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State Transaction Analysis Routine

The followlng change is suggested for the state transition
analysls routine: sometimes TS0, and especlally CPS under
TS0 issues a tput with the hold option {(or owait
condition) with the first tput.

Loglical state 5 input cards

QLD STATE ENTRY CODE NEW STATE OUTFPUT REMARKS

14 9

5 0 time sllice end
5 3 & 0 long walt
5 41 10 0 sve
5 2 11 0 input wait
5 =34 12 0 tput end
5 29 22 1 logoff
add 5 0 output wait

-2 20

Two corresponding changes

Also remember to change the first card of input, which is
the number of logical states in the model, for the state
program and the report histogram program.

B. J. DiMarsico
Evaluation and Interactlve Systems
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Triangie Unlversities Computation Center {TuceC)
perves solely as the distribution agent for contributed

grams and does not test or maintain them. They
are distributed essentially In the origlnat form sub-
mitted by the author. Meither TUCG nor SHARE, INC.,
makes any warreniy. expressed or implied, as to the
document=tinn, function, or performance of the con-
tributed programs.




TSO ANALYSIS/SYSTEM MEASUREMENT/TIME-SHARING PERFORMANCE/SIMULATION
360D-04.4.012

NOTE: The abstract and documentation for this program is written for two tapes.
The two tapes have been combined into one for easier dissemination by the SHARE
Program Library Agency (SPLA).

The first portion of the one tape that is disseminated contains the Performance
Analysis Routines and it consists of 7 files. The second portion of the tape
contains the TSO Terminal Simulator program and it contains 18 files.
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MEMORANDUM FOR FILE

A set of programs has been written to analyze trace-tapgs
produced by the TSO (Time Sharing Option of 0S) system,
The programs are:

l. Time History Plotting Routine

2, Command Measurement Analysis Routine |
3. State Transition Analysls Routilne

4, Command State Transition Routine

5. Histogram Report Generation

This memorandum describes how one éan use each program. It
also outlines the deslgn of each program with a description
of the structure of the important arrays and theilr sizes,

The programs are ordered 1n terms of depth of analysis
required; the Time History Plotting Routlne provides a

good flrst look, the Command Measurement Analysls Routine
yields Informatlon about the commands recorded on the tape,
and the State Translition Analysis Routine affords a detailled
look at the events that make up each time sharing transaction,
whlle the Command State Transitlion Routine provides a
detailed analysis by command type. The Report Generation
program 1s used with the Command State Transition Routine

to produce histograms of command timings and with the

State Transition Routine to provide histograms of event
times and counts (e.g., response time, number of swaps,
think time).

*

Tools for Evaluation of e Share
Option of 0S/360/370;




Since all of these programs use the TS0 trace tape, a
brief description of its format is appropriate.

SECTION 0

TSO TRACE TAPE FORMAT

A TSO trace facllity has been provided by IBM to allow the
installation user to monitor the running of his TSO system.
The trace facility may be turned on and off at selected
periods to monltor important events and prevent undue re-
cording overhead.

The trace tape (illustrated in Fig., 1) 1s started wilth

a 3-word header contalning the number of 3-word entries
in each record, followed by a set of "“normal entries",
and ended wilith a trailler record containing the date of
recording. Occasionally a "lost data” record is found on
the tape that contains the number of -word entries lost
because of a slow recordling rate,

The most common entry on the trace tape, the normal entry,
contains the time sharing Job internal identification
(TJID), an entry code indicating the cause of the event,

a word of flags to further subdivide certain enftry codes
and the time of day recorded in timer units (26.04 usec
per timer unit). Three of the normal entries are immedi-
ately followed by additional entries contalning data that
did not fit into the inltlal three words. These events
are:

1. Command entries that are followed by the command
name,

2, Logon entries that are followed by the USERID,
and

3. FE serviceability entries that are followed by a
variable number of 3-word groups of diagnostic data.

The normal entry codes are listed in Fig. 2 along with
thelr meaning. Some of the more useful ones are described
below.

Entry code O 1s recorded at the beginning and at the ending
of each command. The difference of beginning and ending
times is a measure of the response of the command.

Entry code 2 is recorded ghen the TJID iswgpiting for
terminal I/0. When entry code 2 is follow®d by entry
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code 34, it indicates completlon of terminal I/0, and the
difference in time is an indication of the think time of the
TSO user. Since entry code 2 also indicates the number

of free buffers avallable for terminal I/0, it 1s used to
adjust the TCAM buffer parameters for optimal core usage.

Entry code 3 indicates that a TJID 1s walting for an event
other than I/0 to complete before proceeding. Examples of
this condition, later described as "long walt", are:

WIOR, STIMER, ENQ, and WAIT macro executions.

Entry code U indicates that a swapped-out user 1s ready
to run while entry codes 12 thru 19 mark the preparation
for swapping, swapping, and restoring of the user after
swapping.

Entry codes 41 and 42 oceur in pairs and indicate that the
time sharing user has lost control of the CPU because of

a SVC. By counting the occurrences of these entry code
pairs, the number of transient SVC's used by a particular
TJID can be established. A full list of the entrles codes
appears in Fig. 2.

SECTION 1

TIME HISTORY PLOTTING ROUTINE

The Time History Plotting Routine displays the trace tape
entry codes defined in the previous section in columns
across the page (one column per active user). Each event

is time stamped with the elapsed time (seconds.msec)

since the start of the tape. The maximum number of columns
(the maximum number of active users) that can be displayed
is 23. The right most two columns on each page record the
total number of users wailting on the ready queue. A
typical page of Time History Plot Output is shown in Fig. 3.

An explanation of each possible event that can be displayed
for an active user is described below:

A. FEvents on Time History Plot (Alphabetical Order)

a. END ASM

The end of the command {or subcommand) ASM has
occurred (entry ccde C)

b. END G 21

Signals that a TGET end of 21 characters has
been completed. (TGET end means that a terminal
read has been satisfied).




END P 7

Signals that a TPUT end of 7 characters has been
completed. (TPUT end means that a terminal write
has been satisfied).

ENQ

A enqueue walt condition (entry code 45) has
occurred; the users' program is a candidate for
swapping out.

IN

The user's program has been swapped into the fore-
ground region. This entry signals the end of the
swap-in function (entry code 17).

- IWAIT

The user's program has gone into an input wait
condltlion because a TGET was issued and the
data was not present in the TCAM buffers. The
user 1s elther tTyping or thinking; his pro-
gram l1s eligible for swap-out,

LOGON Z5A

Userid Z5A has logged on (entry code 25) and
has been assigned the time sharing internal
Job identification (TJID) associated with
the column in which the word L@G@EN appears.

guT

The user's program has been swapped out of the
foreground region, This entry signals the be-
ginning of the swap-out function (entry code 14).

GWATT

The user's program has gone into an output wait
conditlon because the number of buffers depleted
from the buffer pool for this user has ex-
ceeded the installation defined limit (@WAITHI).
The user's program is swapped out until the
number of buffers still assigned him reaches '
the installation defined low water mark (@WAITLZ).




J. READY

The user has satisfied a walting condition and
his program is placed on a ready queue. The
number of users on the ready queue is printed
at the right most edge of the listing.

k. 8SvVC 21
Twenty-one loads of transient SVCs' have occurred
since the last entry code of any other type.
This entry is a count of the trace tape entry
code 41, 12 pairs.

m, T.S.

The user's program has exceeded a time slice
value and is a candidate for swapping.

CONTROL CARDS

The program is written in Fortran and prints the entire
tape. Therefore, the only cards necessary are the JCL
to Invoke the program, an FT10F001 ddcard to identify
the trace tape, and an FTQ6F001 for printing the results.

An example of the JCL to run this program is shown in
Fig. 4,

DESIGN SPECIFICATIONS

The Time History program i1s written in Fortran. It is
capable of processing data events for 23 simultaneous
users of the TSO system. The restriction of 23 users is
to provide readability; the starting location of each
unique user (TJID) is separated by 5 characters.

The program reads and decodes each TS trace tape entry

into (1) the TJID, (2) the entry code (ICODE), and

(3) the elapsed time since the start of the tape (TOD).

The program uses ICODE as an index into the array REASON
to access the eight character reason message to be printed.
Similarly the program uses ID as an index into the array

IX to access the number of spaces to position the entry

on the page. These spaces are then stored into a dynamic
format statement, IFMT, from which the time of day, reason,
and optionally a name 1s printed. The name {(NAME(1)) is
used for LOGON entries, command starts and ends, or to
contain a number to be printed for TGET, TPUT, or SVC entries.




Entry Code 1 indicating timeslice end 1s not associated
with an ID. Therefore, the program must remember who is
active in the foreground reglon and assign the timeslice

end entry to that ID. If there is more than one foreground

region there 1s no conventient way for the program to
associate the timeslice entry correctly with the proper
user. An attempt to remember which foreground user was

swapped In first only solves the timeslice problem if the

installation defines the same minimum timeslice value
for all regions. What is needed from IBM or an
installation is an associated TJID for Entry Code 1
on the trace tape.

SECTION II

COMMAND MEASUREMENT ANALYSIS ROUTINE

The Command Measurement Analysis Routine is used to collect
and report the time and/or counts of the following events:

1. Command and subcommand usage
2. Terminal think and response time

3. Timeslice expirations-

=

Task Dispatching
h. Swapping
6 Swap failures

The purpose of this routine is to provide load and usage
characteristics of the TSO system.

A. REPORT FORMAT

The Command Measurement Routine will analyze trace tape
data between user defined starting and stopping times.
The user also defines those commands which he wants the
program to analyze (see Control Cards for Command '
Measurement Analysis Routine)}. These user defined
commands are placed in the Command Look up Table. Each
unique command name is assigned an integer index
(starting with one). This is done in order to minimize
the storage required to identify a command. The
unigueness of names means that commands like EDIT and E
will have the same index.

The program produced a data set of command timing

that can be used to produce histograms for each command
or sets of commands (e.g., all commands classified as
trivial). The data set is made up of 30 two word




integer records. The first word is the 1ndex
identifying the command, and the second word is the
elapsed time of the command in modified

timer units (M seconds = N timer units * 52.08/10%%6),
This data set can be sorted numerically within each
index and can be used to either print the 1ist of
commands with theilr elapsed time value, or to produce
histograms of each command. Several indices can be
combined to produce data for combinatlons of commands.
A word of warning i1s appropriate here. The elapsed
times calculated are from command start to command end.
This means that commands like EDIT will include all
user think and typing time for subcommands. For
commands such as EDIT, this measure 1s not an accurate
portrayal of any response of the system. A better program
to use for command response measurement in those cases
would be the Command State Transition Routine.

In addition to a data set of command timings, the Command
Analysis Routine also produces a set of summary reports
that are explalned below.

1. Command Usage Statistilcs

A single report is generated for each unique command
defined in the Command Look up Table.

The report'contains the command name and three
columns of data:

1. The Userid or blank (if the user logged-on
before the trace tape was started).

2. The average elapsed time in seconds to
process the command.

3. The count of the number of times the command
was executed.

An example of four such command reports is shown
in Fig. 5.

2. Timer Expiration Analysis

The Timer Expiration Analysis (see Fig. 6) provides
counts of the number of timeslice ends, the number
of terminal waits (either IWAIT, or OWAIT), and

the number of non I/0 (long) waits per userid.

The number of terminal waits is equlvalent to the
number of transactions.




If the number of timeslice ends is large compared
to the number of terminal waits, then either the
installation has chosen an inappropriate value

for their timeslice parameter, or the installation's
time sharing load contains many long running
commands for which corrective action may be
warranted. Non I/0 walt is defined as waiting for
a condition that 1s not tape or disk I/0 (terminal
I/0 walt is included as a non I/0 wait). The
difference between the Non I/0 Wait Count and
Terminal Wait Count gives the number of wait
conditions due to engueuing on a device (ENQ), a
write to operator with reply (WTOR), a set timer
(STIMER), or a wait macro execution. Since the
last three events are secldom used In a time sharing
environment, the count gives some measure of the
bottleneck caused by engueuing on resources.

User Ready Report

The User Ready Report {(see Fig. 6) counts the number
of times a user is put on a ready gueue, and the
number of times a restored user has a pending non
I/0 wait condition. This non Z/0 Walt 1s caused
because:

1. The TGET or TPUT SVC's are not resident

2. The user has two outstanding wait conditions
If the number of times a restored user has a
pending wait condition is high, the installation

should consider first making the TGET, TPUT SVC's
{IGC0009C, IGCC9301%, IGCO003C) resident.

Task Dispatch Report

The Task Dispatch Report (see Fig. 7) gives the
number of task switches caused by:

1. Background Tasks

2. Syster TasXks

3. Time Sharing Tasks

4. wWailt State Tasks
The ratio of &he number of Time Sharing Tasks to
Background Tasks is a gross indication of the

number of times that the CPU switches between
foreground aré background tasks.




Since each task switch generates an entry on the
TSO trace tape and since task switching occurs at
a high rate (measured on the 370/155 under HASP
as 50 per second) these entry codes tend to cause
overflowed trace buffers (lost data records). It
is possible with a small modificatlion to the
trace program to omit processing these entries,

Quiesce, Swap Out, Swap In, and Restore Reports

The swappling functions quiesce, swap out, swap in,
and restore are presented as separate reports. Each
report provides a column for the userid, the average
time to perform the function in seconds, and a count
of the number of swaps.

The Quiesce functlion prepares the user for swapping
out and to insure that all control blocks, etec.
will be correct when the user is returned to the
foreground region. This is assured by purging
outstanding I/0 requests, dequeuing allocation
requests, and general housekeeping.

Swap Out is the time to move all bytes of a program
and data used by the foreground routine to the
swapplng devlce. This fime will depend con the number
of bytes to be swapped (swapping load), the method of
swapping (serial or parallel), but mostly on the
device to which the swap is taking place. Once

Swap Out 1is completed the highest priority user

on the ready qgueue will be swapped in. Restore

then is the function of re-actuating the user's
program at the »oint where it left off. A sample

of these four reports is shown in Fig. 8.

Response/Think Time Analysis

The final report (sce Fig. 9) provides:
1. The userid

2. Average values for user think andé response
time in seconds

3. The average number of characters used when
issulng terminal I/0

4., The average number of buffers left in the
buffer pool at each terminal wait condition.

5. The number of transactlons per userid.
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The average values for think time and response time
gives a cursory look at how the system 1s performing.
(See State Transition Analysis Routine for more
detalled examination of system performance.)

The average number of characters used in terminal I/O
gives an Indication of the value to choose for the
TIOC buffer size (BUFSIZE).

The number of buffers left in the pool provides an
indication of how the pool is being depleted.
Buffer Pool depletion is controled by the size

of the pool (BUFN@), and the maximum number of
buffers each user may remove (OWAITHI). This
measurement then provides a handle for choosing
BUFNO and OWAITHI.

CONTROL CARDS

The program is written in Fortran and is directed to
analyze a certain portion of the TSO trace tape by an
input card containing a starting and stopping time.

The program also reads the list of user defined commands
(Command Dictionary) about which statistics will be
summarized.

The trace tape which is read as logical unit ten (10)
is processed until the user defined end time 1is reached
or an end of file 1s encountered. At that point the
program analyzes the data and produces the reports.

Report output is printed on the usual Fortran output
unit six (6). 1In addition, each command that is
encountered on the tape 1s listed regardless of
whether it is processed or rejected. Those that are
processed are also 1lndividually written onto logical
unit eight (8) for histogram production (see the
previous section for the format of the data set).

An example of the control cards and data cards needed
to process trace data collected between 12:32 p.m. and
1:20 p.m. on data set DEC31 is shown Iin Figure 10. The
first data card gives the title that will appear on the
top line of each report, (in this case the title is the
date). Based on the data cards, the program will
produce summaries for the ALLOCATE, ASM, CALL, EDIT

and TIME commands. The raw data will be written onto
an existing data set called HIST DATA on a 2314 disk
pack labelled TSWRK1. (see Fig. 10 - note that a blank
input card 1s required.)
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DESIGN SPECIFICATIONS

The Command Measurement Rcutine is written in Fortran
with several assembler language functions for bit
manipulation. The important arrays are:

1. Transfer Vector Table (ITV) dimensioned for
20 unique user-ids (each ID requires 20 words).
(see Pig. 11)

2. Command Count Table (ICCT) dimensioned for
20 unique user-ids {(each ID reguires 120 words -
3 words per command). (see Pig. 12)

3. Quiesce, 3Swap Out, 3Swap In and Restore Arrays
(IQUE, ISW@, ISWI, IRES respectively) each
dimensioned for twenty user-ids (each ID requires
3 words). (see Fig. 13)

4., Response/Think Table (IRESP) dimensioned for
twenty user-ids (each ID requires 9 words).
(see Fig. 14)

5. Command Dictionary (L@@KUP) dimensicned for 100
command names. (Each command name requires 3
words). (see Fig. 15)

As can be seen from above, the storage required for the
arrays is dependent on the maximum number of unique
user-1ds that the installation expects to LOGON during a
test period. For twenty user-ids the storage required
for these arrays is:

ITV 20x20 = 400 words = 1600 bhytes
ICCT 120x20 = 2400 words = 9600 bytes
Swapp - 4%(3x%20) = 240 words = 960 bytes
IRESP 9x20 = 180 words = 720 bytes
L@BKUP 100x3 300 words = 1200 bytes
15080 bytes

To increase the number of processed users, an installation
should increase the dimension of each of the above arrays,
1nerease the DATA statements that initialize the arrays

to zero, and change the variablie MAXID to the chosen
maximum number of unique user-ids. .

To increase the number of commands in the dictlonary,
an installation should increase the dimension of
L@PKUP, increase the gzeroing DATA statement, and change
MAXUP appropriately (MAXUP = 3 * maximum number of
commands). The format cof these arrays 1s shown in
Figs. 11 to 15.
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The routine processes all data between the user
deflned starting and endlng times before producing any
summary reports. Each entry code is processed by a
computed G@TP statement. Those entry codes to be
ignored will cause a branch to statement 80. Each
entry code to be tabulated willl cause a branch to
statement N (where N is equal to the entry code for
those entry codes greater than six and is equal to

the entry code plus cne for those less than or equal
to six - e.g., entry code 0 branches to statement 1).

Statement 500 checks for the "end time" condilition and
branches to statement 1000 on such a conditlon. Statements
1060 to 9000 produce the summary reports.

The format statements follow a numbering convention for
easy maintenance. Iach format statement used to produce
reports 1s numbered from 900 to 989. The middle digilt

is related to the report; whereas the last digit is a code
for title (7), subtitle (9), and spacing (8). An example
for the timer expiration (report number 2)is shown below:

927 F@RMAT(52X, 'TIMER EXPIRATION ANALYSTIS')

929 F@PRMAT(15X, 'USER-ID', 10X, 'N@ ¢F TS ENDS', 10X,
1 'Ng ¢F TERM WAITS', 10X, 'Ng @F N@N I/0 WAITS')

928 F@RMAT(15X, A7, 15X, 17, 15X, 17, 23X, 17)

Two exceptions of this convention are: (1) those reports
that use a common spacing format statement (Command
reports (report 1) uses 958 for spacing, Swap Fallures
(report 6) uses 928 for spacing), (2) the Swapping reports
all have the same format except for page titles which are

labelled 957, 956, G55, 95U4.

Format statements SS58, G667, 956, 995 are top of page,
single space, doublie space, and triple space respectively.

Subroutines

Three subroutines are used by the Command Analysls Routine.
GETD 1s used to read records from the trace tape and
deblock them for processing. Thils subroutine should be
changed 1f records are blocked differently than 2048 bytes.
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The func¢tion KFUNC 1s used to match two four byte
character strings. The function is negative if the
two strings matched and at least one trailing blank
existed (e¢.g., ASME), zero if the two strings
matched and no trailing blanks (ALL@), and

positive if the match failed, blanks or not. KFUNC
is used to determine when a match existed between
TS0 commands.

The HIST@ subroutine is used to block command

data for writing to a disk file. It writes 240

byte records containing 2 word entries. Word

one 1s the command index, and word two is the

elapsed time requlired to process that command 1in
modified Timer Units (M Timer Units * 52,28/10%¥%¥6 = N
seconds ).
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SECTICN III.

STATE TRANSITION ANALYSIS ROUTINE

A. INTRODUCTION

The State Transition Analysis Routine reads a model of a
time sharing transaction and processes each entry code on
the TSO trace tape according to thls model. The model was
first described by Mr. R. McNeill of IBM, but has been
expanded to provided more detalled information.

A transaction is deflned as the elapsed time between un-
locked keyboard commands (e.g., READY). 1In a simplified
form, the transaction can be divided as shown below.

Unlocked . _ Unlocked
Keyboard Keyboard
user C
typing R} SWAP | COMP | SWAP | COMP | SWAP OUTPUT
€—Think Time Response Time
€ - Transaction

For the evaluation of the TSO system 1t is necessary to
divide the transaction further to measure the eritical
events and to locate system bottlenecks.

The State Transition Analysis Routine 1s desligned to record
timing and count data for each state described in the
Decision State Table. This table, therefore, 1is the model
of a Transactlon under which data is analyzed. Because the
routine operates on the trace tape data as specified by
this table, the model can be readily changed (within some
initialization restrictions) to allow the user to consider
different divisions of a transaction. -

As an example of one model of a transaction consider

Fig. 16. In this model the different components of the
transaction are represented by the states (C)), while

the trace tape entry codes indicating a transition from

one state to another are represented by the vectors
connecting the states. Notice that each state has an im-
plied vector back to itself for all entry codes that are

to be ignored. Each state is labelled with the reason the
transaction has entered that state; for example, time spent
in State 6 1s the accumulation of all swapping out time due
to time slice end. Furthermore, since the transaction is
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defined as the elapsed time between "unlocked keyboards",
State 2 represents the begin/end state for all transactions
except logon and logoff.

Conslder the hypothetical transaction described below and
11lustrated in Fig. 17,

The user has Just received a READY message (unlocked
keyboard, State 2), The user begins typing a command
e.g., TIME) which 1s stored into buffers in the TCAM
message area. The user's program (called so because it
resldes in the foreground region for this user but may be
a system routine, e.g., the command processor) has been
swapped out pending completion of the typing. When the
user depresses the end-of-line key, an Interrupt is gener-
ated and the user's program is made ready (State 3)., Note
that the accumulated time in State 2 is, therefore, the
user preparation time (often called Think time). When the
user's program reaches the top of the ready queue the pro-
gram 1s swapped in (State 4) and execution begins (State 5).
In the case of a simple command like TIME, no disk I/0 1is
required and the user's program continues to execute until
complete or time slice ended (State 6, State 3, State 4)
after which execution contlnues (State 5),

Once the program has finished executing, output is sent via
& TPUT macro to the TCAM buffers. The user's program is

not swapped out with the initiation of terminal I/0 unless
there 1s a shortage of TCAM buffers. When a shortage occurs,
the user is swapped out indicated by a terminal output wait
condition (State 11).

In the normal case, however, the user's program completes
the output transfer to TCAM buffers and continues executing.
In this example the program will then provide the user with
another READY message at whilich point the user is swapped
out for terminal input wait (State 12) and the transaction
ends,

Two 1mportant loops in the model have not yet been dis-
cussed. State 10 is entered when the user's program issues
a transient SVC and cannot be swapped out untvil 1tvs feteh
is successfully completed. Therefore, State 10 provides

a count of the number of transient SVC's loads in each
transaction.

The other important loop (State 7, 8, 9) in the model
occurs when the user's program is put 1n a wait state
because of enqueulng on a device (ENQ), issuing a walt
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on timer macro (STIMER), issulng a write to operator with
reply macro (WIOR), or issulng a WAIT macro.

Consider the more comprehensive model of Fig. 18, In this
model we have separated response time into interactive
response (from carriage return to first TPUT) and system
response (from carriage return to IWAIT). The system
response states are a replication of the interactive
portion of the model; the transition from state 5 to

state 12 indicates that output has been sent to the
terminal (a TPUT end has occurred).

OUTPUT FORMAT

The output of the State Transition Analysis Routine is

a data set that can be processed by the Report Generation
program, The output data set (called Transaction Output
Array) contains N entries, each of which is associated with
a connecting vector leaving a state in the model. Each
entry is used to accumulate time and counts of the use of
that path from a state and will have the following format:

1. Accumulated elapsed time in modified timer units
(1 Timer Unit = 52.08+% 10%* -6 sec) from entering the
state untll leaving on this vector (TRANS(N).ACCUM FIXED
BINARY(31)).

2. The number of times the state was left on this vector
(TRANS(N).CUUNT FIXED BINARY(31)).

3. The state that the vector i1s leaving (TRANS(N),STATE
FIXED BINARY(31)).

The time spent 1n a state is the summation of the times
assoclated with the vectors leaving that State. An example
of a Transaction Output Array is shown pilctorially in

Fig. 19,

The data set is written in variable length records (RECFM=V)
and Blocksize of 1204 bytes. The Blocksize is user defined
on the JCL.

CONTROL CARDS

The State Transition Analysis Routine 1s written in PL/I
and reads the TSO trace tape between user defined start

and end times. The output of the program 1s a data set

that can be processed by the Report Generation Histogram
Routine,




- 18

4. A negative entry code 1s used to distinguish that
an _entry has two meanings (entry code 2 means IWAIT
(+2) and OWAIT (-2)). The negative sign is chosen
when word 2 of the three word trace tape entry is
negative (high order bit = 1),

A full set of the JCL and data cards (including the decision
state table) for the model of Fig. 16 1s described

in Fig, 20. The JCL indicates that trace data recorded
between 11:53 am and 1:20 pm on tape BX1028 with a data

set name DEC27 will be processed. The first data card is
the number of vectors, the second card is the start and

stop time (Hours, Minutes), each subsequent card contains

.the o0ld state, entry code, new state and output code for

the model.

DESIGN SPECIFICATIONS

The State Transition Analysis Routine is written in PL/I
and has user defined variable size arrays. The structure
of the major arrays 1s shown below.

1. TJID Table - one entry for each unique user-igd.
The cell OLDSTATE will be the current pointer
within the model for each TJID. The initial size
of the TJID table was dimensioned for 30 unique
id's (controlled by variable MAXID) and is separated
into

L@GIC FIXED BINARY (15
The variable LOGIC is used for initialization of

each TJID. The value of LOGIC indicates how far
along the initialization the TJID has proceeded:

GLDSTATE FIXED BINARY 215;

O - no initialization

1l - an IWAIT has occurred

2 - initialization is complete
3 - a LOGON has occurred

2. Decision State Table - contains the user defined
state model:

@STATE FIXED BINARY (15 0ld state
ECODE FIXED BINARY (15 entry code
NSTATE FIXED BINARY (15 new state
IZGCPDE FIXED BINARY (15) output code

A set of these variables exists for each vector in
the model,
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3. Transaction Output Table is used to collect time
or count for each state in the model for each TJID.
The format of thls table is shown plctorially in

Fig., 19, Fach en*»y in the table 1s formatted as
follows:

START FIXED BINARY (31) starting time when
state is entered

ACCUM FIXED BINARY (31) elapsed time in state

COUNT FIXED BINARY {31) the number of times
the state i1s entered

STATE FIXED BINARY {31) the state numberp

The program is Independent of the model requested within
some initialization restrictions. These restrictions
are needed because g trace tape can be started at any
time within a TSO work load, and ocecasionally "lost
data” records are encountered meaning that some. expected
entry code may never occur. The restrictions are:

(1) that the model start in state 1

(2) an entry code 30 (LOGON) followed by a READY
message (TPUT of 7 characters) causes transfer to
gtate 2, and

(3) state 2 be defined as the think time state which is
initially arrived at from state 1 or by the occurrence
of an entry code 2 (IWAIT) followed by an entry
code 15 (Swap Out End) Combination.

These restrictions make sure that all transactions start at the
same place. The code will skip all tracetape entry codes until
one of the initial conditions is reached. For example

1f a user 1s in the middle of an ASM Command and the

trace tape 1is started, the ASM command will not be processed

by the program but the very next transaction (command)

will, After a "lost data" record, all arrays are cleared

to zero and an initial cordition 1s agailn sought.

Although not advisable, the user of the program could
bypass these initlal conditions by modifying the code
starting at the label SEARCH.




4,

- 20 -

SECTION 1V,

COMMAND STATE TRANSITION ROUTINE

INTRODUCTION

The Command State Transitlon Routine is used to measure

- the interactive response time of classes of commands.

The program uses a model (see Flgs. 21 and 22) similar
to the State Transitlion Routine, where the states of the
model represent elapsed times for events, and the vectors
connecting the states are trace tape entry codes.

Commands are separated into one of seven classifications
each of which is assigned a pseudo entry code as defined
below:

Classification Pseudo Entry Code
1) Trivial 50
2) Non-Trivial 51
3) Data Dependent e
4) EDIT 53
5) SAVE 54
6) TEST 55
7) EXEC _ 56

These classifications are chosen to provide the user with

& wilde diversification of data and to handle special

cases (e.g., the EXEC command processes stored set of
commands that canh be completed without any user lntervention
and therefore represent one transaction).

The model works as follows. Think Time is accumulated

In state 1, Once a user has typed a command and hit
carriage return, he is placea upon a ready queue {State 2),
When the user is swapped 1n, an entry code 0 with the
command name is registered on the trace tape. This command
name 1is used by the program to search a installation
defined dictionary of commands. Assoclated with each name
in the dictionary is a pseudo entry code. When a command
name match 1s found the pseudo entry code is used in place
of entry code 0.

Consider that the user typed a TIME command (classified

as trivial in our dictionary, pseudo entry code 50) control
in the model would pass to state 50, State 50 would be

the elapsed time to process the TIME command and send
output to the user since State 50 ls exited by terminal

I/0 (TPUT or IWAIT). The addition of State 50 and State 2
fimes would be the interactive response time for that
command. The transaction would end when a command end
entry code (-50) was found, Non-trivial (51) and data
dependent (52) commands work similarly.
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If the command had been EDIT, control would have passed

to State 53. State 53 time would be the elapsed time for
the edit processor to fetch the .data set under modification
and to answer the user. Subsequently, each edit subcommand
would cause a loop through States 4, 5, 6, 7. Since State
7 1s entered when the user 1s swapped into the foreground
region and is left on a terminal I/0 the elapsed time in
that state is the summation of the interactive response
times for the edit subcommands. A separate loop is used
when.a)SAVE subcommand is encountered (States 55, 10, 11,
12, 13).

The reason for separating the first EDIT answer and SAVE
subcommand from the other edit trivial subcommands was that
both required data set management (fetch and storing of the
user's data set) and therefore are not considered trivial
commands. (Looking at our data for these subcommands rein-
forces this definitlon since the time to access the data set
for EDIT was an order of magnitude larger than the manipula-
tlon of the modifications into the temporary work space).

The final loop of importance in the model is to handle the
EXEC command. Since EXEC reads a prestered list of commands
from the disk and processes them without user intervention,
the entire executlion is treated as one transaction. Further-
more, since any commands (trivial, nontrivial or data depen-
dent) could be in the prestored list, there 1s no attempt to
classify EXEC as belonging to any set.

OUTPUT FORMAT

The output of the Command State Transition Analysis Routine

ls a data set that 1s used by the Report Generation program

to produce histograms of the commands by tvpe; Trivial,
“Non-Trivial, Data Dependent, EDIT, TEST, TXEC, and SAVE under EDIT.
The output data set contains N entries, each of which is asso-
ciated with a vector in the model. Each entry in this Transac-
tion Output Array is used to accumulate elapsed time in the

states of the model and will have the following format:

1. Accumulated elapsed time in modified timer units
(One Time Unit = 52.08% 10%¥% _-§ sec) for the
vector (T(N).ACCUM FIXED BINARY (31)).

2. The number of times that the state was left on'this
vector {(T(N).COUNT FIXED BINARY (31)).
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3. The state that the vector is leaving (T(N).STATE
FIXED BINARY (31)).

The time spent in a state 1s the summation of the times
assoclated wlth the vectors leaving that state.

The program also prcduces a summary report that tallies
the average value of the Interactive response for each
command encountered on the trace tape and alsoc present in
the Command Dictlonary. This summary gives indications of
which commands are the "heavy" command in TSO. It can
also be used to verify that the user's choice of a
classification for a command 1s correct. An example of a
summary 1s shown as Fig. 23.

CONTROL CARDS

The Command State Transition Routine is written in PL/I
and will process a TS0 trace tape between user defined
start and end times. The user also specifies the commands
for which analysis is requested, and classifiles them as
trivial (50), nontrivial (51) and data dependent (52).

In addition, the user defines the model under which the
commands will be processed. Because TSO processes

commands inconsistently (e.g., some commands generate

command end before TPUT end, cothers generate the codes

in the opposite order; some commands end on IWAIT others

end on command end) it is suggested that 1lnstallations

use the model given in Pig., 21 as the exlisting program handles
the inconsistencies in command processing.

Figure 24 shows the JCL required to analyze trace data between
8:40 pm and 9:10 pm recorded as data set JAN9.W18D25 on tape
BX1029. Notice that the first card (NM) 1s used to give the
number of vectors in the model (N), and the number of commands
in the user defined dictionary (M). It 1is followed by the
start and end time card (Hours, Minutes) and then the model.
(Each card represents OLD START, pseudo or real entry code, and

NEW" START. )
DESIGN SPECIFICATIONS

The Command State Transition Routine which is written in PL/I
caleculates the interactive response time of classes of commands.
The program contains variable sized externally defined arrays.
The first user supplied data card (NM) contains the number of
vectors in the model (N) and the number of commands in the
dictionary (M) and is used to size the arrays. The first pa-
rameter (N) is used to size the Decision State Table (DS),

and the Transaction Output Array (T). The second parameter (M)
is used to size the command name dictionary array DICT. The
structure of these arrays ls as follows.
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The Decilslon State Table 1s used to store the
model and contains elements for the old state,
entry code value, and new state:

OLD FIXED BINARY (15
ECODE FIXED BINARY (15
NEW  FIXED BINARY (15)-

The Transaction Output Array ls used to store data
about each transaction for each USERID. It is

two dimensional (N vectors by MAXID ids) and contains
elements to save the starting time a state 1s entered,
the accumulated elapsed time that the transaction
remalned in thls state in modified timer units

(1 TU = 52.08*% 10%** -6 secs), the number of times

the state was left on a particular vector, and the
state number:

START FIXED BINARY (31
ACCUM FIXED BINARY (31
COUNT FIXED BINARY (31
STATE FIXED BINARY (31

The command name dictlionary is used to contain the
user selected command names and user defined categoriles
(trivial 50, non-trivial 51, data dependent 52,

EDIT 53, SAVE 54, TEST 55, and EXEC 56) for

each name:

NAME CHAR (12)
ECODE FIXED BINARY (15)

The TJID table is used to keep track of the current
position (state) within the model for each TJID,

It also 1s used to describe that initiallization has
been completed for a particular TJID:

OLD FIXED BRINARY 515;
LOGIC FIXED BINARY (15

The initialization bits in LOGIC have the following

meaning: :
& no initialization

1 command start found - go t0 State 1
2 Logon found

MAXID is used to define the maxlimum number of TJID's
to be processed in each run. It has been initialized
to 30 and can be changed by an installation. Increasing
MAXID will require additional memory for execution;
approximately 5*N words per ID (where N 1s the number
of vectors and is defined as 40 for the given model).
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RESTRICTIONS

This program is not as flexlble as the State Transition
Analysis Routine because of anomalies of command handling
by TSO. The program assumes that transactions will

start and end in State 1. Furthermore, State 2 must be
defined as the ready queue time,

The interactive response time 1is the elapsed time from
carriage return to terminal output (TPUT). It 1s therefore
the summation of ready queue time and the executlon time
(CPU and I/0) to process the command. Since State 2

(the ready queue time) is common to all execution time
states (50 thru 56) the time in State 2 is added by the
program to the time of the appropriate State. In order

to do this the program assumes that state 2 i1s left on
vectors that are triggered by command starts only.

With these several restrictions it 1s suggested that this
model not be changed by the user of the program wlthout a
detalled examination of the program listing. The program
does assume that certain states have predefined meaning
and are connected to other specific states.

SECTION V.

HISTQGRAM REPORT GENERATION ROUTINE

The State Transition Analysis Routine and the Command State
Transition Analysls Routine produce records of TSO trans-
actions that are summarized by the Histogram Report
Generation Routine. FEach 1input record has N entries, one
for each vector in the state dlagram (see the Section on
State Transition Analysis Routine). The entries contain:

1. The number of the state.

2. The accumulated elapsed time (in timer units) for
the state.

3. The number of times the state was entered.
The user of the program relates states to events (e.g.,
Ready Queue time 1s time from states, 3, 8, 15, 17) and defilnes

the histogram intervals. The program uses this information
to produce the histogram picture (see Fig. 25).

REPORT FORMAT

Histograms are a pictorlal presentation of data values.
The data is slotted into cells to give a presentation
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of the distribution of the values. All data values

that fit between the lower cell limlt and the upper cell
1imit are assigned to that cell and the count for that
cell is increased by one (for example a data value of
6.325 would fit in the cell 6.0 to 6.5).

Histograms for TSO data can be produced for time values
(e.g., response time) or for count values (e.g., the number
of SVC's). Since the report format 1s identlical for time
and count data {the units for time 1s seconds, count 1s
pure numbers) the explanation below wlll describe only a
time histogram.

The top two lines of the report provide the summarized
statistics of the data:

1. Total - accumulated seconds for all occurrences
of the event ‘

2. Average - the total seconds divided by the number
of transaction (X).

1 ﬁi 2 2
i=1

where p = number of transactlons
Xy = accumulatedseconds for transactlon 1
X = average
4, Minimum - smallest elapsed time for any transaction

5, Maximum - largest elapsed time for any transaction

The statistics without overflow line 1s the same as described
above except all data values which exceed the last histogram
value are not included (see below for cell specifications).

The FREQUENCY line on the histogram provides the number of
transactions that belong in each cell. The summation of
these numbers 1s the total number of transactions processed.

The number of data values 1n each cell are represented
raphically by asterisks (*Z. Each asterisk 1s weighted
%e.g., one asterisk equals data values) to provide the
maximum display on the page. The left hand side of the
plcture is labelled with the value of each asterilsk.
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The two lines at the bottom of the histogram are the
cell 1imits in seconds and the percentage of transactions
that fall in each cell.

The cell limit defines the maximum value for that cell;
all data less than the cell limit fit into that slot.
For example, the data values 5.0 to 5.999 ... fit into
the cell labelled 6.0, whereas a data value of 6.0 fits
into the cell labelled 7.0.

Each histogram has a underflow and an overflow cell. The
wnderflow contains all data values less than the user
defined starting value. For example, if the user defined
1.0 as the starting value, all data values less than 1.0
would be listed in the first cell (labelled 1.0). The
overflow cell contains all data values greater than the
user defined range. These data values are shown as the
last line of asterisks on the histogram and are labelled
with the interval one greater than the user defined range.
(See Control Cards for Histogram Report Generation).

CONTROL CARDS

The Histogram program is written in PL/I and processes

raw data from a disk data set created by the State
Transition and Command State Transition Analysis Routines.
The program reads from the data set identified by the
TRACEOT ddcard and prints on the SYSPRINT data set. Input
cards are read from the SYSIN file.

The first input card contains:
1. the number of vectors in the state diagram (N)
2, the number of histograms to be processed (M)

3. an indicator (0 for State Transition Reporting,
1 for Command State Transition Reporting)

These values are needed tc dimension the arrays for data.
Subsequently there are ¥ sets cof three cards that specify
parameters for each histogran.

Card 1 of the set contains the indication of the type of
data (TIME or COUNT) and the title of the histogram.

ITTME ! 'ENQUEUE WAIT TIME IN SECONDS - 1/7/72!
ICOUNT' 'NUMBER OF ENQUEUE WAITS 1/7/72'
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Card 2 of the set contains the number and states to be
combined (added) to provide the histogram. As an example
off a card 2 conslder the calculation of the time on all
ready queues which is obtalned by adding the data values
of states 3, 8, 15, 17. Card 2 would then have the form:

4 3,8,15,17

Card 3 of the set contalns the user defined starting value,
number of cells and cell interval for the histogram. If
the user speclfied.

0.0,5.0,0.5

on Card 3 the histogram would have 5 cells plus an underflow
and an overflow cell; and each cell would have a 1/2 second
spacing as shown below: :

under over
flow flow
cell 1imit 0.0 0.5 1.0 1.5 2,0 2.5 3.0

An example of the JCL and data cards required to produce
two histograms (one of ready queue time, and one of SVC
count) from data produced by the State Transition Routine
on data set MODEL is shown in Fig. 26.

DESIGN SPECTFICATIONS

The histogram program is coded in PL/I and designed to be
driven from the user defined control cards. The arrays
are dimensioned based on the number of histograms to be
produced and the amount of data contained in each trans-
action (both of which are specified by the user.)

The program handles 2000 transactions (about 2 hours of
trace data with 25 users) in each pass. The array

called TABLE is used to hold the processed data. Each ele-
ment of TABLE represents a polnt in a histogram (e.g., one
point in the SVC count histogram is the summation of data
values for state 10, 18:)

Once 2000 transactions have been processed or the input
data set end of file is encountered, the data for each
histogram is slotted into cells and the histogram is
printed. The 2000 transaction limit can be changed by
modifying the variable MAXTRAN; such a modification may
require a larger region of memory for program execution.
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Indicative messages are printed 1f errors are encountered.
These messages fall Iinto five categories:

1, NO VARIABLES OR DATA - there 1s no data for the
states specified.

2., TOO MUCH DATA - there are more than 2000 transactlons
for this histogram.

3. ALL DATA UNDERFLOW - all the data values for a
histogram are smaller than the user deflned lower
1imit.

4, ALL DATA OVERFLOW - all the data values for a
histogram are larger than the user defined upper
limit,

5. NO STANDARD DEVIATION - all data values are identical.

SECTION VI.

TAPE KEY

This section describes how an installation compiles and
creates load modules of the programs. All the previous
control card sections indicate that the programs are
stored on a JZBLIB dataset called TSO; the control cards
in this section describe how that data set is bullt.

An installation should punch out the instream catalog procedure
from the first file on the tape (see Fig. 27). This is used
rather than starting a reader to the tape because of the dif-
ferences in acceptable JOB cards at various installations.

The instream catalog procedure 1s used to:

(1) create and catalog a TSO source data set (STSO)
and a TSO load module data set (named TSO

.
2

(2) copy the source data from the tape files to the
STSO data set;

(3) assemble, compile, and link edit the programs
creating load modules in the data set TSO.

This instream catalog procedure will call the standard 1BM
compilers and assembler: '

l, assembler F
2., PL/I level F
3. Fortran H




- 29 -

The installation user alsoc supplies symbollic parameters
for the volume and unit for the source and load module
data sets. These parameters are called SV@L,SUNIT, LV@L,
LUNIT respectively. A symbolic parameter TUNIT is also
used to identify the unit name of an 800 BPI, 9 track
drive, The symbolic parameter SCRH deflnes the unit name
of scratch data sets.

As an example, assume that a user wants the source data
set on a 2314 with the volume serial number of PERM21, and
the load module on a 3330 with the volume serlial number of
TSWRK, he would then execute the procedure as follows:

// JOB cea

instream procedure cards

/7 EXEC TSOGEN, SV@L=PERM21 , SUNIT=2314,
/7 LV@L=TSWRK, LUNIT=3330

S

The default units for SUNIT and LUNIT are 2314, whereas
TUNIT defaults to 2400, but the user must supply SVOL and
LVZL. The scratch unit (SCRH) default is SYSDA.

A list of the contents of each file an the tape (which is
9 track, 800 BPI) is shown in Figure 27.
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TRACE TAPE WORD 1 WORD 2 - WIRD 3
.-” Number of 3 word *
FFFFFFFD entries/record Time of Day
START -
, - Register 1
NORMAL - . | TJ1D 00 EC Contents Time of Day { e
f TJID = Time Sharing Job Internal identification
. EC = Entry Code (00-FF)
Register 1 - see Figure 2
- Number of
LOST DATA -a FFFFFFFF entries lost Time of Day
e’ Date in
= FEFFFFFE Packed Decimal Time of day
D - W T

* Time of Day in Timer Units (1 Timer Unit = 26.04 microsec)

Figure 1: Trace Tape Data Format




. Entry Code Reason for Eptrv

N -o

(7= o -l o v WA

Command about to be processed
Time slice has expired

User Is waiting for terminal
1/0. Swap him out.

User's tasks in non-i/0 wait.
Swapped out user ready to run.
Restored user is still in
non-{/0 wait.

User is setting must complete
for owned resources,

User is no longer in must
complete status.

A task switch to background
task is being dispatched.

A task switch to a system
task is being dispatched.

A task switch to a new t.s.
task is being dispatched.

A task switch has resulted in
a system wait.

Quiesce is started.

Quiesce is complete.

Swap out start.

Swap cut complete.

Swzp In star:.

Swap n complate.

Restore is started.

Restore is complete,
Reserved.

Pass Logon information for
accounting purposes,

Time of day must be altered.

Specify size regian for specific

foreground reglon,

Reserved.

Logoff, release TJID

Logon, put user into region,
Obtain regian id for size.
Swap in failed.

Swap out failed,

TGET,TPUT was satisfied.
Attention interrupt received,
Permanent terminal 1/0 error.
Logoff, logical disconnect.
Reserved.

Region failed.

Do not swap out user.

Allow swap out of user,
Logoff, update accounting.

FE diagnostics.

User in enqueue wait, Swap
him out.

gure Entry Code Table

Fi 2
Rcference: IBM Manual-C 28 6698- TSO Option Guide

Rerister 1
next entry Is name
Bit 0: QO=input

l=putput

bytes 3,u=f of free buffers

Estimated must complete
time.

Next entry is USERID

Region number.

Region id.
Region size.
Bit 0: 0O=ltogon,l=nct logon.

Bit 0: O=TGET,1=TPUT

Region 1D,

Bits 5-7: n where 2(n+1l)
entries follow
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{//SYSUDUMP DD SYSOUT=A

rf/ - DCB=(BLKSIZE~2048)

(// DISP=SHR, UNIT=2400,

r//FTIOFOOl DD DSN=DE(C28, VOL=SER=BX1020,

r//FTOGFOOl DD SYSOUT=A

r)/ EXEC PGM=TIME

_ [/VJOBLIB DD DSN=TSO,DISP=SHR

(// JOB ces

Figure 4: JCL For Time History Plotting




COMMAND ANALYSIS REPNRT

DELETE
USER-1D AVERAGE TIME COUNT
' FH 674629 3

vic 18,140 1

09/27/71 PAGE 2
COMMAND ANALYSIS REPORT

EDIT
USER-ID ' AVERAGE TIME ‘ . COUNT
: 75. 456 ' 4
18M - 38,361
FH : 348,047
09/21/71 PAGE 3
COMMAND ANALYSIS REPORT
EXEC
USER-1D AVERAGE TEME © COUNT
9, 642
FH ‘ 14,772
09/27/71 PAGE 4
COMMAND ANALYSIS REPORT
FREE
USER-1ID ' AVERAGE TIME COUNT
vIC 41,664

Figure 5: Command Summary Reports

et



097277171 PAGE 12
TIMER EXPIRATION ANALYSIS

SER-ID NO OF TS ENDS NO OF TERM WAITS NO OF NON 1/7 WAIT
IBM 2 17 23
M 1 10 R
. 8 136 147
VIC 2 24 33

09/27/71 PAGE 13
USER READY REPORT

USER-TID NO OF USER READIES ND OF NON I/0 USER READIES
IBM _ 25 14
18M 11 5
FH 151 113
vIC 33 20

Figure 6: Timer Expiration Analysis & User Ready Report




) 09/28/71 PAGE 14
TASK OISPATCH REPORY

ND OF BG TASKS N0 OF SYSTEM TASKS NO OF NEW TS TASKS NO OF WAIT TASk

59607 71929 10420 T4850

—

Figure 7: Task Dispatch Report




USER-1D

“BM
o~ IBM

FH
VIC

USER-ID

IBM
I8M

FH
vIC

USER-1D

18M

[BM
FH
- vIc

-

USER-ID

1BM

InM
FH

VIC

Figure 8: Swapping Functions

AVERAGE TIME

0.019
0.028
0. 022
0.042
0. 020
0. 019
c.017

AVERAGE TIME

0. 145
0.215
0.162
0. 210
0,136
0.146
0. 142

AVERAGE TIME

0.279
0.354
0,171
0.195
0.141
Ce 16D
0. 141

AVERAGE TIME

0.005
0.005
0. 006
0.004
D.0ONG
0,005
0.005%

09/727/71 PAGE 15
QUIFSCE REPORT

COUNTY

77
41

23
205
48
22

09727771 PAGE 16
SWAP UT REPORY

COUNT

76
41
9
23
204
48
22

09/27/71 PAGE 17
SWAP IN REPORT

COUNT

75
4%
10
24

209
48
22

09/27/71 PAGE 18
RESTORE RQFPNRY

COUNT

T5
44
10
24
209
47
22
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Iz

(12 32 00 13 20 00

BLANK Delimiter CARD

(TIME

{ EDIT

(&

(bALL

A(ASM

(ALLﬂCATE

ALLY

ﬁ2/31/72

(//FTOéFOOl DD *

//SYSUDUMP DD SYS@UT=A

// V@L-SER=BXX398, DCB=(BLKSIZE=20L8 )

(/7FT10F001 DD DSN=DEC31,DISP=SHR, UNIT=2400,

// V@L= SER=TSWRK1

(/VFT08F001 DD DSN=HIST.DATA,DISP=¢LD,UNIT=2314,

(//FT06F001 DD SYSEUT=A

(/[ EXEC PGM=CMAR

fnyﬂBLIB DD DSN=TSO,DISP=SHR

(// J#B. ..

Figure 10: Control Cards for Command Measurement Routine
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word 1 word 2 word 3
Commanﬁ}l start value acecumulated diff | count

IcMD| 2 " " "

3 n n
u n n "

" "

A Command Count Table (ICCT) exists for each TJID. Each
entry in the table is used to record time and count in-
formation for one command. For example, to update the
count. for the command CALC (ICMD=4) of TJID number 19
the following code is used:

NCCT = ITV (14, 19) Index to Command Count Table
for ID19
ICMD = ¢

ICCT (3, ICMD, NCCT) = ICCT (3, ICMD, NCCT) + 1

i}

Figure 12: Command Count Table




word 1 word 2 word 3

TJID gtart value accumulated diff] count

1 n" n n

2 " " ]

N " n mn

Format of Quiesce table IQUE, Swap Out ISWO, Swap In ISWI,
restore table IRES )

A 3-word entry exists for each TJID. A pointer exists in the
Transfer Vector Table (ITV) for each tzble. To access the
count of Swap Outs of TJIDs the following code could be used:

NSWO
ICOUNT

ITVY (10, §) Index to table for TJID5
ISWO (3, NSWO)

Figure I3: Quiesce, Swap Out, Swap In, Restore Tables




word 1-2 word 3
WORD 1-3 ACCOUNT

4-6 ALLOCATE

. ALLOC

. ASM

. CALC
CALL
CANCEL
COBOL
COB
CONVERT
CON

COPY

O ® K ~N =~ OV F W P

DELETE 10

WAIT N

Command Lookup Table contains 3 words for each
command.

The Command Measurement Analysis Routine uses this table
to provide a unique index for each unique Command. The
index, called ICMD, is then used to access a cell in

the Command Count Table to accumulate time for a command.

Figure 15: Command Lookup Table
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«
al

PRINTED (N U.3.4,
E-1012-A- ¢ [9-43)

TIIDn / // .// //
TJID / / VA
TJIDp
TJIDy Ftate starting time | accumulator [count
1 value 1 diff 1 P1
P value 2 diff 2 p2 J
m value m diff m P

Figure 19: Transactlon Output Array

L TELEPHONE LABORATORIES
ISSuE e TITLE BEL INCORPORATED

mLxy

DRAWM

NG, OF BHERTS PLR 30T




(

Vid
Figure 20: Control and Data for _[;A-BO 10
Analysis Routing 13 430
y

12 15 2 1

11 15 13 0

10 42 5 O
[é 16 4 O
8 4 90
7 15 8 0
6153 0
529 14 1
514 6 0
5 2 12 0
5 2110
23 70
5 41 10 0
L 17 5 0
316 4 0
2430
12520
11 53 13 20
19

(//SYSIN DD *

//SYSPRINT DD SYS@UT=A

l/// DISP=SHR,DCB=(BLKSIZE=2048)

(/7TRACEIN DD DSN=DECZ27,UNIT=2400,V@L=SER=BX1028,

// V@1=SER=TSWRK1, DCB(RECFM=V, BLKSIZE=1204)
, I///TRACEOT DD_DSN=M@DEL, UNIT=2314,DISP=SHR,
// EXEC PGM=STAR

ri//JﬁBLIB DD DSN=TS@(STAR),DISP=SHR

( // J¥B
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OLD STATE ENTRY CODE NEW STATE

1 4 2 Think time

2 50 50 Trivial

2 51 51 Non trivial

2 52 52 Data dependent

2 53 53 EDIT

D 55 55 TEST

o 56 56 EXEC

50 -34 3 Trivial execution
50 2 3

50 -50 1

51 -34 3 Non-trivial execution
51 2 3

51 -51 1

52 -34 3 Data dependent execution
52 2 3

52 -52 1

3 -50 1

3 -51 1

3 -52 1

53 -34 4

53 e 5 EDIT

4 2 5

5 L 6

6 17 7

7 -34 Y EDIT subcommands
7 2 5

7 54 54 SAVE

7 -53 1

54 -34 8 enter for SAVE

8 4 9

g -54 7 exit for SAVE

55 ~-34 10 enter for TEST

55 2 11

10 2 11

11 4 12 user ready

12 17 13

13 -34 10 TPUT or IWAIT end subcommand
13 2 11

13 =55 1 exit for EDIT

56 2 1 exit for EXEC

Figure 22: Decision State Table for Command Transaction Model




ERLERRREAR SUNNARY Ko dkmsbnnx

_NUMBER CF VELTORS= e 40 .. . NUMBER OF NAMES= 50
TINE FPAME= ' 1% 19
GENERATEC TRANSACTICANS= 159 e -
COMMANC NAME~-PSFUCC ENTRY CODE- CULNT—AVERAGE TIME
ACCCULAT e BY AUUEE ¢ Q.00 — _
ALLCC £1 15 1.C5
ALLCCATE 51 0 Q.00
ASM 52 8 60.63
Catl S k2 s . - 0.78 o e _
CCN 82 ¢ 0.90
CCNVEFT £2 0 0.00 i
cePy €2 0 0.00
D -3 S 10 4,57
DELETE £l 15 7.24
£ . . B3 : 8 19.76 e
EDTIT 53 31 17.28
EX - Se c G. 00 S L
EXEC 56 1% 32.37
FCRT 2 2 1,74
FREE €1 2 Ca21
N .82 € 0.00 _ —
ELP €2 2 0,39

L — e 22 - 4045 _ _
LIST 57 3 .39
LISTA g1 C C.C0
LISTALC €1 C 0,00
LIST® . . &L c 0.00 B, —
LISTRC =1 c 0.CO
LISYC . ... 51 a Q.C0 e e
LISTCET 51 1 4.02
LISTC - | ¢ 0.C0
LISTCS 51 2 2.51
LINK £ 15 20.49 N o
LCAD £2 o 0.00
LCACGC 52 7 0.00 e
CPER £1 ¢ g.CC
QPERATCR -3 U C 0.00
PROF £ c 0,00
PROFILE .. Cf1 C C.CO - S
PROT 50 a Q.10
PROYECY . . .  Ec C CeC0 e e
REN 51 0 0.00
REMNANE 51 i 0 0«00
S €4 o ¢.CO
SAVE B4 37 1.21 . o
ST 5C C N.00
STATLS 5C ¢ 3.C0 i
SE £Q C .20
SEND - 1 1.58
TERM &8¢ 0 0.0
TERMINAL 5C 0 J.00 —
TEST £5 2 1.50 ‘
TIVE 5€C 1 2.73 N
USERS £ ? 1.11

Figure 23: Command State Transition Summary




S

—

// Jub
//7JUBLIB DD DSN=TSU,DISP=SHR
//MOD EXEC PGM=COMND, TIME=10,REGION=200K

f/SYSPRINT DD SYSOUT=A
//TRACEIN DD UNIT=TAPES,DISP=0LD, VOL=SER=RX] 029

Figure 24:

LI B

JCL For Command State Transition Routine

-t

1/ LAREL=(4,BLP),DCB=(RECFM=VR,BLKSIZE=2048)

//TYRACEOYT DD DSN=ELEMODEL,UNIT=

+DPSN=JAN9 . W1RD25,

SYSDADISP={,PASS), VOL=SER=WSCRL T,

r/ DCB=(RECFN=VvBLKSlZE=1204)oSPACE=(CYL'(3;1))
//SYSIN DD % .

40 50

20 40 21 10

4 2
50 50

51 51
52 52
53 53
55 55
56 56
50 -34 3

NN NN NN

50 2 3
50 -50 1

51 -34 3

st 2 3
51 -51 1
52 -34 3

*ACCOUNT*
tALLOC* 5
*ALLOCATE
YASMY 52

YCALL* 52

51

1

51

*CON' 52

DY 51
"DELETE?®

*E' 52

51

- TCONVERTY 52
. YcoPyYr 52




EDITY 513
CYEX? 54
TEXECTY 56
'FORT* 52
'FREF! 51
H* 52

'HELPY 52
Ly s2
*LISTY S2
*LISTA* 51
"LISTALCY 51
LISTR' 5]

TLISTBCY 51
"WISTCY 51
'LISTCAT® 51
'LISTDY 51
‘LISTDS* 51
'LINKY 52

*LOAD* 52
'LOADGO"' 52
*OPER' 51
TOPERATOR' S}
'PROF* 51
"PROFILEY 51

VPROTY 50 S

'PROTECT* S50
*REN® 51
'RENAME®* 51
'St 54
'SAVE' 54

'ST* 50
'STATUS® S0
*SE' 50
*SEND' 50
*TERM! 50
'TERMINAL' 50

TTESTY 55
*TIME' 50
*USERS* SO

/%

F/HIST EXEC PGM=REPORT,TIME=5,REGION=200K

//SYSPRINT DD SYSOUT=A

TITRACENT ﬁﬁmﬁiﬁitMhﬁ?l?ﬁﬁTT§§V§ﬁi;votssea=uscn17.nrsp=toLD.DELETE).

Y DCB= (RECFM=V,BLKSIZE=1204) e
//7SYSIN DD =%
40 11 1 o
"TIMEY "TRIVIAL COMMAND INTERACTIVE RESPONSE TIME IN SEC.*
1 50
0.001’18.0.0.5 —
YTIME? *NON-TRIVIAL COMMAND INTERACTIVE RESPONSE TIME IN SEC.®
1 51

0.01,18.0,1.0

"TIME® *DATA-DFPEND.
1 52
0.001,10.0,10.0

COMMAND TNTERACTIVE RESPONSE TIME IN SEC.'

'TIME® 'AVG, TIME IN EXEC COMMAND(CLIST)®

1 56
0.001'14.0! 10'0

'TIMEY 'AVERAGE INTERACTIVE RESPONS

2 6,7
0.01'18.0'1.0

E TIME IN EDIT"

'TIMEY YTIME FOR EDTT TO RESPOND®

1 53
0.01,18.0,1.0




'TIME® *AVG, SAVE [NTERACTIVE RESPONSF [N ENIYY
1 54
0.01,18.,0,41.0

"TIMEY *SAVE RESPONSE TIME UNDER EDITT
2 9,54

0001!1400’5-0

‘TIME® 'ALL TRIVIAL RESPONSE TIMES(INCLUDES EDIT MODE ) *
3 647,50
0c01418.0,1.0

FYTMEY TAVERAGE INTERACT IVE RESPONSE TTME [N TESTY
2 12,13

0.01,18.0,1.0

'TIME* *TIME FOR TEST TO RESPUND?*

1 5%
0.01,18.0,1.0

7%

—




WL omand Apsey Jo welFolsTty G2 aINIBTg

6°S 00 ¥*0 g*0 140 9*d €£°0 L1 %°1 94 0°el L1z 5°6% 0*o IN3H3d
: . "LIW]T
00°el_ ©D"Z1 0011 DO*01 00°6 008 002 po*9 0c* s G*Y 00°¢ 0d*¢ ga°1 0U*0 1nao

* * *

LI I N
LR ]
* RN RN RN

.4‘“*‘***'!&‘**"'

BCZ
912
wée
4 ¥4
0%
g49¢
214
Y9z
212
11T
g8e
962
HCe
Z1ie
1743
82E
31
SINIOd &  IVNO3 xHIVI

llQ'*Q*lll*i*ﬂﬂl’lll!l.li'%'*#illﬂ‘Giilﬁlﬂil
]
[
-t

Iy < 13 ¥ 1 € Z 21 11 [41 06 051 (41 0 AJN3NOQI ¥4

11 S3ANING AQVIE VIV NO 3wl

- MUT4¥3IA0 ONIANIIXI 629°1 = NDILVIAJG OQUVOANVLS 1%€°1 = JOVHIAY  115°1.8 = yaDy
818%661 = WNWIXVYW CCC*O = WNWININ L29°91 = NOILVIAZQ QuVAONVLS 90%°% = IDVHIAY Qi2°H%0C = IviDL




£

{0.0 14.0 3.0

2 10,18

'COUNT' 'NUMBER @F SVGS'

0.0 18.0 0.25

/
la 3,8,15,17

r'TIME' 'TIME @N ALL READY QUEUES IN SECONDS *

(32,2,0

(//SYSIN DD *

/
| //SYSPRINT DD SYS@UT=A
// VQL=SER=TSWRK1,DGB=(RECFM=V,BLKSIZE=1204)

//TRACEQT DD DSN=MODEL, UNIT=231/ ,DISP=SHR,
// __EXEC PGM=REP@RT
(//JOBLIB DD DSN=TS@(REP@RT),DISP=SHR

(// J@B. ..

Figure 26: Control Cards for Report Generation




9 TRACK, 800 BPI

iﬁo . LRECL=80, BLKSIZE=80
ALYSIS
PGMS TAPE Non Labelled

Seven Files

Catalog Procedure to Build

TSOGEN - Program and Load Files
Assembler Subroutines (Source)

ASUB for Command Measurement Analysis
Routine

TIME Fortran Source for Time History
Program

CMAR Fortran Source ror Command
Measurement Analysis Routine

STAR PL/T Source for State Transition
Analysis Routine _

COMND PL/I Source for Command State
Transition Analysis Routine

REPORT PL/I Source for Report Generation
Routine

JOB .o
E EXEC PGM=TEBGENER,REGION=160K PUNCH OUT INSTREAM PROCEDURE
SYSPRINT DD SYSOUT=A
SYSIN DD  DUMMY
//éYSUTl DD DSN=FILE1,UNIT=2400,DISP=(OLD,KEEP),

TN

VﬁL=SER=TS¢PGMS,LABEL=(1,NL),
// DCB:(RECFM:FB,LRECL:SO,BLKSIZEzSO)
/SYSUT2 DD SYS@UT=B

Figure 27: Tape Key for Analysis Programs




II.

APPENDIX A

List of control cards and data cards for the State
Transition Analysis Routine (STAR) and Report Genera-
tion Routine (REPORT) of the expanded state model
shown in Figure 18.

List of control cards and data cards for the Command
State Transition Analysis Routine (COMND) and Report
Generation Routine (REPORT) for classification of
commands by type. (same as Figure 24)




(I)

v4 JeR aase

Z/J0BLTIR N DSn=TOS+DISP=8SHR

//%00 EXEC PGMzSTAR,TIME=10+REGION=150K

//7B3YSPRINT np  SYSOUT=A

Z/TRACETE N UNTIT=TAPE9.DISP=OLD«VOL=SER=BX1703+DSN=JAN9 W24
F/TRACECT 1 DRNSMOLEL «PRIVUNIT=SYSDADISP=( PASS) +VOL=SER=WSCR10,
£/ MCB=(RECFMEV ILKSIZE=Z1204)+SPACE=(CYLW (3,1))

S/SYSIr DD * :

32

11 38 12 18

«34 2 0

4 3 n

16 4

17 S ¢

14 9 o

T 60

4l 1r n

2 11 4

~34 12 ¢

22 22 1

195 7 o

4 B n

16 4

1% 3 &

10 42 =

11 1% 2 1

12 3 1z o

12 14 19 0

12 41 14 0

12 2 11 0

12 =2 21, 0

12 29 22 1

13 15 14 0

14 4 1% §

1% 16 1+ O

1¢ 17 1>
17 16 14
18 42 1>
19 1% 17
20 15 21
21 4% 17 o
22 30 1 ¢
/x
Z/HLIST xEc PG cREPCGRT W TIMEZS REGICGhN=250K

J/SYSPRIMT 0y LyS0UT=A

F/ZTRACEOGT 07 DAh=MOBGELIMRTJUNIT=SYSDACVOL=SER=WSCR10.+DISP={(DLONELETE)

DR~ A NN E NN

Lo T B g 28

—
—

/7 RS (RECFMSY ¢ BLRSIZEZ12048)
//SYSTIn Oliy *
32 16 n

*TIME Y fINTFPACTIVE RESPGNSE TIME. OHIO STATE-13.30-15.00°
9 e er s 7eBeuelngll

Cefelllenns0ur0

*TIME®* vTHTIFRACTIVE REOSPOMSE TIME II

9 X UsS46e7+R+T410011

10,0412:.044,0

TTTME? »SYSTEM RESPCNSE TIME In SECONDS®

19 34845 4B TeBy el e11+12413:414¢15,16417+18:+19+20,421
OeNelellalell

CTIME® *OYCTEM RESPUNSE TIME IN SFCONDS X1t




() - cont'd
19 Z44,45:697+849+10,11,12,13,414,15,16417:+18,+19,20,21
0.0¢1%,048%.0
*TIME® *SYSTEM RKESPGNSE TIME IN SECONDS TIi1°
19 34445464728+ 2010411+412+413¢14415,16417,18:,19:20.21
60,0415,044,0 ‘
*TIME? rUSFR THINK TIME IN SECONDS?
12 ‘
000!1”’-095.0
*TIME' *TOTAL SWwAPPING TIME FOR A TRANSACTION- SECONDS?
B 49619411 ,13116419429
OaDelB8.040.058
*TIME' *TOTAL FXECUTION TIME IN SECONDS?
"" 5'10'12‘18
0400194040 4u
*TIME® +TIrrg On ALL READY GUEUES T SECONDS!
g e84 1%017
(U O R R P
*TIME®* »71ip Of ALL READY QUEUES II®
4 ZsBe1%417
OeOel2afiylat
*TIME! spHapLUC WAIT TIME 1IN SECOMDS®
2 Talu
0.0 12.041.0
tCNUNTY *NLwRER OF ENMQUEUE ~AITS?
2 Tl
Belel2s001.0
‘COUNTY *nperRER OF TIMES OM READY @ = ® OF TIMES SWAPPED*
"" 5'8.15'1,7
DeOsl4etinlel
YCAUNTy *MNinenEfr OF QUTPUT TERMINAL WAITS?
1 21
D.Q.lq.ﬂ,l.ﬂ
*TIME® *t0wnalT TIME FOR NUTPUT TO COMPLETE IN SCCONGS®
1 21
0.0'1‘4-0.5.!}
TCOUNT NI EEEK OF SVES?
2 10.1x4
OeQellatiy3.0
/ x
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44 JO e

ZJORLTIE DI nEn=TOS,NISP=SHR

L7100 TxFC PeMzCOMAD, TIMF=10.REGIOM=200K

LSYSES 14T 3 LYSeuT=A

A/TRAC: T ot B =&CDELWUNTT=SYSDAWDISP=(+PASS) +VOL=SER=WSCR17.
s SO PECFMEV ¢ BLRSIZE=1208) +SPACE=(CYL . (3.1))

F/75YSIn "D .

40 SS9

0F "6 1. 232

1 & 2

2-s0 5¢
2 =1 951
2 %2 572
2 =3 83
2 5% &=
2 Bb6 94
50 =24 ¢
EC 2 3
S0 =50 ¢
851 =34
51 2 3
51 ~51 1
52 =34 3
5¢ 2 3
52 =52 1
3 =50 1
3 =51 1
3 =52 1
53 =34 o
53 2 5

2 5

é B
17 7
=34 4

AN

4 By

-5% 1

sS4 «34

8 4 9

9 -54 7

5% =34 411

5% 2 11

in 2 13

11 4 1p

12 17 15

13 =34 3n

13 2 13

12 ~55

56 2 1
*ACCLULTY v
TALLGCY R1
YALLOODATE Y
AR L
tCAaLlLY -%
oMY e
YCOAVELTY &)
COPY' wp
tDe 51
*MELECTE Y 51

NN NN




(II) - Cont'd

tEr 53
EDITY =2
'EX' 56
YEXEC? sk
FORTY wp
*FREEC' &1
tHr 52
*HELPY &2
L B2
*LIST? =2
*LISTAY =3
*LISTALCY 51
*LISTR =1
*LISTBCY S1
YLISTCY =1
tLISTCATY 51
*LISTDY =1
*LISTosY 81
YLINKY ap
*LoADY s2
*L.OADGNY "o
*OPER' =1
'OPERATLRY =1
'PROFY =1
'PROFILFY 5]
'PROTY =0
'PROTECTT =
'REN' 24
‘RENAME 51
'S 5y
*SavEhr =y
'ST* &0
YETATUS Y Bn
*SE*' 59
TEENDY =
*TERMY &0
YTERMINDALY &1

'*TEST* <5
'"TIME® =r
YUSERSY R .
S
Z/7WIST e PG zREPGRT«TIME=S.FEGION=200K
F/SYSPRTET g SYSGHT=A
ZZTRACE T oD Davimd@MODEL s UNIT=SYSDALVOL=SSER=WSCR17+DISP=(0LD+DELETE) »
44 R RECT MV L ALKSTZF=1204)
F/SYSIr Py *
Ho 11 1
"TIWE® *TRIVIAL COMMAND INTERACTIVE FESPOMSE TIMF IM SEC.!
1l 50

0.031417.0,0.5
CTIME®Y vralle TRIVTAL cOMeaND INTERACTIVFE RESPONSE TIMC IN SEC.!
1 51 '
U-ﬂl-l?".“--l.i)
CTIMEY CaTh= PES,  COMPAND INTFRACTIVE FESPONSE TIME IN SEC.?
1 =2
0001010 0041040 _
YTIME*Y AV, T;‘L I EKYC_CQMMAND(CLIST)',
1 56 % o S o
04001y 1u.d 1080,




(II) - Cont'd

*TIME® *AVERAGE INTFRACTIVE RESPONSE TIME Iy EDIT?
2 647 ’
0.01!18.0!1-0

'TIME® oTInp FOBR ENIT TO RESPOND®

1 83

0e01vlftaNyl,D

'TIME® *AVh, SaAvE INTERACTIVE RESPCNSE IN ERIT!
1 sS4

DeD1lel8,04¢1.0

*TIMEY SAYF RrSPOMSE TINMFE UNDER EDITY

2 91454

0.01!1‘1.0|“;|D

YTIME® epLl TRIVIAL RESPONSE TIMES{INCLUDES EDIT MODE)*

3 6eTasn

[].[]1.15’.0“].”

*TIME®Y *AVEPAGE INTFRACTIVE RESPOMSE TImME Ih TESTY
2 12+1%

Dafilelrn.livlatl

TTIME® TIxr For TEST TO RESPOND?

1 =5

0.011_13-001.0

/*
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NAME IKJEATCO IKJEATOO

VERIFY 0174 45FOClBO,ESEC500ﬁ,47700194,
58105004, k3405000, 54A0C69C

REP 01Th 41F0194,92085003,474001BO
950B5003, 47200180, 47FOC19l

The second modification is to allow subcommands of EDIT to

be included on the trace tape. Applicable to 20.1.

The trace entry is the same as that for a command except
that the two high-order bits of register one are B'11' on
subcommand start and B'0Ol' on subcommand end. The remainder
of the high-order byte of reglister one is the return code
from the subcommand processor on subcommand end. The source

module changed i1s in 3605-UT-506.
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CHANGE NEW=PS, NAME=IKJEBEMA
NUMBER INSERT=YES, SEQ1=55200020,NEW1=55201000, INCR=500

PATCH TO PROVIDE TRACING ON SUBCOMMAND START

LA T.X'CO? SUBCOMMAND START CODE

SLL 1,24 SHIFT TO HI BXYTE

OR 1,PTSCMREG MERGE SUBCOMMAND NAME ADDR
TSEVENT PPMODE REQUEST A TRACE .

END OF PATCH TO PROVIDE TRACING ON SUBCOMMAND START

P g e e T T e T T

ko
*EX
*¥®
kkk
WVD
WVD
WVD

WVD
ek

kX
LL L

Rk kR kKRR Rk kR Rk kR Rk Rk ko k ik kb ko ko kkhkkkhk kb kA dkk bk

.,

k%
%k
kxk

T
1
Kk

NUMBER INSERT=YES,SEQ1=56000020,NEW1=56001000,INCR=500

PATCH TO PROVIDE TRACING ON SUBCOMMAND END

LR BRNCHREG, 15 SAVE RTN CODE

LA 1,X040¢ SUBCOMMAND END CODE

OR 1,15 MERGE RETURN CODE

SLL 1,24 SHIFT TO HI BYTE

OR 1,PTSCMREG MERGE SUBCOMMAND NAME ADDR
TSEVENT PFMODE REQUEST A TRACE

LR 15, BRNCHREG RTN CODE SAVED OVER PATCH

END OF PATICH TO PROVIDE TRACING ON SUBCOMMAND END

PTT
k%
xaE
WVD
WwWVD
WVD
WVD
wWVD
WVD

WVD
k&

¥k
k¥

gk kR kR Rk kN kR Rk koo k ok ko ko ko k ok kkkkk kkkk kR kkxkk
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The third trace modification provides dummy LOGON entries for
all users who are on the system when the trace writer is
started. The source module changed is in 3605-CI-555.

./ CHANGE NEW=PS, NAME=IKJFATR1
./ DELETE SEQ1=8600,SEQ2=8620
o/ NUMBER INSERT=YES,SEQ1=8590,NEW1=8591, INCR=1
e 3 20k 3 e ok e ol 3 b e o 3l ol ke Ak ok e ok 3k ke ok ak e ale e ofe e e al o e o A ak sk ok ak ok ok ok ks o e s o e ol o Ak Al ok ok ok ka3 3K ol ak ol ol i ol ol o ok ik
L2 3 ¥k
ok PATCH TO PROVIDE FAKE IOGON TRACE ENTRIES *x
kK ’ ik
5 EQU 5 TIID AND ENTRY CODE WVD
4 EQU 4 SIZE OF A TJB WVD
48 EQU 8 TIB POINTER WVD
5 EQU 6 PTR TO AVAIL SPACE IN BUFFER WVD
*E EQU 14 NUMBER OF TJB'S WVD
*F EQU 15 WVD
TIBSTAT EQU 6 WVD
TJBNIB EQU  X'80¢ “NOT IN USE" FLAG WVD
TIBUSER EQU 28 HOME OF USERID WVD
x
TIME TU "~ WVD
L #F,CVTTSCVT (, 82) -=> TSCVT (@2 --> CVT) WVD
LH #4, TSCVTSZU (, #F) SIZE OF A TJB WVD
LH #$E, TSCUTNTJ (, #F) # OF TJBS WVD
L #8, TSCVTTJIB (, #F) -=> FIRST TJB WVD
L $F,228 (, d3) TRCBPTR WVD
L #6, TRCNEXT (, #F) --> AVAIL SPACE IN BUFFER WVD
1A #5,0 WVD
USERLOOP TM TJIBSTAT (#8) , TUBNJB TJB IN USE? WVD
BO NEXTTJIB NO - SKIP WVD
SLL  #5,16 TJID TO LEFT HALF WVD
La $5,25(, #5) ADD IN ENTRY CODE WVD
ST #5,0 (, #6) PUT IN BUFFER WVD
SRL  #5,16 RESET TJID WVD
ST @1,4(,#6) DATE WVD
ST 20,8 (, #6) AND TIME IN BUFFER WVD
MVC  12(8,#6) ,TIBUSER (#8) USERID TO BUFFER WVD
LA #6,204 (, #6) BUMP BUFFER POINTER WVD
NEXTTJB LA £8,0 (#4, #8) BUMP TO NEXT TJB WVD
LA £5,1(,#5) AND NEXT TJID WVD
BCT  #E,USERLOOP WVD
ST #6, TRCNEXT (, #F) UPDATE TRCNEXT WVD
ok ok ik k

Lttt 2L L EE RS E RS SR 22 R 2 2R R R 2 R R R L L R 2 R 2 LR L




PRI SUNMARY %o ok ok o

 NUMBER CF VECTORS= . 40 . . __ _  _NUMBER OF NAMES= 50
TINMFE FPANE= ' 19 19
GENERATEC TRANSACTICAS= 159 ) _
COMMANE NAME-PSEULC ENTRY CODE-COUNT-AVERAGE TIME
ACCCULNT U3 ¢ 0. _0.00 o _ —
aLLCC £1 16 1.C5
ALLCCATE 51 0 0,00
ASM 52 8 60.63
cate £2 s C0.78 o e _
CCN €2 C 0.00
CCNVEFT £2 0 0.00 i
cCPY €2 0 0.00
) . -2 10 457
DELETE £1 15 Te24
€. - 8 19.76¢ e
EDIT €3 31 17.28
EX -1 ¢ Ge 00 - e
EXEC 56 19 32,37
FCRT £2 2 1.74
FREF £ 2 0.21
4 52 C 0400 N e
FELP ez 2 0. 39
e k2 .5 L f1e 45 . e _
LIST 52 3 1.39
LISTA £1] C 0.C0
LISTALC €1 C 0.90
LISTR . 21 c 0.00 e
LISTRC £1 C 0.CO
Lrsvc_ 51 0 QecO e
LISTCAT 51 1 4.02
LISTLC ——. . F1 C 0.CO
LISTLS &1 2 2.51
LINK £z 1o 20,39 ) e
LCAD €2 0 0.00
LCACGE 52 n 0.00 ) - e
CPER €1 ¢ 0.GC
QPERATCR - C _ 0.00
PROF TR C 0.00
PROFILE = Ll C C.C0O - e
PRCTY 50 0 0«10
PROTECT === £C C €C.CO0 e
REN €1 0 0,00
RENANE £ 0  0D.00
S £y o C.CO
SAVE LYY 37 1.21 N e
ST € G Ne 00
STATLS 8¢ 0 SeC0 .
SE £Q G 3.00
SEND - 1 1.58 B
TERM £C 0 0.00
TERMINAL 5¢ 0 Je 0D e
TEST &g 2 1.50 '
TIivg , 56 1 2.73 L
USERS €C ? lo1l

Figure 23: Command State Transition Summary




Figure 24t: JCL For Command State Transition Routine
7/ Jai ane Y
A7JUBLIB DD DSn=TSU,0i5P=5HR
//M0D EXEC PGM=COMND,TIME=10,REGION=200K
F7S5YSPRINT DD SYSQUT=A
//TRACEIN DD UNIT=TAPE9,DYISP=0LD, VOL=SER=RX1029,NSN=JAN9 W1 BD2S,
7/ LAREL=(4,BLP)DCB=({RECFM=VR ,BLKSIZ2E=2048)
//TRACEOY DD DSN=EHUDEL.UNlT=SYSDA;DISP=I.PASS),VUL=SER=WSCRI?;

77 DCB= (RECFM=V,BLKSIZE=1204) ,SPACE=(CYL, (3,17
//SYSIN DD *

40 S50

20 40 21 10

4 2

50 50

51 51
52 52
53 53
55 55
56 56
50 -34 3

NN NN NN -

50 2 3
50 -50 1
51 -34 3
51 2 3
51 -51 1

52 -34 13

52 2 3
52 =52 1
3 -50 1
3 -51 1
3 -52 1
53 ~34 4

3 2 &
4 25

56 2 1

~ *ACCOUNT®* 51

— YALLOC* 51
"ALLOCATE® S1
TASMY 52
CALL' S2

TCONY 52

" YCONVERY® 52 e

. *COPYt 52
'*D* St : C e o
DELETE* 51 '
*Er 53




'TIME® *AVG. SAVE INTERACTIVE RESPONSFE IN EDITY

1 54

0.01,18.0,1.9

"TIME E' "SAVE RESPONSE TIME UNDER EDIT?
2 9,54

0.01414.0,5.0

'TIME®* "AL1l TRIVIAL RESPONSFEF TIMES{INCLUDES ERIT MOOE)*
3 6,7950
0.01418.041.0

TTIMEY YAVFERAGE INTERACTIVE RESPONSE TIMF [N TEST?
2 12,13

0.01,18.0,1.0

'TIME' 'TIME FOR TEST TO RESPUOND?
1 5%

0.01418.0,61.0

rru




TSO TERMINAL SIMULATOR

ABSTRACT

The TSO Terminal Simulator is a program that simalates
IBM 2741 terminals attached to the Time-Sharing Option
of 0S/360. It can be used ¢to provide a controlled,
repeatable 1load for performance measurement, testing
and tuning of TS0. All measurement of TSO is
accomplised through the use of a companion package, the
TSTRACE Analysis Routines. Documentation for the
simulator includes an Installation and Operation Guide,

a Program Logic Manual, and a 1listing of the source
code. :




TSC TERMINAL SIMULATOR

INSTALLATION AND OPERATION GUIDE
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*EDITY 53
- YEXY 54
TEXECT S6
*FORTY* 52
*FREF* 51
*H* 52

YHELPY 52
lL! 52
*LISTY 52
'LISTA' 51
'LISTALGY 51
'WISTRY 51

"LISTBCT 51
WISTCY 51
'LISTCATY s
*LISTDY 5]
'LISTDS® 51
‘LINKY 52

'LDADY 52
*LOADGO* 52
*OPER* 51
'OPERATOR® 51
'"PROF* 51
'PROFILEY 51

FORGTT §g T e e
TPROTECT* 50

'REN' 51

'RENAME* 5]

150 54

"SAVE®' 54

ST e e
tSTATUS S50

YSE* 50

"SEND' S50

'TERM! 50

'TERMINAL' S0

TTESYT 55
"TIME® 50
*USERS' 50
I *

//HIST EXEC PGM=REPDRT,TIME=S,REGION=200K
Z/SYSPRINT DD SYSOUT=A

//TRACENT DD DSN=EMODEL, UNTT=SYSDA, VOL =SER=WSCR17,D1SP={0OLN,DELETET,

'y DCB=(RECFM=V,BLKSIZE=1204) e
//SYSIN DD %
40 11 1 e
*TIMEY 'TRIVIAL COMMAND INTERACTIVE RESPONSE TIME IN SEC.* o
1 S0

0.00! 1180010.5

*TIME? "NON-TRIVIAL COMMAND INTERACTIVE RESPONSE TIME IN SEC.Y
1 51
0.01,18.0,1,0

"TIME' 'DATA-OFPEND. COMMAND INTERACTIVE RESPONSE TIME IN SEC.'
1 52
00001 '1__0_-0' 1000

'TIME® YAVG, TIME IN EXEC COMMANDICLIST)®

1 56

0.001,14.0,10.0

'TIME' *AVERAGE INTERACTIVE RESPONSE TIME IN EDIT®
2 6,7 '

0.01,18.0,1.0

'TIMEY *TIME FOR EDIT TN RESPOND®
1 53
0.01' 18-0'100




TS8O TERMINAL SIMULATOR
INSTALLATION AND OPERATION GUIDE

Introduction

This guide contains information needed to install and operate
the TSO Terminal simulator. It describes the content and
format of the applicable files on the distribution tape,
discusses the installation of & Type 1 SVC routine that may be
required, outlines the Simulator parameters that may be
modified before assembly, and discusses 0s SYSGEN
considerations, execution JCL and REGION requirements. The
remainder of the distribution tape contains sample scripts for
use with the Simulator. Detailed information about Simulator
internals is contained in the TSO Terminal Simulator Program.
Logic Manual.

Note that the TSTRACF analysis routines can be used without
the simulator to measure a "live" TSO system. The Simulator
is intended for use by system programmers to provide a
contrclled, artificial 1o0ad for use in measuring and tuning
TSO. This document is intended for the system programmer who
will install and use the Simulator.

Distribution Tape

The distribution tape is 9-track, unlabeled,

It contains 80-byte records in 1600-byte
blocks. File one contains source code for the Simulator and
file two contains source code for a Type 1 SVC routine needed
by the simulator to provide the initial zero protect key.

SVC Routine

If your system has an unused Type 1 entry in SVCTABLE, change
the CSECT name of the sve routine in file two to correspond to
the unused svc number, assemble the SVC routine and link-edit
it into the nucleus using the procedure described in the
System Programmer's Guide, GC28-6550. For example, if +the
available number is 248, change the CSECT name from IGC999 to
IGC248. The svC routine, when invoked with register zero
equal to zero, returns control +o the point where it was
invoked with a zero protect key in supervisor state. When




called with register zero negative, it returns with the
problem protect key in problem state. If your system already
has a wuser £SVC routine that provides the zero~key function
(such as the CPS SVC}, that SVC may be used instead of the one
supplied with the Simulator. A note of caution: once the Svc
routine 1is installed, your system becomes vulnerable to
accidental or deliberate destruction due to inappropriate use
of protect key zero and supervisor state. This is not usually
a problem as long as programmers with a mischievious or
destructive streak 4o not learn the SVC number.

If no unused SVC number is available, the simulator may be run

with protect key zero as a system task. Consult an IBM SE for
assistance in installing a new system task.

Assembling the Simulator

There a several installation-dependent parameters which may be:
changed before assembling the Similator. The symtol '*USERSVC!
should be FQOUated to the number of the Type 1 SVC that the
Simulator will use to obtain its initial zero protect key.
The symbol *'#TERM' sets the maximumun number of terminals that
may be simulated. If more than 24 terminals will be used, the
EQU for '#TERM' should be set to the larger value. Up to 63
terminals can ke accommodated by the Simulator. The Simulator
uses another SVC number for "private™ communication with its
SVC filter routine. That number is specified as 129 in the
EQU for 'SVCNO'. If the number 129 is in use, that EQU should
be changed to any other unused number. Note that +this svC
number is distinct from and unrelated +to the Type 1 SVC
discussed in the previous section.

The MACROs LOADCAW and TRCHEND contain MEXIT cards which may
be removed to turn on tracing of CCWs and IOBs before and
after simulated channel-end. These traces are useful for
debugging.

SYSGEN Considerations

If you are planning a SYSGEN, Yyou may want to make special
provisions for the Simulator. First, make sure there is an
entry in SVCTABLE for the Type 1 user SVC routine discussed
above. Second, you may want to generate additional UCB's so
that you can simulate more terminals than are actually
available. The Simulator requires a UCB for each port being
simulated, but a physical device is not required. They should
be generated as '2741P'. If you simulate ports for which no




device is present, you will have to start the Simulator before
starting TCAM. Otherwise, the Simulator can be started while
TCAM and TSO are running.

Execution JCL

The REGION size required for running the Simulator can be
computed by adding to the basic size of the Simulator (26K),
1K for each terminal being simulated plus a number of 2K
blocks sufficient to hold two buffers for each script file.
For example, to simulate ten terminals with each script file
having a blocksize of 1680, the REGION required would be 26K
plus SK for each port, or a total of 76K.

77 EXEC PGM=SIMULATE,REGION=76K,PARM=25
//SYSPRINT DD SYSOUT=A,DCB=BLKSIZE=1320
//7IN0O1 DD DSN=SCRIPT1,DISP=SHR

//IN0Q2 DD DSN=SCRIPT2,DISP=SHR

//INO1D DD DSN=SCRIPT10,DISP=SHR

F/SYSIN DD =

51,52,53,5“,55,56,57,58,59,5A

S*

The PARM value on the EXEC card specifies the "think time" in
séconds. The think time is the time period during which the
simulated terminal keboard is "unlocked". The default value
is 12 seconds. The SYSPRINT DD card must specify a blocksize,
and the value must be a maltiple of 132. fThe DD ecards named
INOO1 thru IN010 define the script datasets for the ten
simulated terminals. DDNAMEs may continue in sequence through
IN063 when more terminals are used. The script datasets can
be either fixeqd (blocked) format with a logical record length
of 80 bytes or variable (blocked) with a logical record length
of up to 84 bytes. The card following SYSIN is a fixed-format
control card that specifies the unit addresses of the ports to
be simulated. The addresses must be specified as two-digit
hexadecimal numbers starting in column one and separated by
single blanks or commas. Up to 24 addresses may be specified
on each card. Additional cards have the Same format as the
first unit address card. The units specified must all be on
channel Zero. The number of unit addresses specified
determines the number of terminals to be simulated on a given
run.




If real users are expected to use TSO while the Simulator is
running, all of the telephones connected to ports in any TCAM
line group containing a simulated port should be made busy.
If any port in a given line group is being simulated, the
entire line group will be unavailable to real users.

The Simulator must never be cancelled by the operator or by
the system for exceeding time or 1line limits. If it is
cancelled, it will not be able to restore the address portion
of the Supervisor Call New PSW, and the system will crash as
Soon as the Simulator's code is overlaid by another fjob.
Instead of cancelling, reply 'stop' to the sSimulator's WTOR.
After the reply is accepted, the simulator will re-issue the
WIOR. The Simulator will normally stop after at most one
think-time-interval. If, for some reason, it does not stop, a
reply of 'dump' to the outstanding WIOR will terminate it.

Sample Scripts

The sample scripts supplied on the distribution tape are not
broported to ke representative of any particular type of TS0
load, They do not exercise all of the features of TS0, and
they do not necessarily reflect the way Bell Laboratories uses
TSO. They are provided merely as a sample of one way +the
Simulator can be used to load a TSO system.

There are six collections of commands, subcommands, and data
(scripts). They are contained in files 3 thru 8 of the
distribution tape (format: F(1600,80)). All of the scripts
take about the same length of time +o execute. They are
designed to be "self-cleaning™ in the sense that they can be
run repeatedly without any intervention.




Command

ALLOCATE
ASM
CALL
cory
DELETE
EDIT
EXFEC
FORT
FREE
HELP
LINK
LIST
LOGOFF
LOGON
TEST
DSERS

Script Composjition
Number

60
5
5
1

11

24

12
1

52

e e AN Al )

Subcommands of TEST

AT
GO
LIST
OFF

Assign value

5
32
21

4

1

Subcommands of EDIT

CHANGE
DELETE
FIND
HELP
INPUT
INSERT
LIST
RENUM
SAVE
TOP

up
VERIFY

32
7
15
2
15
5
19
2
23
9
10
13

Implicit replace 5
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The USERS command is a locally implemented command that lists
the USERIDs of all logged-on users. The <COPY and LIST
commands are Program Products.

Each script has from one to three associated datasets. A1l

except script one reference a dataset named
userid.SHAKES.TEXT, which is on file nine of the distribution
tape. This is a short EDIT dataset. All of the associated

datasets are fixed blocked (1600,80). The association of
datasets with scripts is summarized in the following table.

Associated Datasets

Script File# Dataset Name File#
1 3 STSOZ 1A.COMP, ASM 10
2 y STSOZ2A.SHAKES,TEXT g

STSOZ2A. SCRIPT.FORT 11
STSOZ2A.ZTIME. ASM 12
3 5 STSOZ3A.SHAKES.TEXT 9
u 6 STSOZ4A. SHAKES. TEXT 9
STSOZ4A.F01.FORT 13
STSOZ4A.FO4.FORT 14
5 7 STSOZS5A. SHAKES. TEXT 9
STSOZSA. PO3. PLY 15
STSOZSA.SYN.PLI 16
6 8 STSOZ6A.SHAKES.TEXT 9
STSOZ6A.P0Y4,PLI 17
STSOZ6A.MUSERS.ASM 18
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Introduction

This manual describes the method of operation of a program
that can provide an artificial 1locad for a TSO system by
simulating a group of IBM 2741 terminals. Flowcharts for the
program are provided in Appendix A. Instructions for using
the Simulator are contained in the "TSO Terminal Simulator
Installation and Operation Guide™.

Method of Operation

The program simulates remote +terminals by intercepting I/0
requests from TCAM (Telecommunications Access Method). TCAM
issues all 1I/0 requests via EXCP and IOHALT macros. The
simulator modifies the address portion of the Supervisor cCall
New PSW so that it points %o the simulator's svC filter
routine. This routine, invoked whenever an SVC instruction is
executed, tests for an SVC number of =zero (EXCP} or 33
(IOHALTY. If the number is one of these, +the routine
determines whether or not the request pertains to one of the
terminals being simulated. If it does, appropriate
information is stored in the simulator's tables and the SvC
filter routine exits to TCAM. When the SVC is not a TCAM I/O
request pertaining to a terminal being simulated, the routine
passes control to the 0S SVC interrupt handler.

During initialization, the simulator attaches a task that will
accept a reply from the operator to terminate the run. Tt
also issues a STAE macro specifying an exit routine that will
restore the address portion of the SVC New PSW in case of an
ABEND. It then increases its limit and dispatching priorities
S0 that they are higher than TCAM's and reads control cards
specifying the unit numbers of the ports to be simulated. It
attaches a task (SIMTASK) to simulate the I/0 for each of +the
ports. The main task then enters a loop during which it
writes all input and output messages for the simulated ports
to SYSPRINT.

The Simulator was implemented using multiple tasks because of
the idiosyncracies of TCAM. 1In the initial implementation, a
single task operated for all simulated terminals. Upon




finding an TOB address stored by the SVC filter routine, it
would interpret the channel program, moving data as necessary,
until a "channel end"™ condition was encountered. At that
point it would store the necessary information in a queue in
order to delay the simulation of channel end for an
appropriate amount of time, and go on to the next I/0 reqguest,
if any. :

The nature of TCAM's channel programs, however, illustrated a
basic inadequacy of this design. For example, when TCAM has
data to send to the terminal, it issues an EXCP for a channel
program begining with a WRITE that has the "chained data™ and
"suppress transfer" bits set and a count of three. The next
command 1is a TRANSFER-IN-CHANNEL that points back to the
WRITE. Such a channel program would, of course, cause the
simulator to loop endlessly (since it must run at a priority
higher than TCAM) unless some special action were taken. It
was necessary to suspend execution of that channel program for
a short period {0.1 sec) so that TCAM could have a chance to.
modify the address in the TRANSFER-IN-CHANNEL command to point
to a "real"™ WRITE command that would send the first unit of
data. TCAM channel programs are, in general, not complete
when they are started, and similar situations occurred in both
read and write processing when the simulator would, in effect,
get ahead of TCAM, interpreting channel programs that TCAM had
not finished building. Since the simulator had to suspend
each channel program several +times before reaching channel
end, meanwhile switching to process channel programs for other
ports in order to simulate the parallelism of the multiplexor
channel, it became clear that redesigning the simulator so
that there would be a separate task for each port would
greatly simplify the program logic and would provide a base
from which modifications and extensions could more easily be
made,

In the current implementation, each of the simulator tasks
begins by obtaining and initializing a dynamic storage area
and opening the DCB for its script dataset, It looks up the
address of the UCB for its port, gets the associated DEB
pointer from the RQE specified in the UCB, and effectively
removes the link between IO0S and TCAM for that +terminal by
replacing the Appendage Vector Table in the DEB with a list of
addresses that point to a 'BR 14' instruction or a 'B 4(14)?
in the case of the channel-end and abnormal-end@ appendages.
This 1is done to prevent an interrupt occurring on the real
port from being recognized by TCAM. It then issues an IOHALT
on that UCE to terminate the operation that was outstanding
from TCAM and disables the line. The SIMTASK also issues a
STAE macro specifying an exit routine that will inform the




operator that the SIMTASK has ARENDed and restore the
appendage vector table in TCAM's DEB so that TCAM can resume
using the line group. It then proceeds to simulate the
execution of the channel program specified in the TOR
associated with the RQE.

Considering the communication between TCAM and one of its
terminals, TCAM 1is always in one of three states: reading
data from the terminal, writing data +to the terminal, or
monitoring the terminal for an ATTENTION interruption. A read
operation completes when the terminal user hits RETURN. The
terminal sends a circle-c and locks the keyboard. TCAM then
replies with the required circle-d and writes data (if there
is any to send) to the terminai. If, when the ocutput data is
exhausted, TCAM has not received a request from the foreground
region to read the terminal, TCAM initiates a PREPARE command
to monitor for ATTENTION. When TCAM receives a request +to
send output to +the terminal, it issues an TOHALT macro to
cancel the PREPARE and writes the data to the +terminal. If -
the next request from the forground region is to get data from
the terminal, TCAM sends a circle-c¢ to unlock the keyboard and
then issues a PREPRRE command to receive the circle~d that the
terminal sends back. The PREPARE is chained to a READ-INHIRIT
that reads the data from the terminal.

When it is posted by the SVC filter routine due to
interception of an EXCP for its port, the SIMTASK begins to
simulate the execution of the 1I/0 request by branching to the
Start I/0 Appendage that was specified in the DEB for the line
group. After the Start I/0 appendage returns, the SIMTASK
decodes the first channel command and branches to the
appropriate section of code to prepare to simulate the
operation requested. It then invokes the PCI appendage if the
PCI flag is set in the CCW and "executes" the channel command.
If command or data chaining is indicated, it proceeds
similarly with the next CCW unless a short delay is necessary
in order to allow TCAM to "catch up",

When a channel end condition is encountered, the SIMTASK
copies any output that was sent into a buffer to be printed by
the main task and then waits an appropriate 1length of +time
before branching +to the Channel ¥%nd appendage. If the
operation was a write, the time interval in seconds is
computed as 0,08 times the number of characters transmitted.
This interval simulates a terminal printing rate of 12.5
characters per second, an average of the 2741 and TTY rates.
In the case of a read operation, the interval is a fixed value
which is supplied as a parameter to the program. This
interval corresponds to the user Wthink time". After the




Channel End appendage returns, the SIMTASK waits until posted
by the sVC filter routine when another EXCP for its port is
intercepted.

In order to monitor for ATTENTION when a terminal is locked,
TCAM 1issues a PREPARE command. The SIMTASK keeps track of
whether its ‘"terminal" is 1locked or unlocked. When it
encounters a PREPARE and the terminal is locked, it simply
waits until posted by the SVC filter routine. TCAM will issue
an IOHALT macro to halt the PREPARE before it again writes to
the terminal. When it is posted due to interception of the
IOHALT, the SIMTASK invokes the Channel End appendage with the
IOB completion code set to X'48' instead of the normal X'7F!
to indicate that the PREPARE has been halted.

As it is now implemented, the simulator runs as a standard 0OS
job with a non-zero protect key. It obtains a zero protect
key initially through an installation-supplied SvcC.
Subsequently, it uses its own SVC filter routine +o shift:
between problem and supervisor state. To eliminate the need
for an initial zero-key SVC, the simulator could be run as a
system task.

If real users are expected to use TSO while the simulator is
running, all of the phones connected to ports in any TCAM line
group containing a simulated port should be made busy. If any
port in a given line group is being simulated, the entire line
group will be unavailable to real users because the Appendage
Vector Table in the DEB will have been modified as described
above,

To stop the simulator, the operator should reply 'stop' to the
WIOR issued at initialization. The simulator must never be
cancelled by the operator or by the system for exceeding time
or line limits. If it is cancelled, the simulator will not be
able to restore the address portion of the SVC New PSW and the
system will stop as soon as the simulator's code is overlaid
by another job. To avoid problems in systems where HASP, ASP,
or any other programs that modify the SVC New PSW are running,
all such programs should be terminated in the inverse order of
that in which they were started. Specifically, in a HASP
environment, the simulator should be started last and stopped
first. After receiving the ‘'stop' reply, the operator
communication task will re-issue the WTOR. If, for some
reason, the simulator does not stop, a reply of fdump' will
terminate it.

Although the simulator has been tested only with TCAM and a
simple BTAM program, the simulation technique is general and




is applicable to any IBM/360 teleprocessing system which
employs only EXCP and IOHALT macros for terminal

communication.
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