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Univariate Analysis: On a Class of Instances

Single Factor Analysis of Variance

Pairwise tests || Unreplicated | Replicated Xit = i + €t
p i t-test t-test
arametric Tukey HSD Tukey HSD Xit = pp 4 a; + €t
] Friedman Test
gon[;Pbar an;etr/c or Wilcoxon Signed Rank Friedman Test k7 kT k
o \2 )2 % T \2
an base Test DD (X=X )= ) (Xu—Xi)+ ) r(Xi - X)
Non-Parametric i=1t=1 i=1t=1 i=1
Permutation Simple Permutations Synchronized Permutations (decomposition in within-group and between-group sum of squares)
based
k _ _ 2 k r _ 2
ZT(Xi. —X..) Z (Xit_Xi.)
i=1 i=1t=1
@ Matched pairs versions: when, when not MST = E—1 MSE = N — &
@ t-test Welch variant: no assumption of equal variances (MST mean square per treatment and M SE mean square per error)
MST
F=-—"_
MSFE
F ~ Fj_1 y_}, ie, the F-ratio approximates a the Fisher distribution
T o with Af and Af Adameane Af fenndam
A N OVA Isnef::ee:ttii:n ?[!::::::igcs Tests for our Scenarios Islf:::::iij it:::is:ig:s Tests for our Scenarios
Results from DMs811 A N OVA Results from DMs811

Two Factors Analysis of Variance

Two Factors Repeated Measures Analysis of Variance

Model: Model:

Xhi:ll+05i+9h+6hi Xhit:/l+05i+0h+€hit

Mean square: .
q or alternatively:

k k

bZ(X.i—X..)Q Zb: ' (Xni — Xn. —X.¢+X..)2 Xhit = p+ o + 0p + abpi + €nit
MST = =gy MSE ="y
Statistical Tests
Statistical Tests @ ANOVA through F-ratio and Fisher test
o ANOVA through F-ratio and Fisher test o Friedman test

© Friedman test If the interactions between factors are of interest interaction plots are

useful to visualize them
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Example

SLS algorithms for Graph Coloring:

Results collected on a set of benchmark instances
> load("gcp-all-classes.dataR")

Instance HEA TSn1 ILS MinConf XRLF > G <- F[F$class == "Flat", 1]
Instance Succ. k Succ. k Succ. k Succ. k Succ. k > str(G)
£1at300_20_0 10 20 | 10 20 | 10 20 | 10 20| 6 20 , , .
£1at300_26_0 10 26 10 26 10 26 10 26 i 33 data.frame’: 540 obs. of 8 variables:
£1at300_28_0 6 31 | 4 31 | 2 31 | 1 31| 1 34 $ alg : Factor w/ 9 levels "GLS2","HEA","ILS",..: 7234156897 ...
£1at1000_50_0 || 4 50 | 2 85 | 6 88 | 4 87 | 1 84 $ run : Factor w/ 10 levels "1","10","2","3",..: 1111111113 ...
f1at1000_60_0 || 4 87 | 3 88 | 1 89 | 4 89 | 6 87 $ inst : Factor w/ 80 levels "1-Fulllns_3",..: 42 42 42 42 42 42 42 42 42 42 .
f1at1000.76.0 || 1 88 | 1 88 | 1 89 | 8 90 /im0 B7 $ col : int 85 50 88 89 50 55 86 96 84 85 ...
| s GLS T3 SAn . SN°"e'tyk 5 TSns p $ rank : num 33 7 62 73.5 7 21 39.5 83.5 31 33 ...
ff‘;t:;gg ) 13“- 55 lgcc- 55 1“°° > 1”“- 3 $ err2 : num 3.47 1.63 3.63 3.68 1.63 ...
a’ _ - .
£12£300 260 1o 3|1 3| 2 5 | 6 SE $ err3 : num 0.626 0.294 o.sfs 0.664"0;294 e
£1at300_28_0 8 33| 8 33 | 10 35 | 4 35 $ class: Factor w/ 12 levels "FullIns","Insertions",..: 7 7 7 7 777777 ..
£1at1000_50_0 || 10 50 | 1 86 | 6 54 | 1 95
£1at1000_60_0 || 4 9 | 1 88 | 4 64 | 1 96
£1at1000_76_0 || 8 02 | 4 89 | 8 98 | 1 96
|nferenti_a| Stati:ltics Inferenti_a| Stati_sti:s
R Ren Dl Examele R Rem Dl Examele
> with(G, table(alg, factor(inst))) > print (bwplot(alg ~ col | inst, data = G, scales = list(x = list(relat
alg £1at1000_50_0 £1at1000_60_0 £lat1000_76_0 £1lat300_20_0 £1at300_26_0 + pch = "["))
GLS 2 1 O 1 O 1 0 1 0 1 O flat300_20_0 flat300_26_0 flat300_28_0
HEA 10 10 10 10 10 XRLF | - o | o ° |
ILS 10 10 10 10 10 T F ‘ - -
MinConf 10 10 10 10 10 saemport | | L. —
Novelty 10 10 10 10 10 Novelty -  I—
SAKempeFI 10 10 10 10 10 Himcent ; ; ° ;
TSinN1 10 10 10 10 10 e | | | R
TSinN3 10 10 10 10 10 aLsz| | | i
XRLF 10 10 10 10 10 2‘0 2‘5 3‘0 3‘5 2‘6 2‘3 3‘0 3‘2 3‘4 3‘6 3‘1 3‘2 3‘3 3‘4 3‘5 3‘6 3‘7
flat1000_50_0 flat1000_60_0 flat1000_76_0
alg £1at300_28_0 CRLF 0 0 & -
GLS2 10 TSinN3 | ol o | o
HEA 10 TSinN1 = o o |
1LS 10 SAKT\‘::;: ; x| . g —_ )
MinConf 10 MinConf Iy ] | o
Novelty 10 LS I | o |
HEA | [ TH [+ o |
SAKempeFI 10 osz | | o -
TSinN1 10 s 6 70 8 90 70 80 %0 88 90 o2 o4 95 98
TSinN3 10 col

XRLF 10



> boxplot(err3 ~ alg, data =
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G, horizontal = TRUE, main = expression(pa

+ frac(x - x~(opt), x~(worst) - x~(opt)))), notch = TRUE, col = "pi
_ )
Invariant error: W
XRLF o o o H:I,,,,{
TSInN3 - },,,,I:Ijﬁ
L I S i e
<empeFl | o %,,,I::(},,#
Novery S e & a i
e [
IS o peoreemeenneneeonas s s S
T — I
GLs2 4 f ﬁ{
: : : : :
0.3 0.4 0.5 0.6 0.7
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F-test

> 1 <- 1m(err3 ~ as.factor(alg) * as.factor(inst), data = G)

anova(l)

Df SumSq MeanSq Fvalue Pr(>F)
as.factor(alg) 8 1.71 0.21 464.96  0.0000
as.factor(inst) 5 5.72 1.14 2484.44  0.0000
as.factor(alg):as.factor(inst) 40 3.38 0.08 183.52  0.0000
Residuals 486 0.22 0.00
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> boxplot(rank ~ alg, data = G, horizontal = TRUE, main = "Ranks",
+ notch = TRUE, col = "pink")
Ranks
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Parametric Analysis

F-test, Interaction plots

> interaction.plot(factor(G$inst),
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factor(G$alg), G$err3, median)
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Parametric Analysis
F-test, Check Assumptions

> 1 <- 1m(err3 ~ as.factor(alg) * as.factor(inst), data = G)
> par(mfrow = c(2, 2))

Tests for our Scenarios

> plot(1)
Residuals vs Fitted Normal Q-Q
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Parametric Analysis

Post hoc: t test

Example

Tests for our Scenarios

> pairwise.t.test(G$err3, G$alg, paired = TRUE, var.equal = FALSE,

+ pool.sd = FALSE, p.adjust.method = "holm")

Pairwise comparisons using paired t tests
data: G$err3 and G$alg

GLS2 HEA ILS MinConf Novelty SAKempeFI TSinN1 TSinN3
HEA 1.00000 - - - - = - -
ILS 1.00000 0.02390 - - - - = =
MinConf  1.00000 0.02390 1.00000 - - - - =
Novelty  1.00000 1.00000 1.00000 1.00000 - = = =
SAKempeFI 0.06504 6.5e-06 0.00809 0.00702 0.06504 - - -
TSinN1 1.00000 0.07768 0.00011 0.00017 1.00000 0.00026 - -
TSinN3 7.4e-10 < 2e-16 2.8e-13 2.6e-13 1.7e-11 4.8e-10 8.2e-15 -
XRLF 0.04779 2.2e-05 0.03549 0.03274 0.04285 1.00000  0.00295 2

P value adjustment method: holm

Alternatively, binom. test

.1le-10

Parametric Analysis

Parametric Analysis
Post hoc: Tukey HSD test
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Post hoc: t test
> Gl <- G[G$run == 1, ]
> pairwise.t.test(Gi$err3, Gi$alg, paired = TRUE, var.equal = FALSE,
+ pool.sd = FALSE, p.adjust.method = "holm")

Pairwise comparisons using paired t tests
data: Gl$err3 and Gi$alg

GLS2 HEA ILS MinConf Novelty SAKempeFI TSinN1 TSinN3

HEA 1.00 - - - - - - -
ILS 1.00 1.00 - - - - - -
MinConf 1.00 1.00 1.00 - - - = -
Novelty 1.00 1.00 1.00 1.00 - - - -
SAKempeFI 1.00 1.00 1.00 1.00 1.00 - - -
TSinN1 1.00 1.00 1.00 1.00 1.00 1.00 - -
TSinN3 1.00 0.63 1.00 1.00 1.00 1.00 0.82 =
XRLF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

P value adjustment method: holm
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> par(las = 1, mar = c(3, 8, 3, 1))
> plot(TukeyHSD(aov(err3 ~ alg * inst, data = G), which = "alg"),
+ las = 1, mar = ¢(3, 7, 3, 1))

95% family—wise confidence level
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Friedman test — unreplicated Post hoc: Wilcoxon test

Tests for our Scenarios
Example

> pairwise.wilcox.test(Gl$col, as.factor(Gl$alg), paired = TRUE,

friedman.test package:stats R Documentation + p.adj = "holm")
Friedman Rank Sum Test Pairwise comparisons using Wilcoxon signed rank test
data: Gi1$col and as.factor(Gi$alg)
Description:
GLS2 HEA ILS MinConf Novelty SAKempeFI TSinN1 TSinN3
Performs a Friedman rank sum test with unreplicated blocked data. HEA 1 - - - - - - -
ILS 1 1 - - - - - -
> G1 <- G[G$run == 1, ] MinConf 1 1 1 - - - L 3
> Gl$alg <- factor(Gi$alg) Novelty 1 1 1 1 - - - _
> G1$inst <- factor(Gi$inst) ?gl_{egll)en 1 1 1 1 1 1 - Y
> friedman.test(formula = col ~ alg | inst, data = G1) TSiENS 1 1 01 1 1 1 1 :
Friedman rank sum test XRLF 1 11 1 1 1 1 1
data: col and alg and inst
Friedman chi-squared = 21.5811, df = 8, p-value = 0.005754 P value adjustment method: holm
- - |nferenti_a| Stati:ltics Tests for our Scenarios Inferenti_a| Stati_sti:s Tests for our Scenarios
Non-Parametric Analysis F S An Exambple RIS
Post hoc: Wilcoxon test P
> pairwise.wilcox.test(G$col, as.factor(G$alg), paired = TRUE, A
+ p-adj = "holm")
Pairwise comparisons using Wilcoxon signed rank test X1-X2
data: G$col and as.factor(G$alg) Aﬂhvhna/.Saniﬁcant
Al . 3 B it iieiel ity St [—— - .
GLS2  HEA ILS MinConf Novelty SAKempeFI TSinN1 TSinN3 ° } L } } } Difference (MSD)
HEA 1.00000 - - - - - - - | P | | | . P
ILS 1.00000 1.00000 - - - - - ) Mg 2| S I S T O A n_wterval that satisfies
MinConf  1.00000 1.00000 1.00000 - - - - - | Pl | | simultaneously each
Novelty 1.00000 1.00000 1.00000 1.00000 - - = - : D bﬂi@ : : con1paﬁson
SAKempeFI 1.00000 0.48628 1.00000 1.00000 1.00000 - - - Alg. 1 I B O S
TSinNi  1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 - - | b | | |
TSinN3 0.00012 7.4e-05 7.4e-05 7.4e-05 0.40106 0.00012 7.4e-05 -
XRLF 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.00050 -
X1 X2 X3

P value adjustment method: holm
Differences are statistically significant if the confidence intervals do not overlap
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_ Average Inveriant Error (Tukey's Honset Significance Difference)
SAK;—EJ;?!’;EI —_— . .o
Srse L 1. Inferential Statistics
MinConf 1
TILS —_
TSinN1 ———
HEA —
Novelty _-—
0.50 0.55 0.60 0.65 0.70
Average Inveriant Error (Permutation Test)
SAKEmIOH
X‘I)?LF
MinCont . 2. Sequential Testing (Racing)
TSinNL N
HEA
Novelty  —
0.50 0.55 0.60 0.65 0.70
Average Rank (Fried Test)
TSinN3 S 3. Results from DM811
SAKempeFI
XRLF
GLS2 N —
MinConf r——
TILs R
TSIinN1 ——
HEA
Novelty e —
20 40 60 80
Inferential Statistics Inferential Statistics
. . Sequential Testing . . Sequential Testing
Unreplicated Designs Results from DMe11 Sequential Testing Results from DMs11
class-GEOMb (11 Instances)
Procedure Race [Birattari 2002]: S Seq LY
repeat _ | > 8’88?@
Randomly select an unseen instance and run all candidates on it 0_COFB
Perform all-pairwise comparison statistical tests %FELEEX
Drop all candidates that are significantly inferior to the best algorithm S_RLFN
until only one candidate left or no more unseen instances ; 8*822?
SDsN
O_CRRB
H O_DCRA
@ F-Race use Friedman test O cRRA
@ Note: If resources available for N runs then the optimal design is Soay
one run on N instances 0_CCRA
0_CCRB
SD_g.Y
SDsY

01t 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Stage
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Alternatives Results from DM811 O utl i ne Results from DM811

e ANOVA
1. Inferential Statistics
@ Regression trees [Bartz-Beielstein and Markon, 2004]
@ Racing algorithms [Birattari et al., 2002]
@ Search approaches 2. Sequential Testing (Racing)

[Minton 1993, 1996, Cavazos & O’'Boyle 2005, Adenso-Diaz & Laguna
2006, Audet & Orban 2006, Hutter et al., 2007]

3. Results from DM811
@ Response surface models, DACE

[Bartz-Beielstein, 2006; Ridge and Kudenko, 2007a,b]
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Over all instances Results from DMs11 Over all instances Results from DMe11

> 0 <- race("wrapper-race.R", maxExp=5000,stat.test=c("friedman"),
+ conf.level=0.95, first.test=10, interactive=TRUE,

+ log.file="race.log", no.slaves=0)
Racing methods for the selection of the best Model Selection: (40 Instances)

Copyright (C) 2003 Mauro Birattari 061184
This software comes with ABSOLUTELY NO WARRANTY
Race name..... SRS EEEE R Model Selection: 181180
Number of candidates.................iiiiiiiiiiiiiiiiiiis 9
Number of available tasks............c..ooiiiiinnnniiiennnnn... 40
Max number of experiments ....5000 060386
Statistical test.............iiiiiiiiii Friedman test
Tasks seen before discarding.................ciiiiiiiiiinnan. 10
Initialization function............c.o ity ok 100884 ————————
Parallel Virtual Machine............... ... ., no
oo U S P S + 250684 _—
[ Task| Alive| Best| Mean best| Exp so far|
e R —— R R —— R +
Ixl 1l 9l 4l -924| 9l 281182
Ixl 2| 9l 1l -826.51 181
x| 8l 9l 11 -874.4| 721 200775
Ixl 9l 9l 1l -879.91 81l
I-1 101 3] 1l -865.2| 90|
1=1 11| 3] 1l -866.5| 93| 070982
1= 171 3| 1] -856.11 111]
300787
I-1 18l i tl -849.2] 114 L e e e L s e e e e e e L e e e s e e L o s o s s
A A A A A * 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Selected candidate: 1 mean value: -849.2 Stage

Description of the selected candidate:
label path command
1 300787 300787/src Driver -tt 30 -ch 2 -1s 3
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Model Selection: (10 Instances)
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Model Selection: (10 Instances)
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Model Selection: (10 Instances)
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rank
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rank




