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Abstract: The design and implementation of
a discrete simulation model of initiator
structures for TBM's UVS operating system
is presanted, This model was developead
for evaluating the service characteristics
of altarnative initiator structures for
processing resting workloads.

1. INTRODUCTION

An initiator is a multi-~class server that
selects jobs for processing by a computer
system, By specifying the number of ini-
tiators and the job classes =2ach serves,
tha user may limit the system's multi-
programming level, provide diffarent,lev-
els of service to various job classes and
21lowWw the oparating system to perform the
majority of the job scheduling functions.
Tt has b=en the author's axperience that
the most extensive use made of 1initiator
structures is to provide various levels of
service to job classes in testing environ-
ments. For this study, service is defined
as the length of the delay between a job's
arrival and its selaeaction by an initiator,
The purpose of this investigation was %o
design a trace-driven simulation model for
evaluating the sarvice characteristics of
alternative initiator structures for test-
ing workloads.

The most important decisjon in the
devalopment of the model was the selection
of the level of detajil at which the 1ini-
tiator process would be modeled, Basi-
cally, this was a choice of whether or not
to model the execution (server holding
time) of jobs in detail, Using highly
complex queuing models, other investiga-~
tors 12,31 have concentrated on the
effects of Jjob interactions on execution
time,. However, in a testing environment,
job execution times are usually quite
small in comparison to their input queuing
delay. Hence, this investigator chose to
assume that the execution time of jobs
would be unchanged when executed under a

7. K tachnique for establishing
resource~limited job class structures
has been presented in a companion
paper praviously published by the
anthor. [1]

new initiator structure with a multi-
programming level 1less than or egual to
the environment in which the ¢trace data

for the simulation was collected. This
assumption allowed the 1investigation to
concentrate on modeling the input queuing

delay phenomenon.

 Although this assumption initially
seemed quite weak, investigations of aver-
age execution times of a number, of
resource-limited job classes revealed only
small variations in execution time for a

variety of multi-programming levels,
Moreover, actual experiences with the
model, which will be discussed in later

sections, have shown the effects to be
negligible when the multi-programming
level decreases or.is unchanged, provided
that each class consists of jobs that have
relatively small homogeneous resource
d1emands. :

2. DATA COLLECTION

The data for the modeling effort was col-
lected from the Systems Management Facil-
ity (SMFY U] log file normally produced
by the MVS operating system., 1In particu-
l1ar, the JES Job Purge (Tyge 26) records
were used for the model. The JES Job

Purge record contains the following items
that are required for the simulation
moriel:

- Job Name,
- Priority,
- Job Class,

- Reader Start Time and Date, T1,

2. Although the data contained in the
type 26 record is sufficient for
modeling an f{nstallation's current job
classes, additional information must
also be collected by the analyst if a
new set of job classes is to be
developed. These additional variables
are described in papers previously
published by the author. [1,51
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- Execution Start Time and Date, T?,
- Execution End Time and Date, Tg.

When this data 1is sorted in ascanding
order by reader time, it provides a stream
of arrivals for driving a simulation
model, A Job's actual queuing delay,
T,-T,, and server holding time, T?-T?, may
bg galcu]nted from these values. A4 pre-~
viously stated, the simulation  model
assumes that a job's server holding time
remains unchanged, and the model deter-
mines the queuing delay under the new ini-
Liator structure.

The reader should note that thare are
a number of influences on initiator and
Job activity that are not recorded in the
SMF log file. Thesa influences are intro-
duced by operator interactions with the
system. For instance, tha operator may:

- modify the priority of a job to
change 1its position in the input
queun,

- put a2 job into a "hold" status ¢to
prevent or delay its execution,

- modify the initiator structure.

Generally, these operator interactions are
minimal in a wnell managed system. For any
Riven system, an analyst may detarmine the
exact sxtent of these activities by inves-
tigating th~ console log where operator
actions are recorded,

3. MODEL DESIGN

The discreta simulation model was imple-
mented in PL/1. A €flowchart of the model
is shown 1in Figure 1, The " principal
modules in the model are:

LOAD ARRTVALS The module reads the trace
file produced by the data
collection program,
TNITTALYZATINON This module loads the user
input econtrol data that
spanifias the number of
initiators and the Jjob
classes that sach serves,
TL also sets the cloek and
statistics collection
arrays to their initial
values.

ARRTIVALS This
arrivals
jobs that
current
placing them on the

module simulates
by queuirg all

arrive at the
clock value and
input

-REPORTS

queues that are maintained

by Job class and priority,
SELECTION This module attempts ¢to
schedule a job for each
free initiator. Tt
selects the highest prior-
ity job in the first non-
empty Jjob queues which is
served by the 1initiator.
When a job is selected, an
end event for the initia-
tor 1is scheduled based on
the job's actual execution
time which was determined
by the data collection
program,

This module collects
statistics on initiator
utilization, Job queue
lengths and simulated
input queus delay time,

STATISTICS

UPDATE LACK This module updates the
simulation clock. A one
second clock step is used

for this simulation,

This module summarizes and
reports on the statisties
collected by the program.

Typieaf run times for the simulation are
from twenty to ‘sixty CPU seconds on a
R70/1A8 for an aight hour study period.

N, VALTDATTON

A series of tests were conducted using
synthetic jobs on an TBM 370/168 to vali-
date the model, The tests were conducted
in a stand-alone environment to avoid any
influences that might be introduced by
other jobs or operator activities,

The synthetic jobs used in the study
were quite simple in design. The program
axecuted by the jobs issued a "watit" for a
period of time specified by the input con-
trol to the program, Thus, an exact
server holding time could be specified for
each job.

For the validation
classes of jobs were used.

study, three
They were:

- CLASS A, jobs with a holding time of
four minutes,

- CLASS B, jobs with a holding time of
two minutes,

- CLASS €, jobs with a holding time of
one minute.
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A total of three tests were conducted.
During each test, a total of twelve groups
of jobs were submitted to the system at
five minute 1{intervals.  Each group con-
tained one Class A job, two <Class B jobs
and saven Class C jobs, SMF data was col-
lected for the entire testing period and
was reduced using .the data collection pro-
gram described in a previous section.

Since both sources of potential error
(operator activities and job interactions)
were carefully excluded - from the ¢test
environment, the simulated and actual
results were exactly the same for each of
the three. experiments. 7In the each test,
three initiators were started in the sys-
tem. Tn the first test, the first initia-
tor served Class A jobs, tha second served
Class B Jjobs and the third served Class C
Jobs., The total time between the arrival
of the first group of jobs and the comple-
tion of the final job was 84 minutes., The
resylts of the experiment are: sHown in the
following table:

" Jest 1
! A | Actual  Simulated!
i Length of Study (min) i b4 i 54 i
} Initiator 1 busy (&) ! 57.14} 57.14 l
| Class A Jobs Pr’oc‘essed‘l 12 | 12 |
I Initiator 2 Busy (%) i 57.14I 57.14 ]
i ‘ Class b Jobs Frocessedt 26 24 |
| Initiator 3 Busy (%) 106.6C 100.0C |
| Class C Jobs Processedl &4 } &4 |
I gvg wait Class A (min) 0.0¢! o.0¢ |
| Standard Leviation 6. och 6.60 |
{ Avg Vait Class B (min) 1,00l 1.GC :
] |

Avg Wait Class C (min) 14,600 14.00

!
]
|
]
Standard Deviation ‘} 1.62! 1.02
Standard Deviation | 7. 23‘ 7.23

As shown in the tab?a the Class C jobs
Wwere poorly served evan though initiator
three was always busy,

For the second test, {initiator one
was changed to serve both Class A and C
jobs, The results of this experiment are
shown in the following table:
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Test II

! . , Actual Sigulated!
i Lengtn of Study (min) ; ) i 66 i
I Initiator 1 Busy ()" |, 160.00)  100.c0 |
I Class & Jobs Processec* 12 ! 12 '
| Class C Jobs Processeu‘ 1& f 1¢ !
‘I Initiator 2 Busy (%) | 7z.730 72073 |
| Class b Jobs Processed { 24 : 24 {
| Initiator 3 Busy (%) 10C.CC 16C. 00 i
| Class C Jobs Processed} 66 { 60 |
{ Avg Wwait Class A (min), } O;GU} G.00 {

Standard Leviation G. GO 0. G0 |
} Avg Wait Class E (min) { 1.00{ 1,00 1

Standard Deviation 1.0z l.02
I Avg kait Llass C (min) | .7.00{ 7.00 l

Standard bev1at10n . l 2.95‘ 2.5

The results of this experiment 1indicate
the . improved service provided. to. the
Class C jobs by the modification of the
first initiator, However, the serond ini-
tiator was still not complately utilized.

Tn the final test, the second intita-
tor was changed to serve both Class B and
C jobs. The results of the this experi-
ment are shown in the following. table:

Test 111 j
‘! . Actual' Simulated}
i Length of Study (min) i [ i 60 ’i
{\Initiator 1 busy (%) : 100.00{ 100.600 }
I Class A Jobs Processedl 1z | 12 |
I Class ¢ Jobs ProccssedI 1z I 1z I
| Initiator 2 Busy (%) j IL0.0G‘ 1€0.00 [
Class b Jobs Processed 24 : 24

{ Class C Jobs Processee! 1z | 12’ |
| Initiator 3 Busy (i) I 106.60! 160400 l
1 Class C,Jobs-?rocessed{ o0 { 60 {
} Avg Wait Class A (cin) } o.oo} 0400 {
i Standard Deviation | 0.001 0.GC i
" Avg Wait Class b (min) i l.COI‘ 1.GG i
i Standard Deviation I =l.02| 1.G2 i

Avg VWait Class C (win) 2.57 2.57
| “Stancard Leviation | 1.50] 1.50

As shown in the table, the sarvice to the
Class T jobs was once sdgain improved by
the modification to initiator two. More-
over, the minimum possible run time for a
three initiator experiment, sixty minutes,
was achiaved since a]l of ?he servers were
100% utilized.

The three experiments discussad above
show that the model is capable of identi-
cally simulating the input queue delay
timas and the initiator utilizations in
environments whers the model‘'s assumptions
are ideally met., It has been the author's



" experience, that .in actual use the
is usually about five parcent off dus to
opaerator activities and unoxpected job
interactions, Moreover, these diffarences
are almost always ancountable to operator
activities rather than significant changes
in job execution times due to job interac-
tions.

5. APPLICATTONS

During the last eightesn months various
versions of the simulation model have been
used in approximately fifteen studies.
The axparience gained in these studies has
led to a numbar of enhancements of the
model and has provided a basis for confi-
dence in the model's results., These stu-
dies can be divided into threa principal
groups. They are:

- very short studies, usually conducted
with only one or two days of data, to
evaluate tha potantial effants of a

minor modification to an existing
initiator structure, The primary
objective of these studies is not to

evaluate the change under a variety
of workloads but to provide a "chack"
that the proposed change will not
saveraely degrade the system's current
sarvice level,

-~ detailed analysis of a proposed major
revision of an initiator structure
using a system's current job classes,
These studies usually require two to
four weeks of historical data so that
the proposad initiator structure can
he avaluated for a wide variety of
loads,

- studies in which new job classes nand
initiator structures are developed
simultaneously. These studies usu-
ally reguire four to six weeks of
data and use techniques for develop-
ing new job classes that are
dascribed in the references 1,57,
These studies are the most complex
since changes to the job class struc-
ture redefine the classes, inter-
arrival and average server holding
times for the simulation model. Typ=-
ically, these studies have taken one
to two person-waeks to complete.

To date, thesa sgtudies have never resulted
in an 1initiator structure that failed to
provide approximately the service levels
pradicted by the model. Although the
predictions are subject to the previously
discussed limitations, they provide a sig-
nificant comparative advantage to the
trial and error evaluation of new

model

initiastor structures in a 1live environ-

ment.
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