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i. Introduction
The most common metrics used in the performance evaluation of
computer systems are based on response time and utilization. The first
addresses service to the client: ‘Is the client getting satisfactory service?’
The second addresses excesses in service capacity: ‘Is the computer we will
buy too capable (= too expensive)? Do we have the capacity to increase the
number of clients?’ There are a variety of simple relationships that, under
very intuitive assumptions, link the two types of metrics. This short
document describes the relationships algebraically.

ii. Response Time

Consider a single request, labeled . It arrives at the sysrem at  , its

arrival time. When processing is complete, at time  , there is no reason

for it to remain in the system and we say that it departs. The response time
 is the time that the request is in the system: .*

We normally consider the system over a time interval of length ,
which is taken to be long enough that transient effects are
inconsequential.† At the start of this time interval the number of requests
in the system, the number of unprocessed requests, is ; at the end of the
time interval the number of unprocessed requests is . During the
time interval the number of requests that arrive is , and the

* All well-configured systems generate logs of their activities. If there is a log
you almost always find the arrival and departure times of client requests in it.

† When you start a system from scratch it is empty of requests, by definition.
As requests start to come in it gradually fills up to a steady state at which, on
average, the number departing in an interval of time equals the number
arriving. We mostly study systems in a steady state in this course. When a
system is not in a steady state we say that it is in a transient state.
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number that depart is . Because no creation or desctuction of
requests occurs within the system it must be true that

. (1)

Now, let go to infinity. If grows without bound then the number of
unsatisfied requests (inside the system) grows without bound, as does the
response time. Because there is not, and never will be, a computer system
able to contain an infinite amount of anything* we are not interested in
such systems, which we call unstable.

If the system is stable, the two quantities on the right side of (1) grow
roughly linearly with , while the two quantities on the left side are
roughly constant. Thus, for big enough  the number of requests at the
beginning and end of the period are inconsequential compared to number
that arrive and depart. Almost everywhere in this course we assume that
any system we evaluate is stable, and that the number of arrivals over a
long period of time equals the number of departures.

iii. Throughput
Throughput is the rate at which requests are processed. The number
processed in time  is the number which arrive, which is equal to the
number that depart. Thus, for a stable system the throughput, , is

, (2)

and depends only on the average arrival rate, which is a property of the
workload, and which is often called simply the load. (Stability is a strong
assumption.) The average arrival rate is the inverse of the average inter-
arrival time, :

. (3)

iv. Mean Response Time
The average (mean) response time is not the inter-arrival rate, but is
smaller. (See §v.) It is defined as

, (4)

for all tasks  that arrive in the interval .

v. Utilization

Define the service time, , of a job to be the amount of time it would take

to do the job utilizing the full capacity of the system, as a fraction of a unit

* Also because there is not and never will be a user patient enough to wait an
infinite amount of time for a response to a request.
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of time. Then the total busy time of the system is , and the total

capacity available in the time interval is . The utilization of the system is
the ratio of these two quantities,

, (5)

where  is the avaerage service time.

vi. Little’s Law
One thing that is easy to measure is the average number of jobs in the
system, .* The amount of time a job is in the system is . Thus, the

fraction of the time job  is in the system is . Summing this over

gives the average number of jobs over the interval . Thus,

, (6)

where we have substituted using (2) (3) and (4). Using (5) we can also write
Little’s Law in terms of utilization,

, or . (7)

* A typical method might be to sample the system in real-time at random
intervals using a monitor, or post hoc, by summarizing a log a log.
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