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Computer Systems Performance
Analysis and Benchmarking

(37-235)

Analytic Modeling
Simulation

Measurements / Benchmarking

Lecture/Assignments/Projects:
Dr. Christian Kurmann

Textbook:
Raj Jain, “The Art of Computer Systems Perfor-
mance Analysis”, 1991 Wiley & Sons, New York

Topic of Today:

• Proof of SST=SSA+SSB+SSAB

• Two factor full factorial design
(without replications)

• Introduction to Simulation

09.1.03 - 2 37-235 Perf.Eval.&Benchmarking © Stricker, Kurmann

Proof for Allocation of Variation
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Proof ...
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Two Factor Experiments

• Used when two parameters that are
carefully controlled and varied to study
their impact on the performance.

• E.g. compare several processors using
several workloads

• Full factorial design with two factors A
and B having a and b levels requires ab
experiments.

• Concepts are extentions of those on
one factor designs.

Statistical model
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Computation of the effects
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Example:
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Errors
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Allocation of Variation
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Analysis of Variance

• To statistically test the significance of a
factor, the ANOVA Table for two factors
must be calculated.
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Example ANOVA:
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Multiplicative Models

In the analysis presented so far, the follo-
wing additive model was assumed:

This model assumes that the effects of the
factors are additive.
But often the effects are multiplicative
(e.g. in many cases involving Processors
or Workloads).
Trick:
In such cases, the log of the responses
follows an additive model.
A logarithmic transformation is also indi-
cated if the spread in the residuals increa-
ses with the mean response.
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Case Study

An analysis using an additive model would
conclude that there is no significant diffe-
rence among the processors.
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The right model is a multiplicative model.
Also, statistically it is not appropriate to
add observations that vary as much.

To analyze the data, take the log of the
execution times.

Effects:
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ANOVA:

The effect of the processors is significant.
The model explains 99.9% of the variation
as compared to 88% in the additive
model.

Confidence Intervals for differences in
processors:

Spectrum86 and Spectrum62.5 are com-
parable since zero in interval.
Spectrum125 is slower.
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Special Cases

Unequal Sample Sizes

• Until now we assumed the same num-
ber of observations r (when repetitions)
at each of a levels

• If number are different at different levels,
the analysis is only slightly different.

• see Book p.337

Missing Observations

• If a few of the ab observations of a two
factor experiment are missing the same
methodology can still be used.

• see Book p.360
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Simulation

• If system to be characterized is not
available (during design or procurement
stage)

• simulation model provides an easy way
to predict the performance or compare
several alternative.

• but simulation often produce no useful
or misleading results.

• simulation models take a long time to
develop

Always assume that your assumption
is invalid.
                                   Robert F. Tatman
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Common Mistakes

• Inappropriate level of detail

• Improper language

• Unverified models

• Invalid models

• Improperly handled initial conditions

• Too short simulations

• Poor random number generators

• Improper selection of seeds

...and all the common mistakes in soft-
ware engineering
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Checklist
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Terminology

• State variable (set of all state variables)

• Event

• Time models:

• Continuous time

• Discrete time

• State models

• Continuous state/continuous event

• Discrete state/discrete event

• Determinism Property:

• Deterministic model

• Probabilistic model

• Time Property:

• Static model

• Dynamic model
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• Model Equation Property

• Linear model

• Nonlinear model

• System Property

• Open model

• Closed model

• Convergence

• Stable model

• Unstable model

Examples:
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Languages for Simulation

Specialized languages:

• Simula

• SIMSCRIPT

General Purpose

• Oberon, Fortran, C

General Purpose with Toolkit

• Fortran + GASP

• QNET and RESQ

Differential Equation Systems

• CSMP and Dynamo

Discrete Event Systems

• Simula and GPSS
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Monte Carlo Simulations
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Trace Driven Simulation

Advantages:

• Credibility

• Easy validation

• Accurate workload

• Detailed trade-offs

• Less randomness

• Fair comparison

• Similarity to the actual implementation

Disadvantages:

• Complexity

• Representativeness

• Finiteness

• Single point of validation

• Detail

• Trade-offs (no change to trace)
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Discrete Event Simulation

• Event scheduler

• Simulation clock and a time advancing
mechanism

• unit time

• event driven

• System state variables

• Event routines

• Input routines

• Report generators

• Initialization routines

• Trace routines

• Dynamic memory management

• Driver: main program
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Data structures for the event
queue
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