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Bioinformatika: Aplikace vypocCetnich a statistickych tech-
nik na zpracovani a analyzu biologickych dat.

Strojoveé uceni (machine learning, ML), umela inteligence
(artificial intelligence, Al), dolovani z dat (data mining):

Moderni systémy pro zpracovani informace a ziska-
vani znalesti z dat. RozSiruji a doplnuji tradi¢ni apli-
kace matematickych a informatickych metod také na
biomedicinska data.

V komplikovanych pfipadech, typickych pro realitu, slouzi
jako alternativni metody, inspirované zpracovanim informace
inteligentnimi biologickymi systémy.
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Moderni pristupy umeélé inteligence se zaméeruji na vyhleda-
vani stanoveného cile ve vysoce slozitych prostorech obsa-
hujicich takové mnozstvi stavu, ze z praktického hlediska
nelze pouzit systematické prohledavani.

Induktivni strojové uceni vyuziva moznost objevovat
znalost na zakladé zobecnéni omezeného mnozstvi vzoru.

Dolovani znalosti z dat zahrnuje pripravu dat, hledani
ucinného algoritmu pro zobecnéni, a nakonec interpretaci.
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Vzdoruje-li realny problém tradiCnim analytickym meto-
dam, matematickému modelovani, apod., pak 1ze k feSeni
pouzit simulaci pristupu inteligentnich biologic-
kych systémui schopnych se ucit a zobeciovat.

Hledani skutecné znalosti v datech se Casto podoba hle-
dani nejvyssiho vrcholku kopce ve velmi zvinéné zaml-
zené krajiné (lokalni extrémy, globalni extrém, 0
nelinearita, nespojité funkce, apod.).
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,, Vytezit* pouzitelnou znalost ze ,,surovych® dat vyzaduje

pochopit vlastnosti disponibilnich metod, navrhnout a pro-
vést fadu Casove naroCnych experimentu (vypocetni slozi-

tost — Cas a pamet’) a spravne interpretovat ziskané znalos-
ti pro jejich pouziti.

Induktivni uCeni z prikladu poskytne trénovanym algorit-
mum potfebné parametry. Natrénované algoritmy pak 1ze
pouzit pro narocné regresni a klasifikacni problémy
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Natrénované algoritmy lze rozdélit podle typu poskytované
znalosti, ktera se aplikuje na pripady v budoucnosti:

cerna skrinka
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Funkcnost algoritmil ovSem nemusi (ale 1 muze) odpovidat
srozumitelnosti znalosti ziskané trénovanim:

Cerna skfiflka znalost odpovedi chyba
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Algoritmy Ize také rozdélit podle typu uceni:

s ucitelem (zpétna vazba, oprava chyb vné
[ 4 algoritmu: napr. umelé neuronove site
PR | X tréenovane zpetnym sirenim chyb)

090
*i Q-
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4

Predikce pro
pripady neznameé
pri trénovani

bez ucitele (oprava
chyb uvnitr algoritmu: napr. shlukovani,
Kohonenovy mapy, adaptivni resonancni teorie)
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Data jsou nejcasté€ji usporadana formou tabulky, kde Fddky
predstavuji instance (priklady, vzorky, ...) a sloupce atri-
buty (dimenze, parametry, promeénné, vlastnosti, ...):

L jeden z atributl

Clump Uniformity [Marginal| Single Bare Eland
Thick- of Cell Adhe- | Epithelial Nuclei Chro-
ness Shape sion | Cell Size matin
5 1 1 1 2 1 3 1 1 2
5 4 4 5 7l 10 3 2 1 2 Y
3 1 1 1 2 2 3 1 1 2 klasifikacni
6 3 3 1 3 4 3 7 1 2 vr
4 1 1 3 ol 1 s 1 | 2 trida
8 10 10 8 7l 10 9 7 1 4
1 1 1 1 ol 10 3 1 1 2
2 1 2 1 2 1 3 1 1 2
2 1 1 1 2 1 1 1 5| 2 i o, °
4l 2 1 1+ 2 11 1 2 -e— jeden z prikladt
1 1 1 1 1 1 3 1 1 2
2 1 1 1 2 1 2 1 1 2
5 3 3 3 2 3 4 4 1 4
1 1 1 1 2 3 3 1 1 2
3 7 5 10 7 9 5 5 4 4
7 4 6 4 6 1 4 3 1 4
4 1 1 1 2 1 2 1 1 2
4 1 1 1 2 1 3 1 1 2
10 7 7 6 4 10 4 1 2l 4
6 1 1 1 2 1 3 1 11 2| (Wisconsin breast-cancer data)
r 2 | an = 1M = A A A
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V soucasnosti existuje jiz fada uzivatelsky pohodlnych na-
stroju pro dolovani znalosti strojovym ucenim, napt. WEKA:

=10l |

‘Waikato Environment For
Knowledge Analysis

Version 3.5.3

{c) 1999 - 2005
University of \Waikato
Mew Zealand

Simple CLI Explorer
Experimenter KnowledgeFlow
Arfiviewer Log

~lolx]
Preprocess I Classif',-'l Clusterl P.ssu:u:iatel Select attributesl \.-'isualizel
Open File. .. | Open LRL. .. | Open DE... | Generate. .. | Unda | Edit. .. | SavE... |
~Filker
Choose INune | Apply |
~Current relation ~Selected atbribute
Relation: Breast-Cancer-weka, filbers.unsupervised, attribute. Remove-RL 1 Mame: Clump Thickness Type: humeric
Instances: 699 Atkributes: 10 Missing: 0 (0%} Distinct: 10 Unique; 0{0%)
—aktributes Statiskic Walue
Minirnrm 1
All | hone | Irverk | Fattern &L 10
Mean 4,418
Mame SkdDew 2,816

UniFormity of Cell Size

Uniformity of Cell Shape

rarginal Adhesion

Single Epithelial Cell Size
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Mormal Mucleoli

e e =y B N

Mitoses

| | o o o

—
o

Class

Remowve

ICIass: Class (Mam)

ll Yisualize Al |

Skatus
’V [u]4




MATEMATICKA BIOLOGIE & ICT

WEKA obsahuje 1 editor dat typu spreadsheet, ktery nemd
typicka omezeni (napf. pouze 256 sloupcu a 65 536 radki):

Relation: Breast-Cancer

Sample code number | Clump Thickness | Unifarmity of Cell Size I Unifarmity of Cell Shape | Marginal adhesion | Single Epithelial Cell Size | Bare Muclei | Bland Chramatin | Mormal Muclecli | Mitases | Cla:

l. Murneric Murmneric FMum Murmneric Murneric Murmneric Murmneric Hurneric Murmeric | Mom
1 1000025.0 5.0 Get mean.. 1.0 Z.0 1.0 3.0 1.0 10z &
z 1002945.0 5.0 et all values to... 5.0 7.0 10.0 3.0 z.0 1.0z
ki 1015425.0 3.0 Set mizzing walues to... 1.0 2.0 2.0 3.0 1.0 1.02
m 1016277.0 6.0 e e T 1.0 30 4.0 30 7.0 1.0z
5 1017023.0 4.0 E——— 3.0 z.0 1.0 3.0 1.0 1.0z
& 1017122.0 &0 &0 7.0 10,0 2.0 7.0 1004
7 1015099.0 1.0 : 1.0 20 10.0 30 1.0 1.0z
5 1018561.0 2.0 Delete attribute 1.0 2.0 1.0 3.0 1.0 1.02
B 1033073.0 2.0 Delete attributes. .. 1.0 2.0 1.0 1.0 1.0 50z
10 1033075.0 4.0 e 1.0 20 1.0 20 1.0 1.0z
11 10352830 1.0 - - 1.0 1.0 1.0 3.0 1.0 1.0z
1z 1036172.0 2.0 el a1 it 1.0 2.0 1.0 2.0 1.0 1oz
13 1041501.0 5.0 Optimal column width (al] 3.0 2.0 3.0 4.0 4.0 1.0+
14 10439990 1.0 1.0 1.0 1.0 z.0 3.0 3.0 1.0 1.0z
15 10445720 &0 7.0 5.0 10.0 7.0 9.0 50 5.0 4,004
16 1047630.0 7.0 4.0 6.0 4.0 6.0 1.0 4.0 30 1.0/
17 10486720 4.0 1.0 1.0 1.0 z.0 1.0 z.0 1.0 1.0z
18 10493150 4.0 1.0 1.0 1.0 z0 1.0 30 1.0 1.0z
19 10506700 10.0 7.0 7.0 6.0 4.0 10.0 4.0 1.0 z.0/4
0 10507180 6.0 1.0 1.0 1.0 z.0 1.0 3.0 1.0 1.0z
71 10545900 7.0 3.0 2.0 10.0 50 10,0 50 4.0 4,004
2z 1054593.0 10.0 5.0 5.0 30 6.0 7.0 7.0 10.0 1.0/
74 10570130 . 4.0 5.0 1.0 . 7.0 30 1004
75 1059552.0 . 1.0 1.0 1.0 . 1.0 30 1.0 1.0z
7t 1065726.00 , 2.0 3.0 4.0 , 7.0 3.0 &0 1004
27 10663730 , 2.0 1.0 1.0 , 1.0 z0 1.0 1.0z
75 1066979.0 . 1.0 1.0 1.0 . 1.0 20 1.0 1.0z
7o 1067444.0 , 1.0 1.0 1.0 , 1.0 z.0 1.0 1.0z
a0 10709350 , 1.0 3.0 1.0 , 1.0 1.0 1.0 1.0z
31 1070935.0 . 1.0 1.0 1.0 . 1.0 20 1.0 1.0z
5z 10717600 , 1.0 1.0 1.0 , 1.0 3.0 1.0 1.0z
33 1072179.0 10.0 7.0 7.0 30 , 5.0 7.0 4.0 3004
54 1074610.0 20 1.0 1.0 20 . 1.0 30 1.0 1.0z
a5 1075123.0 3.0 1.0 2.0 1.0 , 1.0 z.0 1.0 1.0z
e 10793040 z0 1.0 1.0 1.0 , 1.0 z0 1.0 1.0z
37 1080185.0 10.0 10.0 10.0 &0 . 1.0 &0 9.0 1.0/
kT 1081791.0 6.0 2.0 1.0 1.0 , 1.0 7.0 1.0 1.0z
ﬁ 10R4E84 N EnN 4N 4N an 10N EnN [ 1Iﬂ4;|d

(M e e} | QK | Cancel |
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WEKA podporuje také zobrazovani, napf. rozlozeni hodnot
vsech atributu vcetné klasifikacni tfidy:

—Sample code number ~Clump Thickness ~Uniformity of Cell Size ~Uniformity of Cell Shape
195 420 412

T T 1 T
G634 GF47993 13454352 1 55 in 1 545 10 1 55 0

~Marginal Adhesion ~Single Epithelial Cell Size——————— ~Bare Muclei ~Bland Chromatin
465 et ] 4332 318

r~Mormal Mucleoli rMitoses
479
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Lze zobrazit tfeba i klasifikacni chyby jednotlivych prikladi
pro zvolené atributy (O je chybné, x je spravneé):

|><: Inskance_number (Mum)

=
| J |Select Inskance

Clear Qpen Save

Jitker

Plok: Breast-Cancer-weka.filkers, unsupervised. attribute, Remove-R1 _predicted

>

-




Priklad automaticky generovaného rozhodovaciho stromu pro
realna data Wisconsin breast-cancer (klasifikace dle vlastnosti
odebraného vzorku bun€k) algoritmem J48 systétmu WEKA:

Z Weka Classifier Tree Visualizer: 16:24:16 - trees_J438 (Breast-Cancer-weka filters unsupervised attnbute Remove-R1)

v koreni stromu je
g ~<¢—— test na nejvyznam-

A n&jsi atribut
6‘/ testy *

v listech jsou odpoveds
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Obdobny systém YALE (Yet Another Learning Environment) také
umoznuje vytvorit slozity proces dolovani z dat:

$ YALE =10l x|
File Edit Experiment Tools Help
| B| = ) B ¥ @ m B

l/Tree r}(ML rBux rResuIts rl'ulunilur |

- Roat : Key Yalue
.H_:HT oo : - -
? " Experiment i|eonfigure_operator Start configuration wizard...
Input attrihutes CiAProgram FilestALEwale- 3 fisamplatdataiweighting.aml ||Ed'rl|
@ ExampleSource sample_ratio 1.0
—  MultilayerPerceptron sample_size
‘mm MultilayerFercept ;5 !EE
¥ prren i |datamanagement - | -

fleolurnn_separators

‘|lcomment_chars

decimal_point_character

‘luse_quotes

permutate 8 negative

“|lacal_randam_seed

B —pnsitive

-

L AT | P RO Or
12.11.2006 23:06:20; Experiment initialised Controls =
12.11.2006 23:06:20: Experiment starts Start Epoch 10000 Learning Rate = [0.3]
12.11.2006 230620, Experiment; Mum Of Epochs [10000

Root[0] (Experiment; Accept Error per Epoch = 0.0175566 Momentum = IE

+- |nput[0] (ExampleSource)
+- MultilayerP erceptran[0] (MultilayerPerceptran)

&
=
£
]
oh

[1] MultilayarPerceptron 125 5 2
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Optimalizace genetickymi algoritmy umoznuje mj. reSit ulohy, které
lze prevést na problém obchodniho cestujiciho, napt. hledat nejucin-

v e\ g ° k ovtvov, t rd ho A drt to -4 tV 4
NEJS1 a NCJCKONOMICLC)S1 Stanoveni drunu a poradl testu VySsClrenl.
L]
}-‘GA—TSP v0.1 (Genetic algorithm for Travelling Salesman Problem) - Copyright 2004 TomaE Cemy / mazy _&2| x|
Zobrazen | [ Konbola simulace
W Tlusté Dalii generace | Start & @ o
7 Graf " & ] & o
Ukonéi | Zatni znovu | .. o <
Generaci I'I vi & () :
R = Minimalnf doba [ms] [100 % © &
- S P @ & &
M astaveni algaritrmur o o
Welikost populace [heméni s behem simulace] 300 = o 4
4H| 2H| 1H| 1!23' H2I Elita [%] |5 ﬂv & &
o
KiiZeni Mutace / Evoluéni alg. / Heuris. O o 9 &
{2
Sance [%] IBD 3, Sance [%] |5 3, = G > £
5
Selek: il i o O
elekce rodicl E ::'rohozem ddvo; & o
Ruleta podle poradi - v INYErze podsekvence o
I J [~ Castetns 2-Opt |1D 3. o & o
[ Partially Matched Crozs. [Phi] [~ 2-0pt hewristika pe o o
[~ Greedy Subtour Cross. [G5K] [~ 2-Opt prohozeni i s 3 o
¥ Greedy Crossover [GH0) ™ Hladowé prohozeni po cesté o b o &
& O
[~ Max jedna mutace na dité i 5
> O iy
{3 A i o &
Irformace o =
Mést - 100 KfiZeni : 51766 O g
Generace : 305 Mutaci : 8591 o
Zménav: 204 Nejlepsi : 8034 = o
PoEatecni : 45982 & o & '
Primérna : 8124 3
Nej. [*] : 17% & oy 3
Nej. [% z feseni] : 0% S
Info :
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Vysoce efektivni profesionalni generator rozhodovacich stromi
a pravidel je systém C5/See5, pouzivany pro ruzné aplikace:

@ Seeh
1 o | 1 , 53 Results for breast-cancer
| | A
42 24 4{ 5.7%) 13 4( 5.7%) -]
43 25 7(10.0%) 20 3( 4.3%)
_ 44 24 3( 4.3%) 13 2( 2.9%)
‘@\i breast-cancer 45 26 3( 4.3%) 14 2( 2.9%)
= 15 26 2{ 2.9%) 11 1( 1.4%)
class and attribute definitions [breastcancer.names) 47 20 3 4.3%) 14 1{ 1.4%)
. 48 23 4{ 5.7%) 12 4( 5.7%)
training cases to be analyzed [breast-cancer.data) 19 18 1( 1.4%) 10 10 1.4%)
test cases [breast-cancer.test] booat 10 1.48) 101.48) <<
misclassification costs [breast-cancer.costs]
.. . Summa:
decision tree classifier [breast-cancer.tree] [ =
ruleset classifier [breast-cancer.rules] Fold Decisicn Tree Rules
output file [breastcancer.out] Classifier Construction Options Size Errors No Errors
a * 1.4% * 0.0%
v
!I 1 * 4.3% * 2.9%
!l 2 * 2.9% * 2.9%
3 * 5.6% * 7.1%
1 * 5.7% * 5.7%
5 * 1.4% * 1.4%
! [ * 2.9% * 2.9%
7 * 4.3% * 4.3%
[
J g * 4.3% * 4.3%
J 9 * 1.4% * 1.4%
Mean 3.7% 3.3%
SE 0.7% 0.7%
| |
(a) (k) <-classified as
! —_— —_—
444 14 {a): class 2
g 232 {bB): class 4

END





