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This paper proposes a method to determine the optimal utilizations of the UNIX systems. This method is
developed using the definition-the optimal wutilization is the maximum allowable utilization In other words, the
optimal utilization is the maximum utilization that can be allowed by users while providing tolerable response
time. As the tolerable response time increases, the optimal utilization increases. Therefore, the optimal
utilization is obtained at the maximal value of tolerable response time. Our analysis shows tolerable response
time is achieved when the average of the trivial response time is less than 0.24 seconds for a given service
objective. It also shows the optimal utilization consists of three .components-%wio, %sys, and %usr. By way
of example, the optimal utilizations of a machine running under the UNIX operating system are computed
using proposed method.
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1. Introduction

Of utmost importance in computer planningis to
develop a method for determining the appropriate
level of computing capacity to satisfy future workload
requirements.

* 339 ARYStE ARFAFSY 0g
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Traditionally, optimal computing capacity has been
determined based upon experience. In this paper, we
propose a method to determine the optimal
utilization (i.e., the appropriate level of computing
capacity) of UNIX systems.

=244 02001 9. 5.
AALSEE 2001, 9. 17.



1156 BBIAFEEEHBESE HGEE 2001, 9, Vol. 2., No. 9, September

This method is developed using the definition -
the optimal utilization is the maximum allowable
utilization.

In other words, the optimal utilization is the
maximum utilization that can be allowed by users
while providing the tolerable response time.
Response time means the time between the
submittal of a process and the completion of that
process. Tolerable response time can be achieved
when the service objectivefor the trivial response
time is met. As long as a system provides tolerable
response time, the utilization of that system can be
allowed by users. Because the utilization of a
system gets bigger as tolerable tesponse time gets
longer, the utilization of the system must have a
certain upper bound. This upper bound is the
optimal utilization.

Section 2 discusses the distribution of the trivial
response times and the relationship between the
average of the trivial response times and its service
objective. Section 3 derives a formula for the
optimal utilization. Based on the formula, a method
is proposed to determine the optimal utilization of
UNIX systems. Also, Section 3 presents an
illustrative example using the proposed method.
Section 4 discusses and analyzes the resulis.
Conclusions are given in Section 5.

2. Analysis Of Trivial Response Time

This section define the distribution of the trivial
response times collected during the extended prime
time shift (the extended prime time shift is a
contiguous block of 10 hours that encompasses local
prime shift. It is usually 8:00 AM. 6:00 PM.
with a few exceptions of 7:30 AM. 5:30 PM.) We
then explain what is tolerable response time, which
varies according to the distribution of the trivial
response times and the service objective for the
trivial response time.

2.1 Distribution Of Trivial Response
Time

A command acctcom(l) computes the response
times for the trivial commands. For simplicity, we
arbitrarily pick the five trivial commands, ie,
mkdir(1), data(1), echo(l), uname(l), and rmdir(1)
of all the UNIX trivial commands (see [1] for the
UNIX trivial commands). Using acctcom(l), we then
run the above five trivial commands every 10
minutes and measures their tesponse times. The
response time for any of the above trivial
commands is referred to as the trivial response
time. Because the trivial response time varies
randomly, we can express the trivial response time
as a random variable R. Thus, the cumulative
distribution function for a random variable R gives
the value of P(R<r) for any positive real r; that is,
Fr(r)=P(R<r) for 0<r<oo, Therefore, the density

distibuion i OTFO. Ty define e
distribution of the trivial response times of the
trivial commands, f(r), we use one ofprobability
plots, which is a Quantile-Quantile(Q-Q) _plot
[21&[3]. In a Q-Q plot, distributions having the
same shape (but which may differ in scale and
location) have quantities that lie linearly along the
straight line (y=x). In other words, we can judge
the distribution of the data by recognizing whether
or not a set of plotted data appears to lie more or
less along the straight line. To find out the best
distribution for a given set of the trivial response
times, we use trial and error. That is, we keep
trying out the various theoretical distributions in
Q-Q plots until we find out the best fit for the
distribution of the trivial response times. See
[2]1&[3] for more details on the Q-Q plots. We also
conducted Chi-square goodness-of-fit hypothesis
tests. The results confirmed that the distribution of
the trivial response times for the Large Main Frame
UNIX systems can be estimated with gamma(0.4,

B ) distribution [4], ie.,
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.
fn= I (0.4)
0 otherwise 2.1

ﬁ—tu 08,118

if r>0

where B is a parameter and r is a trivial
response time.

2.2 Average Of Trivial Response Time And

Service Objective : Relationship

In the previous section, we defined the distri-
bution of the trivial response times. Using that
distribution, we will discuss what the average of the
trivial response times, which satisfies the service
objective, should be. Suppose one wants to use the
service objective 95% for the Large Main Frame
UNIX systems. The service objective 95% refers to
the probability that the responsetimes of the trivial
commands on the Large Main Frame UNIX systems
take less than one second should be greater than or
equal to 95%. Therefore, equation (2.1) must satisfy

{ F(r)dr=095 . 22)
From (2.1) and (2.2), we obtain
5 <0.60. (23)

Note that (2.3) was computedusing a short
simulation program because there is no way of
evaluating (2.2) exactly. Let R denote the average
of the trivial response times. Since R in 1) is
0.4 , (2.3) gives

R=048<04*0.60=024

The above equation impliesthat, to meet the
service objective 95%, the average of the trivial
response times cannot exceed 0.24 seconds. That is,

the maximum allowable value of R is 024

seconds. Letting R* denote the maximum allowable

value of R, we have

R*=0.24 (2.4)

3. Derivation Of Optimal Utilization
And An lustrative Example

3.1 Derivation Of Optimal Utilization

From (2.4), we deduce that tolerable response
time is achieved when the average of the trivial
response times is less than 0.24 seconds for the
Large Main Frame UNIX systems (note this is
based on a service objective 95% and gamma (0.4,
B distribution).

We have derived T{x) shown as (3.1) (refer to
Section 4 of [5]). However, one may develop his own
T(x) based on his model. T{x) is the average time
between the submittal of a process requiring x seconds
of the central processing unit (CPU) time and the
completion of the process in the UNIX systems.

X

)~ s
1—(%sys + %usr +y) 3.1

where xis the CPU time of a process; %sys and
%usr represent the portion of the time that the CPU
runs in user mode and muns in system mode,
respectively; ¥ is shown in (3.3).

The average of the response time is obtained by

Er)=R=|rofmax = *
'! 1 - (%sys + Yousr +y) (3.2)

where x is the average of CPU times of
processes. We derived ¥ (the derivation of Y is
omitted in this paper) as
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_ Yowio
Y %sys + Yousr + Yowio (3.3)

where %wio represent the portion of the time
that the CPU is idle while some process is waiting

for block /0. Substituting (3.3) for ¥ in (3.2) and
letting p = %sys + Y%usr + %wio  we obtain

38 a
- p2 + p + (Yowio) p ~ Ywio (34)

Rewriting (3.4),

R+ @wio)R—x+[R + Gowio)R—x] —4%wio)R
p= 2R (3.5)

Since P in (3.5) increases with increasing R
when %sys + %usr 2 0 (see Appendix) and since
X is independent of £, the maximum allowable

utilization £ * (ie., optimal utilization) is given by

_ R*H(%wio)R*—% + [R* +(%wio)R* x| — 4(%wio)(R*)*

o 2R*
where R* is 024 by (24) for the Large Main
Frame UNIX systems.

Since (3.6) has the unknown parameters x,

%wio, and R *, we need the method comprising
the following four steps to determine the optimal
utilization for a given system.

STEP 1 : Compute x (i.e., the average of the CPU
times for the trivial commands) by using
the data generated from acctcom(1).

STEP 2 : Compute the average of %wio by using
the data generated from sar(1) during the
extended prime time shift week.

STEP 3 . Estimate the distribution of the trivial res-

ponse times and then compute R* (ie.,
the maximum of the average of that
distribution) according to your own service
objective for trivial response times.

STEP 4 : compute the optimal utilization p* by sub-

stituting x , %wio, and R* into (3.6).

3.2 An Illustrative Example

To demonstrate the above method, we compute the
optimal utilization of IBM machine running under the
Large Main Frame UNIX. We drew the data
generated from acctcom(1)in IBM machine during 30
minutes, This sampled data consisted of 12,290 data
points for the various commands. We extracted the
data for the five trivial commands: mkdir(1), data(l),
echo(l), uname(1), and rmdir(1). We then computed

the average of the above five trivial commands: x
=0.026 seconds. Also, the average of %wio during an
extended prime time week (8:00 AM.~ 6:00 PM.)
was computed to be 0.1. Equation (2.4) gives R*
=0.24 seconds. Then, from (3.6), we can obtain the
value of p* equal to 0.88.
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4. Discussion

4.1 Three Components Of Optimal
Utilization

In this paper, we have used the optimal
utilization p* such that

p* = %sys + %ust + %wio . 4.1)

Equation (4.1) shows that p* consists of three
components: %sys, %usr, and %wio. Typically,
theoptimal utilization has been the sum of two
components: %sys and %usr. Generally, %wio is
proportional to the delay by waiting resources (e.g.,
block 1/0). That is, the larger the %wio a system
has, the more resources a process requires. The
more resources required by a process, the slower
I/O speed. The slower IO speed, thelonger delay
experienced by users. Therefore, the optimal

utilization must include %wio. The optimal
utilization then reflects the actual delay that users
experience. For example, although the quantity %sys
+ %usr is small, users may experience a long delay
if a system has a large %wio. In this case, we can
pose a question: Does a small quantity %sys +
%usr really represent that a system s
under-utilized? The answer is NO. Suppose that
%sys + %usr = 0.3 (we assume 0.3 is small) and
%wio = 0.6, it would be unreasonable to say that a
system is under-utilized because users still

experience the long delaycaused by the high %wio.

4.2 Optimal Utilization Is A Function
Of The Service Objective

Equation (2.2) shows that B is a function of the
service objective. Therefore, R* (the average of the
trivial response times) is also a function of the
service objective. Equation (3.6) then shows that the
optimal utilization p* is a function of R*.
Therefore, p* isa function of the service objective.
This implies that if we heed to change the service
objective for the trivial response times we have to
change the optimal utilization p* accordingly. The
implication here seems very reasonable in such a
sense that “the optimal utilization should decrease as
the service objective gets tightened.”

4.3 Sensitivity Of %wio

From the illustrative example in the previous
section, we consider how the changes in %wio
affect the optimal utilization p*.

<Table 1> Sensitivity of %wio

%wio for IBM Machine
0.05 p* = 0.89
0.10 p* = 0.88
0.15 p* = 0.87
0.20 p* = 0,86
0.30 p* =083

To do that, we substitute various %wio into (3.6),

while fixing two parameters (ie., x and E*) to the
same values as in the illustrative example. The results
are shown in the following table.
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The data in the above table shows that p* is not
sensitive to the change in %wio. More precisely, if
%wio ranges from 0.05 to 0.30, the change in the
optimal utilization p* for a given system is much
smaller than the change in %wio. This implies that
we can still trust the optimal utilization computed
by the proposed method usingfour steps (STEP1
through STEP4 in Section 3.1), even if the quantity
of %wio computed by the STEP 2 in Section 3.1 is
somewhat inaccurate.

4.4 Where To Use The Optimal
Utilization

In this section, we show where to use the
optimal utilization obtained by the proposed method
using four steps. Suppose that, by using the
proposed method, the optimal utilization of a certain
machine running under UNIX OS is computed to
be 08. From a UNIX command sar(l), we can
gather the current p values (ie., %syst+%usr+%wio)
of the machine during a certain time interval. Then,
we can average those values gatherd.

If the average of the current p value is bigger
than 0.8, the machine is over-utilized. This means
that the machine is running above its capacity.
Therefore, response time of the machine is longer
than users expect. To make this machine optimally
utilized, the system administrators should reduce the
number of users entered into the machine or reduce
the number of processes sent by users. If the
system administrators would not want to reduce the
number of users, they had better increase the
capacity of the machine by replacing compartments
such as CPU, memory, and hard disks. Otherwise,
they need to purchase a new machine which gives
a more capacity. On the hand, if the average of the
current p values is smaller than 0.8, the machine is
under-utilized. Then, the system administrators are
able to do the capacity plan. That is, they can
estimate how many more number of users the
machine can accommodate in addition to the current

users or they can estimate when the surplus
capacity of the machine will be saturated as the
number of users increases. Before the machine is
saturated, the system administrators should have a
plan to increase the capacity of the machine.

5. Summary and Suggestions

A method is proposed to determine the optimal
utilizations of UNIX systems. We showed that, for
a given service objective, tolerable response time
was achieved when the average of the trivial
response times is less than 0.24 seconds for the
Large Main Frame UNIX systems. The maximum
allowable utilization (i.e., optimal utilization) was
computed at the maximal value of tolerable response
time because allowable utilization increases with
increasing tolerable response time. From the analysis
in this paper, we suggest that (A) the optimal
utilization include %wio (the portion of the time
that the CPU is idle while some process is waiting
for block IfO), in addition to including %sys (the
portion of the time that the CPU runs in system
mode) and %usr (the portion of the time that the
CPU muns in user mode); (B) the optimal utilization
be updated as the service objective for the trivial
tesponse times changes. An illustrative example
using the proposed method showed that the optimal
utilization is 88% for IBM machine(note that this
percentage includes %wio in addition to including
%sys and %usr). Likewise, the optimal utilizations
for the other machines mnning under the UNIX
operation system can be computed using the
proposed method.
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¥ Appendix

<A proof that # increases with increasing R>

Differentiating R in (3,4) with respect to 2,

we have
Q _ ;pz - )_c(%wio)
dp  [~p? + p+(%wio)p—Y%wiol* (A1)

9B 50
For (A,1), dp if

p2 —%wio = (Yesys + Yousr + %wio)2 —%wio 20
The above relationship gives

Yosys + Yousr 2 §%wio — Y%wio (A2)

The right hand side of (A.2) is always smaller
than or equal to 0.25 (this can be proved simply by
letting dg(%wio)/d(%wio) = 0, where g(%wio) =

V%Wio -%wio). Therefore, for (%sys + %usr)2

0.25, P increases with increasing R because

dR/>0 (note that, in practice, we do not have to
consider the case for %sys + %usr < 0.25 because
%sys + %usr is typically greater than 0.25 in the
real systems).
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