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ABSTRACT

One of the problems in measuring +the performance of =
computer system is in defining its normal worklocad. In tne
case of timesharing systems, it is necessary %“o develop =a
penavioral model of the average user. This thesis presents a
study of several parameter that characterize user behavior on
the Multics timesharing system at MIT. Data was gathered by
monitoring the logon sessions of three different groups of
users. The results are presented and comparisons are made
petween the command usage of the groups. Some patterns of
usage do appear in the results, bu%t it is unclear if they can
be applied in other situations.

4 probability distribution of *the think %time between
commands 1is shown and compared with other distributions. The
benchmark program currently used on the Multics system is also
compared with the user model described in this study. The
capability to monitor wuser behavior and characteristics is
shown to be useful and worth installing in the system.
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I - INTRODUCTION
1.1 BACKGROUND AND MOTIVATION

The area of research in computer performance measurement
and evaluation is important to understanding the behavior of
complex systems. Several techniques have been developed for
measuring computer performance, but most of “hem have in
commeon the problem of defining a system”s normal workload.
Since most systems, especially timesharing ones, interact with
human users, it becomes necessary %o define the behavior and
characteristics of the user community in order to formulate
such a workload. For example, in analytical or simulation
models of timesharing systems a key parameter is *he +%ime a
user spends betweeen requests, also known as "think time". In
the case of benchmarking, where a simulated workload is put on
an existing system, even more information is necessary about
user characteristies.

There have been several studies that have ¢tried *to
measure the behavior and characteristies of users of a
timeshared system, most notably the one done by Boies (1974).
This study was done on an IBM Time Sharing System (TS3/360) at
an IBM Reasearch Center and measured a wide variety of user
characteristics. One of the major problems with these studies
is whether the results are generalizable, that is, do the
users of System A behave the same as the users of System B?
What if the systems differ greatly in ease of use, number of

commands, command language flexibility, ete. 2 The results
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may even vary between different installations of the same
system. Another factor which may need %o be measured is
whether the work done by one sub-group of users is different
from tha*t done by another sub-group. For instance, how
significant 1is the difference in work done by experienced
programmers and beginners? Such a study was recommended by
Treau (1974), but one of the difficulties is in deciding =2
priori which sub-group a user should be classified in.

This thesis is an attempt %o measure several parameters
which characterize the typical Multics wuser. The primary
motivation is that such a study has not been done on the
Multics system, although there was a study done at MIT on %he
CTSS system by Scherr (1965). Some of the benefits of doing

this research are:

1). Currently, new versions of the Multiecs system are
compared with older versions by running a benchmark. This
presently consists of running several absentee users working
on five slightly different secripts. The commands in the
scripts mostly invoke different language translators and the
think times between commands are selected randomly. It is
questionable whelher these scripts are a reasonable model of
user behavior. Roach (1974) presented a critical review of
the scripts, however, his observations focused on the problem
that the benchmark does not load the system sufficiently. By
obtaining command usage counts and think time distributions, a

set of scripts can be designed that is more representative of
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normal wusage and thus may be able to duplicate a normal

workload.

2). By obtaining frequency counts of the commands, it
would be possible to determine the set of most heavily used
commands and decide how much effort should be spent in

optimizing these commands.

3). With enough data on the needs and behavior of *the
users, a reasonable user model can be formulated which would
be a great aid in any modeling and simulation studies of the
system. For instance, in his PhD. thesis, Sekino (1972) had to
determine the user think time. This parameter was important to
his analytical model of Multics and without it, he was unable
Yo examine the details of the validity of his model. Since
he had no tool that would allow him to measure the think “ime
of Multics wusers, he had to estimate +this parameter by

"general observation."®



I1 - PROCEDURE

2.1 DIFFICULTIES IN MONITORING USERS ON MULTICS

There are two basic approaches that ecan be taken in
monitoring what transactions a user performs at a terminal.
One way is to intercept every line that is typed by *“he ussr,
affix *he current time to it, and store the data on some mass
storage device. With this method, it is possible ¢to study
users” behavior in great detail. There is very little overhead
for processing and some systems have such a trace facility
built into them. The major drawback to this method is that so
much data is gathered that it becomes necessary %o dedicate
some secondary storage device, such as a tape drive, for the
duration of the monitoring. The second approach is o decide
before the experiment which parameters are of interest and to
specifically measure these as they occur. The data ecan be
statistically accumulated during +%he monitoring so that the
data storage area need not be very large. The major limitation
to this approach is that once the study has been performed,
there 1is no way of measuring any parameter that was not
included, thus having to replicate the study. Also, some time
dependent parameters would be difficult to measure such as
repetitive groups of commands. Another disadvantage is the
increased overhead of monitoring since some processing must be
done %o collect and identify the data for each command.

for “he purposes of this study, it was decided that the

second method would be the most feasible alternative on the
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Multics system, despite its disadvantages. For instance, since
Multics is primarily an on-line time-sharing system, ‘here are
not too many available tape drives and the cost of dedicating
one for the duration of monitoring would be prohibitive.
Also, despite the fact that Multies has an excellent set of
built-in metering tools, there are no Lracing facilities that
allow the system to access all input lines from terminals.
Another important limitation to this study was that the systen
software could not be modified in any way. This restriction
meant %that not all users could be monitored, only %thnose who

agreed before-hand to participate. Despite these drawbacks,

e

£t is still possible to gather data on several parameters of

command usage on Multies.

2.2 THE MULTICS COMMAND LANGUAGE

Tne HMultics system has a very rich and powerful command
language facility. The Honeywell manual contains over 140
regular commands, plus there are several hundred others that
reside in the standard search directories and are avallable to
all users. User programs are executed by the same mechanism as
“he system commands. Almost all the system commands have
abbreviations and there is a facility that allows users %o
specify their own abbreviations. These abbreviations can
represent an entire command line and may contain one or more
commands separated by semicolons. Multies also has Lthe feature

of allowing iterations of the same command with different



arguments. For instance, a command followed by a 1list of
argumen's enclosed in paren'heses would be repeatedly called
with the nex' argumen' in the list until all were exhaus'led.
It is also possible to invoke a file containing a 1list of
commands to be executed. These command files are known as
exec_coms in Multies.

Although such command flexibility is very desirable, it
makes command usage monitoring very difficult. The first
Simplification done in this study was to limit the number of
specifically monitored commands to only those defined in the
system command language manual and their abbreviations. A list
of these commands is included in Appendix A. Any other
commands were simply classified together into one category.
The second step was to decide how to handle the multiple
command construects. In the case of several commands on one
line, each one was counted individually, even Lhough the time
between them would be almost insignificant. The reasoning for
this was that command usage counts would be more important
than think times. For commands that have iteration list=s, all
the iterations were counted as one invocation of the command.
For the command files, the only command that counted was the
one that executed the command file. The only exception to
"his was the command file that is executed automatically when

the user logs in, known as the start_up.ec.
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2.3 HOW THE MEASUREMENTS WERE TAKEN

Since the system itself could not be modified, the
programs tha® did the monitoring were essentially copies of
the system’s command processors with the necessary calls to
the data collection program. By placing a call %o initialize
the monitoring in the user’s start_up.ec, every time the user
logged in, the 1links to the system command processor were
replaced with links to the monitoring package. During the
initialization, a file was created that contained all the data
for that wuser’s session. For each of *‘he commands being
monitored, the following parameters were measured:

1.) The number of times the command was executed.
The commands are recognized in the command processor by
name. For instance, if a user has his own program called
"print", then the monitor will classify it as the system
command. This should not occur toco often since the user
may not like the ambiguity involved.

2.) The time since the last command finished, also known as
think time.

Precisely, this time interval has assumed %o start as soon

as tne previous command had finished execution, but before
the ready message was printed. (1) The end of the
interval was assumed to occur when the command processor

recognized that it had received a valid command 1line and

(1) The ready message is usually a 25 character string printed
af'ter each command. This can easily be changed by “he user.

.



not a null one. (2) The times were read off of the system

clock at the two time points and the difference was summed

up aleong with the sum of the square for the

purposes of

optaining the mean and the variance. Also, in order to get

an idea of the distribution of think Limes, a histogranm

with intervals of one second kept frequency counts of the
think time wvalues.

3.}

The amount of resource usage by the command.

Tnis was measured by calling a Multies

subroutine which

for
(3)

process was created. This subroutine was called after each

returns values the CPU time, number of page faults,

and memory units used since the time *“he user’s

command finished and had returned %o the command

processor. The difference between the calls then

indicated the amount of usage by *%he command, including

command processor and monitoring overhead. These

differences and the sum of their squares were kept for

each command that was monitored.

for the entire logon session, the following information

was recorded: %time of login and logout, number of processes
created, number of times the break or quit button was used,
“ne number of wusers at logon time, the total number of
(2) An example of a null command line is a line containing

blanks, tabs, or semicolons, but

(3) The memory unit is a unit of
on Multiecs and is used as
set.

-1l
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measure used for
an estimate for the user’s working

no alpnabetic characters.
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commands used, and %the total resources used during the
session.

To get an idea how much overhead was attributable to the
monitoring, some test scripts were run as monitored absentee
Jobs and compared with runs that were not monitored. The
overhead of initializing the monitoring programs ranged from
about 0.7 %o 1.0 seconds of CPU time, depending on the system
load. The overhead per command was determined to be abou' one
or two milliseconds. The absolute minimum CPU time necessary
to execute a command on the normal system was 20 milliseconds,
as reported by the standard ready message. This was measured
by invoking a program which simply returned and making sure
that no page faults were occuring. The monitoring program may
nave also changed the paging behavior to some degree, but
these effects were not fully investigated.

Several times each day, an absentee job would collect the
individual users” session records, print them out (4) ,
accumulate them by the users’ project names, and delete them
to save space. The totals of each of the project users’
session records would thus be stored in the project records.
The disadvantage to this is that the data on individual users
were assimilated into the project totals and could only be
studied by examining the print-outs. Therefore, this study

primarily examines the projeet and over-all totals, rather

(4) At this point it would have been desirable %o write the
records onto a tape for future study, but tape drives were not
available.
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“han looking in detail at specifie L¥pes of sessions.
2.4 DESCRIPTION OF MONITORED PROJECTS

For the monitoring process to begin, each wuser has to
place a command in his start_up.ec; this would have meant
asking for +the cooperation of a large number of users.
Fortunately, in Multies, a project administrator has the
option of specifying a start_up.ec for his entire project. Two
courses in the department that were doing work on Multies
agreed %o participate in the study. These two courses shall be
refered %o as 6-030 and 6-176 since these are also their
project names. The 6-030 project consisted of abou* g7
students learning PL/1 programming concepts and writing small
programs as “helr assignments. The course assumed no prior
programming experience, so these users could be considered
first-time or novice time-sharing users. The students in the
6-176 project were taking a laboratory course in computer
system performance measurement and evaluation. Their
assignments consisted of having to write PL/1 programs %to
study such things as program performance and system modeling.
There were about Ffifteen users in this projeet and some
programming experience had been assumed. These users could be
considered as intermediate-level student time-sharing users.

The third project monitored wWwas a combination of the
CompSys and CSK projects. These two projects were merged
since they essentially have similar users and some of thenm

have accounts in both projects. The users in these projects

=16



were mostly graduate and undergraduate students (including the
author) and two secretaries, all in the Computer OSystems
Research (CSR) division of +he Laboratory for Computer
Science. There was a wide variety of work, ranging from ftext
editing and manuseript formatting %to developing system
programs. For the most part, these users were fairly
sophisticated and had a good knowledge of the internals and
externals of the Multies system. There were about elght users
in these two combined projects.

Une of the problems of having to seek participation o
be monitored was that not everyone was monitored during the
same period or for the same amount of time. This meant tLhat
such things as login frequency by project could not be
compared. It also means that some of the results might be
skewed in favor of one project, but the discussion of %tne

results will try to point any such tendencies out.



111 - DISCUSSION Of RESULTS

3.1 PROJECT TOTALS

The three projects were monitored over periods ranging
from *wo weeks Lo four weeks. Since the number of users and
use of *he system varied so much between projects, it was no*
possible %o ge' unbiased data tha*t would be generalizable %o
all three projects. However, it is possible +o analyze *he
data within projects and compare the averages with those from
“he other projects. A summary of these results can be seen in

Table 1 below. Printouts of the details are included in

Appendix B.
TABLE 1
summary of Results by Project
(all times in seconds)

Project 6-030 b=176 CompSys-CSH
No. of sessions 324 g9 140
Commands monitored 6,755 3,401 5,435
Command vocabulary 46 52 93

Think time / command 30.4 3T.2 22.8

Averages per session:

Logon time 3,804 2,831 2,175
No. of commands 20.8 34.4 38.9
CPU time 20.9 26.0 31.8
Page faults 4,339 5,204 9,394

As would be expected, the average +think %time be*tween
commands varied substantially between beginners and

experienced users of tultics. The average CompSys-CSH user
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had shorter 1logon sessions, used more commands and CPU time,
and had more page faults than the other two projects. The row
entitled "Command vocabulary" shows the size of the subset of
monitored commands that were ever used by the project. This
gives an indication of the experience or variety of work done
by the wusers in the project. The CompSys-C3H users, for
instance, used over *wo-thirds of +the set of standard
commands, while the other two projects used a little over
one-third of the set.

The details of the command usage for each project are
included in Tables 2, 3, and 4. These Lables show the fifteen
most frequently used commands in each of Yhe projects. These
were summarized from Appendix B. The column marked "Percen®%
of total" is the number of times a command was used by the
project divided by the total number of commands. The column
titled "Times/session" is the number of times a command was
used divided by the number of sessions. This gives an
indication of how frequently a command was used in a session.
The fourth column shows the average amount of time the user
“hought and typed before the command was executed. The
average think times that are below one second belong to those
commands that are usually executed in the start_up.ec. The
monitored commands include, besides the commands selected from
the 1list in Appendix A, two special categories. The one
labeled "not_monitored" includes the valid commands %that
eéxecuted either user programs or any commands which were rot

explicitly monitored. The second category is called
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"not_found". These are commands typed by the user that were
not. found in *the search directories. This indicates a Ltype of
user error and is usually in ‘he ftorm of mispelling or
mistyping a command or is a case of mistaken context, such as
an editor command given at the system command level or trying
Yo execute a program that is not contained in the working
directory.

The five mos%t frequently used commands by the 6-030
project, shown in Table 2, account for 628 of the command
usage in the project. This seems %o indicate +hat +the user
would create and edit a PL/1 program using edm (1) , format%
“he source program using the indent command, compile i+,
execute 1% a couple of times if the compila*tion was
successful, and then print out the working program. This type
of behavior is expected since the users were primarily doing
their PL/1 assignments on the system.

The results for the 6-176 project, as shown in Table 3,
are no' as easy to analyze. This seems to be a result of “wo
factors: First, the assignments for this course were not as
rigidly defined as those in the previous project and thus,
different patterns of work would be expected. The second
factor is that the users in this project used, on the average,
more commands per session than the 6-030 project, as it is
shown in Table 1. However, the command vocabulary (number of

differen'. commands used) did not differ significantly between

(1) A simple contex® line editor.
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TABLE 2

Command Usage Data
for the 6-030 Project
(top 15 commands)

Number of sessions = 324
Number of commands = 6,755
Fercent Times/ Think

Command Count of total session time
not_monitored 1256 18.59 3.88 20.30 (sec)
edm 1122 16.61 3.46 g3.43
pli 691 10.23 2.13 22.17
indent 583 8.63 i.80 24.01
print 560 8.29 173 43.60
add_search_rules 325 4.81 1.00 G.11
release 313 4.63 0.97 21.39
sel_tiy 301 4,46 0.93 10.13
no*_found 289 b.28 0.69 59.3
logout 276 4,09 0.85 62.15
delete 271 4.01 0.84 24,17
list 254 3.76 0.78 29.62
probe g1 1.35 0.28 37.29
unlink 69 1.02 .21 22.23
copy 60 0.89 0.9 78.82

. o




HNumber of sessions =
Number of commands =

TABLE 3

Command Usage Data

for the 6-176 Project

Command

not_monitored
delete

iist

exec_com

print

release

edm

copy

pli

not_found

mail
accept_messages
logout
change_wdir
how_many_users

3,

top 15 commands)

99
401
Percent
Count of total
705 20.73
311 9.14
242 T« 12
241 7.09
198 5.82
182 B.35
150 .41
148 4,35
132 3.88
125 3.68
116 3.41
90 2.65
8g 2.62
TY 2.18
73 2.15

oD,

Times/

?I
=
2#
2.
2.
1.
1
1.
1
1
1’
0.
0.
D.
0.

session

12
14
L4y
43
00
84
52
49
33
26
17
21
90
75
74

Think
Lime

40.75
37.16
34.36
24. 14
37.23
19.46
63.66
39.6]
27.83
62.35
4.54
0.11
66.16
33.12
40.79

(sec)



“he two projects. It seems that the 6-176 users used more
commands during a session than the 6-030 users, but still
limited themselves to using less than half the set of standard
commands.

In Table 4 , the results for the CompSys-C5H projects
show that the non-standard commands and/or user programs
represent a greater percentage of the used commands as
compared to the other two projects. Furthermore, %this project
used more than twice the number of the standard commands than
the 6-030 project. With such diversity of command usage it is
difficult to characterize the behavior of the wusers in this
project, but some patterns of use do emerge. For instance,
many of these sophisticated users have several directories
scattered ‘throughout the Multics file system hierarchy, whicn
may explain the high usage of the commands %o list =a directory
and change the working directory. This wusage could be *he
result of such things as forgetting which files are in a
particular directory and having to 1look for +them. The
"not_found" category is the fourth command on the list and
makes it seem as if more command errors ocecur in this project
than in the others. One possible reason is that these users
may forget which directory they are working in and *“ry +to
execute programs that are not in the directory. However, the
main reason the not_found category is ranked so high is *that*
the wusage was spread ou!. over more of Lthe other commands. 1In

fact, looking al all three projects, the percentages of the



TABLE 4

Command Usage Data
for the CompSys-CSR Project
(top 15 commands)

Number cof sessions = 140
Number of commands = 5,435
Percent Times/ Think

Command Count of total sessicn time
no*_monitored 1547 28.46 11.05 24.11 (sec)
lis% 515 9.48 3.68 15.64
change_wdir 381 7.01 2.72 23.70C
not_found 236 4,34 1.69 15.73
delete 233 4,29 1.66 27.28
archive 170 3.13 1.21 28.7%9
accept _messages 128 2.36 0.91 0.18
who 123 2.26 0.88 35.57
logout 109 2.01 0.78 T4.80
print 102 1.88 0.73 31.28
release 99 i.82 0.71 12.30
edm 97 1.78 0.69 38.17
qedx 95 1.75 0.68 38.23
dprint g2 1.69 0.66 20.60
abbrev 81 1.49 0.58 5.61



not_found occurences differ by at most 0.66 percent. This
suggests that the rate of typing bad commands 1is around &
percent of all commands typed into the system.

The data for all the projects was combined into one total
and the results are inecluded in Appendix C. As men'ioned
earlier, it 1is not known Lo wha' extent any of Lhe projects
may have skewed the data. Table 5 shows a summary of +the
command usage for all the projects combined. A& fifth column
was added which shows if any particular project contributed a
large percentage to the totals for that command. Thus, the
edm command may appear as the second most used command in all
“hree projects, but 828 of its usage was due to the 6-030
users.,

It is interesting to note in Table 5 that ‘two commands
have significantly longer think times than the others. The
longest is the edm command and the other 1is the logout
command. The long think time before a logout command can be
explained because most users pause trying remember if they
have done everything they wanted to do in the session before
committing themselves to the logout. 1In his study on the TSS
System, Boies (1974, p. 16), reported similar logout behavior.
The 1long think time before using the editor is harder %o
explain. Perhaps what is happening is that the user is using
the editor to correct mistakes in his program, but before that
can be done, the mistake must be found. In some cases, the

user may even have %Yo refer to a manual in order 4o correct
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TABLE 5

Command Usage Data
for all Three Projects
(top 15 commands)

563
15,591

Number of sessions
Number of commands

Percent Times/ Think Group

Command Count of total session time attribution
no*_monitored 3508 22.80 6.23 26.09

edm 1369 8.78 2.43 86.26 82a-1I
list 1011 6.48 1.80 25.67

pli 876 5.62 1.56 22.44 7Q0e-I
print 860 5.52 1.53 40.68

delete 815 5.23 1.45 30.02

not_found 650 4.17 1.15 by, 11

indent 622 3.99 1430 23.61 94e-I
release 594 3.81 1.06 19.28

change_wdir 438 3.13 0.87 26.16 T8e-I1I1I
logout 474 3.04 0.84 65.81
add_search_rules 349 2.24 0.62 0.45 93e-1
set _tty 345 2.21 0.61 12.12 87n-1
exec_com 259 1.66 0.46 24 .46 C3e-I1
copy 238 1:+53 0.42 bg.17

Group I - 6-030 Project
Group II - 6-176 Project
Group III - CompSys & C3SR Projects
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the mistake,.

By averaging all the data that was collected, it is
possible to create a user model that is a composite of all the
users in the three projects. This composite session is
described in Table 6. Similarly, by averaging the results of
the per-command data, it is possible to describe *the composite
command, as in Table 7. It is important to understand %hat
“hese composite user models may not be generalizable %o *the
entire population of MHulties users. Rather, this model
describes the subset of users that were monitored. A  study
involving all wusers of Multics would be necessary to eclaim
“hat the model can be generalized. One test *o measure the
validity of the composite command is to divide the CPU time by
“he number of page faults. This should result in the mean
“ime be'ween page faults (mtbpf). The composite prediets a
mtbpf of 4.26 milliseconds. This is close ‘o the actual
metered mtbpf on Multies, which is in the range of 4 *+to 7T

milliseconds, including system overhead.
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. TABLE 6

The Composite Multies Session

(based on 563 sessions)
The composite user logs on when there are 29.25 users

on the systen.
He logs out after 53 minutes 48 seconds.
Executes 27.7 commands and thinks 33.2 seconds between “hem.
Does 1.44 quits.
Uses the following resources:

25.50 CPU seconds

440.66 Memory units
5,748 page faults

TABLE 7
The Composite Multics Command
{based on 15,5971 commands)
0.792 CPU seconds
80.146 Seconds of real time

186 Page faults
13.665 Memory units

3.2 THINK TIHME DISTRIBUTION

Wwhile gathering data on command usage, the moni%toring
program also kept a histogram of think times in order to get
an idea of the think time distribution. The histogram had
intervals of one second and recorded values of think times up
to twenty minutes. This tool accumulated the results for all
monitored users rather than keeping separate distributions for
each project. A plot connecting the midpoints of the

histogram can be seen in VFigure 1. The impulse is
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hypothesized %o exist because of the large number of think
times %“na* were from zero up to one second. This low wvalue
oceurs wnen: commands are executed in the start_up.ec; there
is more ‘han one command on a line; or the user types ahead on
a full-duplex terminal. This impulse would occur a* abou’ 0.1
seconds since this is the overhead for the command processor
to look at the next command. The next peak occurs around 8
seconds and represents the maximum rate of user in‘eraction.
This 1is the time the user spends Ltyping a short command as
soon as the previous command has finished. After +that peak,
“he distribution falls off rather quickly, but has a long tail
as it is shown in the cumulative plot in Figure 2. Almos*t 90
percent of the think times were less than 70 seconds long.

The most popular probability model for user think times
in analytical and simulation studies has been the exponential
distribution (Sekino, 1972, p.34). 1Its features are that it
simplifies *%he analysis of queuing models. To test the
validity of such a think time model for the Hultics system,
the plots for an exponential distribution with a mean the same
as the sample mean, are shown in Figures 1 and 2 for
comparison with the sample distribution. The exponential
distribution 1is a rather poor fit and does not seem adequate
to characterize the think time. The sample distribution seems
to be composed of “hree parts: the impulse near Zero; Lhe
peak near 8 seconds; and the long tail. The ‘“hree types of
behavior that may explain Yhese parts are: when the user is

interacting faster than the system; when the user and system
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FIGURE 1
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Figure 2
Cumulative Distribution
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interact one afler anol‘her; and when the user pauses for an
indeterminate period, such as to look something up or leave
the Lerminal for a cup of coffee.

Before the Multics system existed at M.I.T., *there was
the CT3S timesharing system and a study of the think times of
CTSS users was done by Scherr (1965). Figures 3 and 4 compare
“he results of this study to those from CTSS. The two
distributions are very similar with approximately the same
area under %he impulses and peaks in about the same place. The
mean and median values are also very close. This suggests the
powerful notion that perhaps the characteristics of a
population of users at a certain site may not change very
much, even if the systems or the actual people do change.
This would make user models a more valid concept and lend
support Lo Yhe idea of benchmarking. It would be interesting
Yo test Lhis notion by seeing if the distribution obtained in

this study can be repeated, even with different projects.

3.3 COMPAKRISONS WITH CURRENT BENCHMARK SCRIPTS

The performance of new versions of the Multics system are
evaluated by performing a benchmark *test called “he acceptance
test.. This ‘es' puts a workload on the system by simulating
several concurrent users. The performance is measured by
reading *“he various system meters and seeing how long the ‘Lest

actually takes. The simulated users are absentee jobs that
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follow a set of command scripts and the think times are random
numbers generated from a uniform distribution on the interval
from *two to fifteen seconds. There are presently five
scripts, four of which are almost identical and contain about
i0 compile commands, 4 edit commands, and about 21 other
commands. The Ffifth script was designed %o create heavy
paging activity in the system and contains about 20 compile
commands interspersed with a special command that flusnes
pages out of primary memory.

One of the goals of a benchmark is to simulate 2 normal
workload in the system in order to observe how the systen
behaves under normal circumstances. The major problem is in
selecting command seripts that model +he work done by %“he
users of the system. (Hellerman and Conroy, 1975) One solution
would be to conduet a study such as the one in this paper to
help design a reasonable user model. Compared to the findings
in this paper, the current scripts do not seem to characterize
the Muliies users very well. For instance, the compilers were
not used as frequently as the scripts use them. The
CompSys-C3H project used more resocurces per session, on the
average, than the other two projects, yet the PL/1 command
accounted for less than one percent of their commands. Thus,
usars wno produce a heavy load on the system do not
necessarily use the compilers frequently, Another problem
with the scripts is that the uniform distribution used to

generate think times 1is not a very good mateh for +the
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distribution that was found in this study.

A possible method for designing a more accurate benchmark
would be %o characterize the users by projects, since +this
study has shown that user behavior does vary be‘ween projects.
The next step would be to determine how often users of each
project log in each day. A set of project user models can then
be designed, and the benchmark constructed as a mix of these
models., For instance, if half of the number of sessions on
the system are from the 6-030 project, then half of the user
models should be based on the characteristies of 6-030 users.
The major problems with this approach are its generalizability
and the possibilty that the percentage of sessions by a

project may not be a very stable parameter.
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IV - CONCLUSIONS

4.1 - SUGGESTIONS FOR FURTHER RESEARCH

Une of the limitations to this study was +that the
individual session records could not be stored anywhere. This
preventead a closer investigation into the behavior of
individual users, rather than the project as a whole. I
would be interesting to study such individual characteristics
as: do users who login frequently have different behaviors
from infrequent users? or what percentage of the users login
just Lo execute one or two commands before logging out?
Another limita%ion %o this study was that the user behavior
within a command, such as an editor, could not be measured.
In other words, not all interactions between the system and
the user were monitored, only those at the command level.
Knowing wha® a wuser does within an editor could be very
helpful in designing new editors, for instance. Also, the
actual think time distribution may be different, if the
activities within editors are monitored.

Since the Lhink time histogram worked so well in this
study, other histograms should have been Kkept for other
parameters such as CPU time and page faults per command. A
useful system metering tool for Multiecs could be obtained by
installing these histogram functions into the system command
processors by using the techniques developed for the

monitoring program used in this study. Also, the statistics
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on the command usage for each individual session could be made

available %o the user so that he could get a better picture of

how he uses the system. Hopefully, this paper has shown that

gathering data on user behavior can be very useful in the
.

field of system performance measurement and would be worth %the

effort to build user monitoring capabilities into the system.
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APPENDIX B

Detail of Project Totals

(Note - the initials s.d. stand for standard deviation.)
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APPENDIX C

Totals for All Projects

(Note - the initials s.d. stand for standard deviation.)




BeR"EG 1E2 "BE
ZD&"EE QIE"¥E
ESLRI EZL"IS
nCo*o GHE 'S
FELTE LS6"RE
000 0 0w 29
coa*n [ TR Y
ZEP* 1 fEL e
CH{ &9 ZriltGe
IR0 By S10*0E
LEH 1L CIE"ar
LT O | 06l "HE
[l | Er0*9|
CLat0% G| "Pw
Z9E* 1 CLsn
prEfEe r&S kT
FEE*L 1L9 r
r&IL a5E"11
SY1"Er ¥RIRE
L B | A9 "0
6L"B LG58 |
IGE*6 L&l el
ZEA* 166 LGREne
CLE dd 1L
0Coto L4 L)
LCODE etz
[ il i} Gak*2
FOS EL PER"DE
e 90 0Ze "L
e G GLL"ZI
IFGTE Lk D
cii*vd qEROC
2605 e0e "0
1EL w1 I1SE "8
firtal [T
(*p's) {uvauy
SWpy quiul

AN EERE NN EER RSN ERARR RN RN

GEOTDER cRa"ERI
arh*e CIE"g
£rr's BOBE
coo*0 QgL 0
Lo9*n &0r*0
ooo o a9z*e
e elaldi} 1900
Lot SIE"L
&R0 a0
06e 0 6eet0
reE“e0r 95260
oLEto FErt0
LEv*D GHS"0
[H 24l
£(Es"0 61c'0
BI&"LE ShEE "B
L IEF 0
LT £EL*D
&1E°0 EaAC"0
1610 910
rOH* 0 &Lt
S6a 0 (44
E0E"PDPF  GAGTEGE
o |1 /IR0
0aG0 BES O
GEQ'Brr 108" EOF
oooto Pl ¥}
fre'e erete
10" | ESL* 1
euv*n 515°0
£6E'0 EdaF 0
IvE"H f1a°E
EvE"S IEG" 1
&L0°0 alo*n
SEATEGE E90*eq
(*O*R) {ueaw )
tlﬂF (L]

HOL*D PLGD 1oz 2L EE GF Juswbes~dunp
gZL'0 Sk "0 Bri cal ad Er Juyadp
L6E'D 1E9*D IL1 EOE gl v - op
Doo o GL1'D oo £5 I Ir BINITYIIRBET BB (8P
1500 0zZ10 62 oL & o LT T ST 1]
oon e 1210 0o rel I HE ApT AW Tegalep
[l R ] ELD"D 0o ¥l I LE a3d0) 0 3n [op
(17 v 15670 i Gre L 9F dipTequTep
Gll*0 orE'o A5 Fil & GE 1o0™b g |bp
oLlto EDZ*0 Gy L cin *E 86 fup
HaG'0 Lenti Zre 665 G IE Lrep
oo LLN'O B ] ol T4 J1RTejLedD
9600 ] by LT 0 B TV E
LTV LEZ*0 ] 56 HEZ oe Ados
RE00 er0*0 ik 2E £5 G6¢ Ind3no”s [ 0sSuUGd
ZHE'D E6E*D 1] g9 14 pE TTOEW 2 ualusd
BRO'O LED"D 9E g El 1z 114" ws0]a
SOK'0 ELa"1 Z1i ere It o ShesT0JuUl Ty eud
orto rilg -1 ol BET &l Afps”wlueys
Li0'o IE0"0 o1 a O i spowTdolle e lucys
Q010 GIZ "0 1 fil ] [-1] nba T uowaepT [ EouE 3
wiE*a D&E*D il qH ] gl ISk dTE50R T [eIuED
AT ZLe'o 19 b 4 o ¥i I
oFl'E IEI* ¥ BHE olw 14 El _ puja
000 "0 ) oo irl I 2l WulEAETa]EED
4c|*y SEE'E GEp 129 e 11 ajLeq
0000 rZ1'0 0o (1] I [+]] osanosal”ubyssy
EBZ'D BLP"D 2vi BOEZ = & “aTyIIE
orZ°0 HE5 0 gLl 652 4 L daMEUE
BEI'D yOE™D DE o ] g WUN0AT 3y IEn[ pE
LED'D CIg*D Gz i AVE g ETR N TE TR 11T
cI5%0 LietD el el 9 * SR pRE
1210 280 £L g 122 £ sabessow™ e I3k
&70°0 RUO'D ZE vE ool 4 Ak LOOE
os1e GrZ* 0LL're LeR*GI L&D EIZ ADGE I pad07 Ul 10U
(*p*s) {uEow) (PR} {uwom) (PE) (uebw) Jdaguny

autl Ndd (4) S31un Alosup s3lned ebed Junos  wpon SWO PUkLe B

LL*BE  r*0°S

(LR R Rt L R R R R L R R L e L R S R R AR R R R AR R R LR R L R R L e L L)

"E385 | 'fF A0LTY JuIYy Gbedany
&0"[T  IUDIEEDS Jdag I6561 1PESN SPUBRW0D JO JwOung
WA Mg

ELV*SEOC 1°0'S L2ATLTEE (5265 W) YIbUS) uoTsSas afeloay

Of0"L 1*Q*s fGpl's swbisEes Jod sypne) elud sEedasay

rETRIG 1°4°5 BROOFY UOSEas Jed S1un Adouen afiedany

pasjuasqy

WGT 0L Qs ahr e juofssas ded 5385 M40 Abvdaay

OGZ°6C 1517un pro] *bay CIE*PE  #S53Tun peo] sws *Lay
HE¥" 1 rhay iep aTeicl asimb Jo deguny

noo*i 1Bay PG #[€I0] :SeSs@dold Jo Js0uny

E9G #BATIIELRIU] £06  15U0]ss5eS JO Jequns [ejo]

BEARENRRI AN SRR R BRSNS
T Bod LEhdad

(R E R R RS R R R L R L L L

*12ArntA

0

040G



*rl*EC
oooto
ZEFPTLGI
[ L R
w00 01
1292
FEROI
CIG'H
EQLTZIR
neate
ATDRE
ono ' 0
CAG*BE
ELE"EW
AI0ED
wE e
o100
£E00
f6E*'9
CRLGI
fer i
gLl"LiE
ZEE"AI
E8GT0G
o ez
cooTn
A0A DD
EES a1
o000
EOL" 19
PaL W]
L21"¥E
0000
1RE 011
FLR'E I
1E9°E
PEPTLE
afetol
658G
2wl i
frzral
ZIE*r |
PEO a4
[[3:0r4 3
ZZH B
LT
18¥° 0}
PRLCEY
200 EE
eil*g
TI0"BF
rer'el
EGr oG
Fa¥ bE
GELTON
CORRE
T
AEE"BE
ZEL'PE
ER&"ZLI

L1 2
100"t

1€5"p

694 0L
Q8E"BL
EHu "BE
[eeZ'al

200

EEN 0

ot

[
ELO'al

LatL Ll

cortec
POVCLE
&0l °Lb
ELv®If
2505
Gvl "B
GELZI
GLP 0¥
e tee
Ier 22
FRUTELI
G119 89
L5208
COR0D

GG

€14 59
GAL Q¥
rEvLE
[ [ hra

voUtEl
Lk L T
B5L'0C
1s"Li

1Le*ag
L1055
Qa0°wE
ZL1 0K
ELa'g

EI9°EL
als'st

Zo¥rr

B6H"BE
0é6 0L
809" IE
1¥G°LE
459 °re
Bo9LE
P5Z "ol

BFE 0
oonto
£RA'D
Fib"S¥e
fEE"D
LrR0
GLE"D
veE 0
Qw0
Qpkogu
1+ o
oo
SR LE |
eLE*
FIL"I
qen*0n
1n*g
a1t
£rotL
GErFTpra0|
HE0° 901
1EP "G5
aa 1 Bel
ZEataLl
EDE"D
oont0
A4 10
w20
oon 0
LEC"RrI
PEQ" D
Z9r G2
coo0
ERATPERE
Lo |
1T R |
EGAwr
T
&0P°0
Ea1'0
6150
E10t |
GrE |
Lo
cwn® )
Lye e
10E°E
QL¥"0
BG1°0
1E1°D
fLs"0D
S0
“0r*0
LES 6L
(L A |
EE1"D
160
1RG5
LEF*]
wirtZLiL

DRSERI
Big™n
CHO'O
DAE*D
LPE*D
orE2"0
6E9°GL
BIe' g
020w
era ol
G6ED P L
g
LLE™ |
HyYH T
vER D
1911
Gieg*o
B40°0
£Zeata
LA |
Sik"Q
caLt |
Gret |
10L*S
RIE"D
L]
(PN
vl
04¥*0
BFE D
CLG AN
SHE" |
6E1°D
FIR"O
ELOOE
Edgte
CoE"aD9

Pe6'e
000 "0
EZF e
O D
9eetL
0EQ 9
cv0 -t
e "2
i i
DSE "6
viv "2
Qoo o
GLG "G
ki " €
GEL"E
G06 " E
ovs o
ELote
GIL°E
EUS°58
eERTaE|
H¥E"GE
010" 2
HSP" 1
[T

SER"F
B01"4

LA T4 )
LR
ERL"6E
o000
EGEES
160"S
166 "€
05% gl
LY E
E91'G
IPE" |
foR"e
vl6" g
Zls"5
PER L
Gre't
LI
-1 8
Bri"Z
Lel*g
68"
LHE "L
a0
LER*e
LT
£llte
Gra ‘e
Lo

oL TGl

ZrE*G
6r0tL
PaL"A
S50 YE
oeE el
Gor Dl
COG
rOL "2
PRGY
a0l
FHE H
ookt |
151°E2
16" E
L
CEV E
oELt
T
06 E
GILT IR
1L |9E
Q8E"H
FELE
¥L&EN
¥01°E
Fd )
109°E
1989
oRG* e
GERPK
0GE 0l
PO LY
REE"LI
259" pG
CLET OV
ali"L
Il IE
wHnt e
[ 1A ]
GIv°E
HEA'E
Grlty
L TR
G115
HEZTTE
1G's
ofre g
Gie~g
2695
[ 5
QEL "k
1rp e
GEE"E
PLE"OI
G060
[ B
LFC"8S
GYH 1
PHP*EI
GEF* 11

e

w0
Lew"|

(1
¥E
¥

4
ke

Lol
Ev
Gk

ED
Gl

oyZ*e
QI¥*E
ZEW
fip
GLi

455

ole

a0E |

(T IR ™ 10T [ TR
LRI LRS-

ENIRIE

P

A337308

o RLTUIIGAET 106
bas~[ae]”3AS

AU T o188
1ae"jas
REREgaALTpUNE
UOTRETA A e
QU ) Jound

I LELPT
abusn™aadnches
SuvuEd

agvajad

woTAprad
JioTApeaa

Lpeaa

ipeb

gua JEoad
jdndaejuy“we abosd
aryjosd

agudd

AppsTyuyad
saTNdTYsdeas T yugad
adAy™ysenbe 4™ quy a4
sabessou™ yurad
sawpuTyYne urad
Jutad

sae” | 1d

e

B3ty "sled
04d " meu

A O

[=LET

1]ew

E LI |
Euddnosad™16] 1]
SEwpuTIa1TIE]
bas™ (a1 351 ]
AFpTIA0ITISN]
sanba " uowdepTIeT]
JELNEEE |
s3sanbalTEqeTIET ]
5T

qurl

LETHYER R iTh R |
TTua™o]

EAETITU]

AUBLUY
sobuss puT e TpEWE]
S0 ENTAUFLT Mol

Ld 1]

wionb™ e L
UV
ndIneTe 1)
W33 e

35eNha TSR A s
wpe

o051

LH




EAHTOR 181 €L IvG*REy  OF|*0E PG1Y gaL'0 QLo LE GO9°E| ouY P81 166851 O SLINSaY TYinl
BN NSRS R TN E EETEER N A e LT L L LT T P g e T T T L] ===
EC 901 LOT "pw £HG "0 VHE D G600 oii o G425 [F4 L1 o9 ong 4N Funo}T3ou
FIOCE L Lel v [LR ] OrG 0 E&1*0 ¥oE0 L0y HEv 'y BL .73 LLoR 1E1 bk Lo
peatr LT GOE*0 LY D Etico 040 G0 * G aEE Y &L 1al Ls OEt atays
Fany | GrE "5 fi1s'ce o6 0z GEO"P 01" pLE | TIE*9Z Fi{ T4 Cey ] &2 1 BEIIONETY [Pe
P T BED*w LA ] GEN1°0 oro’o ELO'O GOt QLG | Frd gl 9H HE | FuTIUn
ridt0R G08*0n 6061 CES*OLI SEVCE BI9°E UHP 62 100" 0L [.2H% L] z Lrd| NIEIS"eIEL]

o 1EE "6 £51°0 LFE"D LE0*0 L I PLet0 [ ) B0 EH q £l LTH[BUTETR U TR LR Y

o2

-

Co



