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Experimental Design

 

Goal:

 

• Find out which factor contributes what 
before and during the analysis and not 
just after the analysis.

 

Example: Workstation - Model 1982 

 

• CPU

{68000, Z80, 8086}

• DRAM Memory

[512kB, 2MB, 8MB]

• Disk drives

[1,2,3,4]

• Workloads

{secretarial, managerial, scientific}

• Users

{high-school, college, post-graduate}
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Terminology

 

• Response Variable

The outcome of an experiment, the per-
formance achieved.

• Factors

Variables in the Experiment

Predictor Variables

• Primary factors
Need to be quantified
Are of interest

• Secondary factors
Influence performance
Are not of interest

• Levels

Possible Values of Factors

Set or range, discrete or continuous
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• Replication

Number of repetitions of each 
experiment.

• Design

Recipe to determine # of experiments

e.g. full factorial with replication 5 
3x3x4x3x3=324*5=1215

• Experimental unit

Entity used for experiment

e.g. different workstations, patients, 
plots of land in agriculture experiment.

• Interactions

A and B interact if A depends on B or 
vice versa.
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Interactions
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Common Mistakes

 

• Variation due to errors is ignored

• Important factors are not controlled

• Effects of different factors not isolated

• Simple on-factor-at-a-time design used

• Interactions are ignored

• Too many experiments conducted
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Types of Experimental Design

 

Simple Designs

 

• Pick a typical configuration

• Vary one factor at a time

• Fix a factor one it is determined best

• Complexity:

• Problem: wrong conclusion if there is 
interaction (suddenly depends on 
order).

• Not recommended

n 1 ni 1–( )
i 1=

k

∑+=
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Full Factorial Design

 

• Every combination is tried

• Complexity:

• Example:
(3 CPUs)(3 memory levels) x
(4 disk configs)(3 workloads) x
(3 edu levels of user) = 324 experim.

• Problem:
too many experiments

• Solutions:
reduce number of levels
reduce number of factors

n ni
i 1=

k

∏=
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2

 

k

 

 factorial designs

 

• restriction to two levels

 

Fractional Factorial Designs

 

• Example with 4 factors at 3 level
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2

 

k

 

 Factorial Designs

 

Goal: 

 

• Determine the effect of k factors with 
two levels each

 

Requirement for reduction to 2 levels

 

• Factor must be unidirectional
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Example 2

 

2

 

 Factors
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Definition:

 

The q factors are called contrasts

General Approach:
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Example:
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Case Study

 

Multiprocessor with Network between 
Memory and Processors:

 

• Crossbar

• Omega Switching Network

 

Pattern of Evaluation

• Random Accesses

• Accesses of Matrix Multiply

Factors used/Factors left Constant
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Factorial Design with Replication
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Visual Test for Assumptions

• Model errors statistically independent

• Model errors additive

• Errors normally distributed

• Errors have const. Std.Dev.

• Effects of Factors are additive

Independence of Errors (IID)

• compute residuals

• scatter plot

Normal Distribution of Errors

• quantile/quantile plot

Constant Std.Dev. of Errors

• y vs. various levels of factor
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Example Plots
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Summary of 2 kr designs


