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— Preliminaries

The first ninety percent of the task takes ten
percent of the time, and the last ten percent

takes the other ninety percent.

—Ninety-ninety rule of project schedules




=§ Preliminaries FILOSOFIA-DA-
‘CIENCIA-E-DA-
‘-TECNOLOGIA:-

“Almost all science T EBIE TF WMORALS

successes were preceded

by failures.”




— Preliminaries

Experience

X

Experiment




— Preliminaries

e Thomas Edison

o More than 1150 failed experiments

before functional lamp




— Preliminaries

e Observing a system or process while it is in
operation is an important part of the learning
process, and is an integral part of understanding
and learning about how systems and processes

work.




— Preliminaries

e The goal of a proper experimental design is to
obtain the maximum information with the minimum
number of the experiments.




— Preliminaries

e Understand cause-and-effect b R AT

o “Throughout the book | have stressed EXPERIMENTS
3 l“ ﬂﬂll'rll EDITION " i y —
the importance of experimental design

as a tool for engineers and scientists to
use for product design and
development as well as process

. Here we are!
development and improvement.”

L

/C. Montgumer\ﬂ,’. 4




— Preliminaries

e Understand cause-and-effect

o Scientific Knowledge:
m Aiming to connect each effect to one cause in order to obtain

some possibility to do safe predictions related to future events.

10




— Preliminaries

e Definition: Experiment Design
o It is a systematic method to determine the relationship
between factors affecting a process and the output of

that process.

m it is used to find cause-and-effect relationships
m this information is needed to manage process inputs in order

to optimize the output

11




— Preliminaries

e What is an experiment?

o a test or series of runs in which purposeful
changes are made to the input variables of a
process or system so that we may observe and
identify the reasons for changes that may be

observed in the output response.

12
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Preliminaries

Activities

Conjectures

Data
Conception

Establish\new ...

Analysys ]

Conclusions }/

)

13




— Preliminaries

e Design of Experiment Terminology

[ Response Variable } [ Experimental Unit }

[ Factors }

[ Interaction ] -------- [ Primary Factors } [ Secondary Factors }

[ Replication ] ---------- [ Lev;als ]

14
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mm [nteraction: Example

TABLE 16.1 Noninteracting Factors
Ai Al
B, 3
TABLE 16.2 Interacting Factors
Al Al
B, 3 5
B, 6 9

10 10

Performance Hg Performance Ag
6 ; By 6 :;;,: A
a 2
[ e o ] -
Aj Az B By
(a) No Interaction
10 1D
Performance /Bg Performance Ag
[} /. B; 8 % Ar
2 2
| ] 1 2
Aj Az 8 By

FIGURE 16.1 Graphical presentation of interacting and noninteracting factors.
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— Preliminaries

e Guidelines for Design Experiments(1/3) (.

[ 1. Recognition of and statement of the problem ]——>

Reasons for running experiments:
a. Factor screening or characterization
b. Optimization

c. Confirmation

d. Discovery

Q@
@@

—[ 2. Selection of response variable }

Performed
simultaneously
or in reverse order

4[ 3. Choice of factors, levels and range ]

G. Robustness

)

o Together, steps 1, 2, and 3 are called pre-experimental planning

16




— Preliminaries

e Guidelines for Design Experiments(2/3)

. . . Sample size (number of replications)
[ 4. Choice of experimental design ]__>[ Suitable run order for the experimental trials

W

Thinking about and selecting a tentative empirical model to describe the results }

What is the model?

- a quantitative relationship (equation) between the response and the important
design factors

- low order polynomial models may be appropriate

i. First-order model:
y= Po+ pix1 + faxat e

(ii. First-order model with interaction term:
Ly= Po + Bix1 + Pox2 + Praxix2 + €

(iii. Second-order model:
Ly = Po + Bix1 + Bax2 + fr2xixz + fr1x’1+ Paax’et g

17




— Preliminaries

e Guidelines for Design Experiments(3/3)

Monitor the process carefully

[ 5. Performing the experiment

Suggestion: few trial runs or pilot runs

Vs

> Graphical methods play an important role ]

-

[ 6. Statistical analysis of the data ]—

-
_| hypothesis testing and confidence interval }

estimation procedures are very useful
-

Follow-up runs and confirmation testing
[ 7. Conclusions and recommendations should also be performed to validate the

conclusions from the experiment

18
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=i Types of Experimental Designs

e Simple Design
e Full Factorial Design

e Fractional Factorial Design

20




=i Types of Experimental Designs

Simple Designs
e One Factor at a Time (OFAT)

o The major disadvantage of the OFAT strategy is that it fails to consider
any possible interaction between the factors
o If the factors have interaction, this design may lead to wrong
conclusions.
e Number of experiments(n) for a simple design:

k
n=1+3 (n—1)

im]

21




=§ Types of Experimental Designs

Simple Designs
e One Factor at a Time (OFAT)

The problem is to design a personal workstation, where several choices have
to be made. First, a microprocessor has to be chosen for the CPU. The
alternatives are the 68000, Z80, or 8086 microprocessor. Second, a
memory size of 512 kbytes, 2 Mbytes, or 8 Mbytes has to be chosen. Third,
the workstation could have one, two, three, or four disk drives. Fourth, the
workload on the workstations could be one of three types—secretarial,
managerial, or scientific. Performance also depends on user characteristics,
such as whether users are at a high school, college, or postgraduate level.

k
n=1+3 (n—1)
=l

22




=§ Types of Experimental Designs

Full Factorial Design: 2*
* It uses every possible combination at all levels of all factors.

Experiments quantity:

k
n=[]n
* Every possible combination of configuration is examined (factors and
interactions).
e Issues: cost and time.
* 3 ways to reduce the number of experiments: levels, factors or

fractional factorial designs.

23
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mm Types of Experimental Designs

Fractional Factorial Designs(2%P)
 Sometimes the number of experiments is too large.

* In such cases, it is possible to use only a fraction of the factorial

Example 16.1 Consider only four of the five factors in the workstation study. Let us ignore the number of disk drives for this example. We have four factors, each at

three levels. Therefore, the number of experiments required is

n= (3 CPUs)(3 memory levels)(3 workloads)(3 educational levels)

= 81 experiments

TABLE 16.3 A Sample Fractional Factorial Design

Experiment
Number

=T T R O I O

CPU

68000
68000
68000
Z80
Z9D
Z80
8086
8086
8086

Memory

Level

512K
ZM
8M
512K
M
8M
512K
ZM
SM

Workload
Type

Managerial
Scientific
Secretarial
Scientific
Secretarial
Managerial
Secretarial
Managerial
Scientific

Educational
Level

High school
Postgraduate
College
College
High school
Postgraduate
Postgraduate
College
High school

24




S One Factor Experiments T GG

- Categorical (qualitative)
- Numerical (quantitative)

e Features

o Used to compare several alternatives of a single categorical variable.
o There is no number of levels that the factor can take.
m Unlike the 2 designs, the number of levels can be more than 2
o Model used
Yi=H + D‘.J- + €
o Observation, mean response, effect, error term.

r a L F L3
S marntrSas T3

=l j=1 Jwl =1 j=1
25




8 One Factor Experiments

 Model parameter:

1 r a

3 N

i=1 j=1

e Column mean:

r

Yi= %ZF-‘!

i=1

e Column effect:

X =Fi—p=F;).

26




8 One Factor Experiments

 Model parameter:

1 r a

3 N

i=1 j=1

e Column mean:

r

Yi= %ZF-‘!

i=1

e Column effect:

X =Fi—p=F;).

27




8 One Factor Experiments

Example

TABLE 20.1 Analysis of the Code Size Comparison Study

R v Z

144 101 130
120 144 180
176 211 141
288 288 374
144 T2 302

28
Cln.ufpe.
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Estimating Experimental Errors

144
120
17

144

represents experimental error.

1M

211

3 B

130
133
141
4
302

1877 1817 1877
1877 1817 1877
1877 1877 1877
187.7 187 1877
1817 1817 1877

—304 622
—544 192

+ 1.6 478
1136 148
=304 912

=13.3

—133

+ | =133

-13.3

=133
—05.4
—43.4
—34.4
148.6
76.6

—-24.5
—24.5
—24.5
—245
—24.5

SSEmZEeEj

L TA

377
377
37
317

i=1 j=1

One Factor Experiments

The difference between the measured and the estimated response

SSE = (-30.4)° + (-54.4)" + ... + (76.6)* = 94 365.20

29




8 One Factor Experiments

Allocation of Variation

e The total variation can be allocated to the factor and errors.

S8Y = 850 + $5A + SSE

o SSY (sum of squares)

o SS0 (sum of squares of grand means),
o SSA (sum of squares of effects)

o SSE (sum of square errors).

SST= > "(ij~F.0 =Yy —ary® = S5Y — §50 = SSA + SSE
iJ iJ

30
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Well

Programa

. CTMC - Métodos de Analise Estacionaria; Textos 6
. CTMC - Métodos de Anadlise Transiente; Textos 6

. Métodos para Andlise de Sensibilidade; texo 10

. Desing and Analysis of Experiment; Textos 1e4

. Regressao; Texto7e4

. Uma Introducdo as Séries Temporais; Texto 8

. Graficos de Controle Estatisticos (X, R, S, CUSUM,

EW MA); Texto 4.

31




8 One Factor Experiments

e Analysis of Variance(ANOVA)

O The partitioning of variation into an
m explained
B unexplained

part is useful in practice since it can be easily presented by the analyst to the

decision makers

o To determine if a factor has a significant effect on the response,
statisticians compare its contribution to the variation with that of the

errors.

32




8 One Factor Experiments

e Analysis of Variance(ANOVA)

O What is ANOVA?

m the statistical procedure to analyze the significance os various factors
o Degree of freedom
m nhumber of independent values required to compute the sum of

squares

33




8 One Factor Experiments

e Analysis of Variance(ANOVA)

O Result:
ANOVA Table for One-Factor Experiments

Component Sum of Percentage of  Degrees of Mean F- F-
Squares Variation Freedom Square Computed Table
2 ar

Y SSY =3y},

5. SSO = aru? 1

y=y SST=S8SY -8SO 100 ar-1
A a-1 MSA P s

ssp.cpz:af lm(SSA) MSA-% MoA [1-4: a-La(r- 1))
e SSE = SST - SSA i (SSE a(r-1) R ‘(fol.n
SST
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mm One Factor Experiments
Confidence Intervals for Effects

Parameter Estimation from One-Factor Experiments

Parameter

Estimate Yariance
p Y s¢/ar
a; ¥Y;=7. si(a—1)/ar
g+ a; y sifr
E;:lh Qs
Z,.l hj = D it B > ie1Sehi/ar
sé 3 eij/la(r - 1))

35
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Two Factor Factorial Experiments

Used when there are two parameters that are carefully controlled and
varied to study their impact on the performance.
Model used:
Y=+ i+ P t+ey
Observation, mean response, effect of factor A at level j, effect of

factor B at level i, and error term.

36
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Two Factor Factorial Experiments

The values of model parameters are computed such that the error has

a zero mean. Sum of each column and each row is zero.
1 1
]’J=|u+aj+sz:ﬁj +52qf
i i
Vi=pt+o;
Vi=p+p

L=

37




8% Two Factor Factorial Experiments

Confidence Intervals for Effects

TABLE 21.2 Computation of Effects for the Cache Comparison Study

Row Row Row
Workload Two Caches One Cache No Cache Sum Mean Effect
ASM 54.0 55.0 126.0 215.0 71.7 -0.5
TECO 60.0 60.0 1230 2430 81.0 8.8
SIEVE 43.0 43.0 1200 206.0 68.7 -3.5
DHRYSTONE 49.0 520 111.0 2120 707 -1.5
SORT 49.0 50.0 1280 207.0 69.0 -32
Column sum 2550 260.0 S68.0 12830
Column mean 510 520 113.6 722

Column effect -21.2 -20.2 414

38
Cln.ufpe.
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8% Two Factor Factorial Experiments

Estimating Experimental Errors

Pij=p+a;+p; &j=Yij—Pij=Yij—p—aj—pf

TABLE 21.3 Error Computation for the Cache Comparison Study

Workload Two Caches One Cache No Cache
ASM o 3.5 -7.1
TECO 02 0.8 06
SIEVE -4.5 -55 99
DHRYSTONE 0.5 | -1.1
SORT 12 12 24

The measured processor time is 54 milliseconds. The difference 54 - 50.5 = 3.5 is the error.
SSE=(357+ (027 + ...+ (-2.4)° = 2368.00 39
Cln.ufpe.
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8% Two Factor Factorial Experiments

Allocation of Variation

SSY =550 + SSA + 55B + SSE

The total variation (SST)

SST = SSY - 580 = SSA + S5B + SSE

Example 21.3 For the cache comparison study of Example 21.1, the sums of squares are

40




8% Two Factor Factorial Experiments

Analysis of Variance
* To statistically test the significance of a factor, we divide the sum of

squares by their corresponding degrees of freedom to get mean

squares.

41




B
|
Article

Two Factor Factorial Experiments

Openstack Scheduler Evaluation using Design of
Experiment Approach

Oleg Litvinski and Abdelouahed Gherb

Department of Sofiware and IT Engineering
Ecole de technologie supéneure
toleg litvinski. 1, abdelouahed. gherbi} @etsmtl ca
Montreal, Canada

42
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Two Factor Factorial Experiments

TABLE L TERMS AND DEFINTTIOM
N Description
Same Details Min | Mean | Max
Amount of RAM allocated
¥ & .
VEAM to VM (GB) 0.5 4 B g =
g
- Number of CPU allocated #2 5
VCPU i} 2 4 =
to VM g8
. Amount of RAM available
::;:ﬂ on  Physical MNode wath 0 2 4
) 4GB (GB)
. Amount of RAM available =
[HRAM on  Physical MNode wath 0 4 4 E
e HGB (GB) =
SCPU Number of CPL! available -
- ! 4 9 =
et on Physical Node wath 2 0 1 2 g
com =
SCPU Number of CPL! available
i Z on Physical Node with 4 0 2 4
arge come
RAM Amount of RAM available
small on Node wath 4GB (GB)
RAM Amount of RAM available
| large on MNode with 8GB {(GH) Scheduler Ob
CPU_ | Number of CPL available seheduler Lhsetver
small on Node wath 2 core
CPU Number of CPL available
large on Node with 4 core

IFABLE IL ANOVA SunmMary FOR NUMBER OF CFLL
Adjusted Model
N yme F-value p-valie
CPU sl CPU large CPL smaadl CPL large
Maodel 29702 50023 010513 00092
Curvature 0.5940 0.9166 04558 (L3589
';.:fk o pazs 0.1363 0.8558 0.9890
Unadjusted Model
F-value p-vailte
CPU sivnall CPU large CPL smaall CPLU large
Maodel 3.0660 5.0373 00427 0.0073
tack of | gam7 | oo 0.8677 0.9863

43




8= Two Factor Factorial Experiments
Article

TABLE Y, IMPORTANCE OF FACTORS AND ITS COMBIMATHRN IN
SCHEDULERS CHOKE OF NODE
TABLE 1L ANOVA SUMMARY FOR AMOUNT OF MEMORY. CPL CPL
large RAM swall RAM large
Adjusted Muodel e
= o = pu [w] .
Name MMF-MIWRL“ p-virlue = ﬁ;.- %‘ = g E
i iy ] = =a ) =
el large RAM smiall | RAM large All Scheduler % * « -
Filter 52354 5.2000 0.0076 00091
Model | Chance T 1828 86254 00036 (L0013
sSimple 20528 71309 0.1497 (L0028 A A A 5 5 A A A
Curvat | FAHET 66414 5.9048 0.0230 0.0134
ur‘;“ Chance | 9.1041 | 21.9409 0.0145 0.0009 B B B B B B B B
Simple | 00303 | 16.1281 0.8641 00025 - : ” .
Lack | il 12784 | 0.7457 0.4695 0.6639 ¢ ¢ : £ g o il i
of Fit Chance 1.7833 (.3503 0.3397 (.4857 E E AB I E I F
Simple | 07722 | 110901 06789 0.0369
— AB F AE F AB F | aB
U'nadjusted Model
AE | aC AR AF AE | AD
Fovalue p-virlue
BF AF BD BD | BD
i AN RAM small | RAM large
xmll large BE BEF BF
Filter 3.7245 30113 00236 00469
Model | Chance | 3.967% 39704 0.0213 0.0459 ABE
Simple | 2.1852 3.0021 0.129 0.0473
Filter 18653 15767 03376 0.3863
Lack Chance 3 5086 1LR018 0.1651 0.3408 Keys: A-FRAM, & VWOPL, C-SCPU small, D -SCPU large, £ - SRAM swall,  F-SEAM Large.
provt g ; ; .
P MSumple | 07147 | 259591 07126 0.0109
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2k Factorial Designs

Used to determine the effect of k factors (with two alternatives or

levels).
Easy to analyse and helps in sorting factors in the order of impact.

With a large number of factors and levels may not be the best use of

available effort

The first step should be to reduce the number of factors and choose

those that have significant impact.

45




®s 2k Factorial Designs

Example

TABLE 17.1 Performance in MIPS

Cache Size Memory Size Memory Size
(kbytes) 4 Mbytes 16 Mhbytes
1 15 45
2 2% 75
Nonlinear Regression Mode| == Y =40+ 2%+ 5% ¥ das¥s™s

46
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®s 2k Factorial Designs

Example

TABLE 17.2 Analysis of a 2? Design

Experiment A B ¥
1 -1 -1 y!
2 1 -1 ¥
3 -1 1 y
4 1 1 ¥t

47
Cln.ufpe.
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Bl o : -
mm 2 k Factorial Designs
Other Way: General

Y1=qy-9a~ 9zt Gan o= +y2+ys+ys)

¥Y2=qy+ 94— dp—9qas l ‘?-l=i{-}’1+l'i'*h+}'i}
Yi=qy—gatdp—4qag qﬂ:i’(‘?l‘h*?!*ﬁ}

1
Gap = (y1—-y2—y3+y4)
Ya=dgptgatdptgug 0

48
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®s 2k Factorial Designs

Allocation of Variation
 The importance of a factor is measured by the proportion of the total

variation.

2 E;'ﬂ-l':}'i - 3".]’
R

Sample variance of y = 5, = A1

* ¥ denotes the mean of responses from all four experiments.

 Sums of Squares Total (SST):

:.'I
Total variation of y = SST = 3 (y; - ¥)

i=]

49




®s 2k Factorial Designs

Allocation of Variation
e SST also can be represented by:

SST = 22¢% + 2%q} + 2%¢%,

o Effect of A, B, and interaction AB.

S8T=55A + 55B + SSAB

Hmmuummmmw.-t-%

* This fraction provides the importance of the factor A.

50




®s 2k Factorial Designs

Going Back To the Example

51
Cln.ufpe.
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®s 2k Factorial Designs
Article

Using Statistical Design of Experiments for Analyzing
Mobile Ad Hoc Networks’

Michael W. Totaro Dmitri D. Perkins
The Center for Advanced Computer Studies The Center for Advanced Computer Studies
University of Louisiana at Lafayette University of Louisiana at Lafayette
Lafayette, LA 70504-4330 Lafayette, LA 70504-4330
miket@cacs.louisiana.edu perkins@cacs.louisiana.edu
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®s 2k Factorial Designs

Article

Table 1: Experimental Factors

Label

Factor

Lewvel 1 {—)

Lewvel 2 (4]

Avg. neighbors

[
{atrongly-connected)

3
{weakly-connected)

Avg. node gpeed

5 mfeec
{1-10 mfsec range)

30 mjfaec
[25-35 mj/sec range)

Traffie load

l'ﬁﬁ- of no. of nodes

Eﬁﬁ} of na. of nodes

o &0

MNo. of nodes

JYAIH)

alil

MAC layer

202 11b w/ RTS

202,116 w fout RT'S

53
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2k Factorial Designs

Table 2: Design matrix for 2° factorial design

Factors Ferformance
1 2 3 4 5 hetrics
Design Factor Avg. No. Avg. Node Traffic Number MAC Packet End-to-End
Points Lewvel of Speed Load of Layer Delivery Delay
Meighbors {m/fa) MNodes Ratio {geca)

(] T 5 10% of Number 100 B02.11b

of Naodea w/) RTS

(+) 3 an 20% of Number 500 A202.11b

of Nodea w/fout RTS

1 {(—) 7 {—) B (—) 10 [—) 1040 {—1 S502.11 b wi/RTE 0. T 1568 0. 86571101
2 (+) 3 {—) 5 {—) 10 [—) 100 (=1 802.11 b w/RTS 0.11592 1.27650734
3 {(—) 7 {+) 30 {—) 10 (—) 100 {—1 802.11 b w/RTS 0.58568 0.9923993
4 {(+) 3 {+) 30 {—) 10 (—) 100 {— 802.11 b w/RTE 0.25776 2.13651797
L {(—) 7 —) 5 (+) 20 [—} 100 [ #0211 b w/RTE 0. 72484 0. THEIDGI0
[5 {+) 3 {—) 5 (+) 20 (—) 100 {— 802.11 b w/RTS 0.17076 1.41365095
T {(—) 7 {+) 30 (+) 20 (—) 100 {—1 802.11 b w/RTS 0.563 0.96332324
[ {+) 3 {+) 30 (+) 20 [(—) 100 {—1 802.11 b w/RTS 0.24584 2.19733746
[ {—) 7 {—) 5 (—1 50 {+1 500 {—1 802.11 b w/RTE [.305068 1.49277102
10 {+) 3 {(—) 5 {—) 50 [+ 500 {—1 802.11 b w/RTS 0.092656 0. TROE4261
11 {—) 7 {+) 30 {—) 50 (+) 500 {— 802.11 b w/RTS 0.271504 207584805
12 {(+) 3 {+) 30 {—) 50 (+) 500 {(— 802.11 b w/RTS 008344 3.28247314
13 {(—) 7T (—) 5 (+) L0 [+ a0 [ 20211 b w/RT: 330824 5.25921350
14 (+) 3 {(—) 5 (+) 100 (B (—) S02.11 b w/RT: 0. 0989736 1.04018082
15 (=) T {+) 30 (+) 100 [+ 500 (—1 802.11 b w/RTS 0.16G395 3.11871308
16 {+) 3 {+) 30 (+) 100 (+) 500 [ 802.11 b w/RTS 0.07568 4.08781013
17 {—) 7 (—) 5 {—) 10 (—) 100 (+) 802.11 b w,/out RTS 0.T1568 0.8 11017
12 {(+) 3 (—) 5 {—) 10 (—) 100 (+) 802.11 b w,/out RTS 0.11592 1.27650734
19 {(—) 7 {+) 30 {—) 10 (—) 100 (+) 802.11 b w,/out RTS8 0.58568 0. 9923993
20 {+) 3 {+) 30 {—) 10 [—) 100 {+) 802.11 b w/out RTS 0.25776 2.136517a7
21 {—) 7 {(—) 5 (+) 20 (—) 100 {(+) 802.11 b w,/out RTS 0.7T2484 0.7TGR30620
22 {+) 3 (—) b [+ 20 [—) 100 (+) 802.11 b w/out HT: 0.17076 1.41365895
23 {—) T {+) 30 (+) 20 (—) 100 (+) 802.11 b w,/out RTS 0.563 0.96332324
24 {+) 3 {+) 30 (+) 20 (—) 100 (+) 802.11 b w,/out RTS 0. 24584 2.19733746
25 (=) T {(—) 5 {—) 50 (+) 500 {+)} 802.11 b w/out RTS 0.305068 1.49277102
26 (+) 3 (—) 5 {—) 50 [+ aud (+) 802.11 b w/out HI: 0 092656 0. 7TH9E426 1
27 {(—) 7T {+) 30 {—)} 50 (+) 500 (+} 802.11 b w/out RTS 0.271504 2.0T584805
28 {(+) 3 {+) 30 {—) 50 {(+) 500 {+) 802.11 b w,/out RTS 0.08344 3.28247314
29 {—) 7 {—) 5 (+) 100 (+) 500 (+) 802.11 b w,/out RTS 0.330824 5.25021350
30 {+) 3 {(—) 5 (+) 100 (+) 500 (+) 802.11 b w/fout RTS (. 099736 1.04010082
51 {(—) 7 {+) 30 (+) 100 (+) 500 (+) 802.11 b w/out RTS 0.16G852 3.1187T1308
32 {+) 2 {+) 30 (+) 100 (+) 500 (+)} 802.11 b w/out RTS 0.07568 4.08781013
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®s 2k Factorial Designs

Article

PHT_DELWV 85% Confldence Intervals
D_E _
0-1 l T T T T T L T T T T
T 3 ] Jo0 o041 02 100 00 1
ANG_MEIG AVG_SPD TRFFC_LD MNUM_NODS MAC_LAYR

(a) Main effects - Packet delivery ratio

EMDZEMD 85% Confldence Intervals
4
M- T T T T T T T T T T
T 3 ] o o1 02 100 s00 1 1
ANG_MEIG AVG_SPD TRFFC_LD MUM_MODS MAC_LAYR

(b) Main effects - End-to-end delay

56
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2 kr Factorial Designs

If each of the 22k experiments is repeated r times.

Makes possible, estimate experimental errors through repetitions.

/

D T e PRl P il s e +@

Y




Bs 2'kr Factorial Designs

Difference

TABLE 18.1 Analysis of a 273 Design

1 A B AB y Mean
1 -1 -1 1 (15,18, 12) 15
1 I -1 —1  (45,48,51) 48
1 -1 1 —1  (25,28,19) 24
1 1 1 1 (75,75,81) 77
164 86 38 20 Total
41 21.5 9.5 5 Total/d
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Estimation of Experimental Errors

TABLE 18.2 Computation of Errors in Example 18.2

Effect Estimated Measured
Response, Responses Errors

I A B AB

i 41 218 95 5 ? i it Y Fi £y £z &5
| 1 -1 -1 1 15 13 18 12 0 3 -3
2 1 1 -1 —1 48 43 48 51 -3 0 3
3 1 -1 1 -1 24 25 28 19 | 4 -5
4 1 | 1 | 77 75 75 81 -2 -2 4
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Allocation of Variation

 SSE is the variation attributed to the experimental errors.

* Designate the variance of each term.

Y 0ij=F ) = 2rg} + ra} + Prahy + ) 6

if I
SST = SSA + SSB + SSAB
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Confidence Intervals for Effect
 The confidence intervals for the effects can be computed if the

variance of the sample estimates are known.

SSE SSE

i i 2 = = 1
Standard Deviation of Errors = Br-1) — . =T
Se
Standard Deviation of effects Sq0 = Sq4 = Sqs = Sqp = s
Confidence Interval For the Effects 9i F H1~a/222¢-1))%ai
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Article

APPLICATION OF DESIGN OF EXPERIMENTS ON THE SIMULATION
OF A PROCESS IN AN AUTOMOTIVE INDUSTRY

José Amaldo Barra Montevechs Alexandre Ferreira de Pinho
Fabiano Leal

Fernando Augusto Silva Marins
Avemda BPS, 1303 — Caixa Postal: 50

Instituto de Engenhana de Produgao ¢ Gestao Av. Dr. Ariberto Pereira da Cunha, 333
Unmiversidade Federal de Itajuba Universidade Estadual Paulista
Itajuba, MG, 37500-903, BRAZIL Guaratiguetd, SP, 12.516-410, BRAZIL
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Table 3: Experimental conditions

2 kr Factorial Designs

Table 4: Experimental matrix

ing time (min/part)

2

Factors Level + Level -
A: Buffer Capacity 60 100
(units)

B: Number of tables 4 8
(units)

C: Pre-plug operat- 0.6 0,9

a

D: Table time of
operation (min/part)

N(6.35 . 0.66)

N(7.35 ; 0,66)

C|D 4 2 3 Média s

1 - = 303 239 300 300 57 4 33
2 304 298 300 300 57 833
3 - 304 298 299 300 33 10,33
1 . 304 2398 299 300 33 10,33
3 - + 301 297 239 298 00 4 00
[ + ] - 301 297 298 298 57 4 33
7l - + | - &11 £12 511 51133 0.33
[ + | - 538 538 538 536,00 0,00
9 - |+ 261 259 259 259 B7 1.33
10 + 261 261 260 260 57 0,33
11 - | + 435 438 434 435 00 1,00
12 ] B 514 509 518 513 57 2033
13 - +: [ i 261 260 258 259 57 233
14 + [ + 261 260 258 259 57 233
15 - + | + 458 487 491 488 57 433
16 + [ + 510 507 515 510 57 16 33
Total 5836 ET 91,43
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Main Effects Plot {data means) for Y

2 kr Factorial Designs

Mean of ¥

Main Effects Plot {data means) for ¥

A B

450 4

4004

3304

300 4

450 4

4004

350 4

Figure 4: Graph of the main effects

Interaction Plot (data means) for ¥

Interaction Plot (data means) for ¥ Pareto Chart of the Standardized Effects
{response is Y, Alpha = ,09)
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Figure 6: Second order interaction between the factors Figure 5: Pareto chart of the standardized effects
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8% 2P Fractional Factorial Designs

e Aiming at:
o reducing the number of replications
o Nevertheless:
m it is possible that some combinations of factors were not
possible
o 2K1: half replication

o 2K2: one-quarter replication
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.“' Practical Lesson
ExerC|se 1

Factor Level -1 Level 1
Memary size, A 4 Mhbytes 16 Mbytes
Cache size, B 1 kbyic 2 kbvies
Number of processors, O 1 2
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Exe rcise 1
4 Mbytes 16 Mhbytes
Cache Size (kbytes) Une Processor Two Processor Ume Processor Two Processor
1 14 46 22 58
2 1 Sl 34 B6
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Exermse 1
I A B C AR AC BC ARC ¥
1 =1 -1 -1 1 1 1 -1 14
1 1 -1 -1 -1 -1 1 1 22
1 = 1 -1 -1 1 -1 1 10
1 1 1 -1 1 -1 -1 -1 34
1 —1 -1 1 1 -1 -1 1 46
1 1 -1 1 -1 1 -1 -1 58
1 -1 1 1 -1 -1 1 -1 50
1 1 1 1 1 1 1 B
320 Bl 40 160 A0 16 24 [+ Total
40 10 5 20 5 ] 3 Total/®

BO0/4512 (18%), 200/4512 (45%), 32004512 (T19%), 20044512 (45), 324512 (1%), 724512 (2%), and 84512 (0%), respectively.
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