MEOWYHA IHOOPMATUKA
TA IHXEHEPIA

YAK 61:004.651(075.8)

PO3POBKA KJIHIYHOI AIATHOCTUYHOI CUCTEMM, LLO I'PYHTYETbCH HA
NMPABUJIAX, MOBYAOBAHMUX METOAO0OM NMNOCNIAOBHOIO NMOKPUTTH

0. O. CraxaHcbka
JBH3 «TepHOoMinbCbkni AEPXaBHUIA MEANYHUIA YHIBEPCUTET iMeHi |. 5. opba4yeBCbkoro
MO3 YkpaiHun»

Y po60Ti pO3rNHYTO NUTaHHS 0OYNCIOBANBHOI CKIAAHOCTI anropuTMy iHAYKLT NPaBui HA OCHOBI @anropuTMy NocniaoB-
HOrO MOKPUTTS NMPU PO3POOLL KNiHIYHOI AiarHOCTUYHOI cucTeMu. BeTaHoBNEHI OUHKK NiATBEPAXEHO eKCNePUMEHTaNIbHO
K i3 3MIHOIO KiNbKOCTi aTprOYyTiB, Tak i 00CcsAry HabopiB HABYANIbLHUX OAHUX.
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B pa60Te paccMaTpurBaloTCS BOMPOCH! BLIYNCUTENBHOM CIIOXHOCTU anroputMa MHAYKUUW NPaBuil Ha OCHOBE anropuT-
Ma nocsieaoBaTesibHOro NOKPbITUA Npn paspa60TKe KIMHUYECKOW AMArHOCTUYECKON CUCTEMBI. YCTAHOBMIEHHbBIE OLLEHKU
noaATBep>XOeHbl 9KCNepUMEeHTaJIbHO Kak C USMEHEHMEM KOoJindyeCTea anVI6yTOB, Tak 1 obbema HaﬁOpOB y‘-le6HbIX naH-
HbIX.
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The work deals with the computational complexity of the rule induction algorithm based on sequential covering when
developing clinical diagnostic systems. Established evaluation confirmed experimentally as a change in the amount of

attributes, and the volume of training data sets.
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ChOrojiHi MeTMUHE 1iarHOCTY BaHHS MOYKe BUKOHYBa-
THCS aBTOMaTHYHO 3 BUKOPUCTAHHIM KOMIT FOTE€PH30-
BaHMX CHUCTEeM Ta alroputMiB. Taki cucTeMH nepeBak-
HO HA3UBAIOTh IIATHOCTUYHUMH CUCTEMaMH ITiITPUMKH
MIPUAHATTS pillleHh a00 MeTUYHUMH JIarHOCTUMHUMU
cucreMaMu. BoHM HanexaTh 10 3arajlbHOro KJjacy
KJTiIHIYHMX CUCTEM ITiITPUMKH NPUHAHATTS piteHb [9—11].
MeToro TakMX CHCTEM € CUCTEMHHI CYTPOBI/ JTiKaps y
npotieci TudepeHiiiHol qiarHocTuky. barato 3 Takux
CHCTEM MOXKYTh HAJIaBaTH PE3YJIbTaTH HABITH KOIK He
BUCTAYa€e JaHUX, TOOTO B YMOBaX HEBU3HAUCHOCTI, 1 1110

© 0. O. CraxaHcbka

HaliBayKJTMBIILE — BOHU HE OOMEXKeH] MION0 KUTBKOCTI
iHpopMarlii, IKy MOXKyTb 30epirati Ta 00poossaTH [3—
8].

VY naniii poboTi MU JOCIIKYBaTUMEMO Ki1acuika-
TOp, 11O IPYHTYETbCS Ha MpaBWiIaX, B SKOMY MOJEJb
3HaHb NpeAcTaBieHo MHOXKUHOO npaBui1 [F--THEN.

MaremaTuyHe O3HaYeHHs KjaacudikamiiHmx
npaBmi. Tpanuuitine oznadenHs [F-THEN-npasuna
HaBeJleHO B poborax [1, 5]. MaremaTudHo 3amada
IHIYKLIT KITacuiKaifHIX TpaBrIT JOPMYITFOETHCS TAKAM
4rHOM. MaemMo MHOXKMHY D, 1110 MicTuTh N HabopiB Ha-
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BYaJbHUX AaHuX. [lpu ubomy koxeH i-ii Habip

(A, 2,...,A;,C') CKJIAAa€ThCs 3 BXIHUX JaHUX —

arpubytiB A4,,...,4, Ta BUXinHUX naHMX — aTpUOyTY

kiacy C. MoxxHa pUITyCTUTH, 110 atpubyTH 4,,..., 4,

MpUIMaloTh JIMIIE KaTeropiajibHi 3Ha4YeHHsS. ATpUOyT
kinacy C npuiiMae ogHe 3 K JUCKPETHUX 3HAYEHb:

Ce{l,.,K }.Merow e nporHosypanHs knacudika-
LifHUM NpaBWIIOM 3HaueHHs aTpubyTy Kiacy C Ha oc-

HOBi 3HaueHsb aTpubyTiB 4,,..., 4, .

Knacudikaniiinim npaBunom R HazuBaeThes iMrimika-

uis surnany: R: A(Ajis aﬁ;) =C=c . Tyr

jes
Sc/{l,.., p} — nedka niIMHOXKMHA IHIEKCIB aTpu-
OyTiB.
[Tpu upoMy citifi MAKCUMI3YBaTH TOUHICTH IPOTHO3Y-
BaHHs aTpuOyTy Kiacy, acame P{C = ¢} ans noBib-
Horo ce {1,..., K } . B pe3ynbTari My NOBHHHI OTpUMa-

TH MHOKMHY MPaBHJT J71s1 KOSKHOTO ¢ € {1,..., K } Biano-
BiZJHO, III0 B aHTECEICHTI MICTATh YMOBH BKJIFOUCHHSI
JUTS KareropiajbHUX aTpuOyTIB, @ B KOHCEKBEHTI 3Ha-
uenns c€ {1,...,.K }.

Mertotro poOOTH € OCIIANTH MMUTAHHS OOUHCITIOBAITb-
HOI CKJIAJTHOCTI METO/TY iHIYKIIiT KilacuikaiiiiHuX npa-
BWJI TIOCITiZIOBHHM TOKPHUTTSIM TIPH PO3poOLL KITIHIYHOT
eKCTIepPTHOI CHCTEMH.

AJropuT™M NOCJIiI0BHOr0 NOKPHUTTS. Bukopucrae-
MO aJITOPUTM IOCITiZIOBHOTO MOKPUTTS1, OMMCAHUM B pO-
6oti Han, 2001. [1pumnyckaemo, o yci arpudyT — Ka-
TeropiasbHi.

Anzopumm nocinioo6Ho20 NOKPUMMISL

Bxigni gani:

D — MHOXMHa HaB4aJIbHMX HaOOpiB AaHUX
(A’,Aé,...,A;,Ci)

Att_vals —mHOMuUHa BCiX aTpuOyTiB 4,,..., A, Ta

X MOXKJIMBHX 3HaueHb 4, € {a,a’,....a"" }

Buxinni mani: Rule set — MHOxWHa Kinacuikariii-
HMX MPaBHJI.

MeTona:

1. MHoxnHa KnacudikauiitHux npasui Rule set = {}

2. JInst KOXKHOTO Kiacy ¢

3. Posnoyaru ouki “no”

4. T1loGymyBary HOBe KiacudikailiiiHe paBrIIo

Rule = JJooymu_oome_npasuno (D, Att vals, c)

5. Bunyunty Habopy HaBUaITbHUX IaHUX 3 D, 110 T10-
KpHBatOThCs NpaBuiioM Rule

6. BukoHyBaTu 1IMKJI 3 KPOKY 3 70 HACTaHHS 1mepmi-
HAlbHOI yMoeu

7. Jlonatv HOBe MpaBuII0 10 MHOKMHH KilacuiKaLliii-
HUX MPaBWJT:

Rule set = Rule set + Rule

8. Kineup 1ukity 3 kpoky 2

9. MHOXXMHA HaBYAJILHUX TIpaBwl B Rule set

B ocHoBy mertony Jobymu oone npasuio (D,
Att_vals, ¢) noknaaeHa mipa npupocty iHpopmaii 1is
noOynosu npasui joriku nepiuoro nopsaxy FOIL (First
Order Inductive Learner). Meron € iTepaliitHoro npo-
ey pOro M0 ycix arpubyrax A,,..., A b

[pumycTrmo, 10 MU BiKe MaeMO KiacudikatiiiiHe mpa-
BUIO:

R: IF condition THEN class = c.

MeTor0 KOJKHOTO KPOKY i =1, p € KOH’FOHKIIis YMOBU
condition 3a paXyHOK yMOBU condition’ BUTIALY
(A =a’).Tyr je{l,.,K,}. TobTo HOBE MpaBUIO
MaTuMe BUIJISII:

R’: IF condition AND condition’ THEN class = c.

3rinHo 3 meronaom FOIL condition’ BuOupaeTbes 3
YMOBH MiHIMI3aLliT MipH:

FOIL Gain = pos'(log, pos —log, pos
pos'+neg’ Dpos +neg

) (1)

TyT pos(neg) — uncno No3UTUBHUX (HEraTUBHUX) Ha-
BYAIILHUX HaOOPiB, 1O MOKPUBAIOTHCS MPAaBUIIOM R,
pos’(neg’) —Uncio NO3UTUBHUX (HEraTUBHMX ) HABYAIb-
HUX HaOOPIB, 110 TOKpUBarOTHCs NpaBuiioMm R . i ro-
3UTUBHUMH (HEraTUBHUMM) HABYIbLHUMH HaOOpamu 1715
MEeBHOTO TIpaBUjIa MAaEMO Ha yBa3i HaB4aJIbHI HAOOpH 3
YMOBOO KOHCEKBEHTY, sIKi 38J0BOJIbHSIOTH (HE 33J0BOJTb-
HSIIOTh) YMOBH aHTECENICHTY MpaBuJIa.

Mipa (1) cripusie moOyIOBI MPaBHJL, IO MAFOTh OUTBIITY
TOYHICTH 1 TMPH LILOMY MOKPUBAIOThH SIKOMOTa OiTbIle
MO3UTHBHUX HABY&JIbHUX HA0OPIB.

Po3paxyHok o0unc/ii0BaIbHOI CKJIATHOCTI aJIro-
puTMY. 3 aHaJIi3y ajiropuTMy MOCHiJOBHOTO MOKPUTTS
6auumMo, 10 O0UMCITIOBaIbHA CKJIaHICTh BU3HAYAETh-
csl TOOYTKOM KUTBKOCTI MOYKJIMBHX 3Ha4YeHb aTpuoOyTy
kiacy K (KibKicTh iTepailiii 30BHIIIHBOTO IUKITY) Ta
00OUHMCITIOBAJIBHOT CKITAHOCTI TIpoLietypH JJooymu_oo-
He _npasuio (D, Att vals, c), sKy BUKOHYIOTb BCepe-
JIHI KOYKHOTO LIAKITY.

[Ipouenypa Hooymu oome npasuno (D, Att vals,
€) BKJTIOYaE BUKOHAHHS p iTepartiid. Ha kokHiit itepartii
JUTsl IEBHOTO aTpUOyTy A, MPOBOAATH PO3PaXyHOK MipH

FOIL _Gain nns xoxHoro 3 K, 3HadeHb arpuOyTy.
ToGTo BHYTpILIHE TiIO LMKy B nipouenypi ooymu-
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p
_00He_npasuno (D, Att vals, c¢) BUKOHYIOTb ZK,

i=1
pasie. Mipy FOIL Gain OOYMCIIOIOb B PE3YJILTATI
4-x SQL-3anuTiB, CKJIAAHICTH SKMX MOYKHA OLIIHUTH Be-
munnoto O(log(' N )) (muB. nokymenTatito 10 MySQL
5.0 — http://dev.mysql.com/doc/refman/5.0/en/select-
speed.html). Omxke, B inomy npouenypa Jooymu_oo-
ne_npasuno (D, Att vals, ¢) Mae 00UUCITIOBAIbHY
i=1

p A
cxanHicts O ZKixlog(N)J.

[lincymoBytoun, MaeMo OGUHCIIOBAJIbHY CKIIaHICTh
BCBOTO aJITOPUTMY MOCTiAOBHOTO MOKPUTTS MOPSIAKY

MEOWYHA IHOOPMATUKA
TA IHXEHEPIA

YnceabHuil ekcrepuMenT. [ Mpukiaay BUKO-
PUCTaHO eKcriepUMEHTaNbHY 0a3y AaHMX Ol0XiIMIYHMX
aHaJIi3iB 3aJIe:KHO BiJl BUAY MosiTpaBmu. HaByasnbHi Ha-
Oopu MmicTaTh 21 KateropianbHuil arpuOyT Ta 6 pi3HKX
3HAuYeHb aTpUOyTY KJIacy.

JlocipkeHHs TPOBOJTUITH Y IBOX HATIPSIMKAX: 3MiHFO-
FOUM YMCII0 aTpHOYTIB B HABYAJIBHHUX HA0Opax; 3MiHIOIO-
4M KiJIbKICTh HaBYaJIbHUX HaOopiB. [Ipu oMy B 000X
BUMAa/IKaX MPUXOAMMO 10 OLIHKH Yacy moOy/10BH MHO-
JKWUHU rpaByil BUsay (1):

P
23.xKx Y K,xlog(N)+1550.  (2)
i=1

VY noparkax HaBeneHO MoOyaoBaHi kiacudikauiiHi
npaBuIIa.

2 Ha pucynky | npeactapieHo pe3yinbTaTd YUCEeIbHO-
O Kx 2 K, xlog(N) |. (1) ro ekcriepumenTy.
i=1
OuiHKa cknagHoOCTi anropuTMy NOCNIAOBHOIO NOKPUTTA
12000
10000 -
o 8000 A . o Yac nobynosw knacudikawinHmux
=2 npaswun
s 6000 - .
L 4000 3 —— OujiHka yacy anroputMmy
] s * Nocni4OBHOrO NMOKPUTTS
2000 1“7, ¢ ¢
0%
N e A N 0 e 0
KinbkicTb aTpubyTiB, p
a)
OuiHKa cKnagHoCTi anropuTMy NOCNiJOBHOIO MNOKPUTTA
12000
10000 - 242
o 8000 A o Yac noGynosu knacudikaLinHx
s npasur
¢ 6000 )
8 —— OujHka yacy anroputmy
4000 - )2 Nocrni4OBHOrO NOKPUTTA
2000 -
0 T T 17T 1T T 1T 1T LI T 17T LI T 17T 1T T 17T T
S N N RN I 2 B AN
KinbKicTb HaBYanbLHMUX HaGoOpIB, n
0)

Puc. 1. IlopiBHSIHHS pe3yNbTaTiB UACETHHOTO EKCIIEPUMEHTY 3 OLIIHKOIO CKITAHOCTI alnropuTt™My (2).
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OnTumizanis modyroBn komiii Kiacudikaniiinux
npaBmIL. SIK 3a3Havanocs BHILLE, 3 METOIO CTBOPEHHS
“rMOOKMX’ KOITil 00 €KTIB Y MporpamMi BUKOPHUCTAaHO TeX-
Hosorito Java Object Serialization (JOS). Lle — 3arasb-
HUI MiJXiJ, SKWE T0JIsrae B TOMY, 11O BiflOyBa€eThCs 3a-
nUcyBaHHS 00’€KTa 10 MacHMBy 3 BUKOPHUCTaHHSIM
ObjectOutputStream, a 3rooM CTBOPEHHS KOIIii 00’ €KTa
3a oromoroto ObjectlnputStream. B pesynerari cTBo-
PIOETHCS MOBHICTIO OKPEMHI 00’ €KT 3 MOBHICTIO
BiIMIHHUMU 00’ €KTaMU, Ha gKi BiH nocunaerbes. Came
TaKMH MiJIXiJ1 epBUHHO OyJI0 BUKOPUCTAHO B MPOrpaMHiii
peatizanii aIropuT™y.

Ha »anb, TyT BUHMKaIOTh Npo0OJIeMH, a came:

— JAHU METOJ1 MPALEOE JIULLIE, KOJIM 00’ €KTH, 1110 KOTTi-
IOIOTBCS], @ TAKOXK 00’ €KTH, Ha AKi HoyTh Mpsimi ado He-
MpsiMi TIOCUJIAHHS, MIATPUMYIOTH cepiaizaiito. Tooto
BOHM peaiizytoTh iHTepdeiic java.io.Serializable. Ha
macTs, JAOCHTh JMiie Jekjapauii implements
java.io.Serializable;

—TexHororist Java Object Serialization € TOBiUTEHORO i Ti
BUKOPHUCTAHHS TS CTBOPEHHS INTMOOKOT KOTiT BUMarae
sIK cepiaJTizallii, Tak i [ecepiasizarir;

— peaJtizallito MoToKy 6aliTOBOro MacHBY, 1[0 BXO/IUTh
JI0 TIaKeTa java.io, po3po0IieHo ISl JOCHUTh 3arajlbHOrO
BUKOPUCTaHHS JUTS TAHUX Pi3HUX PO3MIpiB i A1t 3a0e3-
Tie4eHHsI Oe3IeKH B 6araTornoTokoBUX cepenoBuiiax. L1i
XapaKTepHi 0COOIUBOCTI OJHAK yMOBIJBHIOOTH
ByteArrayOutputStream 1 MeHIIOK Mipoto
ByteArraylnputStream.

3 METOO BUPILLICHHS IEBHUX 3 TIepelliueHuX MpodsiemM
(0coOMBO TPETHOT) BUKOPUCTOBYEMO Mi/TXiJ1, 3aIPOTIO-
HoBaHMi y poOoTi [http:/javatechniques.com/blog/faster-
deep-copies-of-java-objects/] i skuii monsrae B ansrep-
HATHMBHUX pealtizallisx kiaciB ByteArrayOutputStream

Ta ByteArraylnputStream, 1110 poOuTE TpH NPOCTHX OI1-
TUMI3aLIi:

— ByteArrayOutputStream 3a npuIylieHHsIM MOYH-
HaeTbest 3 32-6aifTHoro MacuBy uis BuBony. Jami npu
3aMMcy KOHTEHTY JI0 TOTOKY PO3Mip MacHBy MpH MoTpedi
30ibIIy€eThes (00 10 3aTpedyBaHOro po3mipy, abo
PO3Mip MPOCTO MOABOKOEThCs ). OTHKE, IEPBUHHUI PO3MIp
MacuBy B 32 OaiiTh O3Hauae, O CTBOPIOETHCS Oararo
MaJIUX MACHBIB, IKi TIOTIM KOTFOKOTHCS 1 3pOLIYFOTHCS
npu 3anuci fanux. OTxe, € NpocTa ONTUMI3aLlis — CTBO-
PUTH MacuB 3 OLTBLIMM MOYaTKOBUM PO3MipOM;

—yci metoau kiacy ByteArrayOutputStream € cuHX-
pOHi30BaHUMHU. B LijiomMy Lie paBUITbHO, ane MoykHa Oy TH
MEeBHUMH, 10 JIMIIE OJWH MOTiK Mae AOCTYMN A0
ByteArrayOutputStream. Bunyuenns cuHxponizauii
JacTh MEeBHE MNPUIIBUALIEHHS. MeToau kKiacy
ByteArraylnputStream 3anumiaroTbes W Hajgani CUHX-
POHI30BaHUMH;

— meto toByteArray() CTBOpIOE i MOBEpTaE KOMitO
GaiitoBoro MacuBy 3 MoToky. Lle mpocra ines, sika rosnsi-
rae y Tomy, 1110 B IPOTUBHOMY BHIIaJIKY, KOJIH MM CTBO-
PFOEMO THILIHE OKpeMUii OalTOBHI MAaCHB IS KOTTIFOBAHHS
B HBOT'O, TO M/l CTMIOBIJIbHEHHSI 3apaxyHOK BUKOHAHHS
JI0[IaTKOBOT poOOTH.

Takum YMHOM, TaHWH aJbTepPHATUBHUM MiIXia OyJI0
BUKOPUCTaHO B METO/i 0OurcIieHHs Mipu private double
FOIL_Gain(...), a came: KorIisi IpaBWia CTBOPIOETHCS
BUKJTMKOM CIeLliaJTbHO CTBOPEHOIO METOY:

rule_prime = (Rule)rule.copyOptimized().

[IporiBin 4yncenbHUI ekcriepuMeHT (puc. 2), BcTa-
HOBJICHO 3HAYEHHS1 OLIIHKM Yacy BUKOHaHHS alropuTMy:

P
21.xKx Y K, xlog(N)+1550 (3

i=1

OuiHKa cknagHoOCTi anropuTMy NOCsiAOBHOIO MOKPUTTA
(3 onTUMiI3OBaHUM KOMilOBaHHAM npasun)

12000
1 . °*
o 2888 ¢ Yac nobyaosu knacudikauiiHnx
s 60007 npasun
5_‘3 4000: —— OujHka yacy anropumy
2000 | MOCHif0BHOrO NMOKPUTTS
O rrrr T T T+ r 1T+t 1 r 111 11 1T 11T 1 T T T T T°T
N AR D 0 R P R o

Kinbkictb HaBYanbHUX HabopiB, n

Puc. 2. TlopiBHSIHHS pe3yJIbTaTiB YMCETHHOTO EKCIIEPUMEHTY Ha OCHOBI ONTUMI30BaHOTO KOTTiFOBAHHS MPABHIT 3
OILIIHKOIO CKJTAIHOCTI anroput™my (3).
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OTtxe, B LJIOMY 0a4MMO TEBHY ONTHMI3AIlil0 Yacy
BUKOHAHHS aJITOPUTMY (pHC. 3), siKa BiIYyTHILIE NPOSIB-
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JSIETBCSI TIPY 301IbLIEHHI 00csTy HAOOpPiB HAaBYAIbHUX
JIAHUX.

MopiBHAHHA OLIHOK CKNagHOCTI ariropuTMiB NOCIiAOBHOroO
nokputTa (JOS-TexHonoris Ta onTUmioBaHe KOnitoBaHHA NpaBun)

12000
10000 | — — OujHka yacy anroputmy 3
4 JOS-konitoBaHHAM npasun
g 8000 - [ —
s 6000 - — _
£ 4000 | OLuHKg 4acy anroputuy 3
OMTUMI30BaHVM KOMilOBaHHAM
2000 1 npaeun
O LI LI T 1T 1T 1T LI T T LI 1T 1T T 1T T
N AR D 0 R g S

KinbkicTe HaBYUanbLHUX HaGopiB, n

Puc. 3.

BucnoBkn. Y po0oTi po3nITHYTO NMUTaHHS 00YMC-
JIOBATBHOT CKJIATHOCTI AITOPUTMY TOCITiZIOBHOTO MOKPHT-
Ts1 TOOYIOBH KJTacuiKal[iiHUX NpaBWIT B KJTHIYHIM JTiar-
HOCTHYHIl cucTeMi. BusHa4eHO O1iHKY O0YHCITIOBAITb-
HOI CKJTaJTHOCTI Ta T YMCeITBHO OCIIPKEHO Ha MPUKIIai
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