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So far 
• State the goals and define the system 
•  List services and outcomes 
• Select metrics (procedure) 
•  List parameters (system and workload param) 
• Select factors to study (varying parameters - levels) 
• Select evaluation techniques 
• Select workload 
• Design experiments 
• Analyze and interpret data 
• Present results 
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Procedure to 
select metrics 



Overview 
•  The art of workload selection 

•  Type of workloads and consideration in selecting the workload 
•  Workload characterization  

•  The art of data presentation 
•  Guidelines 
•  Common mistakest 
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The art of workload selection  
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Terminology  
The requests made by the users of the system (anything that goes in 
the system) 
 
Test workload 

•  Any workload used in performance studies 
•  Test workload can be real or synthetic 

1.  Real workload 
•  Observed on a system being used for normal operations (packet trace) 

2.  Synthetic workload (something made up, much more control 
over the input) 

•  Similar to real workload 
•  Can be applied repeatedly in a controlled manner 
•  No large real-world data files 
•  No sensitive data 
•  Easily modified without affecting operation 
•  Easily ported to different systems due to its small size 
•  May have built-in measurement capabilities.  
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The art of workload selection 
•  The most crucial part of any performance evaluation 

project 
•  If the workload is not properly selected èit is possible to 

reach misleading conclusions 
• Proper workload selection requires 4 major considerations 

•  Service exercised by the workload 
•  Level of detail 
•  Representativeness 
•  timeliness 
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Serviced exercised 
•  The best way to start the workload selection is to view the 

system a service provider 
•  Each system provides a number of services, and making the 

list of services is one of the first steps in systematic 
performance evaluation study 

•  System Under Test (SUT) is used to denote the complete set of 
components 

•  In every system there is something that you want to change 
(specific component whose alternatives are being considered 
Component Under Study - CUS) 

•  The workload is determined primarily by the SUT 
•  (you do not put the workload directly on the component but on 

the system)   
•  N.B. workload can be specified depending on the system level 

Prestazioni dei sistemi di rete 7 



Example on a network 
•  Workload to compare two networks 
•  Network layers and corresponding workloads 
(A single request at a higher level may result in one or more 
requests at the lower level) 
 
u Application layer consists of applications such as www, mail, FTP, 

etc. 
u Workload should specify the frequency of various types of applications 

and their associated characteristics 
 

u Transport layer deals with end-to-end aspects of communication 
between the source and destination nodes 
u Service include segmentation and reassembly of messages, session 

initiation, maintenance and disconnection  
u Workload to compare two transport protocols should specify frequency 

and size of various messages, frequency and duration of various type of 
sessions 
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Example on a network 
u  Network layer routes packets from a given source node to a 

given destination over multiple links 
u Workload to should specify the source-destination matrix, the distance 

between source and destination, the characteristics of packet transmitted 
 

u Datalink layer deals with transmission of frames over a single 
link 
u Workload to compare two datalink protocols should specify lengths and 

arrival rates of frames 
 

u Physical layer deals with the transmission of individual bits over 
the physical medium 
u Service: transmission of a bit (or symbol) 
u Workload to compare two links should match the frequency of various 

symbols or bit patterns observed on real networks 
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Example  
• Consider the case of comparing two routing protocols 

(e.g., RIP and OSPF) 

•  Think of any other network context 
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Level of detail 
• After list of service, the next step in workload selection is 

to choose the level of detail in reproducing the requests 
for these services 

• Most frequent request:  
•  select the most frequently requested service and use it as workload 
•  Commonly used as initial workload 

•  Frequency of request types 
•  Time-stamped sequence of requests 

•  Trace of requests on a real system and use it as workload 
•  May be too detailed 
•  Not convenient for analytical modeling 

• Average and/or distribution of resource demands 
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Representativeness  
• A test workload should be representative of the real 

application, i.e., the test workload and the real application 
match in the following 3 aspects: 

1.  Arrival rate: the arrival rate of requests should be the 
same or proportional to that of the application 

2.  Resource demands: the total demands on each of the 
key resources should be the same or proportional to 
that of the application 

3.  Resource usage profile: the sequence and the amounts 
in which different resources are used should reflect 
application needs  

Prestazioni dei sistemi di rete 12 



Timeliness  
• Workload should follow the changes in usage pattern in a 

timely fashion 
• Users behavior has changed considerably over the years 
• Users change their usage pattern depending upon the 

services provided by the new systems 
• Workload become obsolete as soon as they become well 

understood 
•  It is important that workloads represent the latest usage 

pattern 
•  Timeliness is a difficult goal to achieve 
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Other considerations in workload 
selection 
•  Loading level: a workload may exercise a system to its 

•   full capacity (best case) 
•  beyond its capacity (worst case)  
•  at the load level observed in real workload (typical case) 

•  It may be interesting to study the performance of a system 
under all cases or just one 

• Example - Effectiveness of a congestion control scheme, 
the network should exercise beyond its capacity, while the 
packet transmission scheme should be tested for normal 
as well as under heavy load, since retransmissions may 
be required under both circumstances 
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Workload characterization 
•  In order to test multiple alternatives under identical 

conditions, the workload should be repeatable 
• Since a real user environment is generally not repeatable, 

it is necessary to study the real-users environments, 
observe the key characteristics, and develop a workload 
model that can be used repeatedly 

• Once a workload model is available, the effect of changes 
in the workload and system can be studied in a controlled 
manner by simply changing the parameters of the model 

•  There are several techniques for workload 
characterization 
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In practice 
•  There are several traffic generators 
• SURGE (Scalable URL reference generator): realistic web 

workload generation tool which mimics a set of real users 
accessing a server 

• Qosnetics traffic generator with BGP and OSPF testing 
• Gensyn can generate many TCP streams in parallel in a 

statistically controlled manner 
• But also Poisson models 
• And many others 
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The art of data presentation 
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Data presentation 
•  One of the important steps in every performance evaluation 

study is the presentation of final results 
•  The eventual aim of every performance analysis is to help in 

decision making 
•  An analysis whose results cannot be understood by the 

decision makers is as good as one that was never performed 
•  The analysis has to be presented as clearly and simply as 

possible 
•  Graphic charts are commonly used in presenting performance 

results 
•  A picture is worth a thousand words 
•  A graphic chart saves reader’ time and present information concisely 
•  Figures allow to quickly grasp the main points of the study and read 

the text only for details  
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Types of variables 

• Qualitative: have states, levels, or categories 
• Quantitative: levels can be expressed numerically 

•  Discrete: all values of the variable can be counted or put into a one-to-
one correspondence with some subset or all the set of positive integers 

•  Continuous: can take uncountably infinite values  
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Types of VariablesTypes of Variables

! Type of computer: Super computer, minicomputer, 
microcomputer

! Type of Workload: Scientific, engineering, educational
! Number of processors
! Response time of system



Discrete vs. continuous 
•  The type of graphic chart to be used depends upon the 

type of variable 
•  If x is a discrete variable è column or bar chart  
•  If x is a continuous variable è line chart  
 
 
 
Command-line driven graphing utility 
•  http://www.gnuplot.info 
•  http://gnuplot.sourceforge.net/demo/ 
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Guidelines  
(with exceptions depending on the context…)  
1.  Require minimum effort from the reader 

 Direct labeling vs. legend box 
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Guidelines for Preparing Good ChartsGuidelines for Preparing Good Charts

! Require minimum effort from the reader
Direct labeling vs. legend box

! Maximize Information: Words in place of symbols
Cleary label the axes
Direct labeling is preferable particularly if the number of 
curves is large 



Guidelines (cont)  
2.  Maximize information: there should be sufficient 

information on the graph to make it self-sufficient 
•  Use key words in place of symbols  
•  The axes labels should be as informative as possible 
•  Include units in the labels 
•  Example: “Daily CPU usage (sec.)”  

 is better than  “CPU usage” 
   “CPU time in seconds” 
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Guidelines (cont) 
3.  Minimize ink: present as much information as possible with 

as little ink as possible 
•  No grid lines unless they are required for to accurately read the values 
•  Give more information for the same data is preferable 
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Guidelines (cont)Guidelines (cont)
! Minimize Ink: No grid lines, more details

! Use Commonly accepted practices: origin at (0,0)
Independent variable (cause) along x axis, linear scales, 
increasing scales, equal divisions

! Avoid ambiguity: Show coordinate axes, scale divisions, 
origin. Identify individual curves and bars.

! See checklist in Box 10.1



Guidelines (cont) 
4.  Use commonly accepted practices (present what people 

expect) 
Most people expect  
•  the origin to be (0,0) 
•  the independent variable or cause to be plotted along the x-axis  
•  The dependent variable or effect to be plotted along the y-axis 
•  Scales to be linear 
•  Scales to increase left to right and bottom to top 

5.  Avoid ambiguity 
•  Do not plot multiple variables in the same chart 

N.B. see checklist in box 10.1 (Jain’s book) 
In practice it is necessary to make several trials before 
arriving at the final graph 
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Common mistakes in preparing charts 
• Presenting too many alternatives on a single chart 

Max 5 to 7 messages => Max 6 curves in a line charts, no 
more than 10 bars in a bar chart, max 8 components in a 
pie chart  

• Presenting many y variables on a single chart  
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Common Mistakes in Preparing ChartsCommon Mistakes in Preparing Charts

! Presenting too many alternatives on a single chart
Max 5 to 7 messages => Max 6 curves in a line charts, no more 
than 10 bars in a bar chart, max 8 components in a pie chart

! Presenting many y variables on a single chart

Response  
time 



Common mistakes in preparing charts 
(cont) 
• Using symbols in place of text 
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Common Mistakes in Charts (Cont)Common Mistakes in Charts (Cont)
! Using symbols in place of text

! Placing extraneous information on the chart: grid lines, 
granularity of the grid lines

! Selecting scale ranges improperly: automatic selection by 
programs may not be appropriate



Common mistakes in preparing charts 
(cont) 

• Placing extraneous information on the chart: grid lines, 
granularity of the grid lines  

• Selecting scale ranges improperly: automatic selection by 
programs may not be appropriate  

• Using a line chart in place of column chart: line è Continuity 
the lines joining successive points on a line chart signify the 
fact that the intermediate values can be approximately 
interpolated  
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Pictorial games 
• Using nonzero origin to emphasize the difference 
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Pictorial GamesPictorial Games
! Using non-zero origins to emphasize the difference

Three quarter high-rule => height/width > 3/4 
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Pictorial GamesPictorial Games
! Using non-zero origins to emphasize the difference

Three quarter high-rule => height/width > 3/4 



Pictorial games 
• Plotting random quantities without showing confidence 

intervals 
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Pictorial Games (Cont)Pictorial Games (Cont)

! Plotting random quantities without showing 
confidence intervals

•  Overlapping confidence intervals are generally enough to 
deduce that the two random quantities are statistically 
indifferent 


