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Problem Statement 
 

Performance can be defined in many ways.  
• Generally the term is used to describe the rate of consumption of system resources. 
• Time or processing latency is often the metric used to quantify the resource 

consumption. 
• The probability that an operation or transaction will succeed is another metric that 

has been proposed.  
• The metrics are generally collected while the Device Under Test (DUT) is processing 

a well-defined offered load. The characteristics of the offered load— whether or not 
media is being used, the specific transport used for testing, codecs used, etc. — are 
an important part of the metric definition. 
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Problem Statement 
 

In this study we use a different type of metric and a different type of load.  
• Loads are chosen whose individual calls have a constant arrival rate and a constant 

duration.  
• The value assigned to a given load is the number of calls per second, also referred 

to as session attempt rate .  
• The loads are not necessarily designed to emulate any naturally occurring offered 

load, rather they are designed to be easily reproduced and capable of exercising the 
DUT to the point of failure.  

• We ‘test to failure’, looking for the ‘performance knee’ or ‘break point’ of the DUT 
while applying a well calibrated pre-defined load.  

• The measure of performance is the value of the highest offered load that when 
applied to the DUT produces zero failures, the next highest rate attempted having 
produced at least one  failure. 
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Brief Introduction to SIP 
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• The top two lines show the User Agent 
registering with a SIP registrar function.   

• The Registrar records the UA’s current IP 
address and UDP port in a location data 
base.   

• At some later time, another UA sends an 
INVITE message to the first UA.  

• The INVITE is forwarded by a Proxy that 
consulted the location data base to learn the 
destination socket to which the INVITE 
should be sent.   

• The 100 Trying messages are exchanged 
only between adjacent SIP Functional 
elements.   

• The 180 Ringing is sent end to end from the 
destination to the originator, to indicate that 
the called party is being alerted.   

• The 200 OK, also sent end-to-end indicates 
that the called party has answered the call. 

• The ACK is sent by the originator to indicate 
that it has received the information it needs in 
order to send media to the called party.   

• SIP is a Signaling Protocol. It is designed to set up, 
manage, and tear down media sessions. SIP 
messages do not themselves carry media.  
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● The algorithm was programmed using the Unix Bash shell scripting language 
and is available for public download at //https://github.com/ITM546-
PerfSipBench/SIPpScript 

 
● The algorithm finds the largest session-attempt rate at which the DUT can 

process requests successfully for a pre-defined, extended period of time with 
zero-failures.  

 
● The name given to this session rate is “Session Establishment Rate” (SER 

[6]).  
 
● The period of time is large enough that the DUT can process with zero errors 

while allowing the system to reach steady state. 
 

Measuring the Session Establishment Rate (SER)  

The algorithm (1): 
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• In the algorithm we defined a parameter called the Granularity, G.   
• This is a measure of how precise we wanted the result to be.   
• When the difference between the two an upper bound and a lower bound was 

less than or equal to the granularity, we accepted the lower bound as the SER. 
• While one would always want the G=1, we thought that perhaps to save test 

time an organization might choose a larger G.  
• We used G=3 in our tests often to save time. 
• In view of the results that we achieved, the algorithm was changed so as not to 

include the granularity parameter 
 

Measuring the Session Establishment Rate (SER)  

The algorithm (2): 
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Measuring the Session Establishment Rate (SER)  

● Let the Session Establishment Rates be represented as points on the 
horizontal axis.   

 
● Here we show rates from 0 session-attempts/second through 1000 session-

attempts per second. 

Example:  
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  Sessions per Second 
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Measuring the Session Establishment Rate (SER)  
 

● The tester sets "r = 150" and runs a load at this rate for the defined length of 
time. 

 
● Result: No Errors occur during that time at r =150 

 

Example: 
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  Sessions per Second 
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Measuring the Session Establishment Rate (SER)  
 

● Tester increases the value of r to 300, and again runs the load for the defined 
time interval. 

 
● Result: No error at r = 300 

Example: 
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  Sessions per Second 

IEEE CQR 2015 



Measuring the Session Establishment Rate (SER)  
 

● The tester again doubles the rate to r=600 and runs the load for the defined 
time interval.  

 
● Result: Error at r = 600 

Example: 
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  Sessions per Second 
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Measuring the Session Establishment Rate (SER)  
 

● So now we have the lower boundary of r = 300 and an upper boundary of 
r = 600 

 
● The SER is between these two values. 

Example: 
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  Sessions per Second 
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Measuring the Session Establishment Rate (SER)  
 

● The tester now chooses a new r value, between the highest previous lower 
limit and the lowest previous upper limit.  

  
● r = 450 

 
● Result: No error at r = 450 

Example: 
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  Sessions per Second 
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Measuring the Session Establishment Rate (SER)  
 

● Again increase the rate to one half way between the last upper bound and the 
last lower bound.  Set r = 550 

 
● Result: Error at r = 550 

Example: 
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  Sessions per Second 
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The SER Algorithm 

● The lower bound is r = 450 and the new upper bound is r = 550 
 
● The SER is between these two values. 

Example: 
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  Sessions per Second 
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Measuring the Session Establishment Rate (SER)  
 
 

● This convergent process continues till we find the accurate  maximum SER 
without failure, which is defined to be the Maximum rate r at which all calls 
succeed. Any higher rate has been shown to produce a failure during the 
defined time period.  

 
● The actual SER is shown by the green star in the illustration.   

Example: 
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  Sessions per Second 

   Session Establishment Rate = 526  
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Experimental Test Bed 
• The UAC and the UAS are 

components of the SIPp test 
tool. 

 
• The DUT that we report on in 

this paper is an Asterisk SIP 
Server.  This free software plays 
the role of a B2B UA and so may 
process media as well as 
signaling messages 
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Types of calls tested 

• We are interested in the performance of the Signaling Protocol, SIP, not in 
the overall call performance.  
 

• Using the SIPp test tool we can create call loads that use SIP only or we 
can create call loads that include a media component. 
 

• We chose to study the behavior of the DUT under both types of load. 
 

• So in the results that follow we provide the SER of the DUT under both 
types of load. 
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Testing the Test Harness 

• Before testing any DUT, it is necessary to discover the SER of the test 
harness itself.  
 

• The harness includes the Bash test script, the SIPp load generator, the 
platforms upon which these run, and the switch that connects them all.  

 
• Use of a slow machine to run the SIPp elements, for example, would limit 

the rate at which calls are generated, so that carrier-grade DUTs that 
operate at or near line speed, might not be testable using a test harness 
unable to generate the load necessary to produce failures. 
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Testing the Test Harness 

Call load does not include RTP 
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Granularity comparison:  
• Results did not vary much between 

granularity 1, 2 and 3.  
• However, we think that in general a 

test group will want to use a granularity 
of 1. 
 
 

Test Duration Comparison: 
• Tests of longer duration had lower 

SERs. 
• This was expected since the probability 

of an error is greater in proportion to 
the length of the test. 
 

Conclusion: 
• The test harness can deliver a load of 

2,700 sps when there is no associated 
RTP and when the call duration is set 
for 9 seconds.  

• This means that a system that can 
support a higher call rate than 2,700 
sps, cannot be tested with this 
harness. 
 
 

• All SIP calls were set to last for 9 seconds. 
 

• Tests of 30,60 and 90 seconds were followed by 
longer tests of 5, 10 and 20 minutes, for G=3.  
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Testing the Test Harness 

Call load includes RTP 

21 

Granularity comparison:  
• Results did not vary much between 

granularity 1, 2 and 3.  
 
Test Duration Comparison: 
• Tests of longer duration had lower 

SERs. 
• This was expected since the probability 

of an error is greater in proportion to 
the length of the test. 
 
 

Conclusion: 
• The test harness can deliver a load of 

272 sps when RTP is associated with  
the calls, when the call duration is set 
for 9 seconds.  

• This means that a system that can 
support a higher call rate than 272 sps 
with associated RTP, cannot be tested 
with this harness. 
 
 

• All SIP calls were set to last for 9 seconds. 
 

• Tests of 30,60 and 90 seconds were followed by 
longer tests of 5, 10 and 20 minutes for G=3..  
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Testing the DUT 

Call load without  RTP 
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Granularity comparison:  
• Results did not vary much between 

granularity 1, 2 and 3.  
 
Test Duration Comparison: 
• Tests of longer duration had lower 

SERs. 
• The SER for long-duration tests 

converged to 99 sps. 
 
 

Conclusion: 
• The SER of the DUT is 99 sessions 

second for a call duration of 9 seconds 
and when the DUT is set to handle 
RTP. 
 

• All SIP calls were set to last for 9 seconds. 
• Tests of 30,60 and 90 seconds were followed by 

longer tests of 5, 10 and 20 minutes for G=3. 
• The DUT was configured to handle RTP.   
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Testing the DUT 

Call load with  RTP 
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Granularity comparison:  
• Results did not vary much between 

granularity 1, 2 and 3.  
 
Test Duration Comparison: 
• Tests of longer duration had lower 

SERs. 
• The SER for long-duration tests appear 

to converge to a value of 77-80 sps.  
• A longer duration of test will be 

conducted to observe final 
convergence. 
 

Conclusion: 
• The SER of the DUT is ~77 sessions 

second for a call duration of 9 seconds 
and when the DUT is set to handle 
RTP. 
 

• All SIP calls were set to last for 9 seconds. 
• Tests of 30,60 and 90 seconds were followed by 

longer tests of 5, 10 and 20 minutes for G=3. 
• The DUT was configured to handle RTP.   
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Script – DEMO 
UAC and UAS are SIPp code. 
Goal: Find the largest value of SER. 
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Conclusion and Future Work  
• Additional tests, including Registration Rate that are identified in 

the RFC, using the current test script and also updating the script.  
 

• Test other SIP Servers, including Open Source offerings such as 
FreeSwitch and Kamailio, and commercial products.  
 

• Test the same SIP server when running on different Operating 
Systems and with different parameters, to compare SER and 
registration rate variations under these different conditions.  
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Any Questions or comments? 
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