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Performance Modeling

In simulation and analytic modeling, a model is used to obtain 
results for the performance metrics

Model
An abstraction of the system obtained by making assumptions about 
how the system works
Should capture the essential characteristics of the system

Queueing model
Popular model for computer systems and networks
Single server queue: models a component of the system, e.g., CPU, 
disk, and a link in a communication network
Network of queues: models system components and their interaction.

Notes 3 is concerned with the development of a performance model. In these notes, 
we show how a model may be described such that the key features of the model are 
clearly presented. 

Notes 3 is organized such that the materials are relevant to both simulation and 
analytic modeling. Additional materials on model development will be provided 
when these two topics are discussed.

Most of the models considered in CS457 are queueing models. An example of a 
non-queueing model will be provided when simulation is discussed.
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Performance Modeling
Stochastic model

Model contains some random components which are characterized by
probability distributions, e.g., interarrival time is assumed to have an 
exponential distribution
Output is random and provides probability distributions of the 
performance metrics

State 
One or more variables that describe the state of the system at any given 
point in time, e.g., number of jobs in system

Continuous time model
System state is defined at all time

Discrete state model
Each state variable takes on a finite or countable set of values

Of interest to CS 457 are continuous time, finite state models. Emphasis will also be 
placed on stochastic models.
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Model Development

Need to have a good understanding of how the 
system works

if possible, consult with those who have detailed 
knowledge of the system

Determine the system components that need to be 
included in the modeled

Where appropriate, use modeling studies on similar 
systems as reference

Modeling studies on similar system are particularly useful when the system is only 
in the planning stage.
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Model Development

Identify the key entities and their attributes

Entity – a component of the system that requires explicit 
representation in the model, e.g., server, job

Attribute – a property of an entity, e.g.,
– Server capacity is an attribute of server
– Service requirement is an attribute of job
– Interarrival time is an attribute of the system

In a performance model, a server is used to model a resource that services jobs. 
Server and job are common choices for entities.

The system itself can be considered as an entity with its own attributes. An example 
is the interarrival time which is the time between two successive job arrivals. It may 
not be accurate to consider the interarrival time as a attribute of one of the two jobs, 
and it is more appropriate to consider it as an attribute of the system.
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Model Development
Select the type of queueing models to be used

e.g., single server queue, single service facility with 
multiple servers, network of queues

For those entities that correspond to hardware or 
software resources, specify their resource 
management schemes

Examples include queueing discipline and buffer 
management scheme

A single server queue is often used to model a single component of the system, e.g., 
CPU, disk, and a link in a communication network. A service facility with multiple 
servers is a suitable model for a cluster which has multiple processors. A network of 
queues can be used to model multiple resources and the servicing of jobs by these 
resources. Examples include a job receiving service from the CPU and disk, and a 
packet being transmitted over a number of links.

The type of queueing model and queueing discipline are mentioned explicitly in the 
model description because these features have a significant impact on how the 
simulation program is structured and how one may obtained results using analytic 
modeling.
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Model Development

Specify the system and workload parameters and 
performance metrics

The parameters are determined from the attributes of the 
various entities (e.g., interarrival time, server capacity) and 
the resource management schemes

The performance metrics should be related to the objective 
of the study (e.g., mean response time, throughput, mean 
number of jobs in system)

For stochastic models, assumptions are often made regarding the probability 
distribution of parameters such as interarrival time. These assumptions will be 
considered when simulation and analytic modeling are discussed.
For interactive systems, another example of performance metric is the probability 
that the response time is less than some given value. For example, consider a service 
level agreement between the system and its users which states that: Prob [response 
time < 5 second] = 0.9 (or 90% of the jobs have response time less than 5 seconds]. 
The above mentioned performance metric would provide answer to whether the 
service level agreement is met or not.

Performance metrics may also include those defined for services that are not 
performed successfully, e.g., Prob [packet delivery is not successful].
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Example – Link Scheduling

In a communication network, packets sent from the 
same source to the same destination may be 
considered as belonging to a “flow”

At a router, the routing algorithm recognizes flows 
when determining the output link for each incoming 
packet

In performance modeling, we often distinguish jobs according to their class 
membership. Each class may have different resource requirements and other 
attributes. In the link scheduling example, each flow can be considered as a packet 
class. 
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Link Scheduling Example
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At router 3, packets from flows 1 and 2 are received from routers 1 and 2 
respectively. Both flows are then forwarded to router 4 over the same output link. 
This output link is the component of the system to be modeled.
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Model Development

System component to be modeled is the output link 
from router 3 to router 4

2 flows (flows 1 and 2) are transmitted over this link

Assumptions
No error in packet transmissions
Buffer space at the output link is always available

 

At a router, each output link has a finite amount of buffer space. Because of the 
random nature of packet arrivals and multiple flows may be forwarded over the 
same output link, the arrival rate of packets may be temporarily faster than the rate 
at which packets can be transmitted over this output link. This would lead to an 
increase in the number of packets waiting to be transmitted. When this happens, an 
arriving packet may find that buffer space is not available and this packet may have 
to be dropped. To include finite buffer space in the model, the buffer management 
scheme needs to be specified.

Assumptions are often made to reduce the complexity of the model. For example, 
with the assumption that buffer space is always available, there is no need to worry 
about the buffer management scheme. 

Assumptions may lead to reduced accuracy when one considers how well the model 
predicts the performance of the system.
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Entities and Attributes

Entities Attributes
link capacity
packet belonging to class 1 size
packet belonging to class 2 size
system interarrival time of class 1

 interarrival time of class 2

Each flow is modeled by a packet class. This is different from the material 
presented on February 7, 2008 where flow (instead of class) was used. The reason 
for changing from flow to class is that for queueing models, classes of jobs (or 
classes of packets) are often used to model jobs (or packets) that may have different 
resource requirements or may be treated differently by the system.
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Queueing Model

Type of model: single server queue

Server: represents the output link

Two classes of packets, one for each flow

Queuing discipline: examples
first come, first served (FCFS)
priority queueing
round-robin: a separate queue is maintained for each flow, 
and the two queues are serviced in a round-robin fashion

Round-robin is a scheduling discipline that allows several data flows to fairly share 
the link capacity. 
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Single Server Queue Model
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The model for priority queueing is similar. Under priority queueing, one of the two 
packet classes (say class 1) has higher priority, and packets belonging to class 1 are 
transmitted before packets belonging to class 2.

One may be interested in the combined arrival rate of class 1 and class 2 packets. 
This combined rate is the rate seen by the server.  Let r1 and r2 be the arrival rate of 
class 1 and class 2 packets respectively, and r be the combined rate. We have

r = r1 + r2

Note that the add operation cannot be used when the mean interarrival times are 
considered. Let t1 and t2 be the mean interarrival time of class 1 and class 2 packets 
respectively, and t be the mean interarrival time of class 1 and class 2 combined. 
Since

t = 1 / r ,  r = r1 + r2,  r1 = 1 / t1,  and  r2 = 1 / t2

we have

t = 1 / (1 / t1 + 1 / t2))
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Parameters and Performance Metrics

Parameters
interarrival time of class i packets, i = 1, 2
packet size of class i, i = 1, 2
link capacity
queueing discipline

Performance metrics
delay (waiting time + transmission time) experienced 
by class i packets, i = 1, 2
link utilization

In simulation and analytic modeling, a commonly used parameter is service time, 
which is given by:

Service time = service requirement / server capacity
For the case of an output link, the service time is the data transmission time on the 
link, which is given by:

Data transmission time = packet size / link capacity
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