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What are the best inputs that can improve classification accuracy ?
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Feature Selection (FS)
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Existing Approaches ~
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-Subsets assessed
by classifier.
-Search strategies
-Sequential
-floatting search
-Tabu, GRASP, SA
-Evolutionary(GA)
-Swarm appr.
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-Hybrid Schemata:
-Filter /wrapper
combination
-heuristic
combination
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GA vs Memetic Algorithms
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Why memetic search?

)/

Enhancing GA capabillities:
— exploration: evolutionary Operators
— Intensification: Local search

LS refines new solutions: exchanging them by
Improved ones.

LS: ablility to implement a specific problem
Knowledge (meme).

— Neigborgood exploration
Numerous integration alternatives.

Successful application of GA in FS modeling
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Local Search =~

« |dea: Improve the current solution by
exploring its neighborhood

LLocal search

. @eighborhoo}*

> ( Depth )
] ( Pivot rule)
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Proposed memetic Schemata
| MemetcPeiaviours )

(=)
Operators
BN Type: ( AF/BF )

4 \ ™
BitFIip:B) (Attrib_ﬂip m  Depth: (Seq./iterative)

-Add /remove a - Replace an
feature at a time '
ttribute b Tolak
-Hamming chr)lthl;re Y Integration: ( best/All )
distance=1 attribute

What iIs the more
effective schema?

\ J \ J

Solution: binary representation
(0/1) Selected / Not selected

10



i

_"‘"’7—1. 5

PR o S #

Experiments -

 Data sets: 3 UCI benchmarks
— Dimensions: [57..2000]

« Evaluation criterion:
—  Error rate(%)

— Test methods: Hold out(Search),
CV(validation)

 EXperiments:
— Run at least 10 times.
— Reported results: Mean; St. Dev, t-Test
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'Results

Sed. BF(Best) 8,37% 1,93% 31,60%

BF(AIl) 12,12% 3,97% 26,69%

Iter.  BF(Best)  9,44% 1,98% 14,42%

BF(AI)  14,91% 4,96% 13,34%
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AF vs BF
-Suepriority of AF
schema over BF
-Top 3

—

-Some sequential
schemata
outpermors
iterative LS
-search
improvements for
large problem
dimensionalities

e
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Current Work ==~
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Extending basiciESTeperators )
mammmd -1: AF/BF

smmne 2 :Generalization of FS heuristics

mmmme  F3: LS based on FS problem knowledge

SN 4 :LS adaptation to high dimensional problem
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Conclusion =

« FS problem is a multi-disciplinary reseach field,

and the combinatorial issue stills one of the more
attractive.

 We investigate 8 memetic schemata.
—  Global improvement over GA
— Some schemata are more intersting.

*  Hybrid modeling is an effective way to tackle FS
problems.
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Perspectives .

« |nvestigation of new Neighborhood structures.

«  Study behavioral aspects of LS with differnt
meta-heuristics

« Adaptation and application to high
dimensional problems.

— (Gene expression data).
— Proteomics

16
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VALIDATION ERROR%

LS applied to GA  |Measures|Fitness|ANN |NE CPU (s) |# Attrib. |# Eval |Gain%GA |RANK
No LS (GA) Mean: | 0.32%|10,74% TE1%| 14774,13] 16,04 1080
Sd: 0,95%| 1,45% 1,10%| 1475090 2,15 0
b-test 0 0 0 0 0 -
SEQ |BitFlip|Best) |Mean: | B.54%|11,10% B217| 36672,06|  19,87] G080 8,370 B
Sd: 1,00%| 2,04% 1,27%| 26614,23 204 0 -
b-test 18,92 art 405 2208 -1267 - -
AttribFhp| Best)[Mean: | 5,587 0,61% o ] I L L L g
d: 1,15%| 2,259 1,49%| 2m0554 4,88 0 -
b-test a7 43| 841 585 18,74 5,31 - -
BitFlip|all) Mean: | 5,107 |10,58% B.23%| 014717 16,45 11280] 12,10% B
Sd: 0,08%| 1,08% 1,50%| 40881,06 39 0 -
b-test R 702 3164 1,49 - -
AttribFhp(all) |Mean: | 5,750 8,000 B,73%| UB0R3,75 17.6| 11280] 38,30% )
Sd: 0,60%| 1,09% 1,50%| 48427 a8 4,47 0 -
b-test 73,7 -10,60 2391 4490|8505 - -
Tterative| BitFip| Best)  |Mean: | 5,d4%| 0,087 7A0%| 36313,01|  16,61|8171,17]  0,44% 7
Sd: 1,17%| 1,75% 1,56%| 24137 85 4,38 22,04 -
b-test 20,55 -6.81 4,72 B4,25 8,08 - -
AttribFhp| Best)[Mean: | T.01%] 0,605 T SEUAL S| 14,5 H0 A3 W70 1
Sd: 1,00%| 2,109% 1,44%| 38220 41 3,63 23347 -
b-test 45,78 -11,68 022 2364  -3,54 - -
Bt Fhp(all) WMean: | 7.00% |10,35% 7700 |128R06, 76| 16,05|141M05|  14,01% E
Sd: 0,93%| 1,50% 1,18%[112280,08 31| 4187 -
b-test 54,18 8% 2,06 E&S51 2,61 - -
AttribFLiplall) |Mean: | 5520 7.60% 7,307 | 10696T,55 17.6| 12011] 4d0.77% 1
Sd: 0,40%| 1,22% 1,319%| 40085 26 2.01| 137,52 -
btest  |-151,28| -31,84 2206 51,38 8508 - -

Table 2. Data set: SpamBase (57 Attrib.)
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VALIDATION ERRORY

LS applied to GA  |Measures| Fitness| ANN |[NE CPU (&) |# Attrib. |# Eval |Gain i GA|RANK
No LS [GA) Mean: | 6,520|6.58% 12.100;| 21070.73]  23.18| 3042
Sd: 2,02 (3. 14% 4.41%| 2208017 745 0
t-test 0 0 0 0 0 ]
SEC) |DitFlip(Dest) |Mean: | 4,467%|6.280 10.320;| 38454,05]  20.56) B032| 21,600 1
Sd: 2 050 2,07% 4.50%| 20207 6 6.6 0 ;
t-test 20,87 -2,11 7.8 573 545 ; ;
AttribFLip|Best) |[Mean: | 4,647 7,067 10,067 41068,14|  21,41| G032  28,54% 3
Sd: 2 250 2,060 3.23%| 3716240 8,55 0 ]
t-test 14,38 510 -15,01 v60]  -4.35 ] ]
TitFTip | all] Mean: | 4,787 (5067 1 0% (0004 05 2206 13053 26,600 B
Sd: 2,06 [2.08% 2.06%| 1021605 6,34 0 ;
t-test 17,19 -5.06 423 2281 -31s ] ]
AttribFLip(all] |Mean: | 3,507 5.74% 11.400;| 108320 56| 22.06| 18232  44,04% p]
Sd: 1,62% |2 50% 3.12%| 1026013 6,78 0 ]
t-test 24,16/ -4,14 847 4001 -318 ] ;
Tterative|BitEhip| Best)  |Mean: | G680 6,207 11.47%| 2070843 20.01|6073,7d] 14,420 7
Sd: 2 26 [3.17% 4.30%| 20506 31 736 30,84 ]
t-test 51| 1,42 1,37 122  -323 ] ]
AttribFhp|Best) |Mean: | 4,350 6,047 11,540 20066,78|  20.00|60GE,00] 23,280 3
Sd: 2,170 |2.81% 344%| 911275 6,31 10,33 ]
t-test 15,0 248 -3.03 604  -608 ] ;
BitF L all) Mean: | b,6600|7.00% 11350 240361.3|  18,45|151005]  13,34% ]
Sd: 2 86 |3.50% 3.86%| 1427017 6,51 711,40 ]
t-test 435 171 502 Br21|  -1250 ] ]
AttrbFhp(all] |Mean: | 2,847|6.280 0800 2130121 30,2 13700|  GB,60% 1
Sd: 1,880 [3.27% 386012246018 703 66,38 ]
t-test ~21.43| -1,33 2324 2000 606 ] ]

Table 3. Data set:

Colon cancer (2000 Attrib.)
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VALIDATION ERBORT,
LS applied to GA  |Measures|Fitnes=|ANN |NB CPU (5] |& Attrib.|Z Eval |Gain?GA|RANK
Mo LS (GA) Mean:  |17,14%| 13,387 17.33%| 168684563  BG.70] 1311
Sd: 0,00%| 1.13% 1.31%| 7238076  17.63 I
t-test 0 0 0 0 0 ]
SEC) |BitFlip|Best) |Mean: |16,810|13,86% 17.00%| 400807 56 037 a3l  Lu3h B
Sd: 0,91%| 1.11% 1.30%| 202623 21| 1437 0 ]
t-test 23470 680 2 06,47 11,23 ; ]
AttribFLip|Best) |[Mean:  |156,527% 14,007 T7.00% BI0275,2] U205 431  O.45% g
Sd: 1,08%| 1.67% 1.50%| 24r10a7| 4642 0 -
t-test 6525 280 -0,42 178 21 ] ]
BitFlip| all) Mean:  |16.460;|14,02% 17.3600|1786624.68]  B2,74| 1i611| 3.07% 6
Sd: 1,24%| 1.91% 1.76%| 80812087 2055 0 ]
t-test a687 T 0,22 76| 346 ] ]
AttribFLip(all] |Mean: |14,767%|14,227 16,8307 | 150214075 B04| 11611 13.80% 7
Sd: 0,80%| 2,25% 1.30%(1141867.26| 42,76 0 ]
t-test | T 5B 2302 1146 ] ]
Tterative|BitFlip| Best)  |Mean: |16,807|14,40% 16.50%| G25703.05 012  asie|  1.08% T
Sd: 0,01%| 150% 1.67%| 20021263 2640 552 -
t-test 1638 111 B 17 43 48 5,29 ] ]
AttribFhp|Best) | Mean:  |16.03% 14,167 16,7607 46558156 030 851205 6,480 1
Sd: 1,03%| 1.78% 1.87%| 31543607 5607 403 ]
t-test 2671 514 6,36 08,42 1,10 ; ]
BitELip| all] Mean:  |16,200;| 13,797 16.670%| J601660,62 B31|16471,06] 4060 B
Sd: 1,15%| 150% 1.52% (1243986 45| 2295 6001
t-test 2461 5E6 731 5186  -87E ] ]
AEtabFEp(all] [Mean: (14100 (14,0175 6. A1 [1384673.06]  BLEG| 197315 17.01% 1
Sd: 0,02%| 1,30% 1.38%| TR3m271|  a2m7| 27200 ;
t-test  |-138.18| 2025 crEn| 1r214| o119 ] ]

Table 4. Data set:

Arrhythmia (279 Attrib.)
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L5-Operator Order of Complexity|Parameters
SEQ [BitFlip(Best) [G({N) N: number of features

AttribFhip(Best) |G(N-) m : mating pool size
BitFlip(all) B({N.m)
AttribFlip(all) [G(N<.m)

Iterative BitFlip(Best) |[©({N.d) d: local search depth
AttribFhp(Best) |@(N-.d)
BitFlip(all) S N.m.d)
AttribFlip(all) [@(N-.m.d)

Table 1. Complexity of local search operators
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Solution: binary
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Research directions.

Distribution . Local search

Swarm strategies

Relevance, interaction | SVM-Embedded
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Research directions.

Distribution . Local search

Swarm strategies
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