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CICS/TS V2 brought a series of improvements to web support and 
Java processing.  In addition, this version brought in a new 
performance feature for DB2 V6 (and higher) users called the Open 
TCB environment.  A new CICS TCB construct was created called 
an “L8 TCB” to handle the open TCB environment and a new 
programming concept called “threadsafe” was also introduced.  The 
open TCB environment provides an opportunity for a performance 
improvement in multi-processor systems that included both better 
throughput and in some cases lower CPU utilization.  However, the 
improvements were not automatic and if implemented incorrectly, 
higher CPU utilization could result.  This article will address these 
issues and provide recommendations on how to implement this 
support.  The first part of the article reviews the definition of the 
environment and an explanation of threadsafe programming while 
the second part of the article reviews the way the TCB structure 
works with an application task and the dispatching mechanism. 
 
To implement the Open TCB Environment you have to have DB2 
V6 or higher and DB2 support in the CICS/TS system.  The total 
number of L8 TCBs available to the CICS system is defined via the 
System Initialization Table (SIT) parameter called MAXOPENTCBS 
that creates a pool of L8 TCBs that can have several uses.  The L8 
TCBs are used for exit processing, DB2 calls (SQL), OPENAPI 
defined programs (announced in CICS/TS V3R1 and will be 
discussed later in the article) and for program processing of a 
threadsafe application.  So, as you can see, the L8 TCBs can be 
used for other things that are not DB2 related such as exits.  The 
TCBLIMIT in the DB2CONN definition establishes how many of the 
MAXOPENTCBS are going to be used by DB2 related work.  
TCBLIMIT can equal MAXOPENTCBS but you may not be able to 
dispatch an exit if all the L8 TCBs have been allocated to DB2 

requests.  So, usually, TCBLIMIT is defined with a lower value than MAXOPENTCBS to account 
for other L8 TCB uses (Figure 1). 
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Figure 1. DB2CONN Information (MAXOPENTCBS & TCBLIMIT) 

 
The concept of threadsafe can cause some confusion because there is a tendency to think of 
threadsafe program as being a reentrant program.  However, a threadsafe program has to rise 
to a higher standard.  A threadsafe program has to ensure the integrity of shareable resources 
through the use of ENQ/DEQ commands or some type of synchronization instructions such as 
the assembler instructions of Compare and Swap (CS) or Compare Double and Swap (CDS).  
Examples of shared resources are shared storage obtained via a GETMAIN SHARED 
command or access to fields in the Common Work Area (CWA) among others.  This action was 
not previously required in CICS because of the way CICS dispatched application code in the 
system.  Application code was “automatically” serialized because it had to be dispatched on a 
single TCB called the QR or Quasi-Reentrant TCB.  Since you could not have multiple 
application programs running simultaneously within CICS, the QR provided the protection 
mechanism for shared resources such as the CWA.  However, this limited the multi-processing 
capacity of CICS to specialized functions and in many installations, the QR TCB reflected 80 to 
95% of the total CPU used by the CICS address space. 
 
The L8 TCBs can now be used to dispatch application programs that could run in parallel 
(simultaneously) with the QR TCB and other L8 TCBs as long as there are sufficient processors 
to support the parallelism.  This parallelism now presents the situation where two different tasks 
running simultaneously on separate TCBs and processors want access to the same resource.  If 
there is no synchronization, you could wind up with invalid or compromised data.  If you are 
“lucky” your program will cancel making it “easy” to identify the condition.  However, the actual 
results are unpredictable.  This is where the concept of threadsafe comes into play.  A 
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threadsafe program has the built in mechanism to ensure serialized access to a shared 
resource to avoid data integrity problems.  The responsibility to ensure that a program is 
threadsafe belongs to the user.  Set the CONCURRENCY parameter in the CEDA program 
definition to THREADSAFE (versus QUASIRENT) to define a program as threadsafe.   
 
It is the user’s responsibility to determine whether a program is threadsafe or not.  
Unfortunately, this is no easy task and a visual review of the programs would probably be in 
order.  IBM provides a utility that can scan the objects looking for possible areas that require 
attention.  This utility allows for the inclusion of other things to verify such as specific user or 
IBM macros.  The utility (DFHEISUP) can be used to scan load modules to identify the use of 
CICS commands that acquire shared resources. Its use is described in more detail in Load 
module scanner: DFHEISUP.  More information can be found at the following web link 
http://www.redbooks.ibm.com/redbooks/SG246351/12-05.htm.  Once this analysis has been 
done, then the application programs can be marked as threadsafe.  It should be noted that not 
all CICS commands used by application programs are threadsafe.  CICS recognizes non-
threadsafe commands (EXEC CICS) and takes the appropriate action to avoid any problems. 
CICS uses a TCB to dispatch work on a processor.  There are many different types of TCBs 
within the CICS region however, many of them are specialized and used infrequently.  For 
example, the File Owning TCB (FO) is only used for opening and closing user files.  Once the 
bulk of the files are opened, this TCB is not used unless another file is to be opened or closed.  
Tasks are initially dispatched on the QR TCB.  Prior to CICS/TS V2, DB2 requests were 
handled by the DB2 exit (also on the QR TCB) that assigned a DB2 thread (TCB) for execution.  
Once the request to DB2 completed, the request would have to re-queue to the QR TCB.  If 
there were many outstanding DB2 requests to reconnect to the QR TCB, then the reconnection 
could result in a wait for dispatch and a delay in the task’s response time. 
 
The dispatching mechanism changed with CICS/TS V2 and DB2 V6.  The dispatching process 
is similar to prior releases except for two items:   
 

• Global and TRUE exits marked as threadsafe and OPENAPI are initially 
dispatched on an L8 TCB and their main function is to assign an L8 TCB to 
handle the SQL request.  The DB2 TRUE exit is dispatched on an L8 TCB so it 
must be made threadsafe. 

• If the application program is defined as threadsafe, then the application program 
can continue to run on the L8 TCB once the DB2 request completes and does 
not have to re-queue to the QR TCB. 

 
If the exit is not defined as threadsafe, then a TCB switch from the L8 to the QR must occur in 
order for the exit to function (Figure 2).  This process is called a TCB switch and there is a CPU 
price to pay for the switch.  A TCB switch costs around 2,000 instructions.  So, defining the DB2 
exit as non-threadsafe is going to cost additional CPU cycles.  So, the task was executing on 
the QR when a DB2 request was made, a switch to an L8 TCB is made at a cost of 2,000 
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instructions.  Since the exit is not coded as threadsafe, then another switch back to the QR TCB 
is made at a cost of 2,000 instructions.  It is interesting that a simple check to see if the exit was 
threadsafe was not made prior to switching to the L8 TCB.  The DB2 exit will assign an L8 TCB 
to the user task to handle the SQL request and communications with DB2.  While the DB2 
request is pending, the QR TCB can dispatch other work while the L8 TCB waits for a response 
from DB2. 

 
Figure 2. Threadsafe Exit 

 
A round trip from the QR TCB to the L8 TCB and back would represent around 4,000 
instructions.  The same applies to all exits.  Therefore, it is imperative that all exits be converted 
to threadsafe or the CPU overhead between DB2 requests in CICS/TS V1.3 versus CICS/TS V2 
or V3 could be 10% or higher in a heavy DB2 environment.  The use of L8 TCBs can have two 
major advantages for a CICS/DB2 program: 
 

• CPU utilization can be reduced in those cases where more than one consecutive 
SQL command can be issued without any intervening non-threadsafe command.  
In other words, if you have a series of consecutive SQL commands, the L8 TCB 
can be used without having to switch back to the QR TCB as in prior releases.  
This can represent a savings in CPU cycles 

• If the application is coded as threadsafe, then threadsafe application programs 
can continue to execute on the L8 TCB without having to return to the QR TCB.  
This represents more parallel processing of application programs on a multi-
processing system.  The execution of application programs on the L8 TCB 
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without having to switch back to the QR TCB can result in improved response 
times because of a reduction of waiting for dispatch timing events 

 
Threadsafe application program execution on the L8 TCB continues until the task terminates or 
issues a non-threadsafe CICS command.  CICS recognizes which commands are not 
threadsafe and forces a TCB switch back to the QR to process the command.  The number of 
non-threadsafe CICS commands continues to be reduced with each new release but the major 
function of File Control continues to be non-threadsafe.  Once switched, the task will continue to 
execute on the QR TCB until another SQL command is issued. 
 
It is important to note that that a non-threadsafe application program will switch back to the QR 
TCB immediately after the SQL request completes even if the next command was another SQL 
request.  This TCB switching can be very expensive CPU wise especially if the DB2 exit is non-
threadsafe.  It is not unusual to see tasks waiting for dispatch in a heavy non-threadsafe DB2 
environment.  Therefore, the priority for DB2 shops when converting to CICS/TS V2 or V3 is to 
first ensure that the exits, in particular the DB2 exit, is threadsafe and that as a second step, the 
application programs are converted to threadsafe to get the full benefit of the L8 TCB structure.  
As a side note, it is also important for application programmers to learn the concept of 
threadsafe programming even if your installation is not planning to convert DB2 programs at this 
point to threadsafe programming or you do not have DB2.  CICS/TS is moving toward providing 
performance improvement in the response time area by providing more parallel application 
program execution within the CICS region on multi-processors.  This can be seen with the latest 
announcement of OPENAPI definition for programs in CICS/TS V3R1. 
 
Prior to this announcement, parallel application program execution was limited to DB2 
applications.  There was no authorized method for a non-DB2 program to use the L* TCB for 
execution to gain parallelism.  However, programmers found a way to “fool” CICS into providing 
an L8 TCB for a non-DB2 program.  This method was not supported nor official but it worked.  In 
order to facilitate this option for non-DB2 programs, CICS/TS V3R1 provided a way for non-DB2 
application programs to be dispatched on an L8 TCB for execution instead of using the QR 
TCB.  This is accomplished by specifying OPENAPI in the API parameter in the CEDA program 
definition.  The program should also be defined as threadsafe.  It is important to note that this 
option should be used with great care because it could represent an increase in CPU utilization 
by the program. 
 
Through the use of this option, the OPENAPI program is initially dispatched directly on an L8 
TCB.  The moment that a non-threadsafe command is issued, the request is switched to the QR 
TCB for execution.  However, different from a DB2 switch under this condition where the task 
remains under the QR TCB until another SQL command is issued, the OPENAPI program is 
switched back to the L8 TCB upon completion of the request.  If there are sufficient non-
threadsafe commands in the program, a significant increase in CPU time could result by using 
this specification.  Therefore, you should use OPENAPI for threadsafe programs that have a 
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minimum or no non-threadsafe CICS commands.  It is going to require planning to use 
OPENAPI.  The important point is that as more CICS commands are made threadsafe, more 
parallel processing can be accomplished by using this option.  Thus, understanding threadsafe 
programming is an important issue of which the application programmers must be aware if 
additional parallel processing and response time improvements are desired. 
 
This article has provided an overview into the process called TCB switching that is specifically 
related to CICS/TS V2R2 and above.  TCB switching costs around 2,000 instructions per switch.  
If not handled appropriately by the user through the use of threadsafe exits and application 
programs, the CPU utilization may increase.  More important, the benefits of using an L8 TCBs 
to simultaneously execute application programs on several processors resulting in improved 
response times and possibly reduced CPU utilization through the consecutive execution of 
multiple SQL commands without having to switch TCBs, will not be achieved.  Future 
performance improvements to CICS response time and throughput without processor upgrades 
will only be achieved through the use of threadsafe programming. 
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