IMS/VS message processing enviromment, Typically, transaction
input and response output are performed with OS/VE data management.
Within the applicaticn rrogram, file dascriptions and reads/write
statements are in COBOIL, PL/I, or Assembler language syntax.
Alternatively, the user cf IMS/VS can build an interface for transaction
input and response outyrut sirilar to the data base input/output
interface described below.
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Figure 1-1. IMS/VS TCata Pase System Envircrrment

211 data base operations are initiated by the arrlication program
interface with CL/I. This interface consists of execution of a CAIL
statement fromr the aprrlicaticn rrogram. Parameters in this CALL
statement provide the information necessary tc rerform a data base
operaticn ¢cn a srecific data element or segment in a specific data
base. BAn application prograr can interface with cne cr more DIL/I data
bases., In additicn, standard 0OS/VS data management can be used for
any purpose in the application program.

The arguments in the CALL sta*ement issued by an aprlicaticn program
allow DL/I to determine which data base is to be used and which data
segment in the data base is to te retrieved, inserted, rerlaced, or
deleted. From this informaticn D1/I performs a VSAM, SAM, ISAM, or
OSAM input/output operation. If the desired data segment already exists
witrhin the data base main storage buffers, no input/output operation
is required.

When the data base operation consists of data segment insert,
replace, or delete, a record of the data base modificaticn is written
on an IMS/VS log for the batch processing address space. The content
and format of logg=2d information are described in a subsequent section
of this charter.
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One significant concert of the data base input/output interface is
that the format and content of all information used to establish the
interface are symbolic. None of this infcrmaticr is dependent upcn a
specific data manragement access method or organization,

DB SYSTEM GENERATION CESIGN DECISICNS

Before the DB systemr can be used for batch data base processing, it
must be tailored to the user's data rrocessing envircnment. This
process of syster tailcring is called system definition. The details
of IMS/VS system definition are provided in the IMS/VS Installation
Guide. For IMS/VS, the system definition function is sirilar, in
concept, to 0S/VS system generaticn.

0S/VE OPTION CONSIDERATICNSE

The DB system operates under 0S/VS1 or CS/VS2., Very little
difference is exrerienced by the IMS/VS user, whether VS1 or VsS2 is
used. The primary differences are attributable to the 0S/VS option
characteristics. Chapter 2 of this manual describes the considerations
for operation under VS1 cr VS2. These are primarily concerned with
main storage management and reliatility/serviceability. The effects
of VS1 versus VS2 are considerably greater with the IMS/VS LEB/DC
system.

Only one 0S/VS orticn defin=d during 0S/VS system generaticn is a
requirerent for the DB system., This is user SVC irnclusion.

Other 0S/VS options or features which are desirable, but not
required, for IMS/VS are VSAM access method, ISAM access methcd,
ANS-COBOL, PL/I F, PL/I Cptimizing Compiler, and a Sort/Merge function.

The ASSEMBLER, an IMS/VS requirement, is automatically incorporated
in CS/VS. Alternatively, the Assembler H prrograr rroduct may be used.

IMS/VS SYSTEM DEFINITICN

The DB system definiticn process includes the specification of <+he
following parameters.

e OS/VS system under which IMS/Vs operates -- VS1 oxr VS2

e OSAM access method's surervisor call nurber and channel end
appendage namre

During and after system definition and befcre LB system execution,
several IMS/VS library data sets must te defined. These include ccntrol
block libraries, lcad module libraries, and a procedure litrary. The
Installation Guide. Iibraries which are of impcrtance to the discussion
in this chapter are:

IMSVS.RESLIB - +the IMS/VS system load module library
IMSVS. PGMLIBR - +he user's application rrcgramr library
IMSVS.DBDLIB - +the IMS/VS ccntrol block library containing data

base descriptions (CBD). Each member describes the
logical structure of data and its physical storage
in a data base.
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IMSVS. PSBLIB - +the IMS/VS control library corntaining application
rrogram specification blocks (FSB). Each member
contains a description cf how its asscciated
arplication rrogram uses one or more data tases.

IMSVS.ACBLIB - the IMS/VS library which ccntains control blocks
required for a specific application program. This
is a ccrbination of the LCEDs and PSBs in an internal
format required by DL/I for data base systerm
executicn.

IMSVS.PROCLIE - the IMS/VS procedure library ccntaining IBM-supplied

procedures.

IMSVS.MACLIB - +the IMS/VS macro instruction library containing at
least DBD generation and FSR generation macro
instructions. ’

Special Access Method -- OSAM

The Overflow Sequential Access Method (CS2M) is a special data
management access method supplied with IMS/vVS., It is used with some
of +he IMS/VS data base organizations. The functions which O0Sam
performs vary and depend upon the data base organization specified for
a particular OSAM data set. These functions are described in a
subsequent chapter of this manual. The other mwcdules cf IMS/VS
interface with OSAM through OPEN, CICSE, REAL, and WRITE macro
instructions similar to those provided for any OS/VS access method.
O0SAM modules interface with the CS/VS irput/output supervisor +through
the EXCPVR macro instruction in VS1 and SVS and through the I/0 driver
interface in MVS. BAs far as 0S/VS is concerned, an OSAM data set is
described as data set crganizaticn equals physical sequential
(DSORG=PFS). In fact, an OSAM data set can te read using BSAM or QSAM.
The advantages of OSAM +toc IMS/VS relative to either ESAM or BDAM are:

1. An OSAM data set can occury as many extents and direct access
volumes as a ECAM data set.

2. An OSAM data set can be orened for update in place and extension
to the end through cne data control block (CCRBR). The phrase,
extension to the end, means that records may be added to the
end of the data set and that new direct access extents may be
obtained.

3. An OSAM data set need nct be formatted prior to use.

4, An OSAM data set can have fixed length blocked or unblocked
record format.

5. File mark definition is always used to defire the current ernd
of the data set. The addition of a new block causes the file
mark to be placed after the new block. This concert is used as
a reliability aid while the OSAM data set is open.

During data set open, OSAM requires a +yre 4 suparvisor call and a
chanrel end appendage. The SVC number and the chann=2l end arrendage
name are syecified dAuring IMS/VS system d2finition. The corresponding
SVC modules and channel end appendage must be rlaced ir SYS1.,SWIIB by
+he user. See the IMS/VS Installation Guide fcor informatior cn how to
accomplish this task.
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I+ should be remembered tha* other 0S/VS access methods, VSAM, ISAM,
and SAM are used for physical storage of data elerents in addition to
OSAM.

OSAM data sets are restricted to a 31 bit addressing limit.

Generalized Segquential Access Method (GSAM)

The Generalized Sequential Access Method (GS2M) provides accassing
suppor* for simple physical sequential data sets, such as tape files,
SYSIN, SYSOUT, and cthers that are not hierarchical. These are data
sets which, before GSAM, could not be used as IMS/VS data sets.

Suppecrt provided includes sequential or direct retrieval by a record
identifier which dafines the relative position of that record.

Surport is provided for bkoth 0S/VS Sequential Access Method (SAM)
and OS/VS Virtual Storage Access Method (VSAM) fcr entry sequenc=d data
sets (ESDS). GSAM is fully described in IMS/VS Arrlicaticn Programming

Reference Manual. The ccncepts of hierarchy and segment described in
+his manual do not apply to GSAM.

DATA BASE AND APPLICATION LESIGN DECISIONS

DATA BASE DESCRIPTION (DBD) GENERATICN

Subsequent tc IME/VS system definition and its relat=sd functions
(such as incorporation of the OSAM SVC modules and charnel end appendage
module into SYS1.SWLIB (0S/VS1) or SYS1.I1IEFALIER (CS/VS2)), LCBLC
generations can be performed. A CBD must be provided for each data
base to be used by an arrlicaticn rrogram, prior to executicn cf the
program. The IMS/VS Utilities Reference Manual describes the details
of DBD generation.

DBD generaticn is the executicn of IMS/VS macro instructicns to
create a descripticn cf a data base. This data base description
includes a definition of:

e The data base organizaticn and access method

e Segment formats, whether fixed or variable

e Whether the segments are subject to data compression routines
e Inter-segment relationships

e Field formats within segments

¢ The existence of index relationships for any field

e The relationships, if they exist, between segments in two or more
data bases
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Figure 1-2 illustrates the execution of a DBD generaticn. The IMS/VS
user creates contrcl card s*atements tha+t are presented to LEL
genera+ion as a rormal OS/VS problem program job. The IMS/VS macrc
instructions used for DBD generation exist in IMSVS.MACLIE. The result
of a DRD generation execution is the placement cf the corriled DBD into
IMSVS.DBDLIB as a merber of +the rartitioned data set. The members of
+he TIMSVS.DBDLIE library can be used during the Data Base System
execution.

A job control language rroc2dure, named LCBLGEK, is placed in’'the
IMSVS. PROCLIE data set by IMS/VS system definiticn for subseguent DBD
generation execution. This rprocedure is described in the IMS/VS System
Programming Reference Manual.

0s/VS
DBD
D GENERATION
GENERATION > IMSVS.DBDLIB
STATEMENTS
3
IMSVS.MACLIB
Fiqure 1-2, DBD Generaticn Execution

Cesign and Installaticn of a DB System 1.7



PROGRAM SPECIFICATION ELOCK (PSE) GENERATION

The third necessary function prior to executicr in the DB system
batch processing envircnment is PSB generation. Associated with any
batch processing application program is a"PSB ccntrcl blccke The PSB
control blcck defines the data bases used by the application program.
In addition, it defines the manner in which the data bases are used
(that is, retrieval only, retrieval and update, or data base create)
and the segments within each data base to which the application program
is sensitive. It also defines which, if any, additional seccndazxy
indexes can be used to assist in segment selection.

PSB gen=ration is the execution of IMS/VS macro instructions to
define an application program's use of one cr ncre data bases. The
IMS/VS user creates ccntrcl statements that are executed during PSE
generation as a normal 0OS/VS job., The IMS/VS macxc instructicns used
for PSB generaticn are in IMSVS.MACLIR. The result of PSE generation
exacution is the placement of the compiled PSB intc IMSVS.PSBIIB as a
member of the partiticred data set (Figure 1-3). The members of the
IMSVS. PSBLIB data set are us<d during the Data Base's system executicn.
The IMS/VS Utilities Referxence Manual describes the details of PSB
generation.

A procedure, named PSBGEN, is rlaced in the IMEVS.PROCIIB data set
by IMS/VS system definiticn fcr subsequent FSP generation exscution.
This procedure is described in the IMS/VS System Programming Reference
Manual.

OS/VS
y
PSB
PSB GENERATION
GENERATION -
CONTROL >
STATEMENTS
&
IMSVS.MACLIB
Figure 1-3. FSR Generation Execution
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APPLICATION CONTROCIL BLCCKS (ACE) CREATION AND MAINTENANCE

The fourth necessary function prior to executicn of the data base
system, is ACB creaticn and/cr maintenance. This function is optional
in a DB system. It is required in a DB/DC system. Associated with
all batch processing arrlicaticn programs are DL/I control blocks which
define the data bases, structures, and methods to be used with a
particular application.

The informaticn in these blocks can be constructed in either of two
ways: (1) at initializa*icn time, the logical block builder module
(DFSDIBIN) is called to construct the blocks frcmwr the PSBs and DBDs
associated with the aprlicaticn program to be scheduled; or (2) the
Application Control Blocks Creaticn and Maintenance utility rrogram
(DFSUACBO) is used to prebuild the control blocks for the application
program. In this case, +t+he necessary centrcl blccks are loaded directly
from the IMSVS.ACBLIR data set, saving processing overhead.

Application Control Blocks Creation and Maintenance requires no
IMS/VS ra2sources other than IMSVS.PSBELIB, IMSVS.DBDLIB, and
IMSVS.ACBLIB, The user surrlies control statements which specify the
operations to be performed. (See Figqure 1-4.) The IMS/VS Utilities
Reference Manual describes the details of ACR creation and maintenance.

A procedure, named ACRGEN, is placed in tre IMSVS,.PROCLIE data set
by IMS/VS syster definiticn for subsequent ACB creation and/oxr
maintenance. This rrocedure is described in the IMS/VS System
Programming Reference Manual.

0S/Vs
ACB
CONTROL
CARDS [~~~ ACB —
[~ creaTioN
V] AND IMSVS.
/ MAINTENANCE ACBLIS
DBD
LIBRARY
PSB
LIBRARY
Figure 1-4, ACB Creaticn and/or Maintenance
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APPLICATION PROGRAM DESIGN

The final function performed rrior to LB systemr execution is the
creation cf applicaticr prcgrams. Applicaticn prcgrams are required
+0 create and maintain all user-defined data bases. These programs
are written in Assembler Language, COROL, or PL/I, and must be placed
in the IMSVS.PGMLIB data set after compilation and link edit. IMS/VS
JCL procedures are available to the user fcr prcgram compilaticn and
link edix, These procedures are rlaced in the IMSVS, PROCLIE data set
by IMS/VS system definition. EFach compiled arrlicaticn program must
be link-edited with mcdules that will be called by the application
program during execution. JCL procedures cause this link-edit to be
performed. TFor details see the IMS/VS Syster Programming Reference
Manual.

EXECUTION AND CCNTRCL OF THE DATA EASE SYSTEM

This section cf the charter descripnes batch processing in the LB
system. Prior to execution, the functions cf IMS/VS system definition,
DBD generaticn, PSB generaticn, and application program compilation,
and optionally, ACE creation, are assumed to have been performed.

ESSENTIAL PROGRAM ELEMENTS FOR EXECUTICN

Figur= 1-5 illustrates the program elements recessary for batch
executicn. The IMS/VS ccrtrel blecks are obktained from the IMSVS.ACBIIB
(if prebuilt blccks are +to be used) or are constructed dynamically at
execution time from the PSBs and LCBDs associated with the agrlication
program. The apgplicaticn rrogram is obtained from the IMSVS.PGMLIE
data set. The IMS/VS LR system modules are ottainrned from +the
IMSVS.RESLIB data set.

0s/Vs
APPLICATION PROGRAM
_L;NEJ.AEE TN'FER—F;CE IMSVS.PGMLIB
DED —»| DBD PSB PSB
LIBRARY LIBRARY
IMSVS.PSBLIB
1
i DATA
R DATA i BASE
> LANGUAGE/T | LOGGING -
]
IMSVS.RESLIB x ! DATA
BASES
Figure 1-5. Essential Prcgram Elements for Execution
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Program Specificaticn Elock (PSB)

As previously described, +*here is a PSB associated with the batch
processing application program. The PSB is ccmpcsed cf cne cr more
subordirate contrcl blccks called data base program communication blocks
(PCB). Zach data base PCE specifies a data kase cr logical structure
of data segments used by the aprlication program. The PCE specifies
+h2 name of the CRL associated with the desired cata base and the names
of segments within +the data base +o which the program is sensitive.
Secondary indexes car be specified to ald in segment selection.
Segments +o which an arplicaticn program is sensitive can be retrievegd,
updated, irser+ed, and deleted. Segments o which an apglication is
not sensitive are never rresented +*o the application program. The
concept of segment sensitivity provides some degree of data
ind=2pendence. Additional constraints can be placed cn the marner in
which an applicaticn prograr is sersitive o a segment. Levels of
sensitivity can te defined for each segment. The lowest level of
sensitivity is segment retrieval only. The next level of sensitivity
allows s=gment retrieval, update, insert, oxr delete,

Da*a Bas2 Description Blcck (LRL)

Each data base PCR in the PSE associated with the applicaticn program
to be executed defines a DBD by name. This means that one or more LBDs
arse required for any batch program execution. Each DBD defines the
organiza-ion and segment structure in its associated data base. The
concept of a logical data tase and associated DBD is defined in a
subsequent chapter of this manual. If the LRLC named in a data base
PCB is associated with a logical data base, one cr more additional DBDs
are required +o defire the data base and id=antify the segments within
+he data base to which the program is sensitive.

Application Ccntrol Plock (ACB)

Together, the PSBs and DBDs are used to construct the IMS/VS
application control blocks. This may be done dyramically cr by a
utility prograwm which rrebuilds the blocks. The INS/VS Utilities
Reference Manual describes this process.

Application Program

An applicaticn prcgram tc b2 executed in the batch processing LB
system environment may be written in COBOL, PL/I, or Assermblexr Language.
A subsedguent charter c¢f this manual describes design considerations
for an application program. The details cf apprlication program
inmplerentation are rrovided in the IMS/VS Application Programming
Referencs Manual. '

IMS/VS Syst=am Mcdules

The IMS/VS modules utilized in +the DP system envircnment are obtained
from the IMSVS.RESLIB data set, These modules are placad in that data
set by the execution of IMS/VS system definition. The majority of the
modules are involved with handling data base requests frcrm the
arplication program. These modules in turn utilize the data management
access method modules of vsaM, IsSAaM, OSAM, GSAM, and SAM.
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The primary IMS/VS modules are:
PCata Base Retrieval Mcdule
Data Base Inser+ Mcdule
Data Base Delete/Replace Module
Data Rase VSAM Interface Module
Data Base ISAM Simulator Module
Tata Base Hierarchical Direct S%ace Management Module
Data Base ISAM/OSAM Buffer Handler Module
Data Base Buffer Handler Router Module
Data Base Hierarchical Cirect Index Mainterance Mcdule
GSAM Access Method Modules
OSAM Access Method Mcdules
Data Base Logging Mcdules
A later chapter of this manual describes the INS/VS data base access
me+hods. TFEach of these data base access methcds uses either standard

0S/VS data management acceses methads or OSAM for the physical storage
of segments. The following illustrates the relaticnships.

LOW LEVEL ACCESES METHOD

DATA_BASE ACCESS_METHOD USEC_FOR_PHYSICAL_ STORAGE
HSAM QSAM or BSAM
HISAM BISAM-OSAM, QISAM-OSAM, or VSAM
HDAM OSAM or VSAM ‘
HIDAM BISAM-OSAM, CISBM-CSAM, cr VSAM
GSAM ESAM or VSAM (ESDE cnly)

I1f sequential prccessing cf an HSAM data base is defin=d, QSAM is
used in surport of HSAM. If nonsequential processing of an HSAM data
base is requested, BESAM is used in support of HSAM. When a HISAM data
base is created or reocrganized, QISAM load mode and OSAM are used.
When an existing HISAM data base is used for retrieval, insert, update,
and/or delete, QISAM scan mode and OSAM are errloyed. If a PSB
generation defines twc cr wcre data base FCBs which relate to the same
HISAM data base, BISAM read and write are used for HISAM retrieval,
update, delete, and/or insert, OSAM or VSAM is used for all data
segment storage when +the data tase access methcd is HIDAM or HDAM.
The use of ISAM (BISAM or QISAM) in an HIDAM data base is for index
segment storage only. The use of BISAM or CISAM in support of the
HIDAM data base access methocd is equivalent to that described for HISAM.
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DATA BASE SYSTEM EXECUTION

once the functions of IMS/VS system defiriticn, CBD generation, PSB
agereraticn, and arrlicaticr rrogram creation have been accorplished,
exacution of the Data Base system may be performed. The initial LB
system execution presumably loads data into one cr more c¢f the data
bases previously defined by DBD generation. (The load process is
described in the IMS/VS Utilities Reference Manual.) Subsequent
exacutions weould rerform retrieval, update, insert, and/or delete
operations against existing data tases and/cr create additional data
bases.

When a batch processing execution of the LR system is initiated,
the control blocks associated with the aprlicaticn prograr must be
obtained and initialized. This control block initialization process
is part of the batch processing job step executicr but precedes the
loading of the arplicaticn program. The first step involves obtaining
the DIL/I control blocks., If PARM=LEB was specified, the required
control blccks are obtaired from IMSVS.ACBLIE by the block loader
module. If PARM=DII was specified, the blcck builder module is called
+0 construct blccks dynarmically. In this case, INSVS.PSBLIB and
IMSVS.DEDLIB are used +o ottain the required PSBs and DBDs. Once the
blocks have been obtained, the initialization routines load the required
DL/I action modules, initialize STAE, and format the necessary storage
arcas in preparation for loading and giving the arrlicaticn program
ccntrol. Figure 1-6 illustrates this initialization process.
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PROGRAM | 's"f;%sM
CONTROLLER LIBRARY
APPLICATION IMSVS.RESLIB
B I »| BLOCK
LOADER
IMSVS.ACBLIB y
CONTROL
BLOCKS
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| < > < !
! 1
) DBD BLOCK i PSB 1
! LIBRARY} ———4--——{ BUILDER |[q—— -~ — — — JLIBRARY I
! 1
1 1
I |
: IMSVS.DBDLIB - IMSVS.PSBLIB :
L e e e e e e ———— -
Figure 1-6. Initializing the Batch Data PRase System, Step One
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The IMS/VS module which contrcls the DR syster envirorment is called
the rrogram controller. The primary functicns cf the prcgram controller
are:

e ITnitiate the IMS/VS DB system block building process by passing
control to the IMS/VS ccntrol block building mcdules (Figure 1-6).

e Initiate the DB system LCL/I and data tase logging modules and rass
control to the user's arplication program (Figure 1-6).

e Terminate the DR system execution by returning to 0OS/VS.

The EXEC s*tatement provided as part of +he 0S/VS jcb ccntrcl language
for the DB systerxr batch prccessing execution includes, within the values
of its PARM= operand, the names of the PSE and the application program
to be exscuted. Control is passed from the regicr contrcller (not
shown in Figure 1-6) tc the rrogram controller, to the block loading
and building modules. The name of the PSB is sugprlied. Using the PSR
name, the required ccntrol blocks are obtained. If t+he first PARM=
value is DBB, the required ccntrol blocks are loaded from the
IMSVS.ACBLIB data set. If the first PARM= value is DLI, the named PSB
is loaded from the IMSVS.PSBIIB data set and referenc=2d LEDs arzs loaded
from the IMSVS.CELCLIE data set. From the PSB and DBD control blocks,
internal IMS/VS ccntrol blccks are built for subsequent input/output
operations in the LR system envircnment.

Af ter the control block construction is complete, control within
+he 08S/VS address space is returned to the program controller. At this
point the remainder of the LB system functicns are initialized (Figure
1-7). This includes lcading of the required DL/I data base modules,
loading of the data base lcg modules, creation of a data base Ltuffer
pool, and loading of the required data managemwent access rethcd mcdules.

Derernding upon the data base organizations and the marner in which
each data base is used by the application program, only the necessary
DI/I and access method modules rre lcaded.

Finally, the applicaticn rrogram to be executed is obtained from

the application rrogram library, IMSVS.EGMLIE. Control is given to
the application program.
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Figure 1-7. Initializing the Batch Data Base System, Step Two

Data Base System JCL Considerations

IMS/VS provides procedures for LB system ba*tch rrocessing execution.
They are DLIBATCH, DBBBATCH, INMSFIIGO, and IMSCORGC. They are placed
in IMSVS. PROCLIE during IMS/VS system defiriticn. These procedures
are described in detail in the IMS/VS Syster Programming Reference
Manual and include the basic JCL for executicn. The user must add DD

statements for all data bases to be used. The content and format of
these DD statements are described in the IMS/VS Utilities Reference

Figure 1-8 illustrates the DB system control sequence flow once the
application program has been given ccntrol. Ugpcn entry +o the
applicaticn program, a rarareter address list is provided. The
addresses in this 1list provide visibility tc each data base PCB in the
PSB for the applicaticn prcgram (see arrow 1). These data base PCE
addresses are subsesquently used by the applicaticr programr when issuing
data kase input/cutrut call requests.
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Arrows 2 and 3 in Figure 1-8 indicate the transaction input and
response output in+terface with the aprlicaticn grcgram.

All applicaticn prcgrars orerating under IMS/VS have a language
interface link-edited with the aprrlication program.
interface accepts a data base call from the aprlicaticn prcgram and
passes control tc the DL/I data base modules {(arrow U).

The language

The purpose of the language interface is to provide a consistent

format to DI/I for all data base call requests,

indererdent of the

prograrring language used +o write the application program, The
IMS/VS-supplied CS/VS procedures for compiling and link =2diting
applicaticn prcgrams are described in the INS/VS System Programming

Reference Manual.

The link edit step for each of these procedures

provides for the inclusicn cf the language interface with the correctly

compiled PL/TI,

CCBOL, or Assembler Language arplication prograrm.

The language interface function of IMS/VS is reenterable and is
upwardly compa+ible with that of IMS/360 Version 2.

1.16
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of the reenterable capability of the IMS/VS language interface,
application modules from IMS/360 installaticns must be re-link-edited,
replacing the IM&/360 language interface with the IMS/VS language
interfacse.

After control is passed to the DL/I modules for execution cf the
data base call request, the following functions are performed.

1. The parameters in the call request are checked for valid content.
This checking involves th=2 use of data base PCBs (arrow 5) and
DBDs (arrcw 6).

2. If the data base call involves segment retrieval, the information
contained in control blocks and data base tuffers is used to
attempt tc satisfy the request. If the request can be satisfieg,
the desired data segment is placed in the irput/output work area
cf the arrlicaticn prcgram provided in the data base call.

3. If the retrieval request cannot be satisfied with information
already contained in the data base buffer gccl, the aprropriate
data management access method modules are invoked (arrow 7),
and the data management accass methocd mcdules perfcrm the
necessary input requests to place necessary data in the data
base buffer pool (arrow 8).

4, 7If the dat+ta base call request involves data segment update or
deletion, the segmert must first be retrieved (from either the
buffer pool or secondary storage). Subsequently, the segment
is deleted oxr urdated (arrow 10).

5. If the data base call request involves data segment insertion,
the segment is placed in the data base tuffer ool and
subsequently writter to direct access storage (arrow 10).

6. When the data base call request involves segment insertion,
updating, or deleting, a record of the data base modification
is placed cn an IMS/VS log for the batch address space (region)
execution. This logical informaticn can subsequently be used
for data base reccvery or reconstruction (arrow 9).

Data Bas2 Buffering

IMS/VS maintains twc data base buffering functions: one for VSAM
data bases, and one for ISAM/OSAM data bases. A separate rcol of
buffers is allocated for each tyre of data base (VSAM and ISAM/OSAM)
and +he data management access methods (VSAM, ISAM, and CSAM) are
directed o read into and write from these tuffers.

The concept cof the buffer pool is to allow blocks of data to remain
in main storage as long as possible to aveid seccndary stcrage reads
and writes., Data in the buffer rool can be accessed and updated without
I/70 as long as there is no need +o reuse the tuffer space the data
occupies. A use chain determines the order in which the buffers are
used. Empty buffers are placed at the bottcer of the use chain and are
always available for reuse. As buffers are accessed, they are placed
at the top of the use chain. When a retrieve request cccurs, the buffer
pool is searched using the use chain (for ISAM/CSAM a hush table is
used *o direct the search), to determine if the regquested data is
already in main storage. If the data is not found, the least recently
us=d buffer (bottom of the use chain) is selected, the c¢ld data is
written out if it has been changed, and the requested data is read into
+he selected buffer.
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The size of the data base buffer pools can have a significant effect
on the rerformance cf the IMS/VS system., The size of the buffer pool
is definad during TL/I initialization, based on ccrntrol statements
provided by the user (see the section "Defining the IMS/VS Buffer Pool"
in the IMS/VS Installaticn Guide). The size of the ISAM/OSAM huffer
pool, for IMS batch jobs, can be defined bty the BUF parameter on the
EXEC statement for the job ster or by buffer control statements.

At the beginning cf each of the data base buffer pools, there exists
a work area used by IMS/VS to reccrd statistics cr the activity in the
pool. These statistics are of valve to the IMS/VS user in determining
th2 appropriate buffer pool size for a given applicaticn program. The
DL/I statistics call (STAT) can be used to obtain these statistics in
an application program (sec the IMS/VS Applicaticn Programming Reference
Marual for a description of the STAT call). ‘

SYSTEM INTEGRITY ANLC MAINTENANCE CONSIDERATIONS

DATA BASE ILOGGING

All rrodifications tc any data base used in the DB system environment
are recorded on the IME/VS log tape for the address space. If multiple
data base system executions are performed concurrently under 0OS/VS1 or
VS2 a separate IMS/VS log tare is associated with each address space.
Unless a data base is teing used for retrieval rpurpcses cnly in all
address sraces accessing the data base, no attempt should be made to
access the same data base from more than cne O0S/VE address space at
any one +ire,

Data base logging provides the IMS/VS system user with a recording
of all modifications to all data tases used during a data base
executicn. The log can be written with BSAM or CSAM. See "Chapter 2.
Log Facility" in the IMS/VS System Prograrring Reference Manual for
performance improvement considerations using TOSAM. An IMS/VS ortion,
log-+tape write-ahead, insures that log records are written before the
data in the data base is changed. See the secticn "DL/I Data Base
Buffering Facilities" in the IMS/VS Syster Programming Reference Manual
for addi+ional information on log-tape write-ahead. The IMS/VS lcg
tapes can. be used in ccnjunction with the IMS/VS Data Base recovery
utility to rebuild a data base. The IMS/VS Utilities Reference Manual
provides details cn the use of data base log information for recovery.

If no data base changes will be mad= or if no data base racovery
utilities will be used, the logging function can be made inoperable by
specifying DD DUMMY c¢n the primary log DD statement (CL name IEFRDER).
If dual system logs are used and the primary log is specified as DD
DUMMY the secondary lcg is ignored and no logging is done.

If a data base is destrcyed because of input/output errors, it can
be restored with the following procedure.

e Restore the data base with a previously dumrped copy. The Data Base
Reorganizaticn utilities can be used for this purpose. Refer to
the IMS/VS Utilities Reference Manual for detailed information.

1.18 IMS/VS System/Application Cesign Guide



e Arply all data base rcdifications made to the data base since the
durped copy was created. The IMS/VS Pata Base Recovery utility
programs provide this function.

e Repeat the current TE system processing fromw the begirning.

The image for the data base log tape record format is contained in
+*he IMS/VS Program logic Mapual.

Note: The above discussion of data base logging ard recovery does not
apply +tc the HSAM organizaticn. Since the old data is not destroyed
when updating HSAM, loaging and tackout are nct required to maintain
data tase integrity.

BATCH CHECKPOINT/RESTART
The batch checkpoint facility provides fcr synctrconizing checkpoints.

The CHKP function call tc TL/I allows the coordinaticn of program
activity with data base ac*tivity. Iacking any means to identify
significart everts in an aprlicaticn program, DL/I *trxeats data base
calls as cne continuous string of related actions. When a CHKP call
is issued, the program is indicating +o DL/I that a sync roint has been
reached and the data base buffers should be written to secondary
storage. For batch programs, a checkpoint reccrd is also reccrded on
the log data set to indicate the sync point and set the maximum point
to which the data base backout occurs if it beccres necessary.

In the batch environment, the duration of the job may be lcng and
the nurber of data base changes may be large. If the job lasts for
many hours then the time for reloading direct access data sets and
rerunning, if necessary, may be excessive. Batch checkpoint/restart
allows the user +to take one or more sync points during execution. The
sync point +then de+ermines the amount of time required to backout the
data base if restart occurs. Backout is effected cnly back tc a
specified checkpcint reccrd.

The action taken by the DB system for batch programs when a CHKP
call is issu=d is as follows:

1. Altered data base buffers are written.

2. The checkpcint ID surplied in the CHKF call is written to the
log tape. '

3. Message DFS681I, ccntaining the checkpoint ID supplied, is sent
by a WIO to the syster console, and to the programmer.

4., Optionally, an OS/VS checkpoint of the user's region is taken.
If the IMS/VS log access method is OSAM, tke 0S/VS checkpcint
is not taken.

It is the user's responsibility to checkpcint any non-IMS/VS
information or data sets (such as transacticn/respcnse data sets) with
issuance cf the CHKP call. This can be done with the 0S/VS
checkpoint/restart option in the DL/I CHKP call.

As an alternative tc the 0S/VS checkpoint/restart orticn, the user
can specify the IMS/VS expanded checkpoint/restart facility. This
consists of a restart call (function code XRST) anrd ortional rarameters
on the CHKP call. TIf used, the XRST call is the first call to IMS/VS
issued by the user program. If a restart is nct in progress, the XRST
call is effectively a NOP.
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The issuance of an XRST call causes the following acticn to be taken
for subsequent CHRP calls issued by +the program:

1. Optionally, user specified areas, that is, application variables,
control tables, and position informaticn fcr non-IMS/VS data
sets, are recorded cn the IMS/VS log.

2. The fully qualified key of the last reccrd rrocessed by the
program on each IMS/VS data base is reccrded on the log.

3. The functicns cf the standard CHKP call are perfcrmed, except
that the 08/VS checkroint cf the user's region is not taken.
The user has the option of using 0S/VS Checkroint/Restart, or
the IMS/VS restart (XRST call), or neither, but not both.

Batch Backout Utility FProgram

A checkpoint ID can be supplied to the IMS/VS Batch Backout utility
program through a control statement. The backout of data segments from
the data base is done from the end of the log tare until the matching
checkrpoint reccrd is erccuntered.

In the case of a batch program, the checkrcint/restart facility used
can then be invoked to restart the program frcm that pcint.

The btatch checkpcint facility is implemen*ed by the use of the CHKE
system service call frcm the application program. This call is used
to indicate a sync point at which any data base urdates can be
restarted. The actual checkpointing of the batch program environment
and the routine used to restart i+ are at tke orticn of the user. The
DL/1I checkpcint prcgramr cannct issue the CS CHKPT macro.

If +he DL/I user chcoses to write his own checkpoint/restart
routines, he must: :

e Record applicaticn variatles and control tables.

e Record positicn information for non-IMS/VS data sets.

e Provide a restart entry rcint and reinitialization procedure.
e ITnitialize IMS/VS control blccks, for examgle, PXPARMS.

Use of the XEST call and user area parameters cn the CHKP call
simplifies the task for the user writing his own restart routines.

e A restart situation is indicated by specifying a checkpoint ID in
the PARM field (on the EXEC statement in thke JCL) or in +the XRST
call itself.

e Normal entry point anrd initialization procedures are used.

e User areas recorded at checkpcint time are restcred.

e A GET UNIQUF is issued for each GSAM data base for the last used
record, if the data base was open at the time the checkpoint was
taken.

e No data is returned as the result of the GU, but key feedback and
status codes are saved in the user PCEs.

e If the data base was opened for output, then a ENT function code,
requesting FCINT, is used.

1.20 IMS/VS System/Rpplication Cesign Guide



e GSAM data bases are automatically repositicred at restart if the
XRST call is used.

e The checkpoint IL is returned to the user prcgram to allow it to
link to its own restart subroutine.

Batch progrars that dc nct utilize the batch checkpoint facility
should be reprogrammed tc dc so. The major advantage comes from
significantly shorter backout runs after failure, and the ability to
terminate a long running job and restart it at a current point with
very small backout preparation and minimal rerun tire.

IMS/VS USE OF STRE/ ESTAE

In corder to ensure that all IMS/VS data base log buffers are written,
IMS/VS establishes a STAE/ESTAE routine in oxrder to gain control during
an abnormal termination.

If an aprrlicaticn rrcoranx uses the STAE/ESTAE facility, it should
issue only one STAE/ESTAE. When IMS/VS STAE/ESTRAE processing is
completed the abnormal termination is reissued tc ensure that the
applicaticn STAE/ESTAE routine is given control. If the application
program issues multiple STAE/ESTAEs, in order to be first on the list,
+he following precautions rust be observed:

1. The application program must not delete the IMS/VS STAE/ESTAE
control block, nor use the OVERLAY cption in issuing its
STAE/ESTAE.

2. If the application STAE/ESTAE routine gains contrcl pricr to
+he IMS/VS STAE/ESTAE routine, the abnormal termiration must be
reissued in crder tc give control to the INS/VS STAE/ESTAF
routine. BAlso, the IMS/VS log buffers and ccntrol blocks must
not be mcdified and nc DL/I call can be issued.

Note: Programs that are OS/VS subtasks of an application program called
by IMS/VS must not issue LCL/I calls. If they dc, the results will be
unpredictable.

IBM SYSTEM/370 POWER WARNING FEATURE SUFFECRT

The IMS/VS Power Warning log Terminatcr rrcgrar surports the rower
warning feature cn Systen/370 Models 158 and 168. This surpcrt enables
+he user to close the IMS/VS log from a dump data set without having
+0 restore memory. The procadure used to acccrplish this is described
in the IMS/VS Operator's Reference Manual.

IMS/VS DB MONITCR

The IMS/VS DE monitor is a tool for collecting performance data to
investigate specific arrlication designs, data base designs, and
resource allocations. It consists of a mcnitcr mwcdule, and a Monitor
Report Print program. When activated, it analyzes and records the
internal activities of +he IMS/VS LB system. The monitor regort print
program is processed offlire to produce reports that summarize and
categorize, at various levels of detail, the infcrration recorded by
+he monitcr mcdule. The acticns required to activate the monitor module
are described in the IMS/VS Orerator's Reference Manual. The monitor
report print prcgram is d2scribed in the IMS/VS Utilities Reference
Marual.
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The monitor mwcdule collects data from IMS/VSE control blocks during
operation of the batch systemr (with minimum interference to thz system)
and records the data either on an inderendent data set or cn tha INMS
log. The mcnitor remains resident and is activated and deactivated
through the system console.

The fcllowing are reccrrendations for use cf the DB mcnitor:

e Collecting data -- The DB Mcnitor enables an IMS/VS user to collect
performance data to assist in analyzing an existing IMS/VS batch
system. The amount of data collected and +the analysis tipe +c
understand the repcrt cutput suggest short traces during various
time periods. Reports produced from prcfiles cf a batch exacution
considered as ncrrmal can be used as a profile and compared wiih
reports produced during a batch executicn with unusual performance
characteristics,

¢ Tuning system -- The DB Monitor can be used tc quantify the effect
of actual changes to data base structures, rrcgram characteristics,
data set placement, and pool sizes.

e Testing application -- In the final testing of new or revised
applications, the CB Monitor can be useful irn validating the
internal orpera+ticn of the rrograms and data bases. For example,
+he programmer thought a specific DL/I call cculd be satisfied with
a single I/0 retrieval, yet the DIL/I call report indicated a large
data base scan as shown by many IWAITs. Investigaticnrn of such
iters could assist in determining whether a new or revised
application meets the performance objectives. Data contained in
the reports may also assist in defining +he resources required by
an application program.
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ONTROL OF A DATA BASE/DATA COMMUNICATION SYSTEM

This chapter concerns the decisions and planning that must precede
the installation and use of the IMS/VS Data Base/Data Communication
(DB/DC) system. Familiarity with chapter 1 of this manual is assumed.

RELATIONSHIP OF DB/DC TO DB SYSTEM

For the most part, the design and control considerations of a Data
Base system, as discussed in chapter 1, are applicable to the combined
DB/DC (Data Base/Data Communication) system discussed in this chapter.
The fundamental differences in the data base oriented considerations,
when viewed from within the combined DB/DC environment, have to do with
multiplicity and interaction. In the Data Base system, for example,
only one program and its associated program specification block are
used at a time. In the DB/DC system, planning must consider that
multiple programs and their associated control blocks may be in use at
the same time. Furthermore, the interactive effects among those
multiple programs and control blocks must be considered. This kind of
relationship applies, as well, to other resources managed in the DB/DC
system; such as data base buffers, data base control blocks, terminal
buffers, and message processing regions.

The contents of this chapter provide guidance in:

e Selecting an 0S/VS configuration

¢ Selecting an IMS/VS configuration

e Establishing a message scheduling algorithm

e Selecting and configquring a physical terminal network

e Establishing a logical terminal network

ORGANIZATION OF DB/DC PROCESSING

Regions are distinguished by the kind of processing performed within
them. There are three kinds of regions. They are the IMS/VS control,
message processing, and batch processing regions. A further distinction
is made between batch processing using a private or local control
program, and batch processing through the online control program. The
private use of the control program is simply called batch processing.
Batch processing is provided by the DB system of IMS/VS. The use of
the online control program to support batch-oriented operations is
called batch-message processing. There are three names that relate to
mode of operation: ccntrol, message, and batch. A combination of
batch and message processing is called batch-message processing.

When necessary, communication between regions is supplied through
type 2 SVCs (supervisor call routines). The control within the IMS/VS
control program region, where multiple input/output operations are
occurring asynchronously, is provided by use of the 0S/VS EVENT
capability.
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MESSAGE PROCESSING -- MPP REGION

The IMS/VS control program region is initiated through an 0S/VS
START command. The INMS/VS control program and one or more message
processing regions are initiated by the job management facilities of
0Ss/vVs.

FAST PATH PROCESSING -- IFP REGION
The IFP Region is described in Chapter 6.

BATCH MESSAGE PROCESSING -- BMP REGiON

A BMP region may contain an application program for processing
against data bases in the batch manner. The application program in
the batch region is scheduled by 0S/VS job management, but may utilize
the DL/I facility for data base reference. An application program
executed in a BMP region can access only IMS/VS data bases that are
defined in the IMS/VS control region.

A BMP region, in addition to being able to process data bases used
for message processing, has access to input message queues and can
provide output to the message queues. Access to the input message
queues is provided by specifying, in the JCL for a BMP region, a
transaction type to which access is wanted. Access to the output
message queues is provided by specif ying output terminal PCBs in the
PSB for the application program that executes in the BMP region.

When the data bases normally used for message processing are not
teing used for that purpose, they can be processed in a batch processing
region as described. in chapter 1 of this publication. This can be done
when the IMS/VS control program is not operative as an 0S/VS job.

CONFIGURING THE SYSTEM THROUGH QOPTIONS

0S/VS OPTIONS

Fizxed or Variable Tasking

The selection of an 0S/VS configuration has some effect on the
potential performance and reliability and availability characteristics
of IMS/VS. Certain options are required by IMS/VS in all of the
applicable configurations. The functional characteristics of IMS/VS,
based on the use of these options, are identical regardless of the
0S/vS configuration selected.

The IMS/VS DB/DC system runs under 0S/VS1 and 0S/VS2.

IMS/VS Progekam Module Preload Function

0S/vs, IMS/VS, and application programs that will run in regions of
IMS/VS can be made permanently resident in virtual storage. This can
significantly improve throughput and response time for frequently
referenced transactions, if sufficient virtual storage is available
with high performance paging DASD.
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Programs can be made permanently resident in two ways:

1. In LINKPACK/RAM

a.

These programs are shared among all regions, resulting in

a saving of virtual storage space. Initial access can be
slow because the region JOBPACK and STEPLIB/JOBLIB are
searched before LINKPACK is searched. Subsequent access
can be at CPU speeds, if the region JOBPACK has not been
purged by 0S/VS space management (this would be the case if
sufficient virtual storage were not available to satisfy a
user request for space).

These programsrare made resident by the same method used
for 0S/VS and IMS/VS modules.

Application modules with names identical to PSBs should not
be placed in 0S/VS LINKPACK, since this causes a conflict
during the ACB generation process.

REGION /PARTITION

These program modules are used only for transactions serviced
by the region involved, and only for the duration of that
region.

0S/VS and IMS/VS modules that are used in a dependent region
can reside in that dependent region. An example is the
Interregion Copy routine.

Because these modules are in the region JOBPACK, they are
invoked without repeating the overhead of searching
STEPLIB/JOBLIB, LINKPACK, and SYS1.LINKLIB. The overhead
of fetching the module into virtual storage is encountered
only at region initialization time.

They are made resident by invoking the IMS/VS Program Module
Preload function via the step execution JCL parameter.

In addition to those modules automatically preloaded into
the IMS/VS control region, other 0S/VS and INS/VS modules
can be made resident in the IMS/VS control region by using
Module Preload.

Module Preload can also be used for modules resident in
LINKPACK/RAM. Thus, although the modules are physically
residing in LINKPACK (and are being shared among multiple
regions), the overhead involved in searching program
libraries and LINKPACK are only experienced at region
initiation.

Serially reusable programs can be resident only in the
region/partition. They are made resident by invoking the Module Preload
function via the step execution JCL parameter.

The 0S/VS task under which modules are preloaded varies based on
the IMS/VS region type:

IMS/VS Region Type 0S/¥S Task

Control (CTL) Physical Log

Message (MSG) Region/Program Control
Batch Message (BMP) Region/Program Control
Batch (DLI) Region/Program cControl
Fast Path (IFP) Region/Program Control
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| Performance Considerations for Modules Preloaded in MPPs/IFPs

If modules are preloaded into MPPs, the following performance
considerations apply:

1.

2.

Preloaded applications are invoked via the BRANCH instructiong
this avoids 0S overhead.

Applications that are not preloaded and that have not been
previously invoked are located by issuing the BLDL macro
instruction; this reduces operating system overhead by avoiding
a PDS directory search for the application modules in subsequent
scheduling. The maximum number of BLDL entries in the BLDL list
can be specified in the PARM field of the MSG region JCL. The
entries are kept in the list on the basis of:

a. most recently referenced
b. most often referenced

All non-reentrant preloaded modules are reloaded after each
abnormal termination.

If an abnormal termination with DUMP occurs, all preloaded
modales will be printed.

IMS/VS IN AN 0S/VS SYSTEM

Supported Confiqurations

0S/¥S1 0S/VS2

REGION TYPE ¥=R ¥=V  ¥=R ¥=V  SHAP
CONTROL X X

MESSAGE X X X
BATCH-MESSAGE X X X
BATCH X X X X X*
FAST PATH X

* IMS/VS determines whether a batch region is swapped
regardless of whether the user specifies the region
as being swappable. To IMS/VS, a batch region is
swappable if it has no log, and it is not swappable
if it has a log.

0S/VS OPTIONS REQUIRED OR RECOMMENDED FOR IMS/VS

e Options Required

2.4

Many of the 0S/VS system generation macro instructions must specify
certain options and values to support an IMS/VS DB/DC system. The
required operands of the macro instructions are discussed below.

Options Recommended

Certain 0S/VS options are not required by IMS/VS, but are
reconmended for various reasons. A discussion of the reasons why
they are recommended, by macro instruction, follows:
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Either requirements or recommendations are made for the following
0S/VS SYSGEN macro instructions:

CENPROCS DAT AMGT PARTITNS LPALIB
CTRLPROG EDITOR RESMODS SVCTABLE
IODEVICE MACLIB SVCLIB

CENPROCS

Values that can be assigned to the MODEL keyword are System/370
machines equal to or greater than 384K. The CPU instruction
set must be specified as INSTSET=UNIV.

CTRLPROG
In VS1 RESIDNT=TRSVC is required to allow for making load 4 of
the IMS/VS type 4 SVC routine resident. The value of MAXIO
should be reviewed to ensure that sufficient capacity is
available to support the DB/DC system. Use of the asynchronous
overlay supervisor, in conjunction with PCI fetch, is
recommended. At least the ADVANCED level of the overlay
supervisor is required. If the configuration is 0S/VS1, system
queue area size must be increased over the default size.
Although in 0S/VS2, system queue space expands dynamically as
required, it is recommended that the initial size be adjusted
to account for increases in the DB/DC environment. See "IMS/VS
Storage Estimates" in the IMS/VS System Programming Reference
Manual for further information about system queue space.
Additional transient areas are recommended. A discussion of
the potential improvements in performance available through the
use of additional transient areas is in the topic "Fixed or
Variable Tasking."

IODEVICE
If the online system contains 7770-3 lines, the IODEVICE
specification for the 7770-3 lines must indicate a teleprocessing
device class in the device type field.

DATAMGT
Access methods ISAM and BTAM are required. TIf VSAM and/or VTAM
are to be used, they must be included at system generation.

EDITOR
The F-level 1linkage editor is required.

MACLIB
Consult the IMS/VS System Programming Reference Manual to
determine the block size of the DB/DC system macro definition
library. The block size of the 0S/VS and IMS/VS macro definition
libraries should be the same.

PARTITNS

The PARTITNS macro instruction is used only on an 0S/VS1 system.
Although partitions can be reconfiqured through use of the 0S/VS
DEFINE command, it is recommended that they be established at
generation. The DB/DC control program must operate from a
partition defined as a resident reader partition. Refer to
"IMS/VS Storage Estimates" in the IMS/VS System Programming
Reference Manual to determine the partition size. In 0S/VS1

the partition number is related to execution dispatching
priority. A lower partition number implies higher relative
dispatching priority. P1 has a higher dispatching priority than
P2 but lower than PO.
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RESMODS
Three user SVCs are supplied with IMS/VS. Two are
nucleus-resident. If the IMS/VS SVCs are available at 0S/VS
system generation, it is convenient to incorporate them by using
this macro instruction.

SVCLIB
One of three user supervisor calls (SVCs) supplied with INS/VS
is a Type 4 sSVC. If it is available at 0S/VS system generation,
this macro instruction provides a convenient way to incorporate
it: This macro instruction is valid for 0S/VS1 only.

LPALIB
Provides the same function for 0S/VS2 as SVCLIB provides for
0S/vs1.

SVCTABLE
Three user SVCs are supplied with IMS/VS. See the paragraph
entitled "“Supervisor Call Routines" for further planning
information. The SVC numbers are assigned through your
installation's normal procedures. The attributes of the user

SVCs are::
0s/vs1 0Ss/Vs2
TYPE1 Not required
TYPE2 Entered disabled No locks
No APF required Entered enabled
TYPEY Six doublewords Six doublewords
SRVB extension, SRVB extension

Load 4 resident

0S/VS SUPERVISOR CALL ROUTINES

The Data Base/Data Communication System uses three SVCs. Provision
for these SVCs must be made during the generation of your 0S/VS
configuration. The SVC numbers designated must also be specified during
IMS/VS system definition. It is recommended that the three numbers
designated be established as an installation or company standard to
provide for interchangeability among CPUs, operating systenm
configurations, and installations. In the Data Base System, only one
SVC number, a type 4 SVC, is required. 1In the DB/DC System, that same
number plus one type 1 and one type 2 number are required. The type
1 and 2 SVCs are resident in the operating system nucleus. The main
storage requirements for the type 1 and type 2 SVCs are quite small.

If possible, it is recommended that they be incorporated in the nucleus
of each operating system that is used on a CPU licensed for IMS/VS.

The routines are appendage tables that serve only as access routes to
the actual SVC code. The extended SVC code is resident only while the
DB/DC system is active. Because of the limited function performed by
the resident appendage tables, the likelihood of change through future
modification level releases is small.

In VS1, load 4 of the IMS/VS Type 4 SVC routine must be made resident
for all IMS services. Accordingly, IEARSV00 must be modified to include
the module name, or an alternate list must be specified as a parameter
at IPL time.
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SPECIAL ACCESS METHOD -- OSBAM

The functions and operations of 0SAM described for the Data Base
system in chapter 1 of this publication also apply to the DB/DC systen.
The DB/DC system uses 0SAM for message queue management. Further
discussion of message queue management appears later in this chapter.

Allocation of OSAM Datag Sets

The normal mode of OSAM data set allocation is through the use of
the JCL at the time the data set is loaded. This can be for single or
multiple volumes, and is done using the SPACE parameter.

| If the installation control of direct access storage space and
volumes is such that the OSAM data sets must be preallocated, or if it
is decided that a message queue data set will require more than one
volume, the 0SAM data sets may be preallocated.

Preallocation is done by any of the accepted methods, with the
following restrictions:

e DCB parameters should be specified only if they exactly match those
that will be assigned to the DCB at load time.

e If the data set is to be expanded beyond the preallocated space,
a secondary quantity must be specified in the DD statements during
preallocation. Note that queue data sets will not be expanded
beyond their initial or pre-allocated space quantity.

When a multiple-volume data set is preallocated, the method of
allocation should either allocate extents on all of the volumes to be
used, or guarantee that the end of the data set is correctly indicated
in the DSCB for the last extents. Suggested methods are:

| 1. 1Issue the IEFBR14 utility once for each volume.
2. Write the first extent using BSAM or QSAM.

I 3. Execute a program that opens and c'oses a DCB to preallocate on
the first volume only. A filemark should be written on the
first track of the extent.

4. Use IEFBR14 on the first volume only but use AMASPZAP to correct
the DSCB. Do not simply use IEFBR14 and specify a DD card for
a multi-volume data set. This will put an extent on the first
volume only and will not indicate that the volume is the last
volume of the data set.

Do not preallocate more volumes for data base extents than the
initial load of the data set will use. IMS/VS has no way to indicate
the end of data before the last volume on which the data resides, If
extra volumes are allocated, OSAM will be forced to close the data set
at the end of the load step without indicating the end of the good data
(by placing a valid TTR in the DSCB of the last volume). This
restriction does not apply to message queue data sets.

If the data set is preallocated by a program that writes records in
the extents, an invalid (to OSAM) TTR is placed in the last volume of
the data set. Unless the CLOSE after loading the data base overrigdes
the TTR, OSAM is unable to properly re-open the data set. The Unload
utility program, and any other programs using the OSAM data set as a
sequential data set, will operate sucessfully, since physical sequential
processing starts at the beginning of a data set, and ends at the
filemark placed by OSAM to define the logical end of the data set.
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IMS/VS FEATURES

Configuring the IMNS/VS system for a particular user environment is
accomplished through IMS/VS system definition. The IMS/VS Installation
Guide provides the information necessary to perform a system definition.
IMS/VS system definiticn consists of macro statements, the operands of
which tailor the IMS/VS system for the user. The next several sections
of this chapter discuss the design considerations in selecting various
system definition options. You may wish to subsequently review this
chapter with the system definition details in the IMS/VS Installation
Guide.

CONTROL PROGRAM

QsAf
For OSAM operations, IMS/VS allows you to include the EXCPVR option

at system definition time. This increases performance and lowers CPU
overhead because it provides translation of channel programs in place.

Processing Regions

The specification of maximum processing regions places a limit upon
processing capabilities that can be changed only through redefinition.
The value assigned to the MAXREGN keyword of the IMSCTRL macro statement
includes both message and batch message processing regions. The maximum
number of regions specified influences the calculation of maximum I/O
requests. The largest value that should be specified is 15.

Active I/Q Reguests

The specification of active I/0 requests is one of the system-related
specifications that directly influences the performance potential of
the DB/DC system. It governs the maximum number of I/0 requests
outstanding at any time. You must specify a value that exceeds, by at
least two, the maximum number of regions that can be executing
concurrently. It is recommended that the value be one-half the sum of
the namber of communication lines, plus the number of concurrently
operating processing regions. This number should reflect a prediction
of maximum to average number of active communication lines. If the
autopoll feature is used, it should be possible to reduce the assigned
value without significantly affecting performance. The value assigned
to the MAXIO keyword of the IMSCTRL statement requires a significant
amount of main storage. Each potentially active I/0 event requires
approximately 500 bytes of storage.

Checkpoint Frequency

The selection of a checkpoint frequency should be influenced by
anticipated message and data base processing activity, and the need
for rapid restart. The frequency value chosen determines the number
of log records that are written between automatic environment
checkpoints. Whatever the value chosen, it is somewhat self-adjusting
to system processing rates. That is, as more messages and data base
update activities are processed, more log records are written. Hence,
automatic checkpoints occur more frequently.
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Inmediate Checkpoint

The Immediate Checkpoint feature reduces the impact of frequent
INS/VS system checkpoints on system performance by eliminating forced
termination of message processing programs at simple checkpoint time.
System activity is interrupted only during the time the system control
blocks are actually being written to the log.

i

System Queue Space

System queue space must be sufficient to support the requirements
of the 0S/VS control blocks necessary for the operation of an IMS/VS
system. See "INS/VS Storage Estimates™ in the IMS/VS System Programming
Reference Manual for the information necessary to estimate the required
system queue space.

IMS/VS Enqueue/Dequeue

Main storage is obtained dynamically within the control region by
the IMS/VS enqueue/dequeue routines, The maximum amount of main storage
that these routines -obtain, and the maximum that these routines keep
on an internal free chain, are specified by the CORE keyword in the
IMSCTF macro statement.

Program Isolation

Under the program isolation concept, all activity (data base
modifications and message creation) of an application program active
in the DB/DC system is isolated from any other application program(s)
active in the system until that application program commits, by reaching
a synchronization point, that the data it has modified or created is
valid.

THi s concept makes it possible to dynamically back out the activities
of an application program that terminates abnormally, without affecting
the integrity of the data bases controlled by INMS/VS. It does not
affect the activity performed by the other application program(s)
processing concurrently in the systen.

With program isolation and the dynmamic backout facility, it is
possible to provide data base segment occurrence level control to
application programs. A means is provided for resolving possible
deadlock situations in a manner transparent to the application program.
The deadlock situation is detected by an IMS/VS routine called Exclusive
Control Enqueue/Dequeue. Upon detecting a deadlock situation, one of
the application programs involved in the deadlock is abnormally
terminated with a special abnormal termination code. The abnormal
termination causes the activity of the terminated program to be
dynamically backed out to a previous synchronization point. Its held
resources are freed. This allows the other program(s) to process to
completion. The special code causes the transaction that was being
processed to be saved. The application program is rescheduled. This
process is transparent to application programs.

Performance is enhanced by allowing control of data base updates to
be maintained dynamically, as opposed to establishing the control at
message scheduling time. This dynamic maintenance is controlled by
the DL/I action modules through the use of the IMS/VS Enqueue/Dequeune
routine. During the scheduling process, an analysis is made of the
intent of an application program toward the data base it uses. If a
conflict exists with the data base usage of a currently scheduled
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transaction, the scheduling process must select another transaction
code and try again.

MESSAGE SCHEDULING

Within IMS/VS each input message type is declared through systenm
definition. Message types are called "transaction codes" or
"transactions." At the time a transaction code is declared, many
optional attributes can be selected. These attributes, either directly
or indirectly, affect the schedulability of a transaction.” They can
also affect the manner in which a physical terminal reacts to entry of
a transaction type.

Application programs are declared in separate but related macro
instructions. However, the application program designated to process
a particular transaction code is really just another transaction
attribute. The process through which a completely received input
transaction is united with its associated application program is called
"pessage scheduling." The variable attributes associated with the
transaction code, the number and relative importance of other
transaction codes, the number of received but not processed messages,
the intent of associated application programs toward the data to be
processed, the amount of currently available space in control block
storage pools and buffers -- these and other factors influence the
process of message scheduling. The influencing factors are called the
"gessage scheduling algorithm."

Through selection of options at system definition time, through the
design and use of data bases, specification of buffer sizes, and, most
directly, through the declaration and selection of transaction
code-related options, the IMS/VS system designer can influence the
scheduling algorithm. Depending upon the breadth of his understanding
of the algorithm, he can enhance the performance of the system by
manipulating the algorithm to meet his requirements.

The remainder of this section on message scheduling considers the
scheduling algorithm in these topics:

® Message class and region class

e Load balancing

e Selection priorities

e Processing limits

e Application program output limits
e Multiple and single segment messages
e Multiple and single message mode
e Response mode

e Non-update transaction processing
U Conversationai attribute

e Data base processing intent

e Processing intent propagation

e Application program abnormal termination
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e Contention for resources

e Control block buffers -- PSB and DMB

Message Class and Region Class

Each message is assigned a class at system definition time. This
class assignment determines into which message region an application
program is loaded. When the IMS/VS message regions are started, they
are assigned from one to four message classes. When a message region
is assigned more than one class, the scheduling algorithm treats the
first class specified as the highest priority class, and each succeeding
class as a lower priority class.

If more than one class is specified, the message selection process
is handled as follows. The first class specified is scanned, in
transaction priority sequence, for waiting messages. If there are no
messages waiting for the first class, the second and following classes
are also scanned in priority sequence. If there are messages waiting
in the first class, the highest priority message is selected for
scheduling. 1If, for external reasons (for example, program or
transaction stopped by master terminal operator), this message is not
schedulable, the next message of equal or lower priority in that class,
or the highest priority message in the next class, is selected for
scheduling. If the highest priority message in the first class is not
schedulable for internal reasons (data base intent or no more space in
PSB pool or DMB pool to bring in needed blocks), the scheduling option
of the transaction indicates the type of scheduling algorithm that is
used. The scheduling option is specified at system definition by the
TRANSACT macro. The options are:

1. Schedule only transactions of equal or higher priority in the
selected class.

2. Schedule higher priority transactions in the selected class.
3. Schedule any transaction in the selected class.

4. Skip to the next class and attempt to schedule the highest
priority transaction in that class.

Note that these scheduling options are specified for each transaction;
therefore, each attempt to schedule a different transaction may change
the algorithm, if the algorithms are different for tramsactions within
the same class.

Message region class assignments and transaction class assignments
can be modified at execution time to control message throughput.

If multiple message regions process the same message class and a
data base processing intent conflict occurs, the highest priority
transactions scheduled against a data base will not necessarily be
processed before processing lower priority transactions scheduled
against the same data base. If you desire to process all higher
priority transactions scheduled against a data base before processing
any lower priority transactions, no processing limit should be specified
for the higher priority transactions, or only one message region should
process that message class.
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Load balancing is the facility to schedule the same application
program and the same tramnsaction in multiple message regions. The
application program and the transaction are designated for parallel
scheduling at system definition time. The application must be
designated as a parallel scheduled application before any transaction
processed by that application will be scheduled in multiple regions.

When an SMB is available to be scheduled but is already scheduled
in another region, it is checked to determine whether it can be parallel
scheduled. The PARMLIM value of the TRANSACT macro specifies the number
of messages that should be enqueued before another region is scheduled.
This value is multiplied by the number. of regions already scheduled
for this transaction. If the result is less than the number of messages
enqueued, another region is scheduled for the transaction. If the
region is unschedulable for internal reasons (data base intent), the
next transaction within the class is scheduled. No cutoff priority
will be set as the transaction is already scheduled within IMS/VS.

Selection Priorities

When more than one transaction of a given type is waiting to be
scheduled, the specified transaction scheduling priority determines
which transaction code is selected next. It does not determine which
is actually scheduled. Only the tests of the transaction's readiness
for scheduling, which cccur after selection, determine if the
transaction queue is allocated to an application program. The selection
priorities are useful for influencing the response time to input
transactions and for load balancing. Two priorities can be specified.
One is called the "normal priority"; the other, "limit priority."
Related to the normal and limit priorities is'a "limit count." When
the number of input messages of a specific transaction type waiting to
be scheduled is equal to or greater than the limit count, the normal
priority is reset to the limit priority value.

The priority of a transaction code causes it to be selected either
before or after other transaction codes. If there are multiple
transaction codes at the same priority, they are selected on a
first-in/first-out basis. However, if there are multiple transaction
codes at the same priority and the same class, with many messages
already enqueued for each transaction code, the individual transaction
codes will be selected on a first-in/first-out basis, but the different
messages may not be selected in the same sequence in which they were
entered. For example, A, B, and C are transaction codes with processing
limit counts of 1. These codes are entered in the sequence ABCBACCAC.
The sequence in which they are selected is ABCABCACC. An example of
the typical use of selection priorities can be found under the topic
"Message Scheduling Facility"™ in the IMS/VS General Information Manual.

Another effective way to utilize the selection priorities is to
declare a normal priority value of zero. Zero priority is a null or
"not eligible for scheduling" level. Messages accunulate until the
processing limit count is reached; at this point the limit priority is
effected and scheduling occurs. This technique is called "batching
messages."

The normal priority is not restored until all messages enqueued on
the transaction code have been processed. It is possible that more
.messages Wwill be added to the queue while the transaction is waiting
or in process at the limit priority. ©Note that the priorities are
selection priorities, not execution priorities. Once a tramsaction
has been selected for scheduling, the selection priorities have no
influence until it is again recognized to be waiting for scheduling.
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The effectiveness of the selection priority assignments is related
to how frequently the selection process occurs. The following section
discusses a means of influencing this.

Processing Limits

Through the establishment of processing limits, the frequency with
which scheduling selection occurs can be influenced. 1In the time
between schedulings, processing is going on in the message regions.
Meanwhile, messages are accumulating in the message queues. As they
accumulate, the interactive effects introduced by new message types,
and the changing of selection priorities, are rearranging the order of
waiting transaction codes. Conceivably, while a large queue of messages
is being processed, important activity assigned to a high priority
transaction code is waiting.

When the program processes a large queue of messages and updates
data base segments, other application programs wishing to access an
updated segment are placed into a wait state. The length of time that
the other application programs have to wait depends on whether the
updating program is processing its queue in multiple or single message
mode.

To allow controlled re-entry to the message scheduling selection
process, a processing limit count can be specified for each transaction
code. Each time a scheduled (processing) program requests a new
message, the limit count is checked. When the number of requests
exceeds the limit count, the application program is told by the control
program that there are no more messages. In fact, there may be more.
When the application program is told there are no more messages, it
completes its processing and returns the transaction queue to its proper
place among others waiting to be scheduled. If it is returned to a
priority level where other transaction codes are waiting, it assumes
an eligibility for selection below them, even though all have the same
numeric priority.

Application Program Output Limits

e ——

By establishing program output limits during system definition, the
IMS/VS user can influence the number and the size of the output segments
from the application program to the message queues. When an application
program exceeds the previously-specified limits, a status code is
returned indicating an error. ‘Any further attempt by the application
program to exceed the limits results in abnormal termination.

Abnormal terminations can be prevented by checking the number and
the size of application program segments. This process of checking
eliminates IMS/VS system abnormal terminations that occur when
application programs loop while inserting messages or segments into
the message queues, or when they inadvertently insert segments of
invalid lengths.

Multiple and Single Segment Messages

A message, in the most general semnse, is a finite sequence of
transmitted symbols. In the context of IMS/VS, this is called a
transmission. A transmission is terminated by a logical condition
called end-of-data (EOD). The transmission is partitioned into
sequences of symbols, called messages, by an end-of-message (EOM)
symbol.
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A message is partitioned into smaller sequences of symbols, called
segments, by an end-of-segment (EOS) symbol. There are only three
valid combinations of the conditions represented by EOS, EOM, and EOD.
They are:

Condition Represents
EOS EQOS
EOM EOS/EOM
EOD EOS/EOM/ EOD

In the most complex case, a transmission containing several
multisegment and single segment messages would look like this:

SEGMENT SEGMENT SEGMENT SEGMENT SEGMENT
MESSAGE. MESSAGE MESSAGE
TRANSMISSION

Using the simple symbols, the same transmission would be represented
like this:

SEGMENT SEGMENT SEGMENT SEGHMENT SEGMENT
MESSAGE MESSAGE MESSAGE
TRANSMISSION

The.assignment of values to the symbols that represent the conditions
end-of-transmission, message, and segment is not significant to this
discussion. However, it is significant that the conditions can be
represented by more than one transmitted data character. Most
key-driven terminals generate only one character per keystroke. Thus,
it may be necessary for the terminal operator to perform more than one
manual operation to signify EOS or EOM.

For input transmission, detection of the EOM condition by IMS/VS
indicates that a complete message has been received. 1A complete message
is eligible for scheduling, and ultimately processing, by the
application program to which it is destined.

At the time the first EOS condition, or the first EOS following an
EOM, is detected, IMS/VS examines the text of the preceding segment.
Within the extent of the segment there must appear a valid transaction
code, predefined through use of the TRANSACT macro instruction. One
of the attributes that can be assigned to a transaction code specifies
whether a message is multiple or single segment. The effect of this
specification is null if multiple segment specification is selected.
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If single segment specification is selected, the system equates the
EOS condition to an EOM condition. Thus, each segment is treated as
a complete message.

The primary concerns when selecting the multiple or single segment
attribute are human factors, application requirements, and physical
terminal characteristics. For example, let us assume the following:

e An applicatiocn requires only single segment entry.
e Most users enter data from a key-driven terminal.

e The terminal has an automatic character generation feature (EOS
after pressing carriage return).

Then, the selection of multiple segment as an attribute of a
transaction code would require an additional keystroke to signify EOM
or EOD.

Another example: assume all of the preceding conditions are true
except that the line length of the data to be entered exceeds the
single-line capacity of the terminal. The appropriate and more natural
selection is multiple line. However, if the application were one with
very high usage, the overhead of processing multiple line messages
might be sufficient to justify adjustment of the short message buffer
length. The operational characteristics of transaction entry would be
altered. Using the same terminal with the special EOS generation
feature disabled, the operator enters the first line, presses the
carriage return, enters the remaining data on the second line, then
presses the EOS key. The result is a single segment message.

When the Message Format Service (MFS) is used to format input, the
relationship between the segments described above and the actual message
segment created by MFS is user-defined.

When MFS is used to edit input, the end of input for a given message
is signalled by:

e EOM or EOD
e Completion of processing for all defined DFLDs

At the end of input for a message, MFS presents the completed message
segments to the DC component of IMS/VS; this component looks for a
destination name. If the destination is a transaction defined as a
single segment and more than one segment has been created by MFS, an
error message is sent to the input terminal.

For more information on MFS, see the section in this chapter called
"Message Format Service."

Consult the IMS/VS Operator's Reference Manual for more information

about the various terminals supported by IMNS/VS.

MULTIPLE AND SINGLE MESSAGE MODE

The message mode attribute of a transaction code is used to notify
the system of the manner in which an application program views the
transactions it processes. Single mode indicates that each message is
processed independently of all other messages that are read. Multiple
mode indicates that all the messages of this transaction code, read
during a given scheduling of the application program, are to be
considered as related to one another. For example, the application
program accumulates control totals that are written out only at program
termination. It does not affect the message selection criteria of the
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scheduling algorithm. It does, however, affect the amount of main
storage required by program isolation, message processing throughput,
and, potentially, the integrity of the data bases used by user progranms.
If multiple mode is selected, there is potential for greater throughput.
Multiple mode results in fewer system-generated I/0 operations, and
less system time per message, when more than one message is -processed
per application program scheduling. However, all data base resources
modified in any way by the user remain enqueued until user program
termination.

If more than one message is processed per scheduling of a user
program, large storage requirements for IMS/VS program isolation could
result. If program isolation enqueue chains become very long,
throughput is adversely affected. Also, if a program must be terminated
and rolled back by IMS/VS to break a data base deadlock situation, the
backout and reprocess time is increased in proportion to the number of
messages processed. In addition, very long backout chains in the
Dynamic Log may require extra I/0 operations and increase the
possibility of exceeding the capacity of the data set. TIf this happens,
application activity is quiesced.

Internally, the difference in single and multiple mode transaction
processing is related to the frequency at which pending data base
buffers are written. 1In single mode, all pending data base buffers
are written each time a new message is requested by the application
program. These operations are performed regardless of the value
assigned as a processing limit count. Multiple mode defers buffer
write until the application program terminates, unless a CHKP call was
issued by the application program. A CHKP call causes all buffers
modified by the user to be written at the time the call is issued.

An additional comnsideration is imposed for program isolation. When
the transaction code causes data base updates, the enqueue of the
updated segments is held until the point at which the program can be
restarted without having to reprocess those updates. 1In single mode,
this point is reached each time a new message is requested by the
application program. Multiple mode defers reaching this point until
the application prcgram terminates. This causes more segments to be
enqueued, and the enqueued segments to be held longer. Other programs
needing access to the enqueued segments are delayed, and the chance of
deadlock is increased. Since message response is also held, and not
sent to its destination until the same point is reached, the choice of
multiple mode processing can significantly increase terminal response
time. For information on the use of the checkpoint call in conjunction
with multiple mode processing, see the IMS/VS Application Programming
Reference Manual.

Response Mode

Response mode describes a connection between IMS/VS and a
communication line or terminal that can occur only for certain terminal
types under condition specified during IMS/VS system definition. When
response mode is in effect, IMS/VS will not accept any input from the
communication line or terminal until it has sent the output response
to the previous input.

. Response mode is in effect from the time the last segment of a
transaction has been received by IMS/VS until the application program
inserts a response to the response PCB, which is usually the I/0O PCB.
‘When more than one message is inserted using the response PCB, response
mode is reset when the first message using the response PCB is
transmitted. Any remaining messages issued by the application progranm
are treated as non-response application program output. If the
application program does not produce a response, the terminal remains
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in response mode and master terminal intervention is required to restore
proper terminal operation.

The terminal types that can be defined (TERMINAL or TYPE macro) to
operate in response mode are the: 1050, 2740, 2741, CPT-TWX, 3270,
3600, 3767, 3770, and 3790. The 3790 is forced to operate in response
mode. The others may be defined as: "forced" -- always operating in
response mode, "negated" -- never operating in response mode or
“transaction dependent" -- operating in response mode only when a
transaction defined by the TRANSACT macro as a response mode transaction
is entered.

Response mode for the 1050, 2740, 2741, and CPT-TWX terminals stops
all operations on the communication line and is referred to specifically
as "line response mode." Response mode for the 3270, 3600, 3767, and
3790 stops all operations on the terminal and is referred to
specifically as "terminal response mode."

Design Considerations: Before response mode definitions are specified
for terminals and transaction codes, consider the following:

e On a switched line, response mode enforces synchronization terminal
operation.

e In response mode, terminal operators can only enter one transaction
at a time and must wait for a reply before entering another
transaction.

e For a terminal defined as "transaction dependent," transaction that
are not defined as response mode transactions permit entry of
additional input without waiting for a reply from the previous
transaction.

e Master terminal intervention is required when an application progranm
fails to respond to a transaction from a terminal in reponse mode.

¢ In some environments, specifying "forced" response mode for some
terminal types may result in fewer line operations and improved
per formance.

e For some terminal types (2740 without Station Control Feature,
2741, and CPT-TWX), a specification of response mode prevents the
operator from having to enter a null message to receive the respomnse
to the last input.

For BTAM or VTAM terminals don't use the following specifications:
e The combined specification of FORCRESP and NPGDEL.

e The combined specification of TRANRESP and NPGDEL if
MSGTYPE=RESPONSE is specified for the TRANSACT macro.

The first specification is not recommended because NPGDEL prevents the
current output message from being dequeued at the time of input; the
second specification prevents the terminal response from being reset
until the current output message is dequeued.

Further information on terminal operations using response mode is
contained in IMS/VS Operator's Reference Manual, IMS/VS Installation
Guide, and IMS/VS Message Format Service User's Guide. IMS/VS Advanced
Function for Communications contains specific information about 3600
and 3790 operationms.
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Non-Update Transaction Processing

A transaction code which does not cause an update to a data base
can be so defined to the system. This allows a program that handles
multiple transaction codes, and only updates the data base for a subset
of these transactions, to be scheduled concurrently with other update
programs when it is to process a tranmsaction that does not cause an
update. :

Transactions must be defined as non-update transactions when entered
from non-error-checked terminals supported by IMS/VS. They are also
non-update for entry by switched terminals that are signed on for
INQUIRY purposes.

When a transaction is defined as non-update, the associated
application program is prevented from updating the data base. This is
the case even though the processing option in the PSB specifies update
capability.

Conversational Attribute

Scratch pad areas (SPAs) are work areas through which an application
program and a terminal establish a quasi-interactive relationship called
a conversation. That is, continuity is established with the terminal
operator, by the application, across multiple message entry and response
sequences. The conversation can be suspended, reinstated, or
terminated, by the terminal operator, through the command language. A
conversation is normally terminated by the application, not the terminal
operator.

The system maintains scratch pad areas on a direct access data set
or in main storage. Residency is specifiable by transaction code. The
choice of main storage or direct access residency influences the
response time for transactions that have the conversational attribute.

Although the system can operate with one maximum size main storage
SPA, or one direct access SPA, then only one conversation camn be in
process at a time. If a high percentage of transaction processing is
conversational, a similar number of SPAs should be specified in the
system definition SPAREA macro statement. If a conversational
transaction code is entered, and all SPAs are in use, that transaction
is rejected by the system. An insufficient number of available SPAs
could result in terminal user dissatisfaction.

If a transaction code has the conversational attribute, it can have
effects on overall system performance. The choice of main storage
versus direct access residency affects, not only system performance,
but also the response characteristics of the conversational transaction.
The following discussion elaborates on the potential effects of buffer
fragmentation and the relative throughput and response characteristics
of conversational transactions.-

Main storage resident SPAs, and read/write space for direct access
resident SPAs, are acquired from the buffer pool when a conversation
is initiated by entry of a conversational transaction code. Main
storage is retained throughout subsequent exchanges between the terminal
and destination applications. It is released upon termination of the
conversation. Since the main storage SPA buffer space is retained over
a relatively long period of time, its potential ability to fragment
the buffer pool is relatively high. Fragmentation of the buffer pool
can cause processing delays in terminal I/O service and in the
initiation of other conversations. However, since the SPA is both main
storage resident and dedicated for the life of the conversation,
response and throughput are significantly improved.
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If the SPA is on direct access, space is initially acquired from
the buffer pool at the same time as for a main storage resident SPA.
However, it is retained only long enough to write to direct access.
SPA buffer space is freed. Space is re-acquired when the application
program returns the SPA, and is freed as soon as the SPA is rewritten
to a direct access device. The use of direct access SPAs decreases
the possibility of extended delays introduced by buffer fragmentation.,
However, because buffer requests are made during the time an application
is active in the message processing region, any delay due to lack of
buffer space directly affects throughput. In addition, since the
application must wait for the SPA to be written out, overall processing
time for each transaction is increased and response time extended.

To enhance performance for conversational processing, conversational
transactions can be defined with fixed-length SPAs. For such
transactions, the main storage SPA uses only the fixed length that was
defined. For direct access resident SPAs, the defined maximum length
is always used, however, performance is increased on program-to-program
swWwitches because the direct access SPA is not updated.

Fixed-length SPAs defined during conversation initialization must
remain in effect for the duration of that conversation. For
conversations whose first transaction code defined fixed-length SPAs,
all successive transactions used as destination applications in the
same conversation must also be defined with fixed-length SPAs of the
same length. If not, a status code indicating an error is sent to the
calling application. If the Multiple Systems Coupling feature is used
and conversations will run in a system that is not the input terminal
system, fixed length SPAs must be used. For more information about
the Multiple Systems Coupling feature, see Chapter 5 of this
publication.

An additional performance enhancement for conversational processing
is the automatic compaction of all SPAs for queuing and logging. 2ll
blanks and X'00's are eliminated for gqueuing and logging, and the
application program receives the unpacked SPA.

Data Base Processing Intent

A factor that can significantly increase the overhead of the
scheduling process is the intent of an application toward the data
bases it uses. 1Intent is determined by examining the intent list
associated with the PSB to be scheduled. At initial selection, this
process involves bringing the intent list into the control region. The
location of the intent list is maintained in the PSB directory. If
the analysis of the intent list indicates a conflict in data base usage
with a currently scheduled transaction, the scheduling process must
select another transaction code and try again.’

There are several intent levels that can be stated for a given
segment type. The list below shows the level of intent, how it may be
stated for the PSB Generation utility program, and the code that is
used in the decision tables that follow:

N = No sensitivity ~- segment type not referenced.

R = Express read-only -- segment type referenced -- PROCOPT=GO.

Note: See "“Processing Intent Specifications" in this chapter
for an explanation of the various processing options (PROCOPTs).

G = Retrieve segment type referenced -- PROCOPT=G or K.
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U = Update -- segment type referenced -- PROCOPT=A, I, R, or D
or segment type has propagated intent.

E = Exclusive use -- segment type referenced -- PROCOPT=E.
If exclusive use is specified for a program, that program will
not be scheduled concurrently with any other program that is
sensitive to the same segment types.

The following decision table shows which programs can be scheduled
concurrently.
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X Indicates Conflicting Actions When Transaction
Scheduling Is Attempted

Since exclusive intent does not allow a program to be scheduled
while programs sensitive to those segments are operating, no dynamic
serialization is done via the enqueue/dequeue facility.

Conflicting actions occur only if the same segment type is declared
#"Exclusive Use" by at least one of two programs intending to reference
the segment type.

A PSB that contains a PCB for a SHISAM segment that has delete
sensitivity will be scheduled exclusively. This is because the method
used by INS to ensure program isolation cannot be used for SHISAM
deletes. Since there is no delete flag, a VSAM erase must be done to
delete the segment, and since INS/VS uses relative byte addresses as
the identification of a segment, there is no way to prevent another
user from inserting a segment with the same key prior to the time the
program which did the delete reaches a sync point.

Unless the PSB for the program being scheduled is currently resident
in the PSB buffer pool, determining schedulability involves a direct
access I/0 operation.

Exclusive intent may be required for long running BMP programs that

do not issue checkpoint call because of the excessively large size of
the enqueue/dequeue table.
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An exception to the use of the enqueue/dequeue facility to provide
program isolation is accomplished by the use of the GO option; this
allows programs to access segments without an enqueue being done for
those segments. VWhen this occurs, a prcgram can retrieve segments
which have been altered or modified by programs which are still active
and while the changes are subject to being backed out. See the IMS/VS
Otilities Reference Manual for a detailed explanation of the GO option.

Processing Intent Specifications-

The only processing intent that affects the schedulability of IMS/VS
programs is exclusive intent. However, if the data base portion of
INS/VS is utilized by CICS, program isolation is not operative and the
following information on scheduling intent applies. 1If you do not use
CICS, skip this section.

The processing option parameter (PROCOPT) of the PCB and SENSEG
statements of a PSB generation determines the processing intent an
application program has on data. The scheduling options are:

G

Get function.

I = Insert function.

R = Replace function.

D = Delete function.

A = All, includes the previous four functions.

E = Used in conjunction with the previous five functions, and
specifies that an application program has exclusive use of
the data base or segment specified.

K = Indicates key sensitivity only.

Scheduling Intent Types: There are three scheduling intents used to
determine the schedulability of an application program. Exclusive
intent prohibits the concurrent scheduling of any programs that
reference the same segment types as the program that has specified
exclusive use. Update intent allows any number of programs that
reference the same segment types for read only to be scheduled with
the updating program. All programs that reference the same segment
type for update intent must be scheduled serially. Read only intent
allows the program to be scheduled with any number of other read only
users and one update intent program. If a segment has more than one
intent type as the result of multiple references or intent propagation,
the most restrictive use is set. These intent types are associated
with the aforementioned processing intent specifications in the
following manner:

e Read Only Intent

This intent is set for any segment that specified PROCOPT=G or
PROCOPT=K on the associated SENSEG statement. In addition, this
intent is propagated to all segments that are required to obtain
the information necessary to satisfy a DL/I call. For example, a
logical child segment is requested in a call, and the logical
parent's key was specified as "VIRTUAL." All segments that must be
retrieved to construct the logical parent's concatenated key have
read only intent set. The extent of propagation is discussed below.
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e Update Intent

This intent is set if the associated SENSEG statement specified
PROCOPT=I, R, or D. Update intent is set for the associated segment
regardless of any key sensitivity specification, either explicitly
or implicitly specified. This intent can be propagated to other
segments in this data base or related data bases. The amount of
propagation is determined by the processing options specified, the
data base organization, the pointer combinations used, and the SEGHM
statement RULES options chosen at physical DBDGEN time. The
implications and extent of intent propagation are discussed below.

e Exclusive Intent

This intent is set if the associated SENSEG statement specified
PROCOPT=E and the segment does not have key sensitivity. Key
sensitivity can be specified on the associated SENSEG statement,
using the KEY/DATA option of the SOURCE operand in a logical DBD,
or by omitting the specification of the complete concatenated
segment in a logical DBD. This occurs when you specify the logical
child segment and not the logical or physical parent in the
concatenated segment definition. There is no propagation of the

E option. Note that the specification of both PROCOPT=E and K on

a SENSEG statement causes the exclusive (E) option to be ignored.

Implications and Extent of Intent Propagation: As discussed earlier
in this section, the implications of intent propagation depend on many
factors. Some of these factors are physical organization, pointer
combinations, processing options, segment rules, and logical
relationships. The following paragraphs explain their effect on
scheduling concurrency as they relate to typical data base structures.
Each processing option is discussed in a separate section. Keep in
mind the fact that if a segment has more than one processing intent
type (as the result of explicit or implicit processing options) the
most restrictive intent is used.

e Get Processing oOption -

A segment using PROCOPT=G or K causes read only intent to be set
for that segment. In addition, read only intent is propagated to
all segments that are used to complete a GET type call. Sensitivity
to a logical child segment implies sensitivity to its associated
logical or physical parent. In either case, read only intent is
propagated to the associated parent segment, and all its parent
segments, in a direct line upward to the root segment.

e Replace Processing Option

A segment using PROCOPT=R causes update intent to be set for that
segment. If the segment is part of a concatenated segment
definition, and the logical parent/physical parent part of the
concatenation can be replaced, it has update intent propagated to
it. ©No other propagation of intent occurs.

o Insert Processing Option

Insert intent propagation is based on two basic rules. These rules
do not apply if Program Isolation is operative.

1. Programs that separately insert a physical parent segment and
its physical child are not scheduled concurrently. If the
program inserting the physical child terminates first, and if
INS/VS abnormally terminates before the program inserting the
physical parent terminates, the physical parent segment is backed
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out of the data base by /ERESTART processing, leaving a dangling
physical child segment.

2. Programs that insert child/logical parent concatenated segments
involving the same logical parent are not scheduled concurrently.
If the insert rule of the logical parent is either virtual or
logical. The physical insert rule prohibits inserting the
logical parent by means of a concatenated segment. Only the
logical child need be inserted.

Update intent is set for the segment type designated by PROCOPT=I
in the SENSEG statement of the PCB, or for all the segments designated
by SENSEG statements when the PROCOPT=I is coded in the PCB statement
(rule 1). OUpdate intent is propagated to all the immediate children
(down one level) from the designated segment because of rule 2. If
the designated segment is a logical child, the update intent is
propagated to the logical parent segment as specified by rule 3, and
to the immediate children of the logical parent as specified by rule
2. If the insert rule of the logical parent is physical, then one
program per logical child segment type can be concurrently scheduled.

The first variable that affects insert intent is the data base
organization. Since segments in a HISAM data base are hierarchically
related by physical juxtaposition, a segment insert can cause other
segments in the data base record to shift physical location. However,
since a data base record can reside in several separate data set groups,
only the data set group containing the inserted segment type is
affected. The rule is: all segments residing in the same HISAM data
set group as the segment type to be inserted have update intent
propagated to then.

The second variable that affects insert intent is the printer
combinations specified for segments residing in HD type data base
organizations. When physical child pointers are selected to address
the designated segment, the physical parent has a different pointer
for each of its children that concurreat programs maintain separately.
However, if the choice is hierarchical pointers to address the
designated segment, the physical parent addresses all of its children
by a single hierarchical pointer chain. Concurrent update programs
for the different physical children, therefore, violate rule 1. When
the immediate physical parent segment has hierarchical pointers, the
data structure is scanned in an upward direction until a parent segment
is found that uses physical child pointers, or until a root segment is
encountered. The immediately previous physical child segment of the
parent segment so located, and all dependent segment types of that
immediate physical child segment, have update intent propagated to
them.

e Delete Processing Option

The propagation of update intent from segments designated with
PROCOPT=D is based on the physical child's dependence on the
physical parent. If the physical parent is deleted, its physical
children must also be deleted. Therefore, beginning at the
designated segment type, update intent is propagated to all its
physical dependent segment types and to their physical dependents,
down to the lowest level of the data structure. When a segment
that is a logical child is encountered in the downward scan, its
logical parent's delete rule is determined. If the rule is virtual,
update intent is propagated to the logical parent and its physical
dependents. When a segment type that is a logical parent is
encountered in the downward scan, the delete rules of its logical
children and their physical parents are determined.
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If the delete rule is virtual and/or bi-directional virtual, then
update intent is propagated to the logical child and to its physical
dependents, and/or to the physical parent and its physical dependents.
Since the propagation is downward, all segments in the downward scan
are inspected for logical relationships. As they are encountered, the
logical child/logical rparent/physical parent segment types are processed
in the same manner as the original segment type. Deletion of the parent
requires deletion of all physical dependents.

When the immediate physical parent of the designated segment has
hierarchical pointers, the data structure is scanned in an upward
direction until a parent segment is found that is a root segment, or
a parent segment is found that is pointed to by physical child pointers.
That segment type found, along with all its dependent segment types,
have update intent propagated to them.

Application Program Abnormal Termination

Upon abnormal termination of a message or batch-message processing
application program, internal commands are issued to prevent
rescheduling. These commands are the equivalent of /STOP. They prevent
continued use of the program and the transaction code in process at
the time of abnormal termination. The master terminal operator can
restart either or both stopped resources. At the time abnormal
termination occurs, a message is issued to the master terminal and to
the input terminal that identifies the application program, transaction
code, and input terminal. It also contains the system and user
completion codes. In addition, the first segment of the input
transaction, in process by the application at abnormal termination, is
displayed on the master terminal.

The stop action is performed automatically. Even though a message
is issued, its occurrence could go unnoticed by the master terminal
operator. Such a failure, involving a major application that serves
many transaction codes, could have adverse effects on systenm
performance.

The potential effects of commands entered from any terminal, that
cause unavailability of scheduling resources, are severe. Operators
should be instructed to display system status frequently. If a program
that terminated abnormally inserted any message segments, they are
transmitted, although the message may not be logically complete.

Program isolation dynamically backs out data base updates, and
cancels message output made by application programs that terminate
abnormally. To avoid the adverse effect that this backout can have on
programs concurrently processing in the system, data base segments that
have been changed are enqueued using the INS/VS enqueue/dequeue routine.
This routine ensures that no other programs can access the changed data
base segments until either the application program that requested: the
change completes successfully, or terminates abnormally; and until all
changed segments are restored to their original states.

Program isolation ensures that a dynamic log (IMSVS.DBLLOG) is
maintained. The dynamic log is a sequential data set, on direct access
storage, written with OSAM to facilitate following chains through it.
All the log records created because of a given user program are
back-chained, with the chain anchor in the PST to which the program is
attached. The chain pointer is the block number and the offset within
the block. When a synchronization point is reached, or if the program
terminates successfully, the anchor in the PST is reset to zero. If
the program terminates with an abnormal termination, the data base
changes are backed out to the last synchronization point specified by
the MODE parameter of the scheduled transaction code. If it is a
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batch-message processing program that does not reference a transaction
code, or whose transaction specified MODE=MULT, it is backed out to

its schedule point, or to the last checkpoint, whichever is most recent.
The backout is accomplished by passing the data base log records, that
were dynamically logged and chained, from the PST to the data base
backout module.

A synchronization point is defined as the point at which an
application program can be restarted.
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All output messages inserted by an application program, with the
exception of messages inserted to alternate PCBs that have been
designated to have the Express Message feature, are enqueued to a
temporary destination associated with the PST. The Express Message
feature is a PSB Generation option for an alternate PCB. It specifies
that messages sent to this PCB are not to be backed out if the
application program terminates abnormally. When the application program
successfully reaches a synchronization point, the program's output
messages are transferred from their temporary destinations to their
final destinations. If the application program abnormally terminates,
all messages enqueued to temporary destinations are deleted and
cancelled. Those messages inserted to the alternate PCBs that have
the Express Message feature were never enqueued to the temporary
destination and cannot be cancelled.

Program Isolation provides a call function (ROLL) through which an
application program can remove the effect of its processing. Issuance
of this call function abnormally terminates the application program
task with an indicative completion code. Voluntary abnormal termination
using this call function does not cause the program and transaction to
be stopped, nor does it produce a storage dump.

One other application program abnormal termination situation is
possible. Since data base updates are isolated by the program isolation
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enqueu e/dequeue facility, the possibility of deadlock situations can
arise. These situations are avoided by selecting one of the deadlocked
programs for abnormal termination, with a special code that causes the
program's data base updates and unsent message output to be backed out.
The transaction input that was being processed by the program is
retained, and the program is rescheduled.

Since deadlock is usually an exception, it can be treated in this
manner to make deadlock detection and correction transparent to the
application program and the terminal operator. The program to be
abnormally terminateded and rescheduled in a deadlock situation is
determined based on the decision table that follows:

And if the waiting program which completes
the deadlock circuit

Is a MSG Is a BMP Is
If calling program with program with multiple
program whose programs
request will Single Mult Single Mult
cause a Mode Mode Mode Mode
deadlock Tran Tran Tran or no
Tran
Is BMP [Mult
program |Mode DO B DO B DO B
with or no
Tran
Sngl
‘Mode DO B DO B
Is MSG [Mult
" program |[Mode DO B DO A
with Tran
Sngl
Mode
Tran

A = ABEND the calling program

B = ABEND the program with which the
calling program would deadlock

In IMS/VS installations running under 0S/VS1, after any abnormal
termination in an MPP (for example, application program abnormal
termination, program isolation deadlock, or ROLL call), the MPP may
not be able to reclaim all the storage used by the application for
future scheduling. A system abend may eventually occur because of -
insufficient storage and the MPP will be teérminated by IMS/VS, after
two consecutive GETMAIN failures are detected, to release unusable
storage in the region.

Contention for Resources

Contention for the use of resources affects scheduling in more ways
than have been discussed. The material that appears here is based on
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the specifications for IMS/VS. If more detailed information about how
the IMS/VS system works is needed, consult the IMS/VS Program Logic

control Block Buffer Pools -- PSB and DMB

Control block pools are maintained in the IMS/VS control region for
program specification blocks (PSB) and data management blocks (DMB).
Each buffer pool must be at least as large as the largest control block
it will contain, plus the next successively larger block, for each
additional processing region concurrently active.

The IMSVS.ACBLIB data set must contain control blocks for all
application programs (PSBs) and all data bases (DMBs) referenced by
the application programs. When an application program is to be
scheduled, the PSB and DMB pools are examined to determine which control
blocks must be brought into main storage. If all required blocks are
resident, the program is scheduled. If required control blocks are
not resident, the applicable pool is searched for space to hold the
block. If space is found, the block is loaded and the program is
scheduled. If the pool does not contain the required free space, the
blocks currently resident are examined to determine which unused blocks
can be removed. When the selection process is complete, any open data
bases referenced by the unused blocks are closed, and the space is
released for use by the new control blocks. The new control blocks
are then loaded, and the application program is scheduled.

Excessive loading of control blocks can have a severe impact on
performance. If possible, the DMB pool should contain enough space to
hold all DMBs used with online data bases. This reduces the number of
0S/VS opens and closes, and their impact on system performance.

DATA BASES

System definition requires that data bases to be used in the DB/DC
system configuration be identified. The positive declaration of data
base names enables the system to limit the domain of the online control
program to only some specific subset of all installation data bases.

BATCH CHECKPOINT/RESTART

The batch checkpoint facility provides batch-message programs with
the means of synchronizing checkpoints taken of their environment with
the IMS/VS log tape. It also enhances the integrity of data bases
updated by batch-message programs, by allowing the restart facility to
back out data base changes being made by such programs at the time of
a system failure., If a batch-message processing program abnormally
terminatess, program isolation ensures that backout procedures occur
automatically. The data to be backed out is the data base change
records logged since the last synchronization point created by a CHKP
call. The time lag is significantly less using program isolation with
batch checkpoint/restart, than if the data base had to be stopped and
taken offline for batch backout.

The batch checkpoint facility is implemented by the use of the IMS/VS
checkpoint (CHKP) system service call from the application progranm.
This call is used to indicate a synchronization point at which data
base updates can be restarted. The actual checkpointing of the batch
program environment, and the routine used to restart it, are at the
option of the user. If 0S/VS checkpoint is to be used, the user must
request, as part of the DL/I CHKP call, that the system take the
checkpoint.
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Note: The checkpoint ID table, as referenced below, is used to
coordinate the checkpoints on the IMS/VS system log with the activity
of any batch-message regions, for the purpose of emergency restart.
This table also contains the ID and serial number of the last startup
or shutdown checkpoint.

For batch-message programs (not message-driven):

A non-message driven BMP program functions like a batch progranm,
but receives data base service like an MPP. No identifiable (explicit)
synchronization point exists until the program issues the CHKP call.

1. Optiomnally, an 0S/VS checkpoint of the user's region is taken.
2. Altered data base buffers are written.

3. The checkpoint ID, supplied in the CHKP call, is written to the
log tape.

4. The checkpoint-ID table is updated, for use in subsequent
emergency restarts.

5. The dynamic log is updated by releasing all change records prior
to the current synchronization point.

For batch-message programs (message-driven):

BMP programs that access the message queue via the I/0 PCB, have a
defined (implicit) synchronization point established by the MODE=
parameter in the TRANSACT macro. To IMS/VS, the BMP program looks like
an MPP. If MODE=MULT is selected, end-of-job is the natural
synchronization point. BMP programs can issue the CHKP call to cause
an explicit synchronization point, and define a point from which restart
can be performed. Care must be taken to ensure that the dynamic log
buffers do not become full because the CHKP calls are too infrequent.
A1l output messages, that are not destined to express alternate PCBs,
are held until a synchronization point occurs. All input messages
since the last CHKP are reprocessable. The following general events
occur in this type of EMP:

1. Optionally, an 0S/VS checkpoint of the user's region is taken.
2. Altered data base buffers are written.

3. The checkpoint ID, supplied in the CHKP call, is written to the
log tape.

4. The checkpoint-ID table is updated, for use in subsequent
emergency restarts.

5. The dynamic log change records for the calling BMP are released.

6. Output messages to all TP PCBs are sent, and input messages are
dequeued.

7. A GU to the I/0 PCB is internally generated for the application
program.

. If MODE=SNGL is specified on the TRANSACT macro. instruction, a
natural synchronizaticn point exists at each GU on the I/0 PCB.
Functions similar to those above are performed by IMS/VS; however, the
user does not have to execute a CHKP call because the GU causes the
necessary synchronization points.
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Instead of the 0S/VS Checkpoint/Restart option, the user can specify
the IMS/VS Expanded Checkpoint/Restart facility. This consists of a
restart call (function code XRST) and ortional parameters on the CHKP
call. If used, the XRST call is the first call to IMS/VS issued by
the user program. If a restart is not in progress, the XRST call is
effectively a NOP.

The issuance of an XRST call causes the following action to be taken
for subsequent CHKP calls issued by the program:

1. Optionally, user specified areas, that is, application variables,
control tables, and position information for non-IMS/VS data
sets, are recorded on the IMS/VS log.

2. The fully qualified key of the last record processed by the
program on each IMS/VS data base is recorded on the log.

3. The functions of the standard CHKP call are performed, except
that the 0S/VS checkpoint of the user's region is not taken.
The user has the option of using 0S/VS Checkpoint/Restart, the
IMS/VS restart (XRST call), or neither, but not both.

For message processing programs:

The CHKP call functions exactly as a message GU for a single mode
program, allowing a program operating in multiple mode to control the
spacing of its synchronization points.

In the case of a checkpoint FREEZE or DUMPQ shutdown, IMS/VS waits
for any batch-message programs that are processing to issue a CHKP
call, before proceeding with the shutdown. This action makes it
possible to identify the point at which the batch-message program should
be restarted.

In the case of a PURGE shutdown, IMS/VS waits for batch-message
programs to terminate before proceeding with the shutdown.

The log record containing the checkpoint ID is used by emergency
restart as follows:

Using the checkpoint-ID table, emergency restart determines, and
identifies to the operator, the point on the log where restart
processing is to begin in order to back out incomplete updates made
by the message and batch-message programs processing at the time of
the system failure. It initiates restart processing from that point.
If backout is successful, the CHKP ID from which each BMP can be
restarted is identified to the operator.

Transactions, partially processed by message processing programs at
the time of system failure, that caused data base modifications, have
their associated data base modifications backed out by emergency
restart.

The IMS/VS user must determine the means of checkpointing and

restarting his batch and batch-message processing programs. He may
use the 0S/VS checkpoint/restart facility, or create one of his own.
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If the DL/I user chooses to write his own checkpoint/restart
routines, he must, as a minimum:

e Record application variables and control tables.

e Record position information for non-IMS/VS data sets.

e Provide a restart entry point and reinitialization procedure.

e Properly initialize IMS/VS ccntrol blocks; for example, PXPARMS.

Use of the XRST call and user area parameters on the CHKP call
simplifies the task for the user writing his own restart routines.

e A restart situation is indicated by specifying a checkpoint ID in
the parm field on the execute card in the JCL or in the XRST call
itself.

e Normal entry point and initialization procedures are used.
e User areas recorded at checkpoint time are restored.

e A GET UNIQUE is issued for each GSAM data base for the last used
record if the data base was open at the time the checkpoint was
taken.

e No data is returned as the result of the GU, but status codes are
saved in the user PCBs.

e If the data base was opened for output, then a PNT function code,
requesting POINT, is used.

e GSAM data bases are automatically repositioned at restart if the
XRST call is used.

o The checkpoint ID is returned to the user program to allow it to
link to its own restart subroutine.

In the case of batch-message programs, an actual checkpoint/restart
routine may not be required. If the program is truly driven by the
message queues, IMS/VS repositions the queues to the point where a CHKP
call was issued. The user need only start the batch-message program
normally.

Even though most batch-message programs require some re-programming
to accommodate the CHKP function, the increased data base integrity
and availability should justify the effort.

Since the IMS/VS control region waits until all batch-message regions
issue CHKP calls before proceeding with a shutdown checkpoint, a
batch-message program with few or no CHKP calls can delay or prevent
system shutdown. The /STOP REGION command with ABDUMP can be used to
force the abnormal termination of such a region. However, it is
reconmended that the user add CHKP calls to batch-message progranms,
particularly if a FREEZE or DUMPQ checkpoint is to be requested. If
a PURGE shutdown is used, re-programming is suggested for batch-message
programs that run for a long time, because INS/VS waits for these
programs to terminate before proceeding with the shutdown.
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MESSAGE QUEUES

The IMS/VS control program provides the ability to queue messages
direct access storage and in main storage. Messages can
be received from communication terminals or application programs and
can be destined for communication terminals or application programs.
A message destined for an application program is called a transaction

received on

and begins with a transaction code.

All transactions of the same type

(same code) are queued in a serial chain based upon time of receipt by

IMS/VS. A serial queue exists for each defined transaction code.

A1l

messages destined for a particular communications logical terminal are

queued serially like transactions.

defined logical terminal (Figure 2-1).
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QUEUE DATA SETS

The IMS/VS control program utilizes three 0SAM data sets for direct
access queue storage. All queue data sets have the same block size,
which is specified by the IMS/VS user at system definition time.

Figure 2-2 illustrates the relationship between the three queue data
sets.
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Figure 2-2. Queue Data Set Relationships
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OPERATION OF QUEUES

All messages received are assigned OSAM relative record numbers.
However, they are not written immediately to the queue data sets. 1If
no space is available in the main storage buffers, the buffer which
has been referenced the least is written to its queue data set, and
the space in main storage is assigned to the nev message. If a message
still exists in main storage when it is dispatched to its destination
(input to a program or output to a terminal or another program), no
reference to the direct access data sets is required. All messages
are logged by the IMS/VS control program to provide message queue
recoverability in case of failure of either the IMS/VS or host operating
system control programs.

Messages received are represented by either single or multiple
segments. The amount of space required to contain a message determines
the size of the records to which it is allocated. When the transaction
or logical terminal queue is known, the average message size is also
used to determine the record to be allocated. The lines of text are
placed in a variable-blocked format within a record.

The IMS/VS message queue data sets must be preformatted before
initial usage. The use of preformatted queues provides increased
reliability. Reliability is increased with the preformatted data sets
becaus the count field of the direct access device record X is not
relied upon to write record X+1. Preformatting is performed upon
request during restart procedures. The need to reformat the message
queues arises only if an input/output error occurs within a queue data
set. A write error does not result in the inability to write subsequent
records in the data set as is the case with unformatted queue data
sets. Approximately 1.5 seconds is required to format each 2314
cylinder in an IMS/VS message queue data set and .8 seconds for each
3330 cylinder.

In order to provide for message queue recoverability if the queue
data sets are destroyed, the IMS/VS control program logs:

e all input and output message text

e the queue pointers to each message queue chain, whenever a message
is enqueued onto or dequeued from the chain

If a system failure occurs and the message queue data sets are
retained intact, the restart facilities of IMS/VS can reposition the
queues by use of the enqueue/dequeue pointers which were logged. If
the queue data sets are destroyed, the restart facilities of IMS/VS
can be employed to rebuild the queues from the log entries of message
text.
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EMERGENCY RESTART QUEUE REPOSITIONING

In an emergency restart situation, the message queues are
repositioned as follows:

e SNGL mode processing

The message being processed at the time of the failure is the first
message processed after the restart.

e MULT mode processing

All messages read by the program are processed at the time of the
failure are returned to the queue. The first message processed
after the restart is the first message read after the program's
most recent CHKP call or scheduling.

MESSAGE QUEUE REUSE

Message queue records reside in fixed-length blocks with a block
size common to all three data sets. The first record in each data set
is a bit map which controls the assignment of the next n records (n =
8 * LRECL-1). Records in each data set are assigned from low to high
by testing the bit map for the first bit which is on. When a bit is
found on, it is turned off to indicate that the corresponding has been
assigned. When a record contains a message that has been completely
processed at its destination (has been dequeued and will not be required
in restarting the system), the bit corresponding to the record is turned
on. This makes the record available for reuse.

For details on message queue data set space allocation, refer to
the IMS/VS System Programming Reference Manual.

PHYSICAL TERMINALS

A physical terminal is the actual hardware device attached to the
conputer. The types of terminmals supported include typewriters, CRTs
(cathode ray tubes), paper tape readers, card readers, high-speed
printers, and remote computers. The IMS/VS terminal configuration is
defined to IMS/VS during system definition.
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DEVICES SUPPORTED
IMS/VS supports:
e IBM 1050 Data Communication Systenm
e IBM 2260 Display Station, Models 1 and 2
e IBM 2265 Display Station, Model 1%
e IBM 2740 Communication Terminal Models 1 and 2
e IBM 2741 Communication Terminal
s IBM 2770 Data Communication Systen
e ITBM 2780 Data Transmission Terminal
s IBM 2980 General Banking Terminals, Models 1, 2, and 4
e IBM 3270 Information Display System
e IBM 3600 Finance Ccmmunication System
e IBM 3767 Communication Terminal
e IBM 3770 Data Communication Systenm
e IBM 3740 Data Entry System, Models 2 and 4
e IBM 3790 Communication Systen

e IBM 7770 Audio Response Unit, Model 3 with a Touch-Tone* (or
equivalent) telephone or IBM 2721 Portable Audio Terminal

e IBM System/3 Model 10

e IBM System/7

* IBM Communicating Magnetic Card/Selectric Typewriter (CMC/ST)
e Card reader/printer devices

e 33/35 Teletypewriter (ASR)

IMS/VS supports various communication/attachment modes for the above
terminals. The major distinction is whether the attachment is local
(through a channel) or remote (over telephone lines). Remote
attachments are further broken down into two categories: switched and
nonswitched (or leased). Switched communication lines permit the
attachment of only one remote station or terminal at a time to a line,
and require that the terminal operator use a data set, which is attached
to the remote terminal, to dial up the main computer to establish
connection. Nonswitched communication lines are leased; that is, they
are dedicated to use by the terminals physically attached to them. A
nonswitched line may be either a contention or polled line. Contention
or polled refers to the line discipline used to communicate with the
terminal. Only one contention-type terminal may exist on a line, while
one or more can share a polled line concurrently. A polled line with
more than one terminal is called a multipoint line.

* Registered Trademark of the American Telephone & Telegraph Co.
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See the IMS/VS General Information Manual for a description of the
comnmunications modes supported by IMS/VS for each physical terminal
and for lists of the required and optional features for each supported
terminal, control unit, and CPU.

BTAM DATA SET LINE GROUPS

The LINEGRP macro is used to describe each BTAM data set line group.
The terminal(s) defined for any one LINEGRP must be of the same type
(communication mode, polling techniques, transmission code). This
means that a separate line group must be used for each of the following
terminal configurations (when used):

1050 switched

1050 nonswitched with poll

1050 nonswitched with autopoll

226072265 remote and 2260 local mode, nonswitched
2740 switched with transmit control

2740 nonswitched contention

2740 nonswitched polled

2740 polled with autopoll

2741 switchedx*

2741 nonswitched EBCDIC and nonswitched correspondence
2770 nonswitched

2780 nonswitched polled

2780 nonswitched polled ASCII

2780 nonswitched polled 6-bit transcode
2780 nonswitched contention EBCDIC

2780 nonswitched contention ASCII

2780 nonswitched contention 6-bit transcode
2980 nonswitched

3270 local

3270 local printer

3270 polled remote

3270 polled remote ASCII

3270 switched

3270 switched (ASCII)

3740 switched

7770 switched

System/3

System/7 nonswitched contention

System/7 nonswitched polled

System/7 nonswitched polled with autopoll
Local card reader

Local output device (printer, punch, tape, DASD)
Spool SYSOUT

33/35 switched

VU ® 0 ® 0 0 ¢ © g © 0 g 0 0 0 00 g 0 00 00 ¢ 0 o0 00 g ® ¢ 6o

*For 2741 switched, transmission codes for any one line group do
not have to be of the same type.

For further definition of a BTAM data set line group, refer to 0S/VS
BTAM, GC27-6980. At least one communication line must exist within
each line group. At least one physical terminal must exist for each
comamunication line.

TERMINALS ATTACHED THROUGH VTAM
“Terminals attached through VTAM are defined according to terminal

type by using the TYPE macro. Valid terminal types are: 3270 local,
3270 remote, 3601, 3614, 3767, 3770, and 3790.
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PHYSICAL TERMINAL NETWORK DESIGN

Selection of terminal types should be based on what function is
expected, the location and personnel using the equipment, and the speed
or volume of data which the terminals are expected to handle.

Inquiry and conversational capabilities are best suited to typewriter
or graphic type devices, the graphic devices being faster, while the
typewriter gives a hard copy of the transaction.

Batches of input can best be handled by cards or paper tape, with
the 2770, 2780, or 3770 being used for high volume and the 1050 for
lovw.

The printer-type terminals are best suited for applications where
the shop floor requires information from the computer but has no need
to supply any in return. Again, the 2770 or 2780 is best suited for
high volume, with the others handling less volume.

Once the types of terminals required for the job are determineqd,
the method of connecting them to the computer must be considered.

If many terminal locations are required with minimal volume, a
switched network should be considered. This allows the use of standard
telephone lines. The terminal operator dials the computer when he
wishes to make an entry. One drawback to this approach is the
possibility of busy lines, which may cause the operator to place a call
several times. Another disadvantage is that voice-grade lines are more
susceptible to malfunction than leased lines. This might require the
operator to request entry more than one time to allow the computer to
read it error-free. Unchecked terminals (2741, 33,35, and 7770) can
cause input and output to be lost due to line errors which are
transparent to the IMS/VS systen.

When high volume is required or the terminal must be connected to
the computer for long periods of time, a leased line may be more
practical. This type of line is generally more error-free, can handle
higher volume of data, and requires no operator action to connect to
the computer. If the leased line is chosen, the next step is to
determine how many terminals are to be connected to this line. If
several unbuffered terminals are connected to the line, significant
delay may occur in the response to a terminal. It is therefore
recommended that unbuffered terminals be attached alone to a line.
Another consideration may be the need to cluster several terminals in
one location. The expense of running several telephone lines to the
same location may be prohibitive. If so, buffered terminals should be
considered. Their slightly higher cost may be more than offset by the
need to run only one line, thus reducing the contention for 1line time,
as the data is transferred to a buffer at operator speed and then sent
across the line at machine speed.

Most terminals supported by IMS/VS are polled. For some terminals,
consideration should also be given to the type of polling to be used:
programmed or autopoll. For small networks, programmed polling may
prove more economical, since autopoll, except for binary synchronous
lines, is an extra cost feature. However, programmed polling requires
more CPU interruptions and, for a larger network, may use enough CPU
time to make the cost of autopoll worthwhile. For each terminal in
the system, programmed polling causes a hardware interrupt approximately
every second. Autopoll causes this interruption only when the operator
has initiated some action on the terminal, which will generally be
several minutes.

Lines can be collected by terminal type into line groups. Each new
line group requires main storage for control blocks used by IMS/VS and
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the operating system. BAll lines for a particular type of termimnal can
be collected into one line group, minimizing this storage requirement.
However, this means that all these lines must be allocated to the system
at all times. When one is removed (possibly for use by a different

job or system), IMS/VS does not function properly. Therefore, if one

or more lines are to be used by IMS/VS on a part-time basis, and it is
desired to allocate them to other functions at times, they should be
organized into separate line groups. Lines may be removed from the
system by line group.

When binary synchronous terminals (except 3270) are used in the
online IMS/VS system, timeout conditions can occur when the system is
so loaded that it cannct process amn input line buffer and respond to
the terminal. TIf the terminal operator re-enters the data before
verifying the application program response, to determine the proper
restart point in the data stream, this could lead to duplicate data.

LOGICAL TERMINALS

DEFINITION OF THE LOGICAL TERMINAL CONCEPT

The characteristics of terminal devices vary widely. There are
differences in the control mechanics, transmission code, display media,
entry keyboards, switches, timing, and optional features. Communication
line and network characteristics further complicate and multiply the
possible combinations of characteristics that must be managed in the
data communication environment. It is readily apparent that the
application program should not become directly involved with or
dependent upon the characteristics of the terminal network with which
it deals.

'By isolating the application program from its terminal network,
economies in development cost, development time, and maintenance are
achieved. 1In addition, a certain degree of, if not complete, device
independence is available. Applications written to a device-independent
interface may be expanded without modification for the use of new
terminal types or classes.

At the same time, use of device class dependent functions may be
highly desirable in certain application areas. Control of device class
dependent functions for an application system which serves only CRT-type
devices could enhance the usability of that application.

Another requirement directly related to device independence is
application independence. An application-supported function must be
available from different terminal types. It is not feasible or
practical to expect that a unique terminal be assigned to each function
to be performed. ‘

For reasons of security or resource management, it may be desirable
to associate the use of a physical terminal with its user. Whereas
users may exist in greater numbers than physical terminals, they must
be represented by abstractions. The primary characteristic of the
abstract terminal is its identity. The identity is known within IMS/VS
as the "logical terminal name" or simply as "logical terminal."
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THE IMS/VS LOGICAL TERMINAL

Bach logical terminal within IMS/VS has a unique set of attributes.
A description of the attributes constitutes a partial description of
the features available through use of the logical terminal concept.

e Current physical terminal assignment -- this characteristic may be
dynamically altered for reasons of terminal resource management.
Once a sign on has been accomplished by connecting a logical
terminal to a physical terminal, the functions and services
available are the same as those for a nonswitched terminal.

e Security authorization -- can be unique for each logical terminal
in the system or can represent a security level or group.

e Next logical terminal assignment -~ multiple logical terminals can
be associated with a single physical terminal. This provides, in
conjunction with security, the ability to uniquely identify multiple
users of a single physical terminal.

Logical terminals can be assigned to physical terminals for output
and input purposes. When a logical terminal is assigned to a physical
terminal for output purposes, all messages sent to that logical terminal
are transmitted to its associated physical terminal. More than one
logical terminal can be assigned to a given physical terminal for output
purposes. Only one physical terminal can receive the output for a
given logical terminal. The diagram below shows the relationship
between physical and logical terminals for output purposes:

Logical

/ Terminal
\

Physical
—— Terminal

Logical
Terminal
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When a physical terminal is assigned to a logical terminal for input
purposes, any message entered from the physical terminal is considered
to have originated at the logical terminal. When more than one logical
terminal is assigned tc a physical terminal for input purposes, a chain
of input logical terminals is formed. Any input from the physical
terminal is considered to have originated at the first logical terminal
on the chain. 1If, for some reason (such as security or a stopped
logical terminal), the first logical terminal is not allowed to enter
a message, all logical terminals on the input chain are interrogated
in chain sequence for their ability to enter the message. If the
physical terminal is a 3770 or a 3767, only the logical terminals
associated with the input component are scanned. The first appropriate
logical terminal found is considered the originator of the message.

If no appropriate logical terminal is found, the message is rejected
with an error message. The diagram below shcws the relationship between
physical and logical terminals for input purposes:

INPUT CHAIN

Physical 3 Logical | » Logical
3 Terminal Terminal Terminal

Use of a queue for input messages received or pending output messages
enables the application to be independent of time of arrival or
transmission of messages. Association of the gueue with the logical
rather than the physical terminal permits it to be moved, independent
of the application, from device to device. Within restrictions, it
permits a queue of messages to be moved even among device classes.

The logical terminal provides a stable platform or reference for
the application program. Regardless of how the physical terminal
network changes, the application remains insensitive. To the
application program, a logical terminal can be viewed as just another
sequential data input source or output destination.

The application program interface to the logical terminal is through
the same call interface mechanics described for the DB systen.

When 2980 terminals are defined, IMS/VS uses a logical terminal to
define the 2972 common buffer. This is an exception to the physical
terminal/logical terminal relationship, in that the 2972 common buffer
is not a physical terminal in the conventional sense.

LOGICAL TERMINAL NETWORK DESIGN

Design of a logical terminal network can be as important as design
of a physical terminal network. It has potential impact upon systenm
security, maintainability, and usability. Careful consideration should
ke applied from each viewpoint.

System security administration can be hampered by not providing an
appropriate number of logical terminals through which proper terminal
security authorization may be applied. Too few logical terminals limits
the number of unique security authorizations. Too many may prove
cumbersome or ineffective in achieving security objectives. A judicious
combination of password and logical terminal security can reduce the
nunber of logical terminals required to administer security policy.
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Where a community of users deals with multiple applications through
a common set of physical terminals, output volumes, schedules,
priorities, human factors, and terminal availability are some of the
more important usability factors to consider. TIf priorities require
that management or supervision have ready access to terminals ordinarily
used for operational purposes, then provision must be made for
interrupting operational work. A physical terminal might have two
logical terminals ordinarily assigned -- one for operations, one for
priority work. Authorization of the /LOCK command to the priority
logical terminal would enable it to stop input and output from the
operations terminal. Further discussion of the security planning for
this particular case may be found under the topic "Security and Privacy"
in this chapter. It is mentioned here to illustrate several of the
aspects of logical terminal network planning. The same solution to
the security or priority aspect, that is, multiple logical terminals,
can be applied if the control of output volume is a problenm.

Where particular applications make use of device class dependent
functions, such as cursor control, it might be useful to specify a
separate set of logical terminals which have a relationship to that
group of applications. Calling the application group an application
class and the logical terminal group a logical terminal class, it is
possible through logical terminal security to associate all input and
output relationships with a known set of logical terminals. At the
same time, non-device-class sensitive transactions may be used through
non-specific logical terminals from the same physical terminals.
Processing applications are insensitive to the separation. The
following example (Figure 2-3) illustrates this use of logical
terminals:
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Figure 2-3. Separating Device Class Sensitive Terminal I/O
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To establish such a relationship requires defining two logical
terminals for each physical terminal, then securing the transactions
destined for application X through logical terminals AAA and CCC. The
common- entry security for AAA and CCC could be referred to as a device
class sensitive security group. All logical terminals defined for that
purpose would then be secured in the same group.

In certain applications it may be necessary to associate a different
physical device for output than the one ordinarily used for input.
Conversely, certain physical terminal types are input-only devices.

If output is required, a different device must be associated with this
type for output. IMS/VS system definition and commands support
assignment of output devices different from the input device. The
allowable physical/logical relationships which can be expressed are
shown in Figure 2-4. )
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Figure 2-4. Possible Physical/logical Terminal Relationships
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Nonswitched Communications Network: The best way to describe the

relatlonshlp between a terminal user, a physical terminal, a
communication line, and a logical terminal is a diagram:

IMS/VS
r— 77"
USER PHYSICAL | NON SWITCHED 1 LOGICAL |
™1 TERMINAL COMMUNICATION LINE i TERMINAL '
|

IMS/VS system definition describes the characteristics and
relationship of physical terminals, commuanication lines, and logical
terminals. On a nonswitched communication line, the relationship
between a physical terminal at one end and a logical terminal within
IMS/VS at the other is a stable relationship defined at systen
definition time. If there is only one user of a particular physical
terminal, typically there would be a one-to-one relationship between
physical terminal and logical terminal. However, if a physical terminal
is operated by multiple users, it can have many logical terminals
associated with it. IMS/VS system definition might include a separate
logical terminal for each user of a particular physical terminal.

The relationship established between a physical terminal and one or
more logical terminals at system definition can be changed through the
conmand language or by a new system definition. The /ASSIGN command
changes logical/physical relationships dynamically. It is normally
executable only from the master terminal.
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Switched Communications Network: The logical/physical terminal
relationship on a switched communications network is considerably more
complex than in the nonswitched communication line environment. IMS/VS
system definition defines the characteristics of a physical terminal,
communication lines, and logical terminals. However, the relationship
between a particular physical terminal and a logical terminal is not
established until the remote terminal user dials the System/370 computer
to communicate with IMS/VS. The relationship between a terminal user,

a physical terminal, a communication network, and logical terminals at
system definition time is depicted in the following diagram:
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once the remote terminal user dials in to the computer and issues
the /IAM command to sign himself on to IMS/VS, a stable relationship
between the physical terminal and one or more logical terminals is
established.

IMS/VS

r— 71
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SIGNED-ON PHYSICAL | LOGICAL |
USER TERMINAL | TERMINAL |

L————_|]

In a switched communications network environment, one logical
terminal per line is created automatically as the inquiry logical
terminal. In addition to the physical line/terminal definition, and
the automatic creation of the inquiry logical terminal, a pool of
logical terminals can be defined at system definition time. When a
renote terminal user dials into IMS/VS, an /IAM command can be issued
which associates logical terminals from a pool with the physical line
and physical terminal issuing the /IAM command.
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Within any logical terminal pool for a switched communications
network, the IMS/VS user must define one or more logical terminal

subpools.

user can dial the IMS/VS system and sign on for a single logical
terminal or all logical terminals within a logical terminal subpool.
At system definition, the environment appears as indicated in the

following diagram:
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After a remote terminal user has dialed the System/370 computer
operating under INS/VS, several situations can exist. If the /IAM
command is used to sign on and the LTERM parameter specifies the inquiry
logical terminal, the following diagram applies:

IMS/VS
i
LINE I INQUIRY l

REMOTE PHYSICAL | LOGICAL

. S D ey d

INQUIRY TERMINAL | TERMINAL |
USER FOR LINE X I
| |

If the /IAM command is used to sign on and the LTERM parameter
specifies a logical terminal from the logical terminal subpool, the
following diagram applies:

IMS/VS
-_———— _.i
REMOTE LINE I LOGICAL |
PHYSICAL TERMINAL
TERMINAL s - TERMINAL y‘——»@-‘—_L FROM I
USER | POOL
- —_ - — -
= - 77
REMOTE LINE | SUBPOOL :
PHYSICAL OF
R B mm—
TERMINAL TERMINAL | LOGICAL |
USER TERMINALS
| ——— |

If the /IAM command is used to sign on and the LTERM and PTERM
parameters are specified, all logical terminals within a subpool are
associated with the physical terminal.

The use of the logical terminal subpool concept allows for efficient
use of communication facilities. All output queued on each of the
logical terminals in the subpool for which the /IAM command was issued
is sent to the physical terminal.
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A subpool can be defined to contain the logical terminals for all
of the users of a single physical terminal. While a user is signed on
to a logical terminal within the subpool, the subpool is unavailable
to users signing on from other physical terminals.

All inquiry logical terminal names must begin with INQU. When
signing on for an inquiry logical terminal, only these first four
characters are considered significant by IMS/VS. This lets a user call
any autoanswer line and sign on for, and use, the inquiry logical
terminal (for inquiry transactions only), if he is aware of the INQU
prefix. The inquiry logical terminal can only be used for non-update
transactions, and queued output is preserved only while the user is
signed on. So that IMS/VS can distinguish inquiry logical terminal
names from subpocl logical terminal names at the time a user signs on,
no subpool logical terminal name can begin with INQU.

MASTER TERMINAL

The master terminal is the IMS/VS control center. It must be either
a 1050, a station-controlled 2740, a 3270, a 3767, or a 3770. 1If a
1050 or 2740 is used, it must be attached through a non-switched polled
conmunications line. A 3270 master terminal can be attached locally
or through a non-switched polled line. The IMS/VS provision for a 3770
master terminal is intended for the 3770 console component. The
non-console components will not operate correctly if they are used as
the master terminal.

The master terminal operator should know all the operating aspects
of the system. The physical location of the master terminal in relation
to the computer console is important. If, for security reasons, they
are not close, telephone communications should be provided.

The details of starting the system, checkpoint, restart, and all
commands available to the master terminal are in the IMS/VS Operator's
Beference Manual.

SYSTEM CONSOLE SUPPORT

IMS/VS provides support for the 0S/VS system console using the 0S/VS
write-to-operator (WTO) and write-to-operator-with-reply (WTOR)
facilities. All functions available to the IMS/VS master terminal are
available to the system console. The system console and master terminal
can be used concurrently, to control the system. Usually, hovever,
the system console's primary purpose is as a backup to the master
terminal. The system console is arbitrarily defined as IMS/VS line
number one.
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SYSTEMS WITH INOPERABLE MASTER TERMINAL

IMS/VS requires a master terminal be defined for its use during
IMS/VS system definition. Under certain conditions, however, it may
be impractical to provide a master terminal facility; for example when
the 270X line is inoperable. 1In these instances, the 0S/VS system
console can be utilized to replace the IMS/VS master terminal. If
desired, the master terminal DD statement can be omitted. If the master
terminal is inoperable, messages will continue to be routed to it until
they are routed to the system console or another terminal with the
/ASSIGN command. In addition, all of the functions ordinarily performed
at remote operational terminals can also be performed through the
System/370 console.

MESSAGE FORMAT SERVICE

Through the Message Format Service (MFS), a comprehensive facility
is provided for IMS/VS users of 2740, 2741, 3270, 3600, 3767, and 3770
devices. MFS allows application programmers to deal with simple logical
messages instead of device dependent data; this simplifies application
developmnent. The same application program may deal with different
device types using a single set of editing logic while device input
and output are varied to suit a specific device. The presentation of
data on the device or operator input may be changed without changing
the application program. Full paging capability is provided for display
devices. 1Input messages may be created from multiple screens of data.

A program using MFS need not be concerned with the physical
characteristics of the device used for input and output messages unless
it wants to use certain very specific device features. Even when these
features are utilized, the program can request functions in a logical
manner; no device control characters or orders may be sent directly
from the program or may be received by the program. The presentation
of data on the device may be changed without application program
changes. Both logical and physical paging facilities are provided for
the 3270 and 3604 display stations; this allows the application program
to write a large amount of data that will be divided into multiple
screens for display on the terminal. The capability to page forward
and backward to different screens within the message is provided for
the terminal operator. The conceptual view of the formatting operations
for messages originating from or going to an MFS-supported device is
shown in PFPigure 2-5.

MFS IMSIVS MFS
Supported - MFS »|{ Application > MFS »| Supported
Device Program Device
Device Input Output Device
Input Message Message Output
Figure 2-5. Message Formatting Using MFS
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MFS has three major components:
e MFS language utility

e MFS pool manager

e Message editor

The MFS language utility is executed offline to generate control
blocks and place them in a format control block data set named
IMSVS.FORMAT. The control blocks describe the message formatting that
is to take place during message input or output operations. They are
generated according to a set of utility control statements specified
by the IMS/VS system designer. There are four types of format control
blocks:

e Message input descriptor (MID)
s Message output descriptor (MOD)
e Device input format (DIF)

e Device output format (DOF)

The MID and MOD blocks relate to application program input and output
message segment formats, and the DIF and DOF blocks relate to terminal
I/0 formats. The MID and DIF blocks control the formatting of input
messages, while the MOD and DOF blocks control output message
formatting.

The message editor and MFS pool manager operate online during the
normal production mode of operation. The message editor performs the
actual message formatting operations using the control block
specifications. The MFS pool manager controls residence in the main
storage MFS buffer pool of the format control blocks required by the
message editor. Efficient use of available pool space is provided by
look-ahead fetching of required control blocks from direct access
storage, and by maintenance of last-referenced format control block
chains for reuse of pool space.

Two other MFS components, a MFS service utility and a MFTEST pool
manager are available to support optional MFS operatiomns.

The MFS service utility provides a method for additional control of
the format control block data sets. It executes offline and can be
used to create and maintain an index of control blocks for online use
by the MFS pool manager.

The MFSTEST pool manager replaces the MFS pool manager to support
the optional MFSTEST mode of operation. The IMS/VS /TEST MFS command
can be used to place online MFS terminals into MFSTEST mode during
which new applications and modifications to existing applications can
be exercised without disrupting production activity.
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Figure 2-6 provides an overview of major MFS operations. The circled
numbers reference notes that indicate major distinctions in MFS
processing when the MFSTEST facility is used. The IMS/VS Message Format
Service User's Guide provides a complete description of MFS.

PROVIDED

BY MFS OFFLINE ONLINE MFS
APPLICATION EXECUTION EXECUTION TERMINAL
DESIGNER

IMSVS.
FORMAT

® r

Message and Message/ @ l
Format Control Format -
Statements Language

Utility

|
I l_ _ | MFS

I Maintfnanoe | Pool Manager
Service Utility 'l‘z"es*‘gf’ I MES -
Control s:x:; Message
Statements Utility Editor
[ !
Index, Lists,
’ ’ Message

MFSTEST DISTINCTIONS

1. Can execute concurrently with the IMS/VS online control region only in MFSTEST mode.

2. Replaced by IMSVS. TFORMAT in MFSTEST mode; IMSVS. FORMAT is available as secondary source of
control blocks in MFSTEST mode.

3. The communication line buffer pool is used in MFSTEST mode.
4. Replaced by MFSTEST pool manager in MFSTEST mode.
5. Terminal operator must use /TEST MFS command to enter MFSTEST mode.

Figure 2-6. Overview of Message Format Service
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OVERVIEW OF IMS/VS 3270 SUPPORT

The IMS/VS Message Format Service (MFS), described in the previous
section, is used exclusively to format data transmitted between IMS/VS
and the devices of the 3270 Information Display System. MFS provides
a high level of device independence for the application programmers
and a means for the application system designer to make full use of
the 3270 device capabilities in terminal operations. The IMS/VS Message

Format Service User's Guide contains a complete description of MFS.

3270 COPY FUNCTION

When an IMS/VS system is defined to include printer components of
the 3270 Information Display System attached through a polled BSC or
SDLC line, it is possible to allow an automatic or operator-controlled
hard copy of the video output (or input) to be sent to a 3284,/3286
printer. This hard copy can be requested through the use of the SCA
field in the application program's output data, the definition of the
message (see INS/VS Message Format Service User!'s Guide), or by operator
action. The hard copy listing is produced on an appropriate printer,
which must be attached to the same control unit (3271 or 3275) as the
display station containing the information to be copied. If a request
is sent to a terminal that is not defined as allowing the copy function,
or that does not support the copy function (3270 local attachment),
the request for the copy function is ignored.

The format of the printed output can vary from that on the display
station as a result of blank lines (or null lines), which are ignored
by some models of the 3284/3286 printers. 1In all cases, the buffer
size of the printer must be equal to or larger than the buffer size of
the display station to be copied (3275/3284 Model 3 has no printer
buffer and this consideration does not apply).

When printers are attached to a 3271, the IMS/VS system definition
process determines which printers are eligible to receive the hard-copy
output of a copy operation. These printers are called candidate
printers. When a copy operation is requested by the operator or an
application program, the candidate printers are searched in a
predetermined order to find a printer that can be used. The first
printer that is not stopped, is not currently printing a message, is
not in exclusive status, and is ready, is used. If the operator made
the copy request and all printers are busy, the keyboard on the display
station is left inoperable until a printer is available and the message
is successfully copied to the printer. If the copy request is from an
application program and all printers are busy, the message is not
displayed until a printer becomes available. This prevents the operator
from altering the data to be printed before the message is successfully
copied to the printer. If no candidate printers are currently
available, an appropriate error message is sent to the display station
requesting the copy operation. If the copy operation was requested by
the application program or the format description (DEV statement, DSCA
operand) , an attempt to send the message will be retried when the error
message is cleared from the screen through the Message Advance Function
(see the IMS/VS Operator's Reference Manual). If the copy function
was requested by the operator, the operator can ready the candidate
printer(s) and retry the copy operation.

Candidate printers for a particular display station result from the
way the physical terminals are defined during IMS/VS system definition.
Candidate printers for a display station must be defined after that
display station but before any other display station-printer groups.
Other display stations can intervene between a display station ‘and its
candidate printers, but other display station-printer sequences can
not intervene. For example, in Figure 2-7, PTERM 1 might be a 3275

Design and Control of a DB/DC Systenm 2.51



with its own dedicated printer. TIf PTERM 2 and 3 allow the copy
function, then PTERMs 4 and 5 will be the candidate printers for these
PTERMs. If PTERM 6 is allcwed to use the copy function, then PTERM 7
will be the candidate printer for PTERM 6. Note that the candidate
printer PTERM 7 will not be used for copy functions from PTERMs 2 and
3, nor will candidate printers PTERMs 4 and 5, be used for copy
functions from PTERM 6. And, in no instance, is a copy function
permitted across line, linegroup, or 3270-control-unit boundaries.

3275 WITH 3284 MODEL 3 3277 MODEL 1 N
A A Aae—
e S
A PTERM 1 o~ —— PTERM 6
, 3271, MAY BE ON SAME
3 3271 AS PTERMS 2,
3277 MODEL 1 3284/3286 MODEL 1 3 4ANDS
A A PTERM 2 D PTERM 7
.................... . J
3277 MODEL 2
i y

.....................

3284/3286 MODEL 2 p 3271
O PTERM 4
3284/3286 MODEL 2
O PTERM 5
)
Figure 2-7. 3270 Copy Function Example

3284 MODEL 3 PRINTER SUPPORT

The 3284-3 printer, when attached to a 3275, is supported by IMS/VS
as a component of the 3275 terminal. Messages are sent to the two
components on a rotating basis, as with any component-type terminal.

If no messages can be sent to the printer component, messages are sent
continuously to the display component, just as if no printer component
existed. If no messages can be sent to the display component, messages
are sent to the printer as though the display component did not exist.
As long as messages can be sent to the printer, no operator intervention
is required. When a message is sent to the display component while
messages are enqueued for the printer, the operator must intervene to
allow either further display output or printer output. Any situation
(such as a stopped LTERM or an inoperable printer) that prevents the
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sending of messages for the LTERM(s) assigned to a particular component
causes message transmission to cease to that component.

3270 MASTER TERMINAL SUPPORT

IMS/VS supports a 3270 terminal as a master terminal. A 3270 master
terminal consists of two 3270 components: a 3277 display and a
3284/3286 printer. The 3275 with an attached 3284-3 is not supported
as a 3270 master terminal.

When IMS/VS uses a 3270 master terminal, all messages are routed to

the display component. Certain selected system-generated messages,
critical to IMS/VS operation, are also sent to the 3284/3286 component.

NTELLIGENT REMOTE STATION SUPPQRT

IMS/VS provides for attachment of a System/3 Model 10 and System/7
using the IRSS (intelligent remote station support) interface. The
interface. provides a remote station with powerful tools to control the
flow of data between a System/370 and terminals attached to the
intelligent remote station. This interface provides the definition of
transmission block formats. A primary purpose for these formats is to
define message transmission associated with one or more terminals
attached to the intelligent remote station. These formats are described
'in detail in the IMS/VS System Programming Reference Manual.

Conversational processing as well as presetting of destinations are
available to terminals attached to the remote station. IMS/VS provides
the facility of routing transaction responses to the originating source
as well as to alternate destinations without application progranm
involvement. IMS/VS provides a restart facility for the remote station
by logging and retransmission of appropriate block and message
jdentifiers.

TRANSMISSION BLOCKS

Two types of transmission blocks are defined in the IRSS interface.
The data block type is used to carry message segments. The
synchronization block type is used to carry all other required
information such as shutdown, restart, status change, ask for output,
and dequeue output.

Each data block contains a block identifier containing, in four
bytes, information that can be used by the remote station to restart
its transmission of data to IMS/VS, if it has a restart facility. The
content of this identifier is up to the remote station, but if the same
identifier appears in the first data block received by IMS/VS as was
contained in the restart message, after IMS/VS has transmitted a restart
message, IMS/VS considers the block retransmitted and will scan for a
restart point as described below.

Each data segment in a data block contains a message identifier.
This one byte message identifier contains information that enables the
remote station to identify a message or segment within a block. In
addition, IMS/VS appends the message identifier from a segment in error,
if an error message must be transmitted by IMS/VS to the remote station
due to an error discovered while processing a segment. The message
identifier is also contained in restart messages and can be used by
the remote station to restart its transmission of data because it
indicates the last comfplete message processed by IMS/VS within the
identified block.
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The message identifier is used by IMS/VS to scan for a restart point
if a block was retransmitted after restart. INS/VS scans the received
block until a segment with the same message identifier as in the restart
message, and which is flagged as the last segment, is found. IMS/VS
then starts processing with the segments following the one found, if
any. The entire block is discarded if no segment that meets the above
specifications is found. Cold start messages do not contain block and
message identifiers since none are available, but they imply binary
zero identifiers. Therefore, the remote station should not use a block
identifier of binary zeros in the first block transmitted to IMS/VS
following a cold start message from IMS/VS, or the block will be
ignored.

A two-byte terminal identifier is used by the IRSS interface for
destination control. The terminal identifier used in communication
with IMS/VS must be defined when performing the IMS/VS systen
definition. The TERMINAL macro is used for this purpose. IMS/VS treats
each defined terminal identifier as a physical terminal. Since IMS/VS
has no knowledge about the actual physical terminals attached to a
remote station, there is no requirement that the terminal identifier
correspond to a physical terminal address. The number of physical
terminals attached is also independent of the number of terminal
identifiers specified. The terminal identifiers employed by IMS/VS
IRSS provide a means of extending all IMS/VS facilities characteristics
of a physical terminal to any logical destination within a station
supported by IRSS. Since IMS/VS has no knowledge of the terminal
itself, this designator can be used to accomplish a variety of
application-dependent functions; for examrle:

e Routing to specific terminals or devices in the remote station

e Scheduling of specific application programs within the remote
station

e Batch-type terminal support similar to 2770 or 2780 terminals by
proper definition of the remote station I/0 components

e Data collection from a variety of I/0 devices into a single streanm
identified to IMS/VS as a unique terminal for specific IMS/VS
application program processing

Prior to the enqueue of a message received from a remote station,
INS/VS logs the identifiers pertaining to the last block and segment
of the message. This information is also kept in the communications
restart block (CRB) and is restored by restart. The identifiers,
pertaining to the last message enqueued, are transmitted to the remote
station in all types of restart messages except the cold start message.

SYSTEM/3 AND SYSTEM/7 PROGRAM FUNCTION REQUIREMENTS

The IMS/VS support for System/3 and System/7 does not include a
program resident in either computer. The IMS/VS user must supply this
program. The user's program residing in the System/3 or the System/7
must be able to handle at least the following parts of the IRSS
interface:

e Transmission control

e Data blocks

o Tmmediate shutdown request from IMS/VS

e Send output complete message to IMS/VS
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It is recommended that the program be capable of recognizing error
messages. All other information provided by IMS/VS can be used or
ignored at the discretion of the user.

INS/¥S System Messages

All IMS/VS system messages contain a message identification whose
first three characters are DFS. The IRSS support extracts the number
from the message, in case of an error message, and builds a
synchronization block. All user initiated messages should be set up
so they cannot be confused with an IMS/VS system message.

TRANSMISSION CONTROL

IMS/VS receives transmission blocks from a remote station in input
mode and transmits blocks to a remote station in output mode.

IMS/VS may request the line to do the following while in input mode:
e Transmit error messages pertaining to received data.
e Transmit command completed messages pertaining to received commands.

e Return a test message if a terminal has been placed in test mode
through the /TEST command.

e Transmit an immediate shutdown request message.

IMS/VS causes a reverse interrupt sequence to be transmitted if any
of the preceding conditions occur when in input mode. IMS/VS then
accepts one additional input block after transmission of the reverse
interrupt. An attempt to transmit more than one block results in a
transmission error and the station is logically deactivated.

Error messagés and shutdown request messages are transmitted using
the appropriate synchronization block. Command completed messages and
test messages are transmitted using data blocks.

A message transmitted by IMS/VS in output mode must be removed from
the queue through a request from the remote station. This is done to
ensure that no message is removed from the IMS/VS queue until it has
reached its final destination at the remote station. The request to
remove a message is made using the appropriate synchronization block.
This can be performed at any time after the last segment of the message
has been received by the remote station but before any message is
transmitted to IMS/VS using the same terminal identifier. IMS/VS
retains an output message in progress on the queue if an input message
is received for the same terminal identifier, even if the last segment
has been transmitted but the remove request is not received.

The remote station can transmit an error message to IMS/VS at any
time after the first segment of the message has been received, but
before it is removed from the queue or retained on the queue because
of an input message. An error message causes the logical terminal, on
which the message is queued, to be stopped and a message sent to the
master terminal. The message is retained on to the queue. Error
messages are transmittted using a synchronization block. Messages
transmitted by IMS/VS while in input mode are not queued and, therefore,
cannot be removed from a queue. Consequently, the remove from queue
message should not be sent.
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Any error detected in the interface between IMS/VS and the remote
station results in logical deactivation of the remote station by an
EOQOT.

SYSTEM DEFINITION

The System/3 and System/7 are defined using the STATION macro.
Included in this macro are the station's polling address (if applicable)
and the station's operating modes.

Three operating modes may be defined in any combination:

e Postpone type -- non-postpone type
e Ask type -- non-ask type
e Transmission limit -- no-transmission limit

A System/7 station on a start/stop line has the added definition of
ocutput transmission code modes. The station can be defined to require
all data blocks to be transmitted in PTTC/EBCD code, pseudo-binary
PTTC/EBCD code, or to allow IMS/VS to determine the code.

Postpone Type Station

A station defined as postpone type is started with the postpone
output flag set in all defined terminals. The remote CPU must send
the resume output I/O-synchronization block to IMS/VS to receive output.

A postpone type station has the advantage of specific terminal output
requests by the user program in the remote CPU. This function can
conserve resources within that systen.

Ask Type Station

To allow the user's program to control when to receive blocks from
INS/VS, the station can be defined as ask type. After the restart
message has been transmitted by IMS/VS, IMS/VS waits to receive an ASK
message before transmitting anything else. The ASK message is sent by
a remote station to inform IMS/VS that the station is ready to receive.
This message is required:

o After IMS/VS has transmitted the NO-OUT message (I/0 synchronization
message flag value X'08') to the remote station.

e After IMS/VS has transmitted a user specified number of blocks to
the remote station. This count is reset each time an ASK message
is received. Messages sent following a LINE TURN AROUND requested
by IMS/VS are not counted.

IMS/VS transmits blocks according to normal rules after an ASK
message has been received. When all available output that can be sent
has been sent, IMS/VS transmits the NO-OUT I/O0 synchronization message.
IMNS/VS then waits to receive an ASK message before transmitting any
further output. The transmission of the NO-OUT message can be preempted
by reaching transmission limit. The ASK message is an I/O
synchronization message with flag value X'10'. The NO-OUT message is
an I/0 synchronization message with flag value X'08'. The format of
these messages is described in the INMS/VS System Programming Reference
Manual.
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Transmission Limit

INS/VS system definition allows for the specification of a
transmission limit fcr each remote station defined. The transmission
limit is the maximum number of transmission blocks, excluding the block
transmitted following a reverse interrupt sequence and the shutdown
synchronization block, that IMS/VS will send in output mode between
renote station initiated resets. The remote station uses the ASK
message to perform this function. The ASK message is sent by a remote
station to inform IMS/VS that the station is ready to receive. The
transmission limit defined to IMS/VS should be the number of buffers
in the remote station minus one, because IMNS/VS may be required either
to transmit blocks to the remote station while in input mode (see the
description under "Transmission Control" in this chapter) or send a
shutdown synchronization block while in output mode.

This message is required:

e After IMS/VS has transmitted the NO-OUT message (I/0 synchronization
message flag value X'08') to the remote station.

o After IMS/VS has transmitted a user specified number of blocks to
the remote station. This count is reset each time an ASK message
is received. Messages sent following a LINE TURN AROUND requested
by IMS/VS are not counted.

The transmission limit can range from 1 to 15, or be defined as
zero, indicating unlimited transmission.

The three remote CPU operating modes can be defined in any
combination. The presence (or absence) of postpone type does not impact
INS/VS function. IMS/VS function does vary, however, when ask type
and/or transmission limit are specified or are not specified.

The flowcharts below show IMS/VS function for the possible
combinations of operating modes:

Basic (non-ask type, no-transmission limit)
Ask-type, no-transmission limit

Non-ask type, transmission limit

Ask-type, transmission limit
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CONSIDERATIONS UNIQUE TO SYSTEM/7

System/7 Start/Stop Transmission Code Modes

IMS/VS requires synchronization blocks to be transmitted using the
pseudo-binary PTTC/EBCD transmission code. This code is described in
the System/7 Functional Characteristics Manual, GA34-0003.

Data blocks are transmitted using either the standard PTTC/EBCD
transmission code or the pseudo-binary PTTC/EBCD transmission code.
IMS/VS accepts either code on input and scans the output data to
determine if the block contains any characters that cannot be
transmitted using the standard PTTC/EBCD transmission code. If such
characters are found, the block is converted to pseudo-binary PTTC/EBCD.
Otherwise, the message is translated as standard PTTC/EBCD transmission
code.

IMS/VS allows the user to specify at IMS/VS system definition, on
a per station basis, that all data blocks should be transmitted in one
of the above transmission codes. If all data blocks are to be
transmitted in the standard PTTC/EBCD code, all characters that cannot
be transmitted in that code are replaced by a colon.

The output buffer size specified by the user at IMS/VS system
definition is doubled to allow for conversion to pseudo-binary
PTTC/EBCD, unless the user specifies that all data blocks are to be
transmitted using the standard PTTC/EBCD transmission code.

Supported System/7 Start/Stop Line Types

IMS/VS allows a System/7 to be attached on a nonswitched contention
line or a nonswitched polled line. A polled line may be polled using
programmed polling or autopoll.

IMS/VS can control a polled line and therefore initiate output, if
allowed to, at any time data transfer is not taking place without a
potential loss of data and without System/7 intervention. To try to
avoid errors caused by loss of data on a contention line, some of the
responsibility for keeping communication open is dependent upon the
System/7 program. IMS/VS issues a read when output is not available
to send and this read must be terminated by transmission from the
System/7. Since there is no indication of whether, after receiving a
block, IMS/VS intends to transmit or return to read, unless the System/7
is defined as ask type, it is recommended that a System/7, attached on
a contention line, be defined as ask type. The receipt of the output
not available (NO-OUT) message informs the System/7 program that IMS/VS,
immediately following the completion of this message, is issuing a
read.
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Supported System/7 BSC Line Types

——

IMS/VS allows a System/7 to be attached on a nonswitched contention
or polled line. IMS/VS is defined as the controlling station. All
transmissions must be in BSC EBCDIC transparent mode.

Process Controlling System/7

Since there is no facility to prevent an IMS/VS shutdown checkpoint
while a process controlling System/7 is active, the System/7 should
transmit a message to the IMS/VS master terminal operator, when
conmunication is started, informing the operator that a process
controlling machine is attached and that the operator should not issue
a shutdown checkpoint until informed that the process controlling
machine is either stopped or stoppable.
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CONSIDERATIONS UNIQUE TO SYSTEM/3

IMS/VS support of the System/3 is designed to provide a high degree
of flexibility in function but is consistent with the main storage
constraint inherent in smaller computers.

While IMS/VS IRSS does not require it, it is anticipated that
System/3 programs designed to interface with IMS/VS will take advantage
of the ask-type station facility described under "System Definition."
This facility allows the System/3 programmer to allocate his main
storage resource only when he is ready to accept data from IMS/VS; thus
alleviating the requirement for a larger, permanently-dedicated buffer
area.

Transmission of data in the EBCDIC transparency mode allows all
types of data to be transmitted from an INS/VS application progran.
This could save additional storage or programming in the System/3.

If the System/3 is used as a subhost for locally attached terminals,
using either the MLTA (for start-stop) or MLMP (for BSC) features of
the System/3 Disk System Control Program, the IRSS provides each of
these terminals direct access to an IMS/VS system with the additional
advantage of a common I/O interface.

Though IMS/VS IRSS supplies a large amount of status type information
to the System/3, the System/3 programmer does not need to design his
application to process all types. Consequently he can realize a savings
in main storage or programming within the System/3.

To fully utilize the features provided by IRSS to the System/3, the
System/3 programmer should design his application to use the Disk System
Control Program with the BSCA Multiline Multipoint feature. This
support allows the user to directly control the line discipline and to
recognize many types of responses from IMS/VS.

Desiagn of the System/3 Application Using MLMP

To utilize MLMP support in the System/3 to communicate with IMS/VS
through the IRSS, the System/3 user shoulad:

1. Define two BSCA files, one for transmit and one for receive.

2. The transmit file should be single buffered to prevent more than
one block being transmitted after a reverse interrupt (RVI)
indicator has been sent by IMNS/VS. The reverse interrupt
indicator must be defined and recognized for this file.

3. It is recommended that the System/3 user utilize the get-block
and put-block modes of the GET and PUT macros. This is
recommended because IMS/VS IRSS data structures do not normally
lend themselves to the record separator mode of deblocking
(unless of course the data to be transmitted can be guaranteed
not to contain a particular character).

4. If multiple System/3s are to be multidropped on a single
communication line, it is important for the System/3 application
program to take the necessary steps to assure a negative response
to polling when communication is inactive between the System/3
and IMS/VS. This usually requires the issuance of a GET type
operation in the System/3 and the use of the cancel function
when the next direction of transmission is to be a PUT type
operation for the System/3.
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CONTROL OF THE DB/DC SYSTEM

—_—l= P

SECURITY AND PRIVACY

In government, education, and private industry, there has been a
long-term trend toward centralization of data. Data base/data
communication systems like IMS/VS are accelerating this trend. More
and more information is being consolidated about individuals,
businesses, governments, and institutions. It is predictable that this
data will grow into vast, interconnected national or evemn internatiomnal
data networks. As consolidation increases, so do the fears of
individuals and businesses that their rights to privacy and to
protection of privileged and confidential information will be
compromised. Equally important are the concerns for protecting data
from malicious or accidental modification.

It is the objective of IMS/VS to provide safeguards through which
access to data may be limited. The mechanics of the safequard system
can be used to administer security and privacy policies. Administration
is accomplished by careful interpretation of policy in system and
application design, and into parameters and control statements used
for:

e System definition

e Program specification block generation

Data base description generation

Security maintenance progran

Statistical analysis progran

Authorizing Use of Terminal Commands

In the newly generated DB/DC System, only a basic subset of the
terminal commands is protected against unauthorized entry. The terminal
command lanqguage, if properly used, provides flexible control of the
DB/DC system while it is in operation. The commands permit alteration
of the status of many system resources. Anmnong the functions that can
be performed, several are vital to the integrity of the security
safequards themselves. Other functions, although not threatening the
security safeguards, are capable of crippling operations or shutting
down the entire DB/DC system. Freedom from concern over capricious or
malicious use of the commands can be achieved by designing and
implementing a command authorization plan. The tool provided by IMS/VS
to implement this plan is the Security Maintenance Program. Refer to
the IMS/VS Installation Guide for information about the use of this.
program.

Conrands are protected individually. Each command verb performs a
separate function. However, it can perform that same function for many
kinds of system resources. For example, the /START command function
can be performed for communication lines and terminals, making them
available for use. The /START ccmmand can also specify as its object
programs, data bases, logical terminals, and transactions. The command
function, as represented by its associated verb, is what the security
safeqguards protect.

The objects of command verb action are represented by keywords in

the command language. These objects are, in general, a class of
resources within the DB/DC system such as data bases, terminals, and
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programs. A specified member or all of a class of resources can be
the object of a command verb.

Command functions can be protected against unauthorized use in three
ways: by permitting the command verb to be entered only from certain
logical terminals, by requiring that a password be entered with the
conmand verb, or both. Some objects of commands can be protected
against unauthorized action by requiring a password to be entered with
the parameter. The protection of the command object is controlled by
assigning a protected attribute to each member of the class of objects
to be protected.

For example, to require a password be entered to alter the status
of logical terminals (LTERM) 111, 222, and 333, one must specify to
the Security Maintenance Program a password for each terminal. If
LTERMs 111, 222, and 333 are the only LTERMs in the system and all are
protected by the same password, then the object keyword is secured
throughout the system. If, however, it is only necessary to protect
LTERM 222, then the LTERM keyword can be used without a password on
LTERMs 111 and 333.

Another way to look at using safeguards to protect the command
language is by individual user profile. Equate passwords to user
sign-on or identification codes. An authorization plan can be developed
that authorizes each user to use, individually, a set of command
functions. That authorization could be localized geographically through
restricting entry of the command verb to a group of logical terminals.

A class profile system could be used. For example, password x
validates the use of four command verbs, YYYY validates three different
command verbs. ZZZZ however is valid not only for the commands
protected by x and YYYY, but also authorizes the holder to enter an
immediate DB/DC system shutdown command from any terminal.

Although all documentation emphasizes the identity and importance
of the master terminal, there are only a few characteristics that make
it unique in the DB/DC system. It is the only logical terminal to
which messages about the operational status of the system are
automatically routed. It and the System/370 console are the only
terminals through which the DB/DC system can restarted. The control
that the master terminal exercises over the system is made possible
through the IMS/VS command language.

A thorough examination of the commands, the system to be protected,
the requirements of users, and the objectives of your security and
privacy policy will provide guidance in the distribution of authority
to use the command language. Refer to the IMS/VS Operator's Reference

language.

Bestricting Entry of Tramsaction Codes

Through the entry of transaction codes, the terminal operator
identifies the destination of the text or data that follows. When one
examines the syntax of input messages, as defined by IMS/VS, it can be
seen that all entries from terminals are classified by means of an
identity code. The precise rules which govern the recognition of
identity codes by IMS/VS vary from device to device. 1In general, there
are -two levels of recognition. The first level establishes whether
the entered data is a command by reserving the initial character /.
The first character of every input segment is examined for a /. If
one is present, the segment is treated as a command segment. Input
destined to a program or logical terminal must not contain a / as the
first character of any segment. The second, or operational, level
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verifies that the identity code is known to IMS/VS. If it is known,
then it and the text that follows are classified based upon the
attributes of the identity code. If the code was defined during system
definition as a transaction code, the message is routed to the
application program which is to process it. If the code was defined
as a logical terminal name, then the message is routed to the physical
terminal to which that logical terminal is attached. It becomes a
message switch transaction.

The possible contents of a message destined for an application
processing program, the actual functions which are performed by that
program, and the content of any output subsequently generated by that
program are unknown to IMS/VS. Because applications may deal with
critical or private matters, safequarding tools are provided by the
system to prevent unauthorized entry of transaction codes, and hence
unauthorized use of application program functions.

The entry of each transaction code can be limited to any one or any
group of logical terminals in the system. Depending on the ratio of
secured to unsecured transaction codes, the authorization plan that is
developed can be inclusive or exclusive. To use the Security
Maintenance Program effectively, the operational plan must be inclusive.
That is, you must specify the transaction codes which are to be secured.
There is no provision for specifying those which are not to be secured.
There are, however, alternative views of the plan that can be helpful.
You can look at the transaction codes as being authorized for entry
from a list of logical terminals. Or, think of each logical terminal
as being authorized to enter a list of transaction codes. Either
viewpoint may be translated as easily into the operational input
statements that describe what you want to do with the Security
Maintenance Program. However, the number of input statements can vary
substantially between the two viewpoints. If, for example, you have
one transaction code you want to authorize from five logical terminals,
six input statements are required. Conversely, if you specify five
logical terminals and authorize the same transaction code from each,
ten input statements are required.

Passwords can be used instead of, or in addition to, logical
terminals to limit transaction entry. The security provided by
passwords can be specified and viewed in the same manner as that
provided through logical terminals. Without appropriate hardware
features on physical terminals however, there is exposure to possible
compromise of the passwords.

INS/VS does not provide a software feature to blank out or obliterate
passwords from the terminal device display media after they are
accepted. It does remove passwords from messages prior to recording
them on the log.

Most hard copy key-driven terminals have a feature which permits
characters to be entered without displaying them. This feature is the
bypass feature. Ordinarily, a terminal with this feature is operated
continuously in display or bypass mode. If passwords are to be used
to support security requirements, this feature is a necessity.

The bypass feature can be used operationally; that is, by

establishing standards for protection not only of passwords, but also
of command verbs, commands, transaction codes, and text.
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Limiting Access to Data

Through centralized control over the content of Data Base
Definitions, Program Specification Blocks, and the libraries which they
reside, an effective scheme of protection attributes can be assigned
to data. This assignment is made relative to each application program
which has access to the data base. The smallest unit of data which
may be so protected is the segment. The basic actions that can be
authorized are:

e None -- no access to segment type.
e Read -- segment type may only be retrieved.

One or more of the following additional actions combined with read
can be authorized:

e Add -- new occurrences of segment type can be inserted.
e Update -- an existing occurrence of a segment type can be replaced.
e Delete -- an existing occurrence of a segment type can be deleted.

Although access authorization is declared at the program level, if
necessary, enforcement of the authorization can be made to appear at
the transaction code or individual hierarchical level of a data base.
If only one transaction code is associated with a particular progranm,
then the access authorization has been promoted to the transaction
level. Through use of passwords or through use of the transaction code
and terminal bypass feature, access authorization can be promoted to
the individual level.

Por information about specifying access authorization, refer to "PSB
Generation® in the IMS/VS Utilities Reference Manual. The control

statements through which data access is authorized are PCB and SENSEG.

Users of the Interactive Query Facility (IQF) feature must name each
PCB associated with a data base, and use this name when entering a
query at the terminal. By having multiple IQF PSBs, and assigning a
unique transaction code or set of transaction codes to each PSB, the
IQF user can restrict the domain of IQF processing to specific subsets
of all the installaticn's data bases. Each IQF PSB is thus treated as
though it were a different application, and the IMS/VS security
capabilities are easily extended to users of IQF.

VIOLATION CONTROL

As stated above, IMS/VS provides a terminal security arrangement or
the user can create his own with the Security Maintenance Program. The
amount of control the user wants exercised over the security arrangement
can be defined during IMS/VS system definition.

e Password and/or terminal security can be defined as a systen
default; each time IMS/VS is initialized, the security tables are
loaded automatically.

e The master terminal operator can be allowed to negate, or be
prohibited from negating, the automatic loading of security tables.
System initialization prevents an operator from starting the systenm
without security if he is not authorized to do so.
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IMS/VS records all security violation attempts on the IMS/VS system
log tape. The violations recorded are:

e Input message frcm an unauthorized terminal
e Password omitted when one is required

e Password incorrect for authorization

® Misspelled password

IMS/VS rejects invalid input messages by sending a message to the
terminal sending the message, and logging the wviolation.

The log tape provides an audit trail to look into possible security
problems. If more immediate action is desired, the user can request
notification to the master terminal at the time of the violation. Since
the number of violations for a large network may be high due to
misspelled passwords, transaction codes, commands, etc., the user can
specify a threshold for notification such that the master terminal is
not notified until the specified number of violations occur without a
valid input from a given terminal. This eliminates or reduces the
nunber of notifications due simply to operator error, while still
providing evidence of real attempts to avoid security safeguards.

3270 switched Terminal Security

3270s on a switched line can have their hardware IDs verified for
authorization to access IMS/VS by use of the IDLIST macro. For
additional terminal security information concerning 3270 switched
terminals, refer to the IMS/VS Installation Guigde.

IMS/VS DC MONITOR

The IMS/VS DC monitor is a tool for collecting performance data to
investigate specific application designs, data base designs, and
resource allocations. It consists of a monitor module, and a Monitor
Report Print program. When activated, it analyzes and records the
internal activities of the IMS/VS DB/DC system. The monitor report
print program is processed offline to produce reports that summarize
and categorize, at various levels of detail, the information recorded
by the monitor module. The actions required to activate the monitor
module are described in the IMS/VS Operator's Reference Manual. The
monitor report print program is described in the IMS/VS Utilities
Reference Manual.

The monitor module collects data from IMS/VS DC control blocks during
operation of the online system, with minimum interference to the systen,
and records the data on an independent data set. The monitor remains
resident and is activated and deactivated through master terminal
control. ‘

Following are recommendations for use of the IMNS/VS DC monitor:

e Collecting data -- The IMS/VS DC monitor enables an IMS/VS DC user
to collect performance data to assist in analyzing an existing
IMNS/VS online system. The amount of data collected and the analysis
time to understand the report output suggest short traces during
various time periods. Reports produced from profiles of a time
period considered as normal can be used as a profile and compared
with reports produced during a time period characterized by unusual
responses.
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e Tuning system -- The IMS/VS DC monitor can be used to quantify the
effect of actual changes to data base structures, program
characteristics, data set placement, pool sizes, number of message
processing regions, transactions, and message region class
scheduling.

e Testing application -- In the final testing of new or revised
applications, the IMS/VS DC monitor can be useful in validating
the internal operation of the programs and data bases. For example,
the programmer thought a specific DL/TI call could be satisfied with
a single I/0 retrieval, yet the DL/I call report indicated a large
data base scan as shown by many IWAITs. Investigation of such
items could assist - in determining whether a new or revised
application meets the performance objectives. Data contained in
the reports may also assist in defining the resources required by
an application program.

e Integrating applications -- The IMS/VS DC monitor can be used to
determine the effects on the IMS/VS production system as new
applications are merged from a test system to the production systen.
One of the basic problems in integration of new applications into
an existing system is the requirement of re-tuning options in the
production system, such as data set placement and buffer pool sizes,
as discussed above in the tuning of the systenm.

e Communicating criteria -- If the above recommendations are
implemented, then data is collected to establish a performance
base, profiles are ‘available for the problem periods, the system
is.tuned for the production and test systems, and a