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ABSTRACT

Part of the performance effort for SDS/UNIX¥ in Depart-
ment 3622 is the understanding of load for a UNIX
machine in an SDS/UNIX environment and the establish-
ment of a standard SDS/UNIX benchmark load. Knowledge
of the capacity and expected performance of a UNIX
machine participating in an SDS configuration is essen-
tial for engineering SDS/UNIX to meet the performance
and capacity needs of a development project. In addi-
tion, performance goals are being set and refined for
SDS/UNIX both at the system and subsystem level during
its development so that the performance specifications
of SDS/UNIX can be certified and delivered along with
the product. These performance goals are being set
with respect to a standard SDS/UNIX load which
represents a realistic yet acceptable load for a given
UNIX machine.

The following study examines four PDP 11/70's running
PWB/UNIX 1.2 in existing SDS environments and charac-
terizes the load on these machines. Included in this
characterization are the metrics used to measure load,
data and analysis for load measurements taken for a
three day work period, and a profile of the activities
or "job mix" on each machine. The job mix profiles pro-
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vide an hourly view of what proportion of user availe
able CPU resource is being used by both specific com~
mands and categories of SDS activities (e.g. SGS, net-
working, documentation), and frequencies of command
invocations.

From the analysis of PWB/UNIX 1.2 presented in this
study, a "standard SDS/UNIX benchmark load" is esta-
blished to be: PI >= 40, active processes >= 15, and
average process size = 23K, where PI is a Performance
Index computed as a ratio of CPU (user + system) time
to real or response time. The PI'used in this study
was found to be a reasonable estimator of system load.

The standard SDS/UNIX benchmark load is intended to
represent a realistic environment for which the
SDS/UNIX and its subsystems are being developed.
Future work in SDS/UNIX load characterization includes
a similar study for PWB/UNIX 2.0 Augmented. The stane
dard benchmark will be refined to reflect any differ-
ences in performance characteristies.
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MEMORANDUM FOR FILE

1. INTRODUCTION

Release 1 of the common Software Development System (SDS) (1],
named SDS/UNIX, is currently under development in Laboratory 362.
With this release, the SDS will manage large development projects
distributed across a homogeneous multi-machine environment.
Despite the additional capabilities which will be available in
this new SDS release, it will only be successful if it meets the
needs of the users both in terms of capabilities and performance.
Thus, the determination of performance goals and certification
that those goals are met prior to SDS release is as important as
the determination of SDS capabilities and certification thereof.

Performance goals can only be specified in terms of load. Thus,
in order to set realistic performance goals for SDS/UNIX, an
understanding of what factors contribute to load and what consti-
tutes an acceptable load level is necessary. It is the purpose
of this study to profile the load of existing UNIX® wmachines
engaged in SDS activities, define load metrics, and establish an
acceptable load level. This load profile exercise will illus=
trate the types of activities that contribute to load and the
extent of these contributions to load. The definition of a 1load
metric is necessary 1in order to determine at any point in time
the existing load level on a machine. Finally, the establishment
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of an acceptable load level or a "standard benchmark 1load" will
be the standard against which all performance goals will be
specified.

Currently there are few established UNIX load metriecs and even
fewer tools available to measure such metrics. Our current best
indicator of load is a "gut feeling™ of experienced UNIX develop-
ers. There are, however, prototype development projects for
SDS/UNIX at Indian Hill, namely the DMERT project and No. 3 ESS.
Both projects incorporate multiple UNIX machines in their SDS
architectures and offer fundamental choices in load distribution
of SDS functions (see Section 2).

Consequently, tests were run and data was collected on selected
Indian Hill UNIX machines in an attempt to characterize SDS/UNIX
load. From these tests data was collected in two general
categories - real time data (i.e. data which sampled the perfor-
mance index (PI), the number of wusers, the number of active
processes, and the response time on a particular command multiple
times per hour throughout the day) and accounting data (i.e. data
collected by the system about every command which was executed).
Finally, data reduction techniques were developed and wused to
analyze the collected data.

This memorandum covers a description of the tests executed, the
characteristics of the user community on each machine analyzed,
the analysis of all collected data, conclusions about viable load
metrics and a standard benchmark load definition. This memoran-
dum also profiles the existing UNIX based SDS environments in
terms of the type of activities and the proportion of machine
capacity used for each activity.

2. ENVIRONMENT

2.1 Machines

Release 1 of SDS/UNIX will be implemented on a homogeneous
multi-machine environment. This environment will consist of two
different flavors of the UNIX operating system - PWB/UNIX 2.0
augmented, and UNIX/RT - operating on PDP 11/70s.

In order to provide performance goals for the SDS/UNIX it is
necessary to understand the concept of load as it applies to each
of the operating systems on a PDP 11/70. Unfortunately, at the
time of this study the only existing UNIX operating systems are
PWB/UNIX 1.2 and MERT. Thus, in the short term in preparation
for the establishment of preliminary performance goals, these
available operating systems were analyzed with respect to 1load.
As PWB/UNIX 2.0 augmented and UNIX/RT become available, load for
these new environments will also be analyzed in order to deter=-
mine any significant differences and the effect of these differ-
ences upon performance.
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The load analysis exercise centered on UNIX C, UNIX D, IHPS1, and
IHPS2. All these machines run under PWB/UNIX 1.2. The emphasis
of these experiments was on these machines for the following rea-
sons:

1. One of the first applications of SDS/UNIX is #5 ESS which is
supported by an architecture that is dominated by Program-
ming Support System (PSS) machines.

2. The user environment is strictly controlled on the LSS
(Laboratory Support System) UNIX/RT machines, and the types
of Jjobs executing on these machines are mainly related ¢to
laboratory testing. The load can be reasonably controlled
by limiting the number of ports available to users.

3. One of the high-runners in CPU consumption is view confi-
guration. This activity will be done on the PSS machines.
It is, therefore, critical that the PSS machines provide the
required system capacity for this activity.

The selection of these particular four UNIX machines was not
arbitrary. They were selected primarily because the work being
done on these machines correlated in many respects to the work
which will eventually be done on SDS/UNIX PSS machines. Each
machine supports a different user community that are summarized
as follows.

1. UNIX C - This machine is one of the general purpose UNIX
machines maintained by the computer center (Laboratory 376).
The user community consists primarily of members of Labora-
tory 361 and Department 3623. Thus the work on this machine
involves 3B and DMERT development, a C language based sys-
tem.

2. UNIX D - This machine is also one of the general purpose
UNIX machines maintained by the computer center (Laboratory
376). The user community consists primarily of members of
Laboratory 362. This involves DMERT development in Departe
ment 3623, TUS work in Department 3627, and documentation
efforts in all Indian Hill Laboratory 362 Departments. With
the DMERT effort split between UNIX C and UNIX D, a 1large
amount of network ¢traffic is necessary between these
machines.

3. IHPS1 = This machine is owned by the #3 ESS project and
maintained by Department 5315. IHPS?1 is the PSS machine for
#3 ESS software development. However, since #3 ESS i{s a
SWAP based project, IHPS1 interfaces to a back end TSS pro-
cessor for software generation. The two interesting aspects
of the use of this machine (with respect to SDS/UNIX) are
its use of the Bell Labs Network (BLN) and its use of pieces
of the Change Management System (CMS).

)Y )
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4, IHPS2 - This machine is owned by the #2 ESS project and also
maintained by Department 5315. IHPS2 is the PSS machine for
#2 ESS software development with an interface to a back end
TSS processor through ASP network facilities for SWAP
software generation. IHPS2 also uses pieces of CMS, partic-
ularly SCCS. ‘

The UNIX C and UNIX D machines were chosen for load characteriza-
tion analysis because their primary workload is C program
development for DMERT. DMERT will be the first application for
Release 1 of SDS/UNIX, and #5 ESS will also be a C environment.
DMERT is a good example of a project that requires distributed
system support, as the project is developed on a number of
separate machines. IHPS1 and IHPS2 support projects that are
currently using some early versions of the tools that will
enhanced and supported in Release 1 SDS/UNIX. Both of these
machines are configured to operate as a front end machine to a
TSS machine. The load and overwrite generation is done on the
TSS machines. The choice of these machines enables an effective
analysis of the tradeoffs encountered between networking software
generation Jjobs to a back end processor and local software gen-
eration.

3. STUDY

Data was gathered on the four machines described in the previous
section over a three day period, June 4, 5 and 6, 1979. User
communities on these machines were in preparation for conversion
to PWB/UNIX 2.0 Augmented. As a result of this preparation, most
users were using the Bourne Shell program, but the Mashey Shell
was still available and being used. Many of the other 2.0 facil-
ities and tools were available and are reflected in the data
presented here.

One of the major difficulties encountered during the design and
execution of this 1load characterization study was the lack of
available software tools to gather and reduce load characteriza-
tion data. The only system provided load measurement is the
"performance index" (PI) which is measured and recorded in a
file, /usr/adm/pi, every five minutes. This PI is computed by
running a program (eat) which consumes system resources and meas-
ures both the real (elapsed) time and CPU (user + system) time
for the execution of the program. The ratio of CPU time to real
time is computed for the execution of the program and multiplied
by 100 to get a numeric value between 0 and 100 representing PI.
In addition to each PI entry, the trivial response time is meas-
ured and recorded along with the PI.

For this study, tools were developed to both capture and reduce
load measurement data. A shell procedure (PDAEMON) was written
to run continuously and take real-time measurements at a speci-
fied interval of time. At a regular interval of activation, it
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would measure the number of active users and active processes
and measure the response time for particular commands. The data
from this procedure was logged in a file for subsequent analysis.
In addition the UNIX accounting files [2] were processed by a
collection of programs to capture the hourly "job mix™ for each
machine. This information includes hourly frequency of invocae
tion and CPU usage.

3.1 PDAEMON Data Collection

PDAEMON is a Bourne Shell procedure that was run continuously on
each machine. Every 15 minutes it would gather the following
information:

'

- date and time,

- number of active users,

- number of available processes,
- number of active processes,

- time for a file transfer,

- time for a compile.

The number of available processes was computed by measuring the
size of the process table. The active processes were computed by
eliminating the non-active processes (vacant entries) and elime
inating the wuser shells. The file transfer was a .p of a 41K
file. The compile used the available C compiler to compile a 20K
source with a 1.5K header file.

A sample of the PDAEMON data can be found in Appendix 1.
3.2 Job Mix Data Collection and Reduction

Though most users have a feel for some of the information gath-
ered by PDAEMON, it is the job mix of the machines involved that
can provide new insights into load characterization for both SDS
designers and wusers. What was uncovered through this study was
the percentage of CPU usage that could be attributed to both
individual commands and categories of commands for a given hour,
and the hourly frequencies of invocation for all commands, It
was felt that the hourly sampling granularity best reflected the
job mix activity patterns both during prime shift and non-prime
shift.

The job mix data was generated by processing the UNIX accounting
files [2]. Upon termination of every process, the operating sys-
tem writes a record of information about the invocation and exe-
cution of that process in a file, /usr/adm/pacct. See acet (V)
(3] for the exact structure of the accounting record. The file

‘u)
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can subsequently be read and formatted by the acctcom command [3]
to produce a chronological listing of all terminating processes
on a machine. '

In order to acquire the hourly job mix data (see Appendix 2), the
acctcom command was modified to produce two different views of
the mix. One view is all the processes initiated during a given
hour. If a process is invoked during the hour and does not ter-
minate for several hours, it is recorded as the activity for the
hour in which it was initiated only.

The second hourly view was determined by capturing those

processes that existed during the hour. The CPU usage for a pro-

cess attributed to the hour was that proportion of real time for
the process that occurred during the hour. For example, if a
process ran for one hour of real time from 8:30 to 9:30, the com-
mand was logged in both hours (8 and 9) and 50% of the CPU time
was attributed to each. A closer approximation of CPU usage for
a given hour was obtained and the frequency entry in these hourly
reports (see Appendix 2) represents the number of processes that
were either initiated or existed during an hour.

Both job mixes were collected for the hours from 5 a.m. to 7 p.m.
for the four machines over the three day period of PDAEMON data
collection. To reduce the hourly job mix files, the files were
summarized with acctems ([3] and subsequently categorized into
summary reports that reflect major subdivisions of machine usage.
To accomplish this categorization, a data base of UNIX commands
was constructed and used to look up commands appearing in the
summary reports. The data base contains every command invoked on
the four machines and each is a subelement in one of the follow-
ing ten categories:

- CMS includes CMS commands and all other change and source
management commands such as SCCS and IMRS commands,

- DB includes all data base and data base-like (diff, grep,
etc.) commands,

- DOC includes nroff, use of editors, and other support docu-
ment tools,

- I0 includes all input and output commands, e.g. e¢p, cat,
opr

- MISC 1includes known commands but ones that don't fit into
the other available categories, e.g. eat, sleep

- NW includes networking commands such as bln, con and usend
operations,

- SGS includes all software generation tools and generation
support tdols; compilers, loaders, debuggers, etc.,
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- SYS includes system overhead and maintenance, e.g. accton,
clock, logtty

- UNI 1is a category for all unidentified commands,

-« USR includes all user overhead commands such as pwd, find,
ls, ed, ete.

The commands were categorized with the help of the users of the
machines sampled and there may be some discrepancy as to the
unique categorization of some commands. A sample categorized
summary report can be found in Appendix 3, and the data base can
be found in Appendix 4. ’

4. ANALYSIS

With any data collection and statistical analysis thereof,
discrepancies in or assumptions about the data will be found and
made. This section documents these caveats in an attempt to
avoid an incorrect interpretation of the data. The PDAEMON data,
the job mix data, and finally the effect of the data gathering
itself on the monitored systems will be discussed.

The PDAEMON data was used as an indicator of the response time of

specific commands as a function of load. These commands were
repeated every 15 minutes, and various system paranmeters were
collected. At the time this data was collected, a method was not
available to determine the load immediately prior to the execu-
tion of the command. The load metric PI was extracted from the
operating system's monitor, which collected this value at five
minute intervals. The PI values used 1in these analyses are
therefore within five minutes of accuraecy. All future load char-
acterization efforts (see section 5.3) will use a mechanism to
compute PI in real time in order to accurately correlate load
with performance on a per command basis. -

The job mix data analysis is very dependent on the accuracy of
the command categorization. Six hundred and twelve commands were
encountered and were classified in ten categories. There were
182 commands in the UNI category that were unidentifiable either
because they are private user written commands, undocumented, or
ambiguous (e.g. a.out although frequently executed could be the
execution of different C programs for the same user). Although
the UNI category is 30% of the commands, this category typically
represents less than 10% of the CPU used per hour. Appendix 5
shows the analysis of the UNI category with an explanation of the
discrepancies.

A second caveat with the job mix data concerns the method used by
the operating system to collect the command information. This
data is collected and saved in the paccet file when the job ter-
minates. Thus, if a process is continually active, it will not

“ )
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be collected, and thus never appear in any accounting reports.
Consequently, the Jjob mix data does not include data about con-
tinually active processes.

Finally, an analysis has been done to determine the effect of the
performance monitoring tools on the performance and load of the
system being monitored. The PDAEMON data was collected by
exercising a command procedure four times hourly for fourteen
hours on four machines. This PDAEMON procedure did create an
extra load on the system although analysis has shown that this
extra load was minimal. Appendix 6 lists the commands executed
by the PDAEMON, their frequency per PDAEMON invocation, the CPU
usage per PDAEMON invocation, and their total CPU usage per hour.
These numbers were obtained by averaging across all four
machines. Thus the PDAEMON increased the load by the issuance of
60 commands per hour at a cost of approximately 2.28 CPU minutes
per hour or less than 10% of the CPU during prime time hours.

The job mix data was collected via existing system accounting
procedures which while they contribute to system load are con-
stant across all machines and are not additional overhead intro-
duced for the purpose of performance monitoring. The job mix
data reduction procedures were primarily run at night and thus
had no effect on the hours being measured. The exception to this
is one hour on UNIX D (1 p.m. on June 6, 1979) when the job mix
reduction tools wused 10% of the total CPU used that hour. The
other percentages shown in Appendix 7 for UNIX D reflect not the
use of the data reduction tools but rather the development effort
required to build and debug those tools.

4.1 PDAEMON Analysis

There are many system parameters which are thought to reflect a
system load. PDAEMON was to monitor an assortment of these
parameters to discover which showed the most promise as 1load
metrics. Absolute claims are difficult to make on data gathered
over three days. These results are intended to show trends, con-
sistencies across machines and provide ball park numbers for load
characteristics.

4.1.1 Performance Index (PI) A feeling for load can be a very
subjective evaluation. For instance, an experienced programmer
can usually log onto a machine and immediately form an opinion
from the terminal response. Since the response time is most
visible to the .programmer it was felt that a parameter based on
this factor, suech as PI, would show the most promise in quantita-
tively measuring this factor.

PI was plotted versus time for all four machines over the three
day period and is included in Appendix 8. The resulting plotted
points are fairly scattered but some patterns do emerge. All
graphs show that PI usually has two minimal periods of the day
and three peaks or periods of maximum. The results show a
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definite double camel-hump like pattern which is well known to be
associated with human activity. The data for IHPS1 do not show
this pattern quite as strikingly as do the rest but this may be
due to the large amount of constant network activity placed on
this machine.

PI typically dips to a low in the 20's from around 8 to 10 in the
morning. The values increase from 11 am to 1 pm, reflecting the
lessening activity over lunch hour. Then PI falls again to the
20's from around 1 p.m. to 5 or 6 p.m. For non-prime time hours
the PI usually stabilizes at its maximum for that machine. UNIX
C, UNIX D, and IHPS2 usually reach a maximum of around 90 to 95
during this period. The maximum PI for IHPST is consistehAtly
lower at a value of around 65. Again this discrepancy is likely
due to a consistent network overhead not on the other machines.

Thus, PI can be used as a reasonable indicator of system load.
This is further shown by a comparison of PI with the compile time
data gathered from PDAEMON. That is, when the Pl decreased, conm-
pile times increased and, conversely.

4,1.2 Active Users versus Active Processes

Active users and active processes were two measurements taken by
PDAEMON. A correlation between number of processes and number of
users would be useful for obtaining a gross number of machines
that a project needs to acquire in order to meet its capacity
needs.

To determine the exact relationship, the PDAEMON measurements,
taken every 15 minutes, were plotted and a linear curve was com=-

puted for the points on each machine. The resulting graphs can

be found in Appendix 9 and the following equations and coeffi-
cients of determination (0 <z D <=z 1) were derived (let u =
active users, p = active processes). These coefficients of
determination indicate how well the points fit the line where a
low coefficient implies a poor fit.

UNIX C: p = .26%u « 13.94, D = .18
UNIX D: p = .59%u + 11.32, D = .41
IHPS1: p = .95%u + 12.68, D = .48
IHPS2: p = .7T5%u + 10.89, D = .59

The analysis shows that for a given number of processes on a
machine, one can only estimate a gross range in the number of
users that .could be logged on the system. At times there can be
20 active processes with as few as zero and as many as 27 users
on the system. The general purpose machines often have more
users than active processes, i.e. users logged on with no active
work, whereas IHPS1 has a threshold of 13 active processes. One
can only project the number of users that can be supported by the
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machine given the number of allowable active processes by assum-
ing that all users are active and are invoking at least one pro-
cess to complete a system transaction.

Active processes do impact the load of a UNIX machine (see Sec-
tion 4.1.3), and based on the fact that 15 processes is a reason-
able number for ensuring a PI of over 40, one can estimate that
the number of active users that machine can support will be
around 15. A better correlation between number of processes and
number of users c¢an be obtained if the user activities or
scenarios were more explicitly determined. These scenarios have
not been defined in this study for the standard SDS/UNIX bench-
mark load; therefore the number of processes a given user would
spawn for completing one job was not determined.

The number of users for a given number of active processes on a
machine can be better estimated if the anomaly cases can be iden-
tified and treated separately from the rest of the data for the
purpose of obtaining a better correlation.

4.1.3 PI versus Active Processes Appendix 10 contains a plot of
the number of active processes versus PI for both IHPS1 and
IHPS2. There is no apparent pattern to the IHPS2 data. IHPS1
does show a trend of more active processes as the PI decreases.
Another way of interpreting these graphs is to follow the value
of a given PI up the vertical axis noting the range of values of
number of active processes. Thus, one may determine a range of
number of active processes for a given PI. Also the minimum
value in this range is the least number of active processes known
for this PI. Obviously, the range of number of active processes
is due to the variation in job mix. As of this time, the data is
not complete enough to specify a SDS/UNIX job mix to associate
with a value of number of active processes. See Section 5.3 for
future work in this area.

4.1.4 PI versus Response Time Plots for IHPS1 and IHPS2 are
shown in Appendix 11 indicating the values for compile time
versus the approximate PI at that time. As mentioned before, the
PI is approximate since the actual PI value could not be syn-
chronized with the timing of the compile. One observation ¢to
note here is the larger variance in compile times at lower values
of PI. The data does show that larger compile times can be
expected for lower PI values. For example, compile times can be
expected to be twice as long or longer for values of PI below 40,
as opposed to above 40. From this analysis, a PI=40 is signifi-
cant and thus contributes to the definition of a standard bench-
mark load (see section 5.1).

4,2 Job Mix Analysis

4,2.1 High CPU Runmners The categorization of the job mix data
makes possible an analysis of what types of work are being done
on each machine and to what extent that type of work contributes




-11-

to the 1load on the machine. Consequently, every hour on every
machine was analyzed and the top three categories in terms of
percentage of CPU time used that hour was documented (see Appen-
dix 12). In order to further refine ¢this data the following
reduction method was used:

1. each category which placed first in an hour received three
points for that category for that machine

2. each category which placed second in an hour received two
points for that category for that machine

3. each category which placed third in an hour received one
point for that category for that machine

4, all the points were tabulated and are presented in Appendix
13.

The following are the top four categories derived by this method
for each machine in high to low order:

1. UNIX C - USR, SGS, DOC, NW
2. UNIX D - SGS, USR, DOC, NW
3. IHPS1 - USR, NW, DB, MISC

4, IHPS2 - USR, SGS, DOC, MISC

Analysis of these high runner categories reveals that USR, SGS,
DOC, and NW appear as high runners in at least three of the four
machines. In particular, the USR category is the highest runner
in three machines and second in ¢the fourth machine. This
category represents the "typical®™ work done by any and all users
in the course of doing their job e.g. who, ls, ecd, etec. .

4.2.2 Proportion of CPU Used for Each Category The job mix data
was also analyzed to determine the #CPU usage and average command
invocations per category on every machine. This analysis
included only the prime time hours, i.e. 8 a.m. to 5 p.m.

~)
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The NW, DOC, and SGS categories were individually graphed.
graphs are discussed below.

1.

SGS
DOC

DB
I0
USR
SYS
MISC
UNI
CM3S
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UNIX C UNIX D IHPS1 IHPS2
20 29 5 17
13 15 6 12
13 10 21 7

4 3 13 6
5 y Y4 6
23 19 28 20
3 5 2 2
5 6 T 6
6 4 4 10
7 5 11 11
Figure 1

Average %CPU for Categories

UNIX C UNIX D IHPS1 IHPS2
70 124 52 79
12 16 13 1M
79 76 91 43
60 34 160 4y
71 69 231 - 76

970 782 1028 753

104 102 120 140

49 40 41 39

180 17 3 24

40 21 450 59
Figure 2

Average Command Invocations

%CPU time used for networking vs. time
# of networking commands executed per hour vs. time

Appendix 15 =

$CPU time used for documentation vs.

time

These

# of documentation commands executed per hour vs. time

The documentation category included all editor work.
For these plots the editor percentage of CPU time and

# of commands were excluded. Thus these plots are

exclusively nroff and related commands.

Appendix 16 -
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%CPU time used for software generation activities vs. time
# of SGS commands executed per hour vs. time

The graphs for the NW, DOC, and SGS categories are in terms of
percentage of CPU time used. This is somewhat deceiving because
a machine can be very lightly loaded and one category could be
using a very high percentage of a very small amount of CPU
minutes. A graph in Appendix 17 plots CPU minutes used per hour
versus time.

4.2.3 Analysis of Specific Categories The networking, documen=-
tation, SGS, MISC, and data base categories were chosen for
further analysis because they were the high runner categories
from the previous sections in terms of the percentage of CPU
used. The CMS category was also chosen for further analysis
because of its importance to SDS/UNIX.

4.2.3.1 Networking

All four machines used a significant amount of CPU per hour on
networking. IHPS1 was the only one that was supported by BLN
services. The high-runner in the category of networking in terms
of frequency of execution was "hasp". The average amount of CPU
consumed by "hasp" over the four machines was around one CPU
minute per hour, with an average frequency of 15 to 20 invoca=-
tions per hour.

The statistics collected on the three days for IHPS1 indicated
the following results :

1. BLN consumed an average of 4 to 6 CPU minutes per hour, with
a rate of no less than 2 CPU minutes per hour even when the
system was not processing any network requests.

2. The frequency of invocation averaged around 8 to 10 BLN user
requests per hour. This resulted in an average of 24 sec.
CPU time per job.

3. There were numerous restarts over the day for each day that
was monitored. The average number of restarts was around 6
times a day. (This is ecalculated from the number of
"BLN.PS1" invocations. Restarts are usually due to BLN net-
work system errors or failures.)

In comparison with other networking activities in the system
(such as "™hasp", "con", "tss®, "rje", "uucp", ete.), BLN seemed
to consume much more system CPU time than all the other network
jobs c¢ombined. The amount of CPU consumed by these other network
commands averaged 1.5 to 2 minutes of CPU per hour. The free
quency of invocation for all other jobs was higher, with an aver-
age of 25 to 30 user requests per hour over prime time. This
averages to about 3 sec CPU time per job. These averages are
gross estimates of the average amount of CPU time used for each
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network request Jjob, and is useful for projecting the system's
resource used given a specific network load. Appendix 18 pro-
vides a graphical illustration of .the amount of CPU consumed by
BLN versus the amount consumed by all other network processes
with the frequency of user requests denoted in brackets on the
curves.

A comparison of the PI value for IHPS1 and other machines (as
shown in Appendix 8), one observes that all other machines
achieve a PI of 95 when the system is fairly idle, whereas IHPS1
never exceeds 65. This implies that jobs on IHPS1 could never
obtain a faster turnaround time than 1.5 times the amount of sys-
tem time required to process a given job. By examining the job
mix data, it can be found that the job that caused the deteriora-

. tion of the PI was the BLN process.

Interesting comparisons were made by observing the results sum-
marized in the graphs shown in Appendix 2 .

1. Networking on UNIX C, UNIX D, and IHPS2 consumes about 12%
of the total CPU used for the hour on each machine. Net-
working on IHPS1 consumes about 25% of the system's avail-
able resource for the hour.

2. IHPS2 and IHPS1 both depend on a back end machine for
software generation. The amount of networking in terms of
number of user invocations compared to other categories on
the same machine ranks higher than on the UNIX C and UNIX D
machines.

(NOTE: The number of commands indicated on the figures
reflect the number of active network processes, and do not
correspond to user invoked commands. For example, one BLN
user request requires up to 4 BLN processes to be active in
order to process and complete 1 user request.)

The high CPU consumption for networking on IHPS1 could be the
fact that BLN consumes a blanket overhead of 2 minutes CPU per
hour when no network requests are outstanding. The statisties
show that other network jobs do not consume any significant sys-
tem resource when they are idle.

In the graphs (Appendix 17) that show the total amount of CPU
used for the hour for each machine, we observe that the lowest
threshold for CPU minutes used in an hour does not drop below 8
minutes for IHPS1, whereas other machines idle at around 4
minutes. The average amount of CPU used in an hour for each of

the machine is :
1. 27 minutes for IHPSH,

2. 25 minutes for IHPS2,



3. 30 minutes for UNIX C,
4, 30 minutes for UNIX D.

In analyzing the data on the proportion of CPU wused in each
category, it can be estimated that networking (after subtracting
documentation, miscellaneous, and unidentified) consumes about:

1. 9.8% on UNIX C,
2. T7.5% on UNIX D,
3. 5% on IHPSZ2,

4. 38.4% on IHPST.

4,2.3.2 Documentation Documentation is another category which
ranks very high on UNIX C, UNIX D, and IHPS2. Comparison of the
documentation graphs in Appendix 15 reveals that UNIX D has, in
general, the largest percentage of time devoted to documentation.
High peaks occur frequently but also during periods of high total
CPU utilization (see Appendix 17). In terms of comparison the
high percentage CPU peaks on UNIX C and IHPS2 are not as con-
sistently pronounced and frequently occur at times when total CPU
utilization is not great. IHPS1, in complete contrast, has a
fairly small amount of documentation work. ‘

A possible method of decreasing the load on a UNIX machine is to
eliminate the documentation efforts. From Figure 1 it can be
seen that this would decrease the load on the machines by approxe
imately 12-15% excluding IHPS1 where only a small amount of docu-
mentation is done. Although 15% represents a significant amount
of reclaimed CPU on a heavily loaded machine such as UNIX D,
documentation is still an important aspect of development work
and can therefore not be completely eliminated.

There are three possible ways to handle documentation:
1. completely offload it to a separate machine

2. continue the documentation editing on a 1local machine and
network the changed file to another machine to be processed

3. Qqueue all documentation jobs for none-prime shift execution.

The first method is possibly a good short term solution although
in the longer term it contradicts SDS efforts to make documenta-
tion an integral part of development. The second method offloads
the nroff and related high CPU usage jobs to another machine
although a substantial price will be paid for networking. The
increased network wusage will probably offset all CPU gains made
by offloading documentation. Finally, the third alternative
keeps documentation and development on the same machine without

“ )
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penalizing prime shift hours. This methodology should be 'con-
sidered particularly for 1large, very expensive documentation
jobs. :

4,2.3.3 CMS Although not one of the high runner categories, the
CMS category must be analyzed because it is a part of Release 1.
From Appendix 13, CMS ranks fairly high for both IHPS1 and IHPS2.
Although #2 ESS and #3 ESS are not using a "full-blown™ CMS, a
trend can be established in that as more CMS capabilities are
used the relative importance of the CMS category will increase.
This is particularly critical on UNIX C and UNIX D where, consid-
ering the existing load on these machines, the increased capacity
needed for the use of CMS will not be available.

4.2.3.4 Software Generation The SGS category exhibits very high
usage on UNIX ¢C, , and' IHPS2. This is to be expected on
UNIX C and UNIX D because these machines carry the DMERT C
development effort. However, IHPS2 is not a C but rather a SWAP
development machine. Closer inspection of the SGS work on IHPS2
revealed that primarily microprocessor (MAC 8) tools were being
used. It was finally determined that in the time frame being
monitored, importation and verification of these MAC 8 tools had
been done on IHPS2 in preparation for releasing them to other
development machines. Thus, the SGS effort on IHPS2 is atypical.
A more typical SGS day on IHPS2 is probably more comparable to
the data gathered for IHPS1.

4,2.3.5 Miscellaneous Category It was somewhat unexpected that
the MISC category ranks as the fourth high runner on both IHPS1
and IHPS2. The MISC category is significantly lower percentage
on both UNIX C and UNIX D. The primary contributor to the CPU
time in MISC is the eat command. This command is initiated regu-
larly 36 times per hour on every machine for the purpose of com-
puting PI. The 36 invocations -require approximately 1.5 CPU
minutes. This is a very small amount of CPU time and the impli-
cation can be made that when such a small amount of CPU time con-
stitutes such a large percentage of the total CPU time per hour
then the machine must be fairly lightly loaded. A closer inspec-
tion reveals that the MISC category becomes a high runner partic-
ularly during the non-prime shift hours monitored i.e. 5 a.m.-8
a.m. and 5 p.m.-7 p.m. Thus, the work load on IHPS1 and IHPS2 is
concentrated during prime time hours with 1light usage at all
other times. 1In contrast, UNIX C and UNIX D have more sustained
higher usage.

4.2.3.6 Data Base Category The data base category ranks high
for IHPS1 principally because of fairly infrequent but very
costly use of the sort command and very frequent use of the inex-
pensive grep command. Statistics about these two commands can be
found in Appendix 19.




5. RECOMMENDATIONS

5.1 Standard Benchmark Load

In order to set performance goals for SDS/UNIX, it 1is essential
to provide a standard lcad or context in which these goals are to
be met. This load must be reproducible and represent a realistic
SDS activity 1level. From the load metrics and data explored in
this study, the following represents the initial SDS/UNIX stan-
dard benchmark 1load that defines a reasonable range of activity
and a load that is commensurate with the load measured on exist-
ing SDS machines: .

PI >= 40,
number of active processes >z 15,
average size process = 23K.

This load definition is bound between the number of active
processes and the PI. It was derived by considering a reasonable
response time for the test compile executed by PDAEMON. In
Appendix 11, the response time gets progressively worse when PI
drops below 40; above 40, variations in PI have little effect on
response time. By first establishing a lower bound for load, a
PI of 40, the correlation between PI and active processes was
examined (Appendix 10) to determine a range of active processes
that typically produces a PI of 40 or greater. This range was
found to be 15-30 processes; however, since the PI boundary will
eventually restrict the number of active processes, there is no
need for an explicit upper limit. Of the four machines examined
in this study, it was determined that the average size process is
23K (during prime shift, 8 a.m. to 5 p.m.). To ensure a realise
tic load, the standard SDS benchmark must also consist of
processes that have an average size of 23K. If actual SDS
processes are larger, the threshold of active processes may be

lower. This restriction will additionally narrow the range of

the standard load.

5.2 Application to the Simulator

This load characterization effort has been undertaken in order to
establish performance goals because performance goals can only be
specified in terms of load. Another aspect of performance goal
establishment is the determimation of the feasibility of those
goals. For this endeavor a simulator model for the SDS is being
designed and implemented [(4]. This model requires a great deal
of input about the design of the SDS system, the frequency of
command execution, the resources consumed by those commands, and
non=-SDS related activities on the machine being modeled. In par-
ticular, two types of data have been extracted from this load
characterization effort strictly because they are necessary input
to the simulator. They are 1) the amount of non-SDS related work
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which consumes system resources and 2) a suitable time period to
be modeled.

The first type of data, the amount of non-SDS related work,
includes in particular the USR, MISC, and SYS categories from the
job mix categorization effort. An analysis was done on these
three categories to determine how much "background" noise needs
to be a part of the simulator model. As stated previously, the
USR category was one of the high runners on all four of the
categorized machines. During peak hours (8 a.m. - 5 p.m.) the
USR category (averaged across all four machines) used approxi-
mately 22.5% of the CPU which equates to approximately 6.6 CPU
minutes per hour.

The MISC and SYS categories were, on the other hand, considerably
less active and very consistent across all hours on all machines.
The SYS and MISC categories used approximately 3% and 6% respec-
tiveiy of the CPU or .34 and 1.39 CPU minutes per hour respec-
tively.

An analysis was done of how many commands actually initiate and
terminate within an hour boundary. These results are tabulated
in Appendix 20 with the basic result that approximately 97% of
the commands fall within this boundary. Thus, an SDS simulator
model could be run for an hour of simulated time with confidence
that the workload being generated by that model (i.e. SDS work
and background noise) realistically constitutes the entire work-
load for that hour.

5.3 Future Work

The current study characterized load on PWB/UNIX 1.2 machines
doing the programmer support (PSS) type activities of SDS. Now
that the machines at Indian Hill are converting to PWB/UNIX 2.0
Augmented, future work on load characterization includes a study,
similar to the one presented here, for the same machines under

. the new operating system.

In addition, load characterization is to be extended ¢to the
laboratory support machines running MERT and UNIX/RT. Though the
load on these machines is more controllable through administra-
tion, an understanding of lab support machine capacity through
load characterization can assist in this administration for mak-
ing best use of the laboratory resource and provide performance
feedback to the LSS (Laboratory Support System) developers.

It is also difficult at this time to specify the exact number of
users to be supported by the standard benchmark load without
specifying the user's work scenarios. The number of users should
be specified in terms of a job mix and user scenarios. What is
needed is a mechanism for concurrently measuring 1load and job
mix.
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6. CONCLUSIONS

Real time and accounting data from four selected Indian Hill UNIX
machines was collected over a three day period and subsequently
analyzed. This analysis resulted in a determination of a stan-
dard benchmark load definition (i.e. PI >= 40 and the number of
active processes >z 15) and a 1load characterization for each
machine, In essence, these load profiles reflect the usage of
those machines (i.e. UNIX C - USR,SGS,DOC, and NW; UNIX D =
SGS,USR,DOC, and NW; IHPSYT - USR,NW,DB, and MISC; and IHPS2 -
USR,SGS,DOC, and MISC), and will be used to characterize a
Release 1 SDS/UNIX machine during performance goal establishment.
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