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Improving Your CICS TS 3.1
Throughput With Enhanced

Exploitation of OTE
By  E l e n a  N a n o s

IBM continues to enhance CICS’s ability to use multiprocessors
and further enhanced exploitation of Open Transaction

Environment (OTE) with CICS TS 3.1. This article will give you an
overview of how CICS TCBs are used and will give you guidance on
best way to utilize machine resources to achieve better throughput.

HISTORY OF CICS TCBS USAGE

In the past, most of CICS workload was running under a single
Task Control Block (TCB) known as Quasi-Reentrant (QR) main
TCB. When an application was defined to CICS as quasi-reentrant, it
executed on the QR TCB. When running under this TCB, a program
could be sure that no other quasi-reentrant program could run until it
relinquished control during a CICS request. Quasi-reentrancy
allowed programs to access globally shared resources, such as the
CICS Common Work Area, without the need to protect those
resources from concurrent access by other programs. Such resources
were effectively locked exclusively to the running program until it
issued its next CICS request.

Prior to CICS TS V1.3 user applications operated in this restricted
and closed environment. CICS ran all user transactions under a single
QR TCB. Direct invocation of other services outside the scope of the
CICS permitted interfaces could interfere with the use by CICS of the
QR TCB. Because of this, model requests for services outside of CICS
resulted in the suspension of the QR TCB, which happens when an
MVS wait is issued, causing all CICS tasks to wait. The CICS DB2
attachment facility created and managed its own subtask thread TCBs
with which to access DB2 resources to ensure that the waits for DB2
resources would not block the QR TCB.

Let’s review now how QR TCB usage has changed in the CICS TS:

▼ With CICS TS 1.3 IBM introduced the concept of the OTE to
exploit the SMP clustering technology which is available on
z/OS. Applications which exploited OTE could run on their

own open TCB, rather than on the QR TCB. In this
environment CICS application code could use non-CICS
services within the CICS address space without interference
with other transactions.

▼ With CICS TS 2.2, support was added that enabled
CICS/DB2® applications to run in an OTE, and CICS DB2
task-related user exit was converted to exploit OTE feature. By
exploiting the OTE and DB2 Version 6 or later, new L8 TCBs
could be used to process EXEC SQL statements. If an
application was not defined as threadsafe, each task returned to
the QR TCB on completion of the EXEC SQL statement. With
OTE enhancement, existing or new CICS DB2 applications had
an opportunity to gain the performance benefits, by reducing
TCB switching.

▼ In CICS TS V3.1, OTE ability has been extended to non-
CICS/DB2 applications. This removes a major bottleneck for
applications running in CICS, and allows you to move
application workloads off the QR TCB onto multiple open
TCBs. It should be noted that if you prefer to run your workload
on QR TCB, there is a new SIT parameter FORCEQR that
specifies whether you want CICS to force all CICSAPI user
application programs that are specified as threadsafe to run under
the CICS QR TCB, as if they were specified as quasi-reentrant
programs. This parameter applies to all application programs that
are restricted to the current CICS programming interfaces (that
is, those which specify API(CICSAPI)), and does not apply to
any of the following:
▲ Java programs that are run in a JVM
▲ C/C++ programs using XPLINK
▲ OPENAPI programs

FIGURE 1 gives you a high level overview of some TCB options you
currently have with CICS TS 3.1, dependant on whether the CICS pro-
gram is threadsafe, the language it is written in, and security level.

©2006 Technical Enterprises, Inc. Reproduction of this document without permission is prohibited.



©2006 Technical Enterprises, Inc. Reproduction of this document without permission is prohibited.

Now, let’s take a closer look at these TCBs.

L8 & L9 OPEN TCBS – OPENAPI & CICSAPI

OTE enables applications to run on their own TCBs rather than the
main CICS QR TCB. These TCBs are called open TCBs. Using open
TCBs, transactions can execute concurrently with other transactions,
utilizing multiple processors. OTE can reduce TCB switches in CICS-
DB2 applications lowering the CPU costs. CPU intensive workloads
can be moved off of the QR TCB, reducing contention of the QR TCB.
The capabilities of OTE can provide improved performance of your
CICS system.

CICS TS 3.1 extended the use of OTE functionality by providing
support for OPENAPI application programs. Prior to this, the OPE-
NAPI function was available only to task related user exits. There is a
distinct advantage in OPENAPI processing for an application in
which there are threadsafe and issued DB2 calls. The code would
execute on an open TCB and stay there.

Please be aware that not all programs are good candidates for
OPENAPI usage. For example, IBM does not recommend program
products like Omegamon (program KOCOME00) be defined as
OPENAPI. In the case of product modules the code would be dis-
patched on an open TCB, and return to the QR TCB as soon as a
non-threadsafe CICS call was detected; the net effect would be to
introduce unnecessary TCB switching. KOCOME00 will only run on
the THREADSAFE TCB (L8 TCB) if the monitored transaction is
also threadsafe.

With CICS TS 3.1, you can enable applications to run on an
open TCBs from the start. This will enable the application logic to
move off of the QR TCB. The new TCBs are L8 or L9 TCBs. The L8
TCB, introduced in CICS TS V2.2, will run programs that are defined
as CICS key.

Please note that calls to DB2 must always run in CICS key on an
L8 TCB. The L9 TCB, a new TCB, will run programs that are defined
as USER key. If the USER key program makes a DB2 call, CICS must
switch to an L8 TCB to call DB2, but will switch back to the L9 TCB
before returning control to the application.

The difference with prior CICS open TCB usage is that when the
program is running on L8 or L9 TCB and issues a non-threadsafe com-
mand, CICS will switch back to the QR TCB to execute the non-thread-
safe command, and then switch back to the open TCB after the
command. To enable the use of this new function, there is a new attrib-
ute on the PROGRAM definition; API. The API option can have val-
ues of CICSAPI or OPENAPI and work as follows:

▼ CICSAPI - the program will start on the QR TCB and
subsequent processing will be the same as in CICS TS V2.

▼ OPENAPI - the program will start on the L8 or L9 TCB
depending on the EXECKEY setting. Specifying OPENAPI will
enforce CONCURRENCY(THREADSAFE). Applications
running with OPENAPI must be coded to threadsafe standards.
The FORCEQR=YES specification in SIT will not have an
effect on OPENAPI programs.

It is highly recommended by IBM that existing USER key thread-
safe CICS-DB2 applications, which have taken advantage of the
performance gains of being able to run on the same TCB as the DB2
call, remain defined as CICSAPI THREADSAFE applications.

Here is some guidance for which API to select.
Programs should be defined CICSAPI THREADSAFE if they,

▼ Have some non-threadsafe APIs
▼ Are USER key CICS-DB2 applications

Best candidates for defining OPENAPI THREADSAFE are:

▼ Programs which use CICS threadsafe APIs only or only limited
non threadsafe CICS commands

▼ CICS key CICS-DB2 applications
▼ CPU intensive programs
▼ What causes TCB switching?

The goal of making programs threadsafe is to enable them to remain
on an open TCB, rather than switching back and forth between the
open TCB and the QR TCB. Here are some reasons why TCB switch-
ing may occur:

▼ When a program that is not defined as threadsafe makes a DB2
request, CICS switches from the QR TCB to an open TCB, and
back to the QR TCB again when the DB2 request is complete.

▼ When a user exit program that is not defined as threadsafe is
used in the course of a DB2 request, CICS switches from the
open TCB to the QR TCB. The user exit program is executed
on the QR TCB, and then the task is switched back to the open
TCB to complete the DB2 request.

▼ When a program that is defined as threadsafe and is executing on
an open TCB invokes any EXEC CICS commands which are not
threadsafe, CICS switches back from the open TCB to the QR
TCB to execute the non-threadsafe code. The program then
continues to execute on the QR TCB. If the program does not
make any further DB2 requests, then the switch back to the QR
TCB is only a disadvantage because it increases the usage of
your QR TCB for the time taken to run any remaining
application code. However, if the program makes any further
DB2 requests, CICS must switch back again to the open TCB.

It should be noted that with CICS TS 3.1 all EXEC CICS Web API
commands have been made threadsafe. These are WEB READ, WEB
WRITE, WEB SEND, WEB RECEIVE, WEB RETRIEVE, WEB
STARTBROWSE, WEB READNEXT, WEB ENDBROWSE, WEB
EXTRACT, EXTRACT WEB, EXTRACT TCPIP, and EXTRACT
CERTIFICATE.

J8 & J9 – TCBS FOR JAVA PROGRAMS M

Starting with CICS TS 2.3, you can run Java programs in a JVM that
executes in user key. A new type of open TCB, the J9 TCB, is used for
these JVMs. Running applications in user key extends CICS storage
protection, and the J9 TCB uses less storage below the line than other
TCBs. When you set the EXECKEY parameter on the PROGRAM
resource definition for a Java program to USER, a J9 TCB is used for
the JVM, and MVS storage is obtained in user key. When the
EXECKEY parameter is set to CICS, a J8 TCB is used, and MVS stor-
age is obtained in CICS key.

The default for the EXECKEY parameter is USER. As running appli-
cations in user key extends CICS storage protection, it could be benefi-
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cial to let most of your Java programs run in a
JVM in user key. However, you might need to
execute a JVM in CICS key if the program that
uses the JVM is part of a transaction that spec-
ifies TASKDATAKEY(CICS). If this is the
case, you need to invoke the JVM using a PRO-
GRAM resource definition that specifies
EXECKEY(CICS).

Previously, the EXECKEY parameter was
ignored for Java programs (CICS made them
run in CICS key), so you might find that in
most cases, the PROGRAM resource defini-
tions for your Java programs are still set to
the default of EXECKEY(USER). For
Enterprise Java Beans (EJB), CIRP (the
default transaction for REQUESTMODEL
definitions) specifies
TASKDATAKEY(USER), and the PRO-
GRAM resource definition for DFJIIRP (the
default request processor program) specifies
EXECKEY(USER), so by default EJBs run
in user key.

MULTIPLE J8 AND/OR J9 TCBS
PER TASK

Prior to CICS TS 2.3, a task could only
have one JVM associated with it. It was not
possible to link between two Java programs
directly. 

CICS TS 2.3 removed the restriction and
now multiple JVMs can be used within a sin-
gle task.

You can now use the CICS program-link mechanism to invoke more
than one Java program within the same CICS task. The one-JVM-per-
stack restriction has been removed. Previously, a stack of programs
formed by a succession of EXEC CICS LINK commands, or JCICS
program invocations, within the same CICS task, could not contain
more than one JVM. As a CICS task could only use one JVM, appli-
cations designed in this way could only contain one Java component.
Now, multiple JVMs can be allocated to a CICS task, so you can cre-
ate an application that links together multiple Java programs in the
same CICS region. EJB can now link to another Java program within
the same CICS task.

There are some restrictions with multiple EJBs TCB usage that you
should be aware of:

▼ A single CICS task still cannot contain more than one EJB,
because CICS treats an execution of an enterprise bean as the
start of a new task.

▼ You can create an application that includes more than one EJB,
but the application will not operate as a single task.

JVM POOL

Each JVM runs on an MVS TCB, which is allocated from a pool of
J8- and J9-mode open TCBs, managed by CICS in the CICS address
space. This pool of open TCBs is called the JVM pool. The priority

of the J8- and J9-mode open TCBs in the JVM pool is set lower
than that of the main CICS QR TCB to ensure that J8- and J9-
mode activity does not affect the main CICS workload that is being
processed on the CICS QR TCB.

SPI commands and CEMT commands are provided to inquire upon
the attributes of the JVMPOOL, and new in CICS TS 2.3, upon the
attributes of an individual JVM within the pool. SET commands are
provided for the JVMPOOL to manipulate the pool as a whole. The
CICS-JVM interface when finding a JVM to use for a new transaction
matches upon the EXECKEY of the JVM and its profile.

JM MASTER JVM TCB & SHARED CACHE

The shared cache JVM was introduced with CICS TS 2.3 and can
be created using the JVM’s -Xjvmset option. Multiple JVMs can
share a single cache of class files that have already been loaded,
including some that have been optimized by compilation. The
shared class cache replaces the system heap and the application-
class system heap for those JVMs, and it can contain middleware
and application classes. JVMs that use the shared class cache start
up more quickly, and have lower storage requirements than JVMs
that don’t.

FIGURE 2 demonstrates how JVM storage is allocated when
Classcache is not used.
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FIGURE 1: Transaction Server V3.1 – TCB Architecture
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As you can see in FIGURE 3, each worker JVM is using significantly
less storage when Classcache is used.

The shared class cache is initialized by a JVM referred to as the
master JVM. The master JVM cannot be used to run Java applica-
tions; it exists only to initialize and own the shared class cache.
The master JVM obtains shared memory in which its system heap
is allocated. The system heap contains class files (including those
that have been optimized by compilation) which can be shared by
all the worker JVMs, and the rest of the shared memory contains
other information that is common to the master and worker JVMs,
such as the class loading paths needed to load classes into the
shared class cache. The master JVM runs on its own open TCB, the
JM TCB.

FIGURE 4 demonstrates how JVM pool is setup.
The JVMs that share the class cache are referred to as worker

JVMs, and they can be used to run Java applications. The worker
JVMs use the classes loaded in the shared class cache, instead of hav-
ing to load these classes from the file system. Although the worker
JVMs share the class cache, each worker JVM owns all the working
data (objects and static variables) for the applications that run in it.
This helps to maintain the isolation between the Java applications
being processed in the system. The worker JVMs in a CICS region
have the same level of reusability as the master JVM. How JVMs are
reused and reset explains the levels of reusability for JVMs. If the
master JVM is a resettable JVM, the worker JVMs are also resettable,
and if the master JVM is a continuous JVM, the worker JVMs are
also continuous.

JAVA SUPPORT REQUIREMENTS

Under CICS T STS 3.1 for Java application programs, enterprise
beans, or the Web Services Assistant you need to use IBM SDK for
z/OS, Java 2 Technology Edition, featuring persistent reusable JVM
technology, Version 1.4.2 (5655-I56).

There are two versions of the IBM Software Developer Kit for z/OS,
Java 2 Technology Edition Version 1.4, a 31-bit and a 64-bit version.
CICS TS 3.1 supports only the 31-bit version, which must be at the
1.4.2 level.

Some of the features of Java 1.4.2 are:

▼ Enhancements to security, XML, networking, and debugging
support

▼ Numerous fixes and minor improvements to the 1.4.1 code
▼ Extended service dates, in comparison with Version 1.4.1

IBM’s recommendation for CICS TS 3.1 is to run Java programs
in continuous mode. Support for continuous mode was introduced in
CICS TS V2.3; in order to bring CICS use of Java into line with stan-
dard practices, support for resettable mode will be removed in a future
release of CICS TS.

H8 – TCB FOR HOT–POOLING WITH-
DRAWN52 C

Run-time support for Java program objects and for hot-pooling
(HPJ) is withdrawn. You must migrate any HPJ compiled Java pro-
gram objects to run in a Java Virtual Machine (JVM). The CICS
Migration Guide explains how to do this. For information about the

CICS JVM and about Java programming for CICS, see Java
Applications in CICS. If you attempt to execute a Java program object
in CICS TS 3.1, you will get ALIG transaction abend. The open TCB
mode H8, which was used for hot-pooling Java program objects, no
longer exists.

X8 & X9 - TCBS FOR C/C++ APPLICATIONS

CICS TS V3.1 enables the use of XPLink in C/C++ applications.
It can increase performance for C/C++ applications running in
CICS. It enables CICS to fully utilize the C++ standard template
library and programs can be shared or reused between USS and
batch environments.

XPLink support in CICS exploits the Open Transaction
Environment. These applications run on their own open TCBs. The X8
TCB is used for CICS key XPLink applications and the X9 TCB is
used for USER key XPlink applications. The X8 and X9 TCBs are
managed in a TCB pool called the XP TCB pool. The maximum num-
ber of TCBs can be controlled with the MAXXPTCBS parameter in the
SIT. The FORCEQR=YES in SIT will not effect XPLink programs.
C/C++ applications with XPlink must be threadsafe, and CONCUR-
RENCY(THREADSAFE) is required in the program definition.

S8 & SP – SSL POOL TCBS

CICS TS V3.1 uses OTE to manage SSL connections. There is a
new open TCB mode called SP, that is used for socket p-thread own-
ing tasks. The SSL pool is managed by the one SP TCB that runs in
the CICS region. The SP TCB and subsequent SSL pool will only be
created if the KEYRING parameter is present in the SIT. Each SSL
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FIGURE 2: JVM Storage Allocation without classcache

FIGURE 2: JVM Storage Allocation with classcache
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connection uses an S8 TCB, which is allocated from the SSL pool.
The S8 TCBs run as UNIX p-threads. This allows many more simul-
taneous SSL connections in CICS than the limit of 256 in previous
releases. MAXSSLTCBS has a limit of 1024 TCBs. All of the S8
TCBs run within a single enclave, which also contains the SP TCB and
the SSL cache. S8 TCBs are now only locked to a transaction for the
period that it needs to perform SSL functions. After the SSL negotia-
tion is complete, the TCB is released back into the SSL pool to be
reused.

CONCLUSION

IBM has done an outstanding job with CICS use of multi-proces-
sors. Now with OTE ability being extended to non-CICS/DB2
applications, it gives the flexibility to move CICS application work-
loads to multiple TCBs and help remove bottlenecks. Also, with
previous CICS V2.3 enhancements in Java & EJB support, Java
JVMs TCB usage has been greatly improved, resulting in smaller
JVM footprint and better performance.  
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FIGURE 4: JVM pool is setup


