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BBEJEHUE

PBIHOK mporpaMMHBIX MPOIYKTOB B 00JaCTH MHTEIUIEKTyalnbHOro aHanu3a naHHbix (MA/l) OypHo
pa3BuBaetcs. DaKTHUECKU KaKIbIH MecsI] B IHTepHeTe MOSBIISIOTCS aHOHCHI HOBBIX HHCTPYMEHTOB
U1 OOHapyXeHus 3HaHuM B 6a3zax. Ilomoub pa3oOpaThCst B TOM, KaKOW M3 MPOAYKTOB SIBISETCS
HanOoJee MOAXOMAIIMM, MPH3BAHBI CIEIHaIbHble 0030pHBIe CcTpaHuIbl MHTEepHeTa (Hampumep,
http://www.kdnuggest.com), Ha KOTOpbIX MPUBOAATCS KaTajioru pa3pabOTOK, paccCKa3bIBAE€TCs O
dupmax-pa3paboTurKax, BEIYTCS TUCKYCCHUH, CPAaBHUBAIOTCS XapaKTEPUCTUKU Pa3IHYHBIX MPO-
rpamM U T. 1.

B nannoM yueOHOM mOCOOMM MPUBOAMTCS OMHCAHUE JIBYX CHCTEM JIOTMYECKOTO aHajIHM3a JaHHBIX.
[TepBas cuctema — See5 — OTHOCUTCSI K HanOoOJIee MPEICTABUTEILHOMY U TOMYJISIPHOMY HarpasJie-
HUIO, CBSI3aHHOMY C ITOCTPOCHHEM JIepEBbEB peleHnil. Bropas cuctema — WizWhy — unTepecHa tem,
YTO ee pa3pabdOoTYNKHU yTBEPKAatoT, OyaTo oHa ciocoOHa oOHapyxuth BCE if-then mpaBuna B nan-
HBIX. JTO YTBEPKICHUE MOJKPEIUIAETCS COOOMICHHEM O BeChbMa OOJIBIIIOM KOJIMYECTBE KOMMEpUe-
CKHX CTPYKTyp, ucronb3yromux WizWhy (6oxee 30 000). laBaiite camu yOoeauMcsi B TMOJIE3HBIX
CBOWCTBAaX MpeAIaraeMbIX MOIX0A0B K JIOTHYECKOMY aHAIH3Y JaHHBIX.



1. MNocTpoeHUue aepeBLEB peleHnn — cuctema Seeb5/C5.0

Cucrema See5/C5.0 (Windows 95/98/NT) (http://www.rulequest.com) npeHa3HaueHa IS aHAIHA3A
0onbIIKX 0a3 JaHHBIX, COJAEPKAIIMX 1O COTHHU THICSY 3aIIUCEH U 10 COTHU YUCJIOBBIX UJIM HOMUHAIIb-
HBIX mosieid. Pe3ynbraT paboThl See5 BhipakaeTcsi B BUJIE IEPEBhEB pelIeHU 1 MHOXecTBa if-then
npasmwi. Cuctema npocTa B 0OpalleH! U He TpeOyeT OT MOJIb30BaTeNsl crenupuieckux 3HaHUN B
obnactu nmpukiagHON cratucTuku. CTonMocTh SeeS — 740 moin., HeKoMMepYecKast Bepcus 1S 00y-
YEHUSI OTPaHUYCHA KOJIMYECTBOM aHAIM3UpyeMbIx 3amucei (10 200).

[Tpoummroctpupyem nporiecc padoThl SeeS Ha peanbHOM IIpUMepe U3 007aCTH METUITMHCKON TUarHO-
ctuky. MicxoHbie TaHHbBIE B paCCMAaTPUBAEMOM CIIydae OTHOCSTCA K 3a1a4e AuddepeHnnanbHoit aua-
THOCTUKY 3a0oJieBaHuil movek. J[anHbie ObuH MosTydeHsl B Poccuiickoit menuimHckoi akagemun [1].

@dparMeHT UCXOAHBIX JAHHBIX IpUBEAEH B Tabiuie 1.1. DTo Kak pa3 TOT BUJ JaHHBIX, U1 00pabOTKH
KOTOPBIX OoJiee Bcero moaxoaut SeeS. Kaxapiii 00beKT (MarueHT) 371eCh IPUHAIICHKUT K OTHOMY H3
HEOOJIBIIOTO YHCIIa KIIACCOB (37I0pOB, MHOXECTBEHHBIE KHCTBHI, TUAPOHE(HPO3) M ONUCHIBACTCS
11 pa3HOTUIIHBIMU PU3HAKAMM.

Tabauua 1.1. @parMeHT UCXOJAHBIX JAHHBIX
no auddepeHnuaILHON AMATHOCTHKE 3200/1€BAHNI MOYeK

Ipuznax Oobekr 1 O6bexT 2
CocrosHUE NOYKH
diagnosis
Bospact nanuenra
(4uCIIO TOJIHBIX JIET) 46 52
Age
[Ton nauuenta
Sex
JleBast wiu mipaBast movYKa
LR
Jnuna nouku (Mm)
Length
Mupuna movku (MM)
Width
TonmmHa moyku (MM)
Thickness
TonmuHa napeHXUMbL
(Mm) 18 18
Thickpar
Cpenssisa CKOpoCThb
KpPOBOTOKa (cM/C) 2,3 12
Speed
Hunexc pesucreHTHOCTH
Index
YckopeHue apTepraIbHOTO
HOTOKA B CHCTONY (cM/c?) 459 291
Accel

MuosxecTBeHHbIe KUCTBI| ['maponedpos

Kenmuna (F) Myxuuna (M)

IpaBas mouxka (R) JleBas mouka (L)

112 136

68 69

88 72

0,584 0,614

3amaua See5 COCTOUT B IPEACKAa3aHUU TUArHOCTHYECKOTO Kiacca Kakoro-imbo oObeKTa 1o 3Haue-
HUSIM €r0 TpU3HAKOB. [Ipu 3TOM, Kak MBI YBHIUM, See5 KOHCTPYUPYET KIacCU(PHUKATOp B BUAE Jie-
peBa pelieHuii, KOTOPOMY, B CBOIO OY€pe/ib, MOKET OBbITh IMOCTABIEHO B COOTBETCTBHE HEKOTOPOE
MHO>KECTBO JIOTUYECKHX TPaBUJI.

1.1. Mod2omoeka OaHHbIX Ons1 Seeb

Kaxxnoii 3a1ade, permaeMoit B cucteMe SeeS, TpedyeTcsi MPUCBOUTH CBOE coOcTBeHHOE nMs. [IycTh B
HameM ciydae 31o umst Oyaet USR (Ultra Sonic Research). B mpouiecce pemenns See5 ucnonb3yer
1 (GOpMUPYET HECKOJIBKO (DaiIOB ¢ OJMHAKOBBIM MMEHEM U PA3IUYHBIMU pacUIMpeHusiMu. Baxxno
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TOYHO COOJIIO/IaTh MpaBUJIa 3allMCU UMEH U PACIIUPEHUH (CUCTeMa pa3inyaeT CTPOUHbIE U MPOIMHC-
Hble OykBBI). KpoMe Toro, oTMeTum, 4yto Seed moaaep:KuBaeT TOIbKO JaTHHCKUE MPUQTHI.

dann MMeH nepeMeHHbIX

st pabotel SeeS caMbIMM HEOOXOAUMBIMU U CYIIECTBEHHBIMH SIBIISIIOTCS ABa (paiiia — UMEH repe-
MEHHBIX U TaHHBIX. B ¢aiine nMeH nepeMeHHBIX ¢ paclIupeHneM *.names aroTcs Ha3BaHUS HCIIOIb-
3yeMBIX MPU3HAKOB U KJIACCOB.

Cpeau npu3HAKOB pa3auyaroT ABE BaXKHbIE MOATPYIIIbL:

e HOMUHaJIbHbIE pu3HAKH (discrete attribute), KomMyecTBEeHHbIE PU3HAKH (continuous attribute)
U METKH;

®  SBHO OIPE/CIICHHBIC IPU3HAKU, 3HAYCHUSI KOTOPBIX OEPYTCS HEMOCPEACTBEHHO 3 (hailyia 1aH-
HBIX, 1 HESBHO ONPECICHHBIC NMPU3HAKY, 3a/iaBaeMble (opMysIaMu (Yalie BCEro ymoTpeOsOTCs
SABHO ONPCACIICHHLIC HpI/I3HaKI/I).

®aiin nmen nepemeHHbix USR.names B Hamieli 3aa4e BBITISANT CIICIYOIIMM 00pa3oMm:

diagnosis. | the target attribute
diagnosis: 1,2,3
Age: continuous
Sex: F,M

LR: L,R
Length: continuous
Width: continuous
Thickness: continuous
Thickpar: continuous
Speed: continuous
Index: continuous
Accel: continuous

Henesoii mpu3Hak diagnosis mpuHUMAaET TpU 3HaUY€HHUsI: | — B KJlacce «370poBasi [I0UKay; 2 — B Kjlacce
«MHOXECTBEHHBIE KHCThI» U 3 — B Kj1acce «ruaponedpos». [Ipuznaku Age (Bo3pact), Length (nmmHa
noukn), Width (mmpuna nmoukn), Thickness (tosmuna noukn), Thickpar (TonmmHaa mapeHXUMBI),
Speed (cpenHsisi ckopocTh KpoBoTOKa), Index (MHaekc pesucteHTHOCTH) U Accel (yckopeHue apre-
pPHAJIBHOTO NOTOKA B CHCTOJIY) SIBJISIFOTCS KOJIM4YecTBEHHBIMU. [Ipu3Hak Sex (1o manueHTa) MoxKeT
umeTh aBa 3HaueHus F (female) u M (male), a npusznak LR (neBas nin npaBas noyka) npuHUMAaET
3naueHust L win R. Tlopsinok 3amucu MMeH MepeMEeHHBIX JOJIKEH COOTBETCTBOBATh MX MOPSIKY B
Gaiine TaHHBIX.

[Tpu moaroroBke ¢aiina UMEH MePEeMEHHBIX CIeIyeT UMETh B BHILy, YTO MPOOEIBI, IyCThIE CTPOKU U
3HAKW TaOyJSIMH UTHOPUPYIOTCS CUCTEMOMH (KpoMme, KOHEYHO, CIy4aeB, KOTJa OHH MPUMEHSIOTCS
B UMEHaX MEpeMEHHbIX). BepTukanbHas yepra «|» mpeaHazHaueHa AJis 3alyMCy HAllOMUHAHUN WK
KOMMEHTapHeB.

ITocre nMeHn KaKo SIBHO OIIPEEIICHHON IEPEMEHHOM BCTABIISIETCS IBOETOUHUE «:», a 3aTEM ClIe-
JIyeT XapaKTepHUCTUKA 3TOW NMEPEMEHHOMN. BO3MOXXHBI CIIEIYIOMNE XaAPAKTEPUCTHKHU:
e continuous — KOJMYECTBEHHBIN PU3HAK;

®  CIHCOK 3HAYCHUH MEPEeMEHHOH, pa3AeNieHHBIX 3aMATo (11 TUCKPETHON, HOMHHAILHOW TIepe-
MEHHOM);

e  MakcuUMalibHOE 3HaYeHue N ISl AUCKPETHOM IepeMEHHOH (ITY XapaKTePUCTHKY PEKOMEHTYETCS
IMPUMECHATH OYCHb OCTOPOIKHO, TaK KaK 3ICCh UCKIIIOYACTCS AOIMOJIHUTEIIbHAA IMIPOBCPKA JaHHBIX ITPU
WX BBOJIC B aHAJIN3);



e ignore — JuIs NPU3HAKA, HCKIKOYAEMOT0 M3 aHAIN3A,
e label — MeTka 11 uACHTH(OUKAIMHA OTIICITHBHOTO O0OBEKTA.

[Tocme MeHH Kax 0¥ HESIBHO ONPEIECIICHHON MEPEMEHHOM TaKKe CIEAYET JBOCTOUNE U NAJIEE 3alU-
ceiBaetcs hopmyna. B popmyie, rae He0OX0IMMO, UCTIONB3YIOTCSI CKOOKH, @ TUCKPETHBIE MTPH3HAKH
OTpaHUYMUBAOTCS KaBblukaMH. Hurke mpuBEIEHBI JOCTYIIHBIE ONIEPATOPHI.

o + - %/ % (mod), ™ (Bo3BEeICHHE B CTETICHD);

o > >= < <= = <>unu !|=(HE paBHO);

e and, or;

e sin(...), cos(...), tan(...), log(...), exp(...), int(...) (11enas 9actp oT).

B 3aBucumocTu ot npumeHseMoi (popMyIbl KOHEUHBIH pe3yJIbTaT MOXKET ObITh KaK KOJIMYECTBEH-
HBIM, TaK U JaBaTh JJOrH4eckoe 3HaucHue true/false.

dann AaHHbIX

Bropbim (daiinom, Heo6xoauMbIM i paboThl Seed, sBisercs ¢aiin ganHbX. OH UMeeT pacuIupeHue
* data. B mamewm ciyqae sto ¢aiin USR.data.

Kaxnomy 00BbekTy B aiisie JaHHBIX COOTBETCTBYET COOCTBEHHas CTpoka. Ecin 3HaueHue 1eneBoit
HEpEMEHHOM HaxoAuTCs BBepXy (hailia IMEH MEepEeMEHHBIX, CTPOKA HAUMHAETCS CO 3HAYEHUs ITOH
LIEJIEBOM MIEPEMEHHOMN. 3aTeM uepe3 3alATy0 CIeIy0T 3HaUE€HUs BCEX OCTaJIbHBIX pU3HaKoB. Heus-
BECTHBIE 3HAUEHUs IEPEMEHHBIX KOAUPYIOTCSI BOIPOCUTENBHBIM 3HAKOM «?», I10CIJI€ BEPTUKAIbHON
YCPTHI «|>) MOXHO IMUCaThb HCBOCIIPUHUMACMBIC CUCTEMOM KOMMCHTApHUH.

Hwxe moaHOCTEIO TPUBOINUTCS BECH (baf/'m nmaaaeix USR.data, KOTOPBIN MBI 6y21€M HUCIIOJIB30BAaTh IJIS
JIEMOHCTpAIMKN BO3MOXKHOCTEH SeeS.

1,62,F, R, 127,52, 43, 14, 13.3, 0.698, 140
1,43, M, L, 103, 44, 49, 15, 16.3, 0.634, 291
,R, 103, 58, 46, 17, 16.5, 0.704, 143
L, 112,53,51, 18, 18.2,0.562, 189

e

, R, 100, 56, 44, 16, 18, 0.667, 114
, L, 104, 56, 56, 16, 18.2, 0.643, 88
L, 118, 56,41, 14, 18.3, 0.611, 347

LW LW LW WWINNNDNNDNDNDNDNNDNNDNDNDNDDNDNDNDNDNDNDND
N WPhAWANMNPPAIPRL,PPLAAPRL,UNDAIUNAADNDRD, DN I D
QDX PP I—", VIO NOIO NN PP IAANI IR PRVDODD R

iz

2 2

b

11
,L, 108, 56, 50, 14, 18.6, 0.546, 216
1

>

-
-

T

M
M

,21, M, L, 126, 62, 45, 14, 18.5,0.613, 116 | 2,63, F, L, 110, 61, 56, 14, 19, 0.645, 216

,74, M, R, 115, 57, 49, 16, 11.1, 0.69, 85 ,64, M, R, 123, 61, 57,20, 11.1, 0.632, 173
,62, M, R, 103, 66, 45, 16, 11.2, 0.657, 65 ,54, M, R, 105, 58, 43, 16, 21, 0.62, 230
,43, M, R, 104, 54, 46, 14, 11.3,0.574, 629 | 2,47, F, L, 116, 73, 56, 17, 21.4, 0.636, 178
,34,F, L, 110, 52,42, 19, 11.3, 0.686, 152 | 2,47, F, L, 109, 58, 48, 11, 21.5, 0.544, 266
,68,F, R, 112, 52,42, 17, 11.4,0.593,258 | 2,66, F, R, 98, 64, 56, 19, 22.3,0.655, 111
,37,M, R, 119, 51, 41, 14, 11.8, 0.65, 101 ,67,F, L, 103, 44, 42, 14, 22.6, 0.682, 656
,38, M, L, 107, 59, 56, 12, 20.9, 0.572,279 | 2,54, M, L, 119, 50, 48, 20, 23.5, 0.65, 188
,67,F, R, 113,57,47,17,20.9,0.681, 115 | 2,70, F, R, 105, 56, 41, 13, 23.5, 0.663, 242
,46,F, L, 107, 60, 36, 15,21.8, 0.678,352 | 2,66, F, L, 111, 61, 50, 16, 24.7, 0.689, 189

,F, R, 135, 70, 67, 27, 24, 0.583, 51

b

1
1
,L, 99, 58, 47, 16, 25, 0.686, 196
9
1

5g| g 15g) 15

,52,M, L, 111, 59, 50, 21, 26.6, 0.644, 379 ,47,F, R, 99, 62,50, 12, 26.2, 0.544, 235
,42, M, R, 82,47, 42, 14, 26.8, 0.651, 538 ,69,F, L, 125, 66, 51, 18, 26.2, 0.667, 275
,47,F, L, 114, 63,51, 17, 27.8, 0.645, 589 ,37,M, L, 120, 89, 61, 16, 27.9, 0.566, 218
,F, L, 128, 39, 56, 21, 30.6, 0.62, 255 ,48,F, L, 113,77, 49, 22, 30.5, 0.686, 210
,35,F, L, 114, 50, 41, 14, 31.2, 0.622, 445 ,45,F, L, 115, 56, 52, 17, 34.2, 0.587, 410
,64,F, R, 97,57, 39, 16, 34.7, 0.68, 368 , 70, F, L, 108, 48, 42, 19, 36.1, 0.69, 219
,56,M, L, 125,74, 72, 2, 46.6, 0.638, 685 ,67,F, L, 122,72, 64,20, 43.3,0.674, 229
,46,F, R, 112, 68, 88, 18, 2.3, 0.584, 459 ,42, M, L, 104, 69, 51, 24, 14.5, 0.729, 211
,58, M, L, 129, 67, 58, 18, 12.5, 0.686, 151 ,21, M, R, 144, 101, 49, 6, 16.3, 0.707, 194
,609,F, R, 115, 69, 44, 14, 13.2, 0.657, 231 ,67,F,L,99,52,52,8,16.3,0.744, 332
,09,M, L, 126, 59, 49, 13, 14.1, 0.652, 282 ,34,F, R, 105, 54, 46, 19, 11.4, 0.704, 98
, 54, M, R, 98, 87, 41, 24, 14.3, 0.637, 352 ,47,F, R, 116, 85, 64, 24, 11.5, 0.804, 416
M, R, 111, 59, 47, 18, 14.6, 0.742, 242 18, 45, 60, 12, 11.9, 0.701, 354

>

-

)

,R, 108, 58,37, 11, 14.6, 0.663, 139
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,67,M, L, 129, 64, 58, 17, 15.2, 0.693, 382 ,37,M, R, 114, 64, 52, 18, 21.8, 0.717, 225
,55,M, L, 125, 59, 48, 18, 15.4, 0.674, 330 ,62,M, L, 134, 67, 53, 16, 23, 0.76, 321
F,R, 111, 54, 51, 13, 15.4, 0.727, 257 F, L, 106, 48, 46, 18, 24.5, 0.693, 224

,F,L, 108, 65, 51, 14, 16.3, 0.724, 250 , L, 136, 65, 57, 22, 25.6, 0.731, 351
, ,35,F, R, 124, 41, 67, 20, 26.3, 0.692, 286
,F,R, 99, 55,47, 16, 16.8, 0.693, 103 ,F,R, 127,78, 62,17,31.2,0.714, 349

, F, R, 105, 56, 46, 14, 17.7, 0.526, 219
,M, L, 107, 57,43, 14,17.9, 0.651, 254

<
=

, 125,59, 44, 27,31.3, 0.703, 545
, 114, 55,36, 9, 41.5, 0.73, 310
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b

®dannbl TECTOBbIX AlaHHbIX (HeobA3aTenbHbIe)

Jlnst mpoBepkM KadecTBa MOCTPOSHHOTO JiepeBa pelieHUi 1 COOTBETCTBYIONIETO MHOXKECTBA JIOTHYE-
CKHX IpaBWJI B CUCTeME Seed MpeaycMOoTpeHa BO3MOKHOCTh pabOThI CO CrieluaibHbIMK (ailiamu, B
KOTOPBIX COJEPKATCS TOTIOTHUTEIHHBIEC TECTOBBIEC JaHHBIE.

Tpertuit Bun Qaiina, NCIOIB3YEMBIA CHCTEMOU SeeS, COASPKHUT HOBBIE TECTOBBIE OOBEKTHI. JTO TO,
4TO eIlle MPUHATO Ha3bIBaTh KOHTPOJIBHOHN BhIOOpKO#. JlanHbri daiin USR.test siBisercs HeoOs3a-
TEJIbHBIM U, €CJIU HCTIONIb3yeTCs, nMeeT popMmaT yxke onucanHoro daiina USR.data.

Crnenyromuii BcriomorarenbHbii ¢daiiin USR.cases Takxke sBiisieTcst HeoOs3aTenbHBIM. OH COJEPIKHAT
00BEKTHI C HEM3BECTHOM KIIacCU(pUKaIUEH.

dann ctroumocTu

[Mocneanwmii Bua daiina, o6o3nauaembrii USR.costs, coaepuUT HHPOPMAIHIO O CTOUMOCTH Pa3Ind-
HBIX OIMOOK Kiaccu(uKauy. 3arnojiHeHHe ATOTo (aiiia sBiseTcs HeoOs3aTenbHbIM. BMmecTe ¢ Tem
Ha3zHaueHue WTpagoB 3a OMUOKN MOXKET OKa3aThCs BEChMa IOJIE3HBIM IIPU Pa3paboTKe HEKOTOPBIX
IIPUIIOKEHUH.

1.2. Uumepcpelic nonb3oeamersi
B rnaBHom oxHe See5 pacnonaraercs nath KHOMOK (puc. 1.1). [Tepeuncnum ux cieBa HampaBo.

C nomomsto kHonku Locate Data (MecToHax0XA€HHE NaHHBIX) BBI3bIBAETCS OKHO JUIsl IPOCMOTpa
JOCTYIHBIX (DaiiJIOB TaHHBIX U UX 3arpy3KU B CUCTEMY.

Haxaruem knonku Construct Classifier (moctpoenue kinaccudukaropa) mpou3BoauTCs oOpaiieHue
K OKHY JIHajiora Juisi BBIOOpa TUIa Ki1acCH(UKaTOpa H YCTAHOBKH €T0 OITITHIA.

Knonka Stop npenHasHaueHa JUisi OCTaHOBA IIpoLecca MOCTPOEHMSI IEpEBa PEILICHUH.

Knonka Use Classifier (ucmosb3oBaHue kiaccu(ukaTopa) 3alycKaeT MpOLecC MHTEPAKTHUBHOM
KJIacCU(PUKAIIUKA OAHOTO WK 0oJiee 00BEKTOB.

sees M=K
File Edit Help
o)l

_@\ USR

class and attribute definitions [USR.names)

training cases to be analyzed (USR.data)

t [USI
decision tree classifier (USR.tree)

ruleset classifier ([USR.rules)

‘ [

N

Puc. 1.1. 'naBHOe 0KHO cucTeMbI Sees

9



C nomoursto kHomnku Cross-Reference (mepexpecTtHasi CChLIKa) BBI3BIBAETCS OKHO, B KOTOPOM
HAIJISIIHO PACKPBIBAIOTCS CBSI3U MEXKIAY 00BEKTaMu oOyuarolledl BIOOPKH M HaliIeHHBIMHU IpaBU-
JIaMHU UX KIacCUUKAIHH.

Bce nepeuncrnennsie GyHKIIMM T0CcTymHBI Takke u3 MeHio File. B cBoro ouepens, B menio Edit
MPEIOCTABISETCS BO3SMOKHOCTD peAaKTUPOBaHUs (hailia UMeH JaHHBIX U (aiiia CTOMMOCTH OLIHOOK
KJIacCCU(pUKALUH.

ITocTpoenne nepeBa pemieHN

Ha mnepBom sTame oOpaOOTKH NaHHBIX OOBIYHO MCHOJB3YIOTCS OIIMU CHCTEMBI, YCTaHOBJICHHbBIE
o ymonuanuio. Haxxumaem knomnky Construct Classifier u 3areM B mosiBUBIIEMCSI OKHE JHaliora
(puc. 1.2) cpazy maxumaem OK (npeamonaraercs, uro ¢aiin nanaeix USR.data ysxe 3arpysxen). Cu-
cTeMa BBIJIAET OKHO PE3yIbTaTOB, KOTOPHIC BRITIIAIAT CIAEAYIOMUM 00pa3om (puc. 1.3).

B mepBoii cTpoke oTueta 0 pe3yibTarax jaaercs uHbopMaius 00 MCIOIb3yeMON BEPCUU CUCTEMbI
See5 u Tekymiee Bpemsi. 3aTeM B CIEAYIONUX ABYX CTPOKAX TOBOPUTCS O TOM, YTO KIACCHPHUIHPYFO-
niei nepeMenHoi ciryxut diagnosis u npouteHnsiit (aiin nanasx USR.data conepxut 74 oObekTa,
Ka)/IbIi U3 KOTOPBIX onucaH |1 nmpu3Hakamu.

B crenyronmx cTpokax oryera 0ToOpa)KeHO MOCTPOSHHOE IEPEBO peleHuid. Ero MoxHO nmpouHTep-
MPETUPOBATH CICAYIOLUIMM 00pa3oM:

ECJIA Index 6onbmre 0.69 u Speed Gombie 18, TO ximace Ne 3, nnage

ECJIN Index 6omnbire 0.69 u Speed we 60mbire 18 u Thickness ve 6ombme 46, TO kimacec Ne 1 u T. 1.

Kaxxas BeTka iepeBa 3akaHYMBACTCs yKa3aHHEM HOMepa Kilacca, K KOTOpoMy oHa rpuBoauT. Cpazy
32 HOMEpOM cielnyeT 3anuch Buaa (n) wiu (n/m). Hanpumep, camasi nmepBasi BeTKa 3aKaHYHBACTCS
3anuckio (12.0). 1o 03HavaeT, YTO JAHHON BETKE COOTBETCTBYET 12 0OBEKTOB M3 OMPENEICHHOTO
(Tpetnero) kiacca. [locnenusis BeTka 3akanunBaercs 3amucbio 1 (6.0/1.0), u3 dero ciemyer, 94To Ta
BeTKa onmuchiBaeT kimacc Ne 1 u croga momagaer 6 00BEKTOB, W3 KOTOPBIX | IMomamaeT omuO09IHO.
BenanuuHbI n WM M MOTYT OKa3aThCsl APOOHBIMU B CiIydae, KOTrJa Ha KaKylo-THO0 BETKY MPHUIETCS
HEKOTOPOE YHCIIO OOBEKTOB C HEM3BECTHBIMU 3HAYCHUSIMH [TPU3HAKOB.

Classifier Construction Options I

[T Rulesets

Boost I— trials

Subsets of values

Use sample of l—

Lock sample

o

| EE m

Crossvalidate I_ folds
[T lgnore costs file
- Advanced options
@ Fuzzy thresholds
Pruning CF IE

Minimum I 2 cases

o

0K l Defaults' Cancell

Puc. 1.2. OxHo auaJiora s 3aJaHUs OIIUAN
aJITOPUTMAa KOHCTPYMPOBAHMS KJaccupukaTopa
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See5 INDUCTION SYSTEM [Release 1.10] Thu Apr 15 12:15:18 1999
Class specified by attribute ‘diagnosis'

Read 74 cases (11 attributes) from USR.data

Decision tree:

Index > 0.69:
:...Speed > 18: 3 (12.0)
Speed <= 18:
:...Thickness <= 46: 1 (2.0)
Thickness > 46:
t...hge <= 48: 3 (2.0)
& Age > 48: 2 (6.0/1.0)
Index <= 0.69:
t...Age <= 43: 1 (11.0/1.0)
Age > 43:
t...hccel <= 85: 1 (3.0)
Accel > 85:
i...hccel <= 349: 2 (29.07/2.0)
Accel > 349:
t...Index <= 0.637: 2 (3.0)
Index > 0.637: 1 (6.0/1.0)

Evaluation on training data (74 cases):
Decision Tree

Size Errors

9 5( 6.8%) <<

(a) (b) (c) <-classified as
“‘:’l_l _“; o {a): class 1
2 35 {(b): class 2
1 14 {c): class 3

Time: 0.5 secs

Puc. 1.3. Pe3yabTaThl NOCTPOEHHSI HAYATBLHOIO epeBa pelleHn i

B cnenyromem paszene oryera MpUBOJIATCS XapaKTEPUCTUKH CKOHCTPYUPOBAHHOTO Kilaccu(uKaTopa,
OLICHMBaeMbIe Ha 00yUaroleil BEIOOPKE. 31eCh Mbl BHIUM, YTO IOCTPOSHHOE JICPEBO PEIICHUI HMEET
9 BeToK (size = 9), a ommbKa kIaccupukanuu HabIrOAaeTCs Ha S 00BEKTaX, YTO COCTaBIsIET 6,8%.

B 3aBepatomieii yactu otdyera gaercs TabiMIa ¢ AeTAIBHBIM Pa300poM pe3ybTaToB KiaccupHUKa-
uuu. Mcxons U3 NaHHBIX 3TOM TaOJMIBI, MOKHO CKa3aTbh, YTO U3 1-T0 Kiacca («310poBasi MOYKay)
npaBmiIbHO Kiaccuduuupyercs 20 00beKTOB, a 2 00beKTa OMMO0YHO OTHOCSTCS K KIJIACCy 2; Cpeau
00BEKTOB 2-T0 KJ1acca («MHOXKECTBEHHBIE KHCThI») 35 IMarHOCTUPYIOTCS MPABUIIBHO U 2 OIIHMO0YHO
NPU3HAIOTCS 37I0POBBIMHU; BCE OOBEKTHI 3-TO Kiacca («ruapoHedpo3») KiaccuUIMPYIOTCS Mpa-
BUJIBHO 32 UCKIIIOYEHHEM OJTHOTO 00BEKTa, MOMaJarouero B knace Ne 2.

B 3akmouenue cuctema SeeS BbIIACT COOOILEHUE O 3aTPAu€HHOM Ha pellleHue BpeMeHH. B Hamem
ciydyae oHO coctaBwio 0,5 ¢. 3mech Ha0 OTMETUTH OYEHb BBICOKYIO CKOPOCTH pabOThI alroputMa
SeeS, mo3BoIIAIONTYIO ONIEPAaTUBHO 00pa0daThIBaTh BBICOKOPa3MEpPHBIE MAaCCUBBI HH(POPMAITUH, COEP-
KaIMe THICSYM U IECSATKH THICSY 3aIUCeH.

MoxHo emie 6oee ToApoOHO pa3odpaTh pe3ynbTaThl Hallel Kinaccuukanuu. /s 3Toro HaxKMeM B
riaBHOM okHe See5 kHomnky Cross-Reference (nepekpectnas ccbuika). Cuctema BbIIaCT OKHO, B Jie-
BOI MMOJIOBUHE KOTOPOTO HAPHCOBAHO MOCTPOCHHOE JEPEBO PEIICHUH, a B MPaBOi MOJOBUHE Tepe-
YHUCIISIOTCS 00BEKTHI, MOMABIINE HAa Ty WIM HHYIO BETBb JiepeBa. UTOOBI BBIICTUTh HHTEPECYIOLY IO
BETBb, HY>KHO IIEIKHYTh 110 HEH JICBOW KHOMKOM MBIIIHN (CIIpaBa OT BETBU MOSIBUTCS TEMHBIN KPYT —
Ha puc. 1.4 Ha Hero yka3bIBaeT cTpenka). Kpome Toro, eciu meakHyTh MBILIBIO IO HOMEPY KaKoro-
b0 00BbEeKTa U3 MPaBOro MOJs, TO CUCTEMA BBIAACT €lIe OJHO OKHO ¢ umMeHeMm Case, B KOTOPOM
MIPUBOISTCS 3HAUCHUSI TPU3HAKOB U BhIIENIEHHOTO 00BbeKkTa. B cirydae, mokazaHHOM Ha pucyske 1.3,
Hac 3auHTepecoBaiia BeTBb (Index <= 0.69 u Age <= 43), Ha koTopoit HaxoauTcst 10 00BEKTOB U3
1-ro xmacca u 1 00beKT U3 2-ro Kiacca.

11



C;_ Cross-reference for USR decision tree

= 21 #2 1
Index > 0.69: [ #a 1
—— Speed > 18: 3 [12.0) . . 71 #5 1
Speed <= 18: diagnosis 2 (21 #8 1
L— Thickness <= 46: 1 (2.0) Age 37 (71 #4381
Thickness > 46: Sex M 21 #11 1
L— Age <= 48: 3 (2.0) LR L (21 M2 1
Age > 48: 2 (6.0/1.0) Length 120 (21 ;7 1
Index <= 0.69: Width 89 21 m9 1
L— Age <= 43:1 (11.0/1.0) ® 3uavok Thickness 61 2] #20 1
Age > 43: swaenennon | Thickpar 16 7] #55 2
L— Accel <= 85: 1 (3.0) %nemu aepesa Speed 21.9
Accel > 85: Index 0.566 06bEKTH,
L— Accel <= 349: 2 (29.0/2.0) Accel 218 nonaswHe Ha
Accel > 349: Predicted class: 1 BLAEAEHHYI
L— Index <= 0.637: 2 (3.0) BETBbL NEPEBA
Index > 0.637: 1 [6.0/1.0) PEWEHHA
Guavenus
NPH3HAKoOB
Yy 06bEKTA
N: 55

Save l Reset |

Puc. 1.4. OTo0paxenue pe3yJibTaTOB KJIacCHPUKAIUH
B OKHe NePEeKPECTHBIX CChLIOK

IIpeoOpa3oBanue qepeBa peuieHHil B Ha0Op NpaBHI

B psze ciayuyaeB noiaydeHHOE AEPEBO PEIICHUN MOKET OKa3aThCsl CIUIIKOM CIOXHBIM JJIs1 BOCIIPHUS-
tus. Hanpumep, npu pereHnn 3aad BICOKOM pa3MEpHOCTH ISl HEOJTHOPOJIHBIX JaHHBIX JIEPEBO
HEPEeAKO MOIy4aeTCsl KyCTUCTBIM M JOBOJIHO 3aIlyTaHHBIM. BMECTO TOT0 4TOOBI «110M13aTh)» M0 KaX-
JIOH TTOJTy9eHHOH BETKE, B CUCTEME SeeS MmpeycMOTpeHa BO3MOXKHOCTh Peo0pa3oBaHus IepeBa pe-
mieHuii B Habop mpasui if-then. [yt aToro TpedyeTcs BpI3BaTh OKHO JHMAJOra JJIsl 3alaHHi OIIIHUi
KOHCTpyHupyemoro anroputma (puc. 1.2) u nocraButh (uaxok B noje Rulesets (Habop npasun). [1o-
cJie MPOBEJICHUS TaKOM onepanuu cucTemMa J00aBisSeT B OKHO OTYETa CIIMCOK MPaBHII, COOTBETCTBY-
IOIIUX PACCUUTAHHOMY JIepeBYy perieHui. [[puMeHnTenbHO K paccMaTpUBa€MbIM JaHHBIM I10 YJIbTpa-
3BYKOBOH TMAarHOCTHKE 3TO OyET CemyIonuii crucok (Tadm. 1.2).

Taboauna 1.2. Cnucok BhIIeJIeHHBIX NPaBHJI

Rule 1: (cover 11)

Age <=43

Index <= 0.69

> class 1 [0.846]
Rule 2: (cover 10)

Speed > 19

Index <= 0.69

Accel > 310

-> class 1 [0.750]
Rule 3: (cover 14)

LR=R

Speed > 19

Index <= 0.69

-> class 1 [0.625]

Rule 4: (cover 5)

Age <=63

Speed <= 18

Index > 0.69

-> class 1 [0.429]
Rule 5: (cover 15)

Age>43

LR=L

Index <= 0.69

Accel <= 310

-> class 2 [0.941]
Rule 6: (cover 15)

Age>43
Speed <= 19
Index <= 0.69

-> class 2 [0.941]

Rule 7: (cover 8)
Age>63
Speed <= 18
-> class 2 [0.800]
Rule 8: (cover 17)

Age>43
Length <= 108
Index <= 0.69

-> class 2 [0.789]
Rule 9: (cover 12)

Speed > 18

Index > 0.69

-> class 3 [0.929]
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Kaxxmoe mpaBUiIo COCTOUT U3 CIEAYIOUHNX (parMeHTOB:
® HOMEp MPaBUIIa;
® KOJMYECTBO OOBEKTOB 00yUaroIIeii BHIOOPKH, MOMAIAI0IINX MTO1 ACHCTBHE TIPaBHiIa (COVer «ny);

® OJHO MM HECKOJIBKO 3JICMCHTAPHBIX JTOTHUYCCKHUX CO6BITI/II71, BXOJAIIMUX B COCTAB IIpaBuJia (CJ'IO)K—
HOI'o JOTHYE€CKOI'o BBICKaBBIBaHI/ISI);

® HOMCED KJ1acca, KOTOPOMY COOTBETCTBYCT JAHHOC IIPABUIIO,

e BeIMYMHA, IpUHUMarolas 3HadeHue ot 0 1o 1, KoTopas BeIpakaeT CTEIEeHb JOBEPHS K IIPABUITY
(xapakTepucTUKa TOYHOCTHU MPaBUIA).

st Gonee neTaabHOTO PACCMOTPEHHUSI MHOXKECTBA MIPABUIL, TIOAOOHO TOMY KaK 3TO JIENanoch C Iepe-
BOM pEUICHUI, MOKHO 00paTUThCS K OKHY mepekpecTHbhIX cchllok (Cross-Reference).

[T 5 ||
C»Case #57 (=] £3 (7] #8 1
Rule 1: [cover 11) 7] M4 1
Age <= 43 diagnosis 2 7] #16 1
Index <= 0.69 Age 45 7] ;17 1
-> class 1 [0.846] Sex F [?7] M8 1
LR L [?] #20 1
Rule 2: [cover 10] @ __ 3navox Length 115 71 #21 1
Speed > 19 BHAEACHHOTD Width 56 (7] #&22 1
Index <= 0.69 npasxaa Thickness 52 (7] #48 2
Accel > 310 Thickpar 17 7] a57 2
-> class 1 [0.750] Speed 34.2
Index 0.587 O6vexrs,
Rule 3: [cover 14) Accel 410 nonaswue noa
LR=R Predicted class: 1 AeHCTBHE
Speed > 19 npasuna N* 2
Index <= 0.69 InaveHus
<> class 1 [0.625] NPpHaHaKos y
o6bexra Nt 57
Rule 4: [cover 5)
Age <= 63
Speed <= 18
Index > 0.69
-> class 1 [0.429] ¥ Save I Reset I

Puc. 1.5. leranbHblii pa30op moJy4yeHHbIX MPaBUHJI
B OKHe NEePEeKPECTHBIX CChLIOK

B menom, kak yxe TOBOPHIOCH, pe3yJIbTaThl B BHJIEC HA0Opa MPABUIT SBIISIOTCS 00Jiee TPOCTHIMH H
MOHSATHBIMH, YeM B BHJIE JepeBbeB pemieHnid. Kaxaoe mpaBuiio sicHBIM 00pa3oM OIMHUCHIBAET CBS3b
MEXy Ha0OpOM 3HAaYCHUH NMPU3HAKOB U UACHTU(PHUKATOPOM Kiacca. boiee Toro, KOImM4ecTBo mpa-
BUJI, CTCHEPUPOBAHHBIX U3 IEPEBA PEILICHHI, HEPEAKO OKA3bIBACTCS HECKOJIBKO MEHBIITUM, YEM YHUCIIO
BETOK Ha JepeBe, a Pe3yIbTaT MOKET OKa3aThCs 00JIee TOUYHBIM (B HAIIEM Clly4dae 3TOro, IpaBaa, He
mpou3onuio). Bmecte ¢ Tem asis 6onbmux 6a3 TaHHBIX TeHEpaIlis MHOKECTBA MTPABIII TPEOYET OIIy-
TUMBIX BPEMEHHBIX 3aTpar.

1.3. YcuneHue peweHus (Boosting)

Wnes ycunenus peleHus 3aKII04aeTcs B KOHCTPYUPOBAHUU HE OJIHOT0, KaK B PACCMOTPEHHOM BBIIIE
cilydae, a cpa3y HEeCKOJbKHUX JepeBbeB peuieHuil. [Ipu 3Tom riiaBHoe TpeGoBaHHE K TAKUM AEPEBbIM
pelLIeHHH 3aKITI0YaeTCs B TOM, YTOOBI OHM KaK MOYKHO MEHBIIIe 1yOaupoBaiu Apyr apyra. B cucreme
See5 mannas uaes peanusyeTcs CIeAyIOUM 00pa3om.

Ha nepBoM 1mare KOHCTPYHpYETCsl HauaJIbHOE JIEPEBO PEIleHUN (Takoe AepeBO MPUMEHHUTENBHO K
JAHHBIM T10 yIBTPa3BYKOBOM AMAarHOCTHKE MOYEK ObLIO paccMOTpeHo Bhme). Kak ciexyeT u3 npen-
CTaBJICHHBIX PE3yJIbTaTOB, KJIACCU(HUKATOP, TOCTPOCHHBIH Ha OCHOBE HAYalbHOTO JEpeBa, JaeT
omMOKM Ha HEKOTOPBIX 00BbekTax. Tak, B HalIeM ciyyae Habmomaercst 5 omuoOok Ha 74 o0beKTax
oOyuaromeit BeIOopkH (puc. 1.6).
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C> Results for USR (O] x]
) ) =

Default class: 2

Evaluation on training data (74 cases):

Trial Decision Tree Rules

Size Errors No Errors

9 S( 6.8%) 9 S5( 6.8%)
17(23.0%) 6 17(23.0%)
22(29.7%) 9 22(29.7%)
t 0( 0.0%) 0( 0.0%) <<

(a) (b) (c) <-classified as

22 (a): class 1
37 {b): class 2
15 (c): class 3

Time: 0.9 secs -jJ

Puc. 1.6. OkHO oT4eTa 0 pe3yabTaTaxX MOCTPOEHUS TPeX epeBbeB pelleHu i

Ha BTOpOM 11are mpu KOHCTPYHPOBAHHUM CIIEAYIOIIErO JIepeBa JIeIaeTcs MOMbITKAa U30exkaTh paHee
cAeNaHHBIX OmMMOOK. CeCTBUEM TaKOH MOMBITKYA CYUTACTCSA CYIIECTBEHHOE OTIMYHE BTOPOTO Jie-
peBa oT HavasnbHOTO. [lomydeHHOe nepeBo Takke OyAeT MPUBOJUTH K OMIMOOYHBIM PEIICHHUSIM, HO
yKe Ha Jpyrux o0bekrax. Ha ciemyromiem mare paboThl alropuT™Ma OuepeIHOe AEPEBO CTPOUTCS C
Y4eTOM OIIMOOK BCEX MPEIbIAYIINX IEPEBLEB PELICHHIA.

Jlns 3amycka mpolecca yCuiieHHs peleHust TpedyeTcs ycTaHoBUTh (uiaxok Boost B quanorosom
OKHE JJIs1 3a/1aHus onuuii paboTs! anropurMa (puc. 1.2). Kpome Toro, B 3ToM ke OKHE HYKHO 3a]1aTh
o011ee YHUCII0 CTPOALIMXCS IEPEBLEB PELICHUH. DTO UKCII0 NPOCTaBiIseTcs B noue trials.

HOHHTHO, YTO NOCTPOCHUEC MHOKECTBA ACPCBLHCB pe]J_IeHI/Iﬁ TpeGyeT JOINOJTHUTCIIBHOI'O BPCMCHU. Ho
BPCMCHHBIC U3ICPIKKU CIIOCOOHEI BIIOJTHE OKYINHUTBHCA — TOYHOCTb KJ'IaCCI/I(bI/IKaL[I/II/I, KakK IIpaBuJIoO, 3Ha-
YUTCJIBbHO IIOBBIIIACTCA.

Pa3paboTunku See5 yTBepkmaroT, 4TO MpH UCTIOIh30BaHNH 10 1epeBbeB pEIIeHNH OMTUOKHU KITacCh-
¢dukanmu cHIKaTCs B cpenHeM Ha 25%. [TocMoTpuMm, Kak 3To OyAeT BBITIIAACTh HA HAIIUX YUCIIO-
BBIX JIaHHBIX. Y cTaHOBUM (uiaxkok Boost u B moste trials 3anumem mudpy 3 (mornpodyem mocTpouTh
3 nepea pemienuit). Haxxumaem OK u nmosydaeM okHO oTueTa ¢ uH(popManuei o pe3ysibraTax pe-
menus (puc. 1.6).

Kak cienyer u3 ordera, BTOpoe JepeBO pelIeHui KiaccuuupyeT JaHHble ¢ ommokoit 23%, a s
TPEThEro Jepena 3Ta omnbka coctasisieT 29,7% (BooOIe roBops, HyMepanus 1epeBbeB HAUNHAETCS
c mudpst 0). Ho Bece Tpu epeBa penieHnii BMecTe KIacCUPHUIUPYIOT TaHHbIe 0e3 omrOoK (3aruch B
cTpoke boost). [l TOCTHKEHHS TaKOTo 0€301IMO0YHOr0 pe3yabTaTa, Kak BUAHO U3 OTYeTa, OTpe-
60Bajoch ucnoab3oBanue 9 + 6 + 9 = 24 npasu.

1.4. Ucnonb3oeaHue npaesus 0151 NPUHSAMUS peweHul

[TocTpoeHHOE MHOKECTBO TPABMII MIPUMEHSIETCS Ul NPUHATHS PELICHHs O MPHHAUIC)KHOCTH TOTO
WM THOTO 00BbeKTa KakoMy-JIH00 Ki1accy. [Ipu 5ToM OBIBAIOT CHTYaINH, KOT/Ia OAWH U TOT XKe 00BEKT
HOoMnasaeT Moj AeiicTBUE cpa3y HECKOJIBKUX MPaBWJ, B TOM YHCIE MPAaBWII, OMUCHIBAIOIIUX pa3HbIC
kiaccel. [Tono6HbIe BHyTpeHHHE KOH(MINKTBHI MOTYT OBITh pa3peleHbl AByMs criocobamu. B nepsom
croco0e MpeArnoYTeHue OTAaeTcs OJHOMY MIPaBHILy, UMeolIeMy 0ojiee BBICOKYIO CTEIEHb J10BEpUs
(Oonee BBICOKYIO TOUHOCTB). BTopoii ciocob cBsi3aH ¢ 0000IIEHHEM PE3yJIbTaTOB PAa3HBIX MPaBUII
JUTSL IPUHATHS OKOHYATEIEHOTO PEIICHNS.

B cucreme See5 IIPpUHAT BTOpOﬁ crmocod — Kaxaoc€ Cpa6OTaBH_I€C IpaBrJIO MOAACT I'0JIOC IJIAA OTHECC-
HHST KaKOro-a1u00 o0beKTa K HU3y4acMbIM KJlIaCCaM. I'omoca CYMMHUDPYIOTCA C BECaMU, paBHbBIMHU BbI-
YUCJICHHBIM CTCIICHAM AOOBCPHUA, U 00BEKT CUHUTAETCS NpUHAJIC)KAIIUM K KJIIACcCy, AJId KOTOPOTo
Ha6npaeTcs1 HanOOJIbIIIas B3BEIICHHAS CyMMa rojiocosB.
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1.5. Cmsiz4yeHue nopozos

B cucreme See5 npenycmoTpena eiie oaHa BO3MOXKHOCTD YIy4IlIeHUs KauecTBa kinaccudukammu. Ho
Ha Cei pa3 ATa BO3MOKXHOCTh KacaeTcsl HE CTOJILKO TOYHOCTH PE3yJIbTaTOB, CKOJIBKO MOBBIIICHHUS UX
YCTOMUYMBOCTH K BO3MOXKHBIM (IyKTyalusiM 3HaYeHUH npu3HakoB. OHa CBs3aHA C BBEJCHHUEM HE-
YeTKUX (MATKUX) IMOPOTOB, HA CPAaBHEHHH C KOTOPHIMHA OCHOBBIBAETCS! BEIOOP TOM WIJIM MHOW BETBH
JIepeBa PELICHU.

B nmanoroBom okHe /1 3a1aHMs TapaMeTpoB asroputMa SeeS (puc. 1.2) umeercs crienuanbHas OMus
Uit cmsirdenust noporos. Oto omnius fuzzy thresholds (pasmbiteie oporn). Ilpu oOpamenun k Heit
BMECTO OJHOTO TIOPOTA 3aJAK0TCSA TPU 3HAYEHUS — HWKH:AA rpanuna LB, Bepxuss rpannna UB u neH-
TpasibHOE 3HaueHue T. Ecnu 3HaueHne nepemenHou nexxuT Hrke LB ninu Beine UB, To necnenyrores
COOTBETCTBYIOILIME €MHCTBEHHbIC BETBU JepeBa. Eciu ke 3HaueHne MepeMEeHHOM MOoMaaaeT MEXIy
LB u UB, 10 nccnenyrorcsi OJHOBPEMEHHO JIBE BETBU JIEPEBA U BHIOMpaeTCs HanOoJee MmpaBaono100-
HBIH pe3ynbrat Kiaccudukanmu. 3Hadenust LB, UB u T cucrema onpenenser aBTOMaTHYECKH.

[Tpumep nepesa pelieHuli ¢ pa3MBITBHIMU TOPOTaMHU MIPUBEJICH Ha pucyHKe 1.7. 31ech Kaxablid mopor
npencrasieH B Bugae <= LB (T) win >= UB (T).

L:; Cross-reference for USR decision tree _[O] x|
[?] #2 1
Index >= 0.692 (0.69): [?] #4 1
Speed >=19.4(18): 3 (12.0) [?] #5 1
Speed <= 16.8 (18): [?] #8 1
L— Thickness <= 46 (46): 1 (2.0) [?] #9 1
Thickness >= 47 (46): 71 #1 1
L— Age <= 42 (48): 3 (2.0) 7] #12 1
Age >= 56 (48): 2 (6.0{1.0) 71 #17 1
Index <= 0.69 (0.69): 7] #19 1
L— Age <= 43 (43): 1 (11.0/1.0) ® [?] #20 1
Age >= 45 (43): [?] #55 2
L— Accel <= 85 (85): 1 (3.0)
Accel >= 139 (85):
L— Accel <= 347 (349): 2 (29.0/2.0)
Accel >= 352 (349):
L— Index <= 0.637 (0.637): 2 (3.0)
Index >= 0.638 (0.637): 1 (6.0{1.0)
_Save | Reset |

Puc. 1.7. lepeBo pemiennii ¢ pa3MbITBIMH HOPOraMH

1.6. [JononHumenbHbIe HACMPOUKU afizopumma

B cucreme Seed npeaAyCMOTPCHBI OIIIUU TJIA ﬂOHOHHHTeHBHOﬁ HaCTpOﬁKH AJIrTOpUTMa MOCTPOCHU
JACPCBLEB pemeHHﬁ. Onu OpCAHA3HAYCHDBI AJIs MOJb30BaTCIIA, KCJIAOMETO IMOSKCIICPUMCHTUPOBATD
H, BO3MOXHO, I[TIONbITATHCA YITYUIIUTD HaﬁHeHHLIﬁ pe3yJjbTar.

Bo-nepBrix, ctona otHocutcs onmusa pruning CF (ConFidence level — ypoBens noBepusi), npeana-
3HAYEHHAs JUIsl OTCEUCHUSI CTATUCTHYECKH HECOCTOATENBHBIX BETBEH JepeBa pemeHuid. [1o ymomua-
HUIO CHCTEMA BBICTABJISIET 3HaUeHHE YpOBHs JoBepus 25% (puc. 1.2). U3MeHeHne 3Toro 3HayeHus
MPUBOJUT K COOTBETCTBYIOIIEMY U3MEHEHUIO pa3Mepa JAepeBa PeLICHHH.

Bo-BTOpBIX, HA TOYHOCTH KJIACCU(UKALUU MOXKET CYIIECTBEHHO BIMATH oy Minimum ... cases.
B mone 3T0ii onmuy BRICTABISETCS YHCIO, OTPAHUYMBAIOIIEE MUHUMAIIBHOE KOJTHYECTBO OOBEKTOB
Ha BETKe JiepeBa perieHuil. Yem MeHble OyIeT 3TO YHCI0, TeM 00jiee «KYCTHCTBIM» CTAHET JIePEBO
¥ TeM TOYHEE NMPOU3BOINUTCS «IOATOHKA» JIepeBa Mo TpedyeMyro KilacCH(UKAIHIO.

1.7. NMepekpecmHasi npoeepka

Jlns noiayyeHus! HaIe)KHBIX OLICHOK KaueCTBa MOCTPOCHHBIX KJIacCHU(PHUKATOPOB B cucTeMe Seed Hc-
NOJIb3YETCs TaK Ha3blBaeMasi lepeKkpecTHas mposepka. OHa OCYILIECTBISIETCS CIEAYIOIINUM 00pa3oM.

Bces Be1O0OpKa 00beKTOB pa3duBaeTcs Ha «m» OJIOKOB MIPUMEPHO OJTHOTO pasMepa U ¢ OJIMHAKOBBIM
pacripesieieHieM KJIaccoB. 3aTeM IMOCIIeA0BATENbHO KX IbIH OJIOK NCTIONB3YeTCsl KaK KOHTPOJIBHBIN
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Ha0Op 0OBEKTOB ISl TECTUPOBAHUS KilacCU(pUKaTOpa, TOCTPOCHHOTO HAa OCHOBE BHEIIHUX JIJIS JaH-
HOTO 0110Ka 00BeKkTOB. Uncio OJI0KOB BBOAUTCS B 10J€e crossvalidate quamgorosoro oxkHa s 3ama-
HUSI ONIMH alropuTMa KOHCTPYHpPOBaHUs KiaccupukaTopa. Pe3ynprar mepekpecTHO MpOoBEpKH
oToOpaxkacTcs B HUKHEH YaCTH OKHA OTYETa.

1.8. Bbi6opka u3 6onbwux Habopoe 0aHHbIX

HecmoTps Ha BbICOKOE OBICTPOJECHCTBUE CUCTEMBI See5, KOHCTPYUpOBAaHUE KIACCU(PUKATOPOB Ha
IIOJTHOM Ha6ope HUCXOJHBIX JAHHBIX IIPHU UX OOJIBIIIOM KOJIMYECTBE MOXKET 3aHUMAThH JOBOJIBHO MHOT'O
BPEMEHH. JTO CTAHOBUTCS OCOOEHHO 3aMETHO MPH HCIOJIb30BAaHUH JIOTIOTHUTEIHHBIX OMIIUNA aliro-
pUTMa, HapUMep OMIUH IS ycuieHus pemenus (boosting).

See5 mmeeT BO3MOXKHOCTH pabOTHI HE C MOJHBIM HAOOPOM JaHHBIX, @ C HEKOTOPOIl BBIOOPKOW U3
ncxoHoTOo Habopa. J[ns aToro mpeaycMmoTpeHa cneruanbHas onius Use sample of X% (puc. 1.2).
[Tpu ucnonp30BaHUM yKa3aHHOM OMIIMH OCYIIECTBISIOTCS JIBE Onepaiuy. Bo-nepBbix, U3 HCXOAHOTO
Habopa cirydaiiHbIM 00pa3oM u3Biekaercss X% OObEKTOB U Ha MX OCHOBE KOHCTPYHMPYETCSI KI1acCH-
¢uxatop. M, BO-BTOPHIX, MPOU3BOANUTCS TECTUPOBAHUE MOCTPOCHHOTO Kiaccu(ukaTopa Ha Jpyrou
Herepecekarmieiics Bioopke oobeMa X% (ecnu X < 50%) mubo Ha BceX OCTAaBHIMXCS OOBEKTax
(ecu X = 50%).

[Tpu ouepennom obpamiennu k onipn Use sample of X% Oyzaer caenana HoBasi cirydaiiHast BRIOOpKa
U3 UCXO/IHBIX IJaHHBIX, TOCTPOEH U IPOTECTUPOBaH HOBbIH Kilaccudukarop. Ho B cucreme See5 nme-
€TCs TaK)K€ BO3MOXKHOCTh 3a(pMKCUPOBATH BHIOOPKY. JlJisi 3TOr0 HE0OXOAMMO MOCTaBUTH (HIAXKOK B
nose Lock sample.

Ha pucynke 1.8 nmpuBeneH pe3ynbTaT MOCTPOSHHS JepeBa peIeHUi Ha BBIOOPKE MMOJIOBUHHOTO 00B-
eMa OT MCXOIHBIX JaHHBIX. Ha oOyuaromieil BRIOOpKE JTOCTUTHYT HEIUIOXOH (P (eKT Kiraccuduka-
1Y — OIMMOKa cocTaBisieT Bcero 5,4%. BMmecte ¢ TeM Ha KOHTPOIBHOM BBIOOPKE, 00BEM KOTOPOW
paBeH MOJIOBUHE 00beMa MCXOJHBIX JaHHBIX, MPOLIEHT MPAaBUIBHON KiIacCH(UKAIIMKA PE3KO MagaeT
10 35,1%. D10 3acTaBiseT 3aymMaTbcs O TOM, HACKOJIBKO IIOCTPOEHHOE IEPEBO PEIIEHHUM U COOTBET-
ctBytomue if-then mpaBuia oTpaxkaroT 00BEKTHUBHYIO PEATBHOCTb, M, CKOPEE BCETO, POIAOIKUTH T10-
UCK OoJiee yCTOHYMBOTO BapHaHTa PEILICHHS.

C» Results for USR M [=] B3 I

Evaluation on training data (37 cases):

Decision Tree

________________ Peayabratn
Size Exrxoxs KAACCH(PHKAUHH Ha
06y4an e BuGopKe
5 2 5.4 <« (50% or HCXoaHOH
BHIEOPKH)
(a) (b) (c) <-classified as
8 1 (a): class 1
21 (b): class 2
1 6 {c): class 3
Evaluation on test data (37 cases):
Decision Tree Peaynsrarsl

KNACCHPHKALUHH Ha

Size Erroxs «
KOHTPOALHOW BHGOpKE

$ 13(35.1%) << [50% ot HcxoaHoW
BHIGOPKH)
(a) {b) (c) <-classified as
6 6 1 (a): class 1 ]
2 11 3 (b): class 2
1 7 {c): class 3
=

Puc. 1.8. Pe3yabTaThl KIaccu(puKaUM JAHHBIX YJIbTPAa3BYKOBOI TMATHOCTUKH
Ha 00yyamoleil 1 KOHTPOJILHOI BHIOOpPKAX

16



1.9. Yyem cmoumocmu pa3snu4Hbix owubok Knaccugukayuu

Jlo cero MoMeHTa, aHAIM3UPYsI JTAHHBIC 110 YJIbTPA3BYKOBOW JUATHOCTHKE 3a00JIeBaHUIl, MBI CUATAIIN
BCC BH/BbI OIInO0K KHaCCI/I(bI/IKaIII/II/I 3KBUBAJICHTHBEIMA. MBI AaBajJid OUCHKY Ka4u€CTBa IMMOCTPOCHHOI'O
KJIaCCHU(UKATOpa, MPOCTO MOACYUTHIBAsI o0IIee Yrcio omnuOok. Ho B peanbHOM )XU3HU CTOMMOCTh
Pa3IHYHBIX OMIMOOK MOXKET OBbITh pa3Hoil. Hampumep, eciii MbI OIIMOOYHO COYTEM 3[0POBOTO YeI0-
BeKa OOJIbHBIM M HAIIPAaBUM €T0 Ha JOMOJHUTEIBHOE 00CIIeI0BaHKE, 3TO OYAET HE TaK CTPALIHO, KaK
B CJIy4yae OIMOOYHOTO OTHECEHHsI OOJIBHOTO K rpymie 370poBbiX. COOTBETCTBEHHO, ITPU OLICHKE Ka-
YeCcTBa MOCTPOCHHOIO JIePeBa PEIICHUH YacTO ObIBACT HEOOXOIMMO BBOJIUTh B aHAJIN3 BEca pa3jiny-
HBIX OITHUOOK.

B cucreme See5 mis ydeta CTOMMOCTH pa3iMYHBIX OMIMOOK KIacCH(UKAIIMH CO3ACTCs CIICIHalIb-
HBII (aiin *.costs. OH COEPKUT CTPOKHU CIETYIOIIErO BUA:

MpeACKa3aHHbIN KJIacC, HCTUHHBIN KJTacC: CTOMMOCTh OIINOKH,
/i€ «CTOMMOCTH OITMOKI» — HEOTPUIATENILHOE JEHCTBUTEILHOE YHCIIO.

Yucno cTpok, XapaKTepU3yIOMNUX KOMOWHAIIMN «ITPECKa3aHHbIN KJIacC — UICTUHHBIN KJIACC», B ITOM
daiine MmoxeT ObITh MOOBIM. Ecir cTOMMOCTD KakoW-TnO0 OIMOKH HE OTpe/iesieHa IBHO, TO CUCTeMa
Ha3Ha4yaeT 3Ty CTOUMOCTb PaBHOM 1.

HpeI[HOHO)KI/IM, YTO CTOMMOCTH OIIMOOYHOIO OTHECEHMST OOJBHBIX IMOYEK K KJIacCy 310pPOBbIX B
HaieM ciy4ae Oyner paBHa 10, a cTOMMOCTb BCeX OCTaIbHBIX BUIOB omIOOK paBHa 5. Toraa daiin
JUTSE yaeTa pa3nmuaHoi ctonMocTr omrOok USR.costs MOKeT BBITISIETH CIIEAYIOIIAM 00pa3oM:

| costs file for USR

1,2: 10 | croumocTh OIIMOOYHOIO OTHECEHUS Kiacca 2 K kiacey 1
1,3: 10 | croumMocTb OIIMOOYHOrO OTHECEHHUs Ki1acca 3 K Kinaccy |
2,1:5 | cToumocTh OIINOOYHOTO OTHECEHHS Kilacca | K Kiaccy 2
2,3:5 | cTouMOoCTh OIMMOOYHOTO OTHECEHHUS Kilacca 3 K Kiaccy 2
3,1:5 |croumocTh OMUOOYHOTO OTHECEHUS Kilacca | K kimaccy 3
3,2:5 | croumocTh OIIMOOYHOIO OTHECEHUS Kilacca 2 K Kiaccy 3

Pe3ynbTaTel 00pabOTKHU JaHHBIX C pa3/ieIeHHEM Ha 00YUaroUIy0 U KOHTPOJIbHYI0 BEIOOPKH (110 50%)
U C YYETOM CTOMMOCTH PA3JIMYHBIX OMIMOOK MPUBEIEHBI Ha pUcyHke 1.9.

@ Results for USR (=] B3 |
=
Decision Tree
Size Errors Cost
Pesyabrar
8 2( 5.4%) 0.27 << KAACCHHKALHH Ha

06y4al LEH BHIGOPKE
tal  (b)  (e) <-classified as [c y4eTom croumocTy
O 5o 6. T S T OLWHG0K]

13 1 (a): class 1
15 (b): class 2
1 73 (c): class 3

Evaluation on test data (37 cases):

Decision Tree

Size Errors Cost Peayabrar

KAACCH(HKALHH Ha
KOHTPOALHOH BHGOPKE
[c y4eTomM cToMMOCTH
{a) (b} (c) <-classified as OLIHG0K]
6 2 (a): class 1
9 13 (b): class 2 ._]
1 b4 4 {(c): class 3

8 14(37.8%) 3.24 <<

=

Puc. 1.9. Pe3yabTaThl KJIaccu(puKanum ¢ y4eToM CTOMMOCTH Pa3JIUYHbIX OIINOOK
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Jns penaktupoBanus (paiiyia CTOMMOCTH PAa3IMYHBIX OMIMOOK KiIacCU(PUKAIMK CIEeTyeT ero BbI3BaTh
u3 MeHio Edit | costs file 1 BHecTH HE0OX0qMMbIE U3MEHEHUS B aBTOMAaTUYECKH HMHUIIUATHU3UPOBAH-
HOM penakrope WordPad. MoXHO HCKITFOUNTE Y4€T CTOMMOCTH OIIMOOK, €CIIM MOCTaBUTh (hIIayKOK
Ignore costs file B okHe nuanora Ui 3ajaHNs TapaMEeTPOB ATOPUTMA ITOCTPOSHHUS JIEPEBLEB pellie-
Huii (puc. 1.2).

1.10. Ucnonb3oeaHue Knaccughukamopos

ITocne Toro xak nojab30BaTENb MPU3HAET KAKOH-1M00 BapHAHT JAepeBa pelIeHUH yA0BIETBOPUTEIb-
HBIM, €My TIPEIOCTABISIETCS BO3MOKHOCTh MCTIBITATh 3TOT BapHAHT B MHTEPAKTHBHOM PEKHUME Ha
HOBBIX JaHHbIX. Hasxkumaem B rmaBHoM okHe See5 kHomky Use Classifier u Tem cambiM akTuBHU3M-
pPYeM anropuT™ Kiaccu(UKaIuu TaHHBIX, COOTBETCTBYIOIINI CAMOMY MOCIETHEMY BapUaHTy JAepeBa
pemienuii. Ha sxpaH BBIBOAUTCS CIIEUAIBHOE OKHO JUIsSl BBOJIA 3HAYEHUI MOOUEPEAHO PEabsBIIsie-
MbIX Tpu3HakoB (puc. 1.10). KomnuecTBo Takux Mpu3HaKOB MOKET ObITh pa3HbIM, BEIb B 3aBUCHMO-
CTH OT OTBETOB pPealu3yeTcs Ta WM MHAs BETBB JiepeBa peneHuid. [lociie BBo1a Bcex 3aTpeOOBaHHBIX
3HAYEHHUI Ha KpaH BBIBOAMUTCSA OKHO, B KOTOPOM YKa3bIBAaIOTCA MPENCKA3aHHBIN KJIacc U ypOBEHb
JIOBEpUS K pe3ysbTaTy Kiaccudukanuu (puc. 1.11).

| Making predictions for USR using decisiontiee |
I e e
Age 46

{459
3HaueHue NpH3HaKa

Cancel |

| ] 1 y

Puc. 1.10. UHTEepaKTHBHBIA pekuM KIacCHPUKANMU JAHHBIX

Prodiction |
lMpeackazaHHbIA
1 Kaacc 0.60 I
YposeHb
noBepus

Hoeui# PenaktHpoBanue
06BEKT 06BEKTA

sl close
case

Puc. 1.11. Pe3yabTaT HHTEPAKTUBHOH KJaccupuKanuu

1.11. lemanbHas npoeepka u coxpaHeHuUe pe3yibmamos

3aBepiuaromias ctaaus paboThl ¢ See5S 00BIYHO 3aKITI0YACTCS B IETAILHOM ITPOCMOTPE Pe3yIbTaTOB
paboThl MOCTPOEHHOTO KJIacCU(UKATOpa B OKHE MEPEKPECTHBIX CChUIOK. [locne HaxkaTusi coOTBeT-
ctBytoniei knonku (Cross-Reference) Ha skpaHe mosiBiIsIeTCs 1MajI0roBoe OKHO, B KOTOPOM IpeJi-
naraercsi BeIOpaTh (aiin ¢ naHHeIMU 1715 Kiaccudukanuu (puc. 1.12). 310 MOXKET OBITH UCXOTHBIN
¢aiin manubix (B HamewMm ciydae USR.data), daiin ¢ TecroBeivu manasiMu (USR.test) wmm daiin,
cozieprkaniuii 00beKThI ¢ Hen3BecTHOM Kiaccupukanuei (USR.cases).
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File to cross-reference I

File extension
data
C o lest
C cases

Cancel |

Puc. 1.12. Boi0op daiina 1aHHBIX AJ14 KJIaccupuranumn

BriOpaB TpeOyemsrii daiin, HaxxumaeM OK. Ha skpaHe mosiBIsieTcss OKHO MEPEKPECTHBIX CCHUIOK, B
JIeBOH ITOJIOBUHE KOTOPOI'O CHavaja N300pa)KeHo MOJTHOE JEPEeBO PELICHUH, a B IPaBOH NpeICcTaBlIeH
CIHCOK 00BEKTOB, MOABEPTHYTHIX KiIaccupukauu. HekoTopele BO3MOXKHOCTH pabOThI ¢ OKHOM Iie-
PEKPECTHBIX CCBUIOK 00CYKIAINCH BHIIIE. 37IeCh OCTAHOBUMCSI €I Ha JIByX BO3MO)KHOCTSIX.

[TepBas 3aki04aeTcsi B BO3MOXKHOCTH ITO3JIEMEHTHOTO MTPOCMOTPA IJIsi BEIOPAaHHOTO 0OBEKTa BETKH
MOCTPOCHHOTO JIepeBa pemieHus. J{Js 3Toro Hy>KHO IIENKHY Th JIEBOW KHOIIKOI MBIIIH B ITPABOM MOJIE
OKHa MEPEKPECTHBIX CCHUIOK Ha TpeOyeMOM 0OBEKTE — B JIEBOM I10JI€ aBTOMAaTHYECKH OTOOPa3UTCS
COOTBETCTBYIOIast BeTKa. Tak, B ciydae, MOKa3aHHOM Ha pucyHke 1.13, i uzyuenust 611 BBIOpaH
00BekT No 4 (0KOJIO HEeTo TOSBHICS TEMHBIH KPYKOK). Kak BUIMM, C 3TUM 0OBEKTOM COOTHOCHUTCS
JocTaTouHO KopoTkas BeTka perierus (Index < 0,69 & Age > 43 & Accel < 85). AHanoru4aeIM 00-
pa3oM MOXHO pa3o0paTh pe3yibTaThl KIACCH(UKAIMUA BCEX JPYTUX MOCTYIHBIX OOBEKTOB (HaXkKa-
THEeM KHOTIKH Reset Bo3BpaImaeTcs ucxo1Hoe 300paXeHNe TOIHOTO JiepeBa PEIICHHH).

C» Crossieference for USR decisiontee
IR L
Index > 0.69: ... [?] #2 1
Index <= 0.69: B [7] #3 1
L Age <= 43: . R SNERR st 7] 24 1@
Age > 43: BbLIGPAHHOro o6bekTa N* [?] #5 1
L— Accel <= 85: 1 (3.0) 7] #6 1
Accel > 85: ... [?7] &7 1
C:Case #ta L (O] X {Z} :g :
?
diagnosis 1 if] #1981
7] #1111
3uavenus n Age £ 71 M2 1
PH3HaAKOB Sex M
y BLIEpPaHHOrO LR R IZI ::3 :
SOOI, Length 115 H ke S
Width 57 ] #1161
Thickness 49
. 2] M7 1
Thickpar 16
7] #18 2
Speed 191
7] #19 2
Index 0.69 (7] #20 2
Accel 85 [.',] w1 2
Predicted class: 1 - =
Save I Reset I

Puc. 1.13. IIpocMoOTp pe3yJIbTATOB KJIACCH(PUKANUA B OKHE MEPEKPECTHBIX CCHLJIOK

BTtopast BO3MOKHOCTh 3aKJIFOYAETCs B COXPAHEHUH MOTYUYCHHBIX pe3ysibTaToB. [Ipruem 31ech cyiie-
CTBEHHBIM SIBIISIETCS 68b100pOUHOE COXPAHEHHE. A UMEHHO TOCJIEe HaXKaTUsl KHOMKH Save, pacroio-
’KEHHOU B MIpaBOM HUXKXHEM YTy OKHA IIEPEKPECTHLIX CCBLIIOK, COXPAHATHCSA B TEKCTOBOM (bopMaTe
OyIyT TOJIBKO PE3yJbTaThl, OTHOCAIIUECS K TEKyIIeMy OTOOPaKEHHUIO JepeBa pEIICHUH (IIETUKOM
WJTA €70 YaCTH).
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2. WizWhy — cuctema nomcka norm4eckmx npasus B AaHHbIX

Cuctema WizWhy npeanpusitus WizSoft (http://www.wizsoft.com) siBJIsIeTCSI COBpeMEHHBIM ITPEICTA-
BUTEJIEM I0JIX0/1a, PEATTM3YIOIIEro OrpaHMYCHHBIN niepeOop. XOTs aBTOPBI CUCTEMBI HE PAaCKPBIBAIOT
cnenu(duKy anropuT™a, MojoKEHHOTO B OCHOBY paboTsl WizWhy, BBIBOA O HaIM4YMH 37€Ch OIpaHU-
YeHHOro nepedopa ObLT clIeIaH 10 pe3yJbTaTaM TIIATeIbHOTO TECTUPOBAHUS CUCTEMBI (M3y4alIuCh pe-
3yJIbTaThl, 3aBUCUMOCTH BPEMEHH UX IIOIYYEHUS OT YMCIIA AHATU3UPYEMBIX IapaMETPOB U Ip.).
ANTOPUTMEI OTPaHHUYEHHOTO TIepedopa ObUTH TpeIoKeHbI B cepenanne 1960-x rr. M. M. bonrapaom
JUISL IOUCKA JIOTUYECKUX 3aKOHOMEpHOcTeN B AaHHbIX. C TEX MOp OHU MPOJAEMOHCTPUPOBAIU CBOIO
3(PEeKTUBHOCTH MPH PEIICHUN MHOXKECTBA 3a/1a4 M3 CaMbIX Pa3IUYHBIX 00JacTei.

OTU aJITOPUTMBI BBIYUCIIAIOT YaCTOThl KOMOUMHAIIUMHN MPOCTHIX JIOTUYECKUX COOBITHI B MOATPYIIax
naHHbIX. [Ipumepsl npocTeix Joruyeckux coobithil: X =a; X <a; X>a;a<X<b u np., rue X —
Kakou-110o0 mapameTp, a U b — KOHCTaHThl. OrpaHUYeHUEM CIYXUT JUTMHA KOMOMHAIIMU MPOCTHIX
norudeckux coobiTii (y M. M. Bonrapzaa ona Obiia paBHa 3). Ha ocHoBaHuY aHanM3a BEIYMCICHHBIX
YacTOT JIeJIaeTCsl 3aKII0UYEHUE O TI0JIE3HOCTH TOM MIIM MHOM KOMOMHAIINY [Tl YCTAaHOBJICHUS aCCOLHU-
aIliM B JaHHBIX, U1 KIIaCCU(HUKAINY, IPOTHO3UPOBAHUS U TIP.

ABTopsl cucteMbl WizWhy yTBep)KaarT, 4TO OHa aBTOMAaTHYECKH H3BJIEeKaeT U3 AaHHbIX BCE
if-then mpasuina. Ha camom zene 3To, KoHEUHO, HE Tak. Bo-nepBbIX, MakKCUMalbHas UTMHA KOMOWHA-
uu B npasuiie if-then B cucreme WizWhy paBHa 6, 1, BO-BTOpBIX, C CAMOT0 Hayajia paboThl ajro-
pUTMa TPOU3BOAMUTCS IBPUCTHUYCCKHIA TOUCK MPOCTHIX JIOTUYECKUX COOBITHH, HA KOTOPBHIX IMOTOM
CTPOUTCS BeCh NanbHEWmMii ananu3. Tem He MeHee cuctema WizWhy sBIsieTCsl Ha CETOMHSIITHUN
JICHb OJIHUM U3 JTUJIEPOB Ha pbIHKe MpoaykToB Data Mining. D10 He numieHo ocHoBanuii. Crcrema
JIEMOHCTpHUpYeT OoJiee BHICOKHME IMOKA3aTelIH MPU PEUICHUH psla MPAaKTUYECKUX 3a/]ay, YeM Bce
ocTajibHble aIropuT™Mbl. CTOMMOCTb CUCTEMBI COCTABIISIET OKOJIO 4 THIC. JA0JIJI., KOJIMYECTBO I0JIB30-
Bareneil — mpuoimsurensHo 30 Thic. JlemoHcTpanmonnas Bepcus WizWhy orpannyeHa ToIbKO KO-
JUYECTBOM aHaTM3upyeMbix 3amuceit — 1000 00beKTOB.

2.1. O6wue ceolicmea cucmembi WizWhy

AsTtopsl WizWhy akIeHTUPYIOT BHUMaHHE Ha CICIYIOIIUX OOIIUX CBOMCTBAX CUCTEMBI:
e BeiiBrieHne BCEX if-then npaswuun;

¢  BBIYHCIICHHE BEPOSTHOCTU OIIMOKH JIJIsl KaXKIOTO IPABHIIA;

®  OMpEJeICHNE HAWTYYIICH CerMEHTAIMN YUCIOBBIX IEPEMEHHBIX;

®  BBLIYKCIICHHE MPOTHOCTHYESCKOM CHITBI KQXKIOTO MPU3HAKA,

e 00001IeHNE TIOTYYSHHBIX MPABUIT U 3aBUCUMOCTEHH;

® BBISIBIICHHE HEOOBIYHBIX ()CHOMEHOB B JJAHHBIX;

®  JCIIOJIb30BaHHE OOHAPYKCHHBIX MIPABUII JUTS IPOTHO3UPOBAHMS;

¢ BBIpaKCHHE POTHO3a B BUJIE CITUCKA PEIEBAHTHBIX MIPABUII;

® BBHIUMCIICHHE OMIUOKH MPOTHO34,

® TIPOTHO3 C yYETOM CTOMMOCTH OIIHOOK.

B kauectBe nocronHctB WizWhy H0MOIHUTENEHO OTMEYAIOT TaKUE:

® Ha IIPOTHO3BI CHCTEMBI HE BIIUSIOT CyObEKTUBHBIC IPUYUHEI,

® [0JIb30BATENISIM CUCTEMBI HE TPEOYEeTCsI CIIEIAIbHBIX 3HAHHI B TIPUKIIATHON CTaTUCTUKE;
e (Qoiee TOYHBIC M OBICTPBIC BBIYHCIICHHS, YeM y Ipyrux MeTonoB Data Mining.

Juns Gonbiieii yoenutensHOCTH aBTOphl WizWhy NpOTHBOMOCTABISIOT CBOIO CHCTEMY HeWpoceTe-
BOMY HOJXOJly M aJrOpUTMaM MOCTPOCHUS AEPEBhEB PEIICHUI U yTBEp:KIatoT, 4to WizWhy, ob6ina-
nasi 0osiee BBICOKMMHU XapaKTEPUCTUKAMM, BBITECHSET JIPyrHe MPOrpaMMHBIE MPOAYKTHI C PbIHKA
Data Mining.
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2.2. 3azpy3Ka u ynpaesnieHue OaHHbIMU

[lepBoe, uTo HYkHO caenath npu padore ¢ WizWhy, — 3T0 3arpy3uTh aHanu3upyemMbiid daiin gaH-
HBIX. 37IeCh IMEETCSl HECKOJIBKO BO3MOYKHOCTEH:

® BBl MOXKETE TOATOTABIMBATE U unTaTh (aitner ASCII;

® BBl MOXETE HanpsMyro padorats ¢ aiimamu dBase (*.dbf), MS Access (*.mdb), Oracle u Tabiu-
namu MS SQL;

® BBl MOKETE BOCIIPHHHMATH Ha0OpkI JaHHbIX mocpeacTBom ODBC (Open Database Connectivity);

e Ui Havaja paboThl C MPOLEIYpPON 3arpy3KH IpexJe BCEro ciexyeT oOpaTUThCS K 3aKiajke
Basic Data B oxHe quanora ¢ iMeHeM Tekyiero mpoekra (puc. 2.1). 3xeck B mose Open Data
of Type Hy>HO yKa3aTh THII 3aTpy’>KaeMbIX JaHHBIX;

® Ui IpUMEpa BO3bMEM TaOJIHILy C JJAHHBIMHU IO YJIbTPA3BYKOBOH JMAarHOCTHUKE IMOYEK B TEKCTO-
BoM ¢opmate ASCII (pazmenurenem KOJOHOK SBIISIETCS 3HAK TaOyJIANNH, B IEPBOM CTPOKE Tab-
JMIBI JAHHBIX 3alMCaHbl IMEHA MEPEMEHHBIX). YKaKeM TpeOyeMbIi THIl TaHHBIX U B MOSIBHB-
mieMcsi OkHe auainora BeiOepeM daitn USR.txt — Ha 9KpaH BBIBOJUTCS OKHO JHAIOTa CHCTEMBI
WizWhy anst penaktupoBanus U npeoOpa3oBaHus TEKCTOBBIX (aitnoB (puc. 2.2).

B none Record Type (Tum 3anucu) ycraHaBiauBaeM nepekitodaresb B nojgoxenue Delimited (nan-
HBIE C pa3zienuTeneM) u npocranisieM (uaxok B no3uiuu First record for fields names, rosopsiuuii
0 TOM, YTO UMEHA MEPEMEHHBIX PACIIONAraloTCs B MepBOH cTpoke Tabnuisl naHHbIX. B nosne Field
Delimiters (pa3znenurens) craBuM ¢uiakok B o3uiuu Tab (3Hak TaOyssiun). Haxxumaem KHOTIKY
Parse, mocie yero cucrema NpoOU3BOJUT AaBTOMATUYECKHI TPAaMMaTHUYECKUI pa300p HAIIMX JaHHBIX.
[TpocmarpuBaeM pe3yabTaThl 3TOrO pazdopa U IpU HEOOXOAUMOCTH BHOCUM KOPPEKTUBBI — B OJIE
Column (field) nmpenocraBisitoTCs BO3MOXKHOCTU JUIsI U3MEHEHUST MMEH W THUIOB IEPEMEHHBIX,
a TaKKe Ui 0TKa3a 0T UMITopTa Kakux-116o kojmonok. Haxxumaem OK. Cucrema umnoprupyer iaH-
HBIE JUIs JaybHeimeil 00paboTKH, 4TO OTPaXKaeTcsl B TUAIOTOBOM OKHE JIJIsl YIIPABICHHS TaHHBIMH
Basic Data (puc. 2.3).

E. WizwWhy Analyzer - Wizwhy1 M= E
o S Mowgly ksl St ifkwdom Sld ; —— . -
N EEEE SR E R R

T — e =T

Basic Data | Rule Paramelers | Enors / Examples | Data Fomnat | Prediction Input | §
Data Souce: |(Nn Diata Sourca chosen :l
Olperi Diata of Type © ”K‘:’T:TI'—H
Fiekd Geid: | P | Pk Ty | mi ‘ 1?31! ﬁ,’”ﬁ";
< | ;;!.:
[For Help_ prezs F1 | | Al

Puc. 2.1. Hauano pa6otsl ¢ cucremoii WizWhy

21



ASCII File EE|
~File Type: — Mizzing / Special Values [Optional] —— : -
& Windows  DOS

~Record Type: ————— 1~ Field Delimiters:
€ Eined [ Tsb [ Semicolon I Comma
& Delimited
¥ First record for fields names [ Space  Dther r
- Colurnr [field):
" Quality
Name: — [Diagnosis & Quantity
Do Mot Impart Colurin Date | .I
QnT QNT o QLT o QLT =
10 20 30 40 50 &
piiaa sl o d oo oo lasapadsealesoasonnalosssadsaslesaissssi
1 Diagmosis Age Sex LR
2 4 62 F R
3 i3 43 ol L
4 1 53 ol R
5 1 37 bl L
5] 1 21 H L
= 1 7.4 " o i
4 | o

Puc. 2.2. /InajioroBoe 0KHO /1Jisl YTeHHSI JAHHBIX B TEKCTOBOM ¢opmaTe

= Wizwhyl i =] ES3
. = £
Basic D'ata | Fule Parameters I Errorz / Examples I [rata Farmat I Frediction [nput I
B Eaure: IE:'xF'ru:ugram FilesSiwiz5 oftviwfizedhy DemosUISE bt :I
| Open Data of Type : II,E'-.SEII j Wiew Diata.. |
Field Grid: ; ; Analyze it | lgnare Figld ta
Field Mame Field Type Eriti Ficld Bl
I |Diagnosis LTS O s O T
L FclcON . oL B B 5
Lk B L S o B 5
|2 A . " - I =
3 (Length o Mumber I =
- e 1)1 UG SO I =
[F | Thickness ... Mumber < ..LL " .
R LN .o R B 5
L N .o I !
L L N .. o IR B 5 -
[ Bl N .11 M O SO O 5 O
4 J ;G!

Puc. 2.3. OkHo auaJjiora s ynpapJjieHusi JAHHbIMHU

B nonie Data Source yka3piBatoTCs MECTOIOJIOKEHNE U UM (Daiisa, 3 KOTOPOTo OBLIM UMITIOPTHUPO-
BaHb!l fanHbele. Knonka View Data mpennasHaueHa 1uis BEI30Ba OKHA JJIs1 IPOCMOTPA 3arpyKEHHBIX
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JaHHbIX (B HeM aeMmoHcTpupyercst 100 nepBbix cTpok Tabnuisl nanHbix). B none Field Grid oto6-
paXaroTcs MMEHA U TUIIBI BBEIEHHBIX IEPEMEHHBIX U MPEIOCTABISIOTCS BO3MOKHOCTH MPOBEICHUS
CIIEAYIOIINX OTEepPalIid:

e Ha3HauEHHE IIeJIEBOI WM TaK Ha3pIBaeMoH 3aBUcHMOil (dependent) mepemMeHHO. DTO IepeMeH-
Hasi, 3HAUEHUSI KOTOPOil OyIyT CBS3BIBAThCS C MOMOIIbIO if-then mpaBui co 3HaYEHHSIMH Tak
Ha3bIBaEMBIX He3aBUCUMBIX (independent) mepemMeHHBIX. B Hamem cirydae Takoii 1ejeBoi mepe-
MeHHOH sBnsiercs Diagnosis — BeicTaBisieM (uia)koK B COOTBETCTBYIOIIEH MO3UIMU KOJOHKU
Field to Predict;

e Moaudukaus nepemeHHbIX. B xomonke Field Name MokHO pemakTHpoBaTh HMEHA TIEpeMeEH-
HBIX. J{J1 3TOro Hy’KHO IIEJTKHYTh HAa COOTBETCTBYIOLIEH MO3UIIMU U BBECTH HOBOE uMs. Kpome
TOro, B no3unusax kojoHku Field Type MoxxHO n3MeHATh TUl nepeMeHHoi. Hanpumep, 3aMeHUTD
tun Text (TekcToBBIN, HOMUHANBHBIN) Ha Number (konudecTBenHsblit) nnu Date (1ata) B ¢op-
mare Jleab-Mecsi-I'on (I'og-Mecsi-Jlens) 1 T. M. 31ech 3aMETUM, YTO B 3aBUCUMOCTH OT BBI-
OpaHHOTO THIIA JAHHBIX B JabHEHIIEM K MEpEeMEHHOW MPUMEHSIIOTCS Pa3IndHbIe TMPOIETYPHI
00paboTku.

B cucreme WizWhy npenycMoTpeH Takxke ciydaid, KOTAa MPONMyCKH B TaOHIle JaHHBIX (IIyCTbIe
AYEHKH) IPEJCTABISIIOT CO00M caMOCTOATeNbHbIE HHPOPMATUBHBIE COOBITHS. I yueTa mogo0HbIX
MPOIYCKOB B 3HAUEHUSIX KaKOH-IMOO0 MepeMeHHOM cTaBUTCs (hIa’koK MPOTHUB Hee B KoJIoHKe Analyze
if Empty. B cBoto ouepensp, ecin uMeeTcst HEOOXOAUMOCTh MCKIIIOUUTh MEPEMEHHYIO U3 aHaJIu3a,
HY’KHO BBICTaBUTH (uraykok B KosoHKe Ignore Field.

B Hamem npumMepe TeKCTOBBIH (hopMaT UMEIOT TP MEpeMEHHbIE — L1eseBoi npu3Hak Diagnosis, npu-
3HaK Sex (rmous mauuenTa) v npuszHak LR (neBas wiu npaBas nmouka). OctanbHble IEpeMEHHbIE Age
(Bo3pacr), Length (nuna noukn), Width (mumupuna noukn), Thickness (Tommuna nouxu), Thickpar
(TommuHa mapeHxumbl), Speed (CcpemHsisi CKOPOCTh KpoBoTOKa), Index (MHIEKC pe3ruCTeHTHOCTH) U
Accel (yckopeHme apTepuaibHOTO IMOTOKA B CUCTOITY) SBIISIOTCSI KOJIUYECTBEHHBIMH.

2.3. 3adaHue napamempoe npouedypbl NOUCKa npaeus

B cucreme WizWhy 1ieneBoii mpu3HaKk pas3ziesiseT BCe MHOKECTBO OOBEKTOB Ha JIBE YaCTH. JTO Jie-
JIAETCs CICAYIOMNUM 00pa3oM.

Ecnu neneBast nepeMeHHast siBIsieTcsl TEKCTOBOM (HoMuHanbHOI), WizWhy npocmaTpuBaet Bce 00b-
€KTHI (3aIIMCH) U OTOUPAET T€ U3 HUX, JUI1 KOTOPBIX LiesieBasi IepeMEHHasi UMEET BIOpaHHOE 3Haue-
H1e. OToOpaHHBIE TaKUM 00pa3oM OOBEKTHI COCTABIISIOT NMepByto rpymmy. IIpaBuna, xapakTepHble
JUIS TaHHOU Ipymnimbl, HasbiBatoTcs if-then mpaBmiamu. OcTaBimecst 00bEKTHl COCTABISAIOT BTOPYIO
TpyIIy, ¥ JUIsl 3TOM IpyMIbl XapaKTepHbIe nmpaBuia 06o3Havyarotcs kak if-then-NOT npasua.

Ecinu neneBoit npu3HaK sBISETCS KOJMYECTBEHHBIM, TIOJIh30BATEINb JOJDKEH yKa3aTh 00J1acTh 3HaUe-
HUH dTOrO Mpu3HaKa. [IpaBuna if-then OymyT ompenensaTscst It 3TOM yKa3aHHOU oOnactu. B cBoro
ouepenp, if-then-NOT mpaBuiia OyyT ONMMCHIBATH OOBEKTHI, HE TIONABIINE B BBIICICHHYIO 00JIaCTb.

B paccmaTpuBaeMOM HaMu MPAaKTUYECKOM pUMepe 1esneBoi npu3Hak Diagnosis HoMuHanbHbIN. OH
MIPUHUMAET TpU 3HAUEHUs: | — B KJlacce «310poBasi IOYKa»; 2 — B KJIacce «MHOYKECTBEHHbIE KUCThI»
u 3 — B kJacce «ruaponedpos». bynem nckarp B nanubIx if-then mpasuiia 11st 00EKTOB ¢ TMATHO30M
«MHOECTBEHHBIE KUCTBHI». J{7151 3TOTO € MoMoIisto 3aknaiki Rule Parameters (mapameTpsl mpaBui)
BOWJIEM B COOTBETCTBYIOIEe OKHO auanora u B nojie Predicted Value nmpoctaBum 3HaueHue «2»
(puc. 2.4).

[Tocne 3aganus 00aacTH 3HAYCHUH 1ICJICBOM ITEPEMEHHOMN WIIH, KaK B HAIIEM cllyJae, ¢ OJHOTro 3Ha-
yeHus cucreMa WizWhy uuTaer naHHbIe U BBIYUCIISAET MPOCTHIE CTATUCTHKHU, KOTOPBIE MOTYT OBITh
WCIIONIb30BaHbI B JanbHeleM aHanuse. Tak, Harpumep, crpasa ot nosst Predicted Value cucrema
BBIBOJIUT 3HAUEHUE YacCTOThl, ¢ KOTOPOH B AaHAJIM3UPYEMBIX [AHHBIX BCTPEYAETCS 3HAUCHUE
Diagnosis = 2. Kak yka3bIBalOT aBTOPBI, YT€HHE OOJBIIMX HAOOPOB JTAHHBIX CIIOCOOHO 3aHUMAaTh
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MHOTO BpeMeHH. [lonb30BaTenib MOXKET MPEKpaTUTh pollece YTeHus, HaxkaB kHonky Cancel Ha crie-
UAIbHON MaHenu. B aToM ciydae manbHeieMy UCCIeOBAaHUIO MTOIBEPTaeTCs TOIBKO Ta HHPOP-
Marlusi, Kotopas Oblj1a mpounTana. Ho mpu skenaHuu mporecc YTeHUs TaHHBIX MOYKHO MTOBTOPHTb.

% Wizwhyl o [=]
- — =
Basic Data  Aule Parameters | Errors / E:-tamplesl Diata Format I Prediction [nput I
Figld to Predict :  Diagnoziz
The field will be analyzed as Boolean.
Select the value to be analyzed in the rules.
Predicted Value: 2 _"j Frequency: 50,00 %
Minirmurmn probability of if-then rules: an =
Minimum probability of if-then-NOT ules: a0 =
b aximum number of conditions in a rule: I4 3:
inil i : 10 - T
Minimum number of cases in a wle: i :_i I Show Prediction Parameters
b aximurn number of rules to be displayed: I'I oo 3: when izzuing rules or trends
[after reading the data) |
Sort rulez in the Fiule Report by IR0
Ad|
4| | I

Puc. 2.4. OxHo guaJjiora s 3aiaHusi MapaMeTPoB
NMpoueaypbl MOMCKA JOTHYeCKHX MPaBUJI

Crnenyrouium 1aroM sBJseTCcs 3alaHue COOCTBEHHO MapaMeTpOB MPaBUJI, TOUCK KOTOPBIX OyAeT OCy-
LIECTBJIATHCS B MPOUUTAHHBIX JaHHbIX. Croa mpexie Bcero orHocsaTcs Minimum probability of if-
then rules (MunuManbHas BeposTHocTh if-then mpaswin) u Minimum probability of if-then-NOT
rules (MuHUMaNTbHAsE BepoSITHOCTH if-then-NOT mpaBmit). DTu mapaMeTpbl €CTh HE YTO MHOE, Kak
TOYHOCTH MPaBUJIA, OXapaKTEPU30BaHHAS B MpeAy/biiiel riase. [IpocTaBuM B COOTBETCTBYIOMIUX
MOJISIX OKHA JMajora OJMHAKOBBIE 3HAUEHHUS yKa3aHHBIX BeposTHocTed 80%. DTO 03HayaeT, 4Tto B
cucteme WizWhy dopmynupyercs TpeboBanue oOHapyXMBaTh IpaBHiia, KOTOpPbIe OYyAyT OIIM-
6arbcs He Oosee yem B 20% ciydyaeB (MMEIOTCS B BUY OIIMOKY Ha aHATTU3UPYEMOU BBIOOPKE).

B npuniune MoxkHO 3amaBath J1r00bIe 3HAYEHUS MUHUMAJIBHBIX BeposaTHocTei oT 0 1o 100%. Ho
CJIEZIyeT XOpPOIIO TMPEICTaBIATh, YTO, 3aJaB CIUIIKOM HU3KHHA YPOBEHb TOYHOCTH, MBI MOIYyYUM
00JIbI1I0€ KOJIMYECTBO MPABUII, CPEAU KOTOPBIX OyIeT MHOTO MaJOMH(MOPMATHUBHBIX KOMIIOHEHTOB.
B cBoto ouepensn, BrictaBuB TpeboBanue 100%, Mbl, CKOpee BCEro, HUYETo HE MOJy4YruM BOOOIIIE.

Emte onHuM BaxXHBIM apameTpoM ciaykuT Maximum number of conditions in a rule (Makcumans-
HOE YKCJIO YCIIOBUIl B IpaBuiie). ITO MaKCUMaIbHOE KOJIMYECTBO 2JIEMEHTAPHBIX JIOTHUECKUX COObI-
TUH B OJHOM IIpaBuiie. XOTs aBTOPbI CHCTEMBI HUYETO HE TOBOPAT O NPEAEIbHOM 3HAYEHUU JTaHHOTO
napameTpa, yCTaHOBJICHO, YTO OHO PABHO 6.

Crnenymmm napaMmeTpom, KOTOPBIA HEOOXO0AUMO 3a/1aTh ISl pa0OTHI MPOLIEAYPhI TOMCKA MPABHUII, SIB-
nsiercst Minimum number of cases in a rule (MuHIManbHOE YHCIIO OOBEKTOB B IIpaBmiie). BricTaBum
3aech 3HaueHue 10, 06003HAaUMB TeM CaMbIM Hallle jKelaHue OOHApy>KUTh B JAHHBIX MPaBHJIA, «I10-
KpbIBatoe» He Mmenee 10 00bexToB. HimkHMiA ipeaen coctaBiseT 4 00beKTa.

[Tocneanue onepanuu B paboTe ¢ paccMaTpUBaeMbIM OKHOM JIMAJIOra KacaloTcsl CocOOOB BbLAAYU
pe3ynbTaToB. Bo-nepBbix, Hy’kHO BBecTH napamerp Maximum number of rules to be displayed
(MakcUMalbHOE KOJUYECTBO OTOOpakaeMbIX MpaBMiI). DTOT MapameTp He BIMSET Ha padoTy mpo-
1eaypsl morcka npasui. OH MpeIHa3HaYeH TOIBKO ISl OTPaHUYCHHS KOJMYECTBA MTPABHII, BbI1aBa-
embix B oTueT (Rule Report). Jlanee creayer ykazaTh Croco0 COPTHPOBKH MPaBWI B OTYeTE (I10
ypoBHio 3HauumocTH Significance Level, mo tounoctu % Probability, no xonmuecTBy 00beKTOB
No. of Cases in a Rule).
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Haxkonen, B mpaBoM HUKHEM YIUTy OKHA JUajiora Jyis 3alaHus IapaMeTpoB MPOLEeAyphl IOUCKA IIpa-
BIJI MOKHO ITOCTaBUTh (UIAXKOK, €CJIM UMEETCs JKeJIaHue Iepe/l CTapTOM MPOLEAY P JONOIHUTEIBHO
IPOCMATPUBATH M KOPPEKTUPOBATH €€ rmapaMeTpbl. [I0JHOCTHIO MOATOTOBIEHHOE OKHO JUaora JUls
HAILIEro NpUMepa M0 yJIbTPa3ByKOBOM IMAarHOCTUKE MOYEK IIPUBEIEHO HAa PUCYHKE 2.4.

2.4. Paboma c okHoM duanoza Owubku/lMpumepsi (Errors/Examples)

Oxkno auanora OmmOku/IIpumeps! nokazaHo Ha pucynke 2.5. OHO pa3zaeneHo Ha aBa nods: «Crou-
MocTb om0k rmporuosa» (Prediction Error Costs) u «I[Ipencrasuts npumeps» (Present examples
where).

B none «CtonmocTs 0mmmO0K MPOruo3a» TpedyeTcs BBECTH COOTBETCTBYIOIINE 3HAYCHUS 110 OT/EIb-
HOCTHU JJIs IBYX BHJIOB omIMOOK: npomycka oObekTa (Cost of a miss) u noxHoii TpeBoru (Cost of
a false alarm). Ilo ymonuanuto 3tu 3Hadenus paBubl 1. Ho, kak o0cy>x1anock B mpeablayIieM pas3-
Jiene, y4eT pa3InyHOi CTOMMOCTH yKa3aHHBIX OMIMOOK MOXET OKa3aThCs BEChMa LIEHHBIM MPH pe-
[ICHUH TPAKTHYECKUX 3a/1a4.

B none «IIpeacraBute npuMeps» MOKHO BbIPA3UTh JKEJaHHE IPOCMOTPETH IPUMEPBI paOOTHI BbISB-
asieMbIx npaBui. Eciu moctaButh (naxok B mo3uiuu Rule is in effect, To cucrema 6yner dopmu-
pOBaTh B OTYETE JUIsl KaXA0T0 MpaBuila CIIUCOK HOMEPOB 00BEKTOB, JUIsl KOTOPBIX ITPABUIIO HE OIIU-
Oaercs. JlnMHa cniMcKa OrpaHUYMBAETCs 3aaHHBIM 4UCIOM. COOTBETCTBEHHO, (PIIaXKOK B MO3UIUU
Rule is not in effect 3anpammBaeT y cucteMsl Bbliady CIHCKa HOMEPOB OOBEKTOB, HA KOTOPBIX Ka-
KOe-JIN00 MPABIIIO pabOTACT C OIUOKOM.

"z Wizwhyl 1 =]
Basic Datal Rule Parameters  Errors / Examples | [rata Format | Prediction Inputl i
~ Prediction Emor Cogts:
Lozt of a miss: i =
[z by predicts NOT 1 but the actual value is 1]
Cost of a false alarm: 1 =
[wfizi' by predicts 1 but the-actual value iz 0]
i~ Prezent examples where:
v Bule is in effect w4
I awimum examples for a mile;
v Rule iz nat in effect 10 _;1
I aimun exarmples far a il =
|
4 I nlE

Puc. 2.5. Oxkno qnasora Ommnoxu/IIpumepst

2.5. Paboma c dpyaumu okHamu duasoea

Oxkno nuanora Data Format npeinasnaueHo ais 3a1aHusi 1 KOPPEKTHPOBKHU (popmara HHPOpMAIIHH,
¢ kotopoit paboraer WizWhy (puc. 2.6). IIpexae Bcero croga oTHOCUTCS ¢opMaT AaHHBIX. B mome
Number and Currency Format nmeercst BO3MOKHOCTb 33J1aBaTh KOJIMYESCTBO ITUQP U BUIBI pasjie-
JUTENeH B YUCIIOBBIX U JICHE)KHBIX JJAHHBIX, a B osie Data Format — BeiOupats ¢opmar ams 3anucu
Jart.

Kpome Toro, B HIXHEH yacTH OKHA JHManora npeayCMOTPEHBI OMIUH, BEIOOP KOTOPBIX OMpenesseT
MECTO BBIJ]auM OTYETa O pe3ysibTaTtax paboThl CUCTEMBI (Ha MPUHTEP, HA IKPaH, B TEKCTOBBIN (aii,
B RTF-¢aiin). B none Subheading 3anocutcs noazaronoBok otueta. Haxaruem knonku Font B nipa-
BOM HIDKHEM YTITy BBI3BIBAETCSI OKHO JMAJIOTA JUIS BEIOOPA HCTIONB3YEMBIX MIPU(PTOB.
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1 Wizwhyl =] B3

2=

Basic Data I Rule Pararmeters l Errors / Examples  Data Format | Predictian |npu |

— Mumber and Currency Format — D'ate Format

Spstem Decimal 1000 Syster Defined v
Defined Digits  Separator  Separator Example:
Farmat |-:Id T 'l

Mumber, [ |2 a: |123,458.?8
- I' I- Separator; r

Cumency: [ |2 3: |123«455-?3 Example; !29.09.95

™ Brint Rule Freport to: IHUIE Rieport Wiewer vl
Subheading: | Fort... |

S £l

i i =

Puc. 2.6. OxHo auajora 1js u3MeHenus popmara uHpopmMauuu

[Tocnennee okHo quanora — Prediction Input npeanasHadeHo Ui BBOAA, IPOCMOTPA U KOPPEKLIUU
BHEUIHHUX JITAaHHBIX, HA KOTOPBIX TpeOyeTCsl MPOBEPUTH ACHCTBHE HaileHHBIX MpaBmil. OHO H300pa-
’KEHO Ha pucyHke 2.7. PaboTa ¢ 3TUM OKHOM aHaJIOTHYHA paboTe C y’Ke PaCCMOTPEHHBIM OKHOM JIHa-

sora Basic Data.

= WizWhyl _[O]
B azic Datal Rule F'arametelsl Emars / Er:amples! Data Format  Prediction Input I =l
Data Source: ﬂ
Open Data of Tupe ||ASEII 'I
Field Grid: :
- Fisld Name ‘ bed | Basic Data Fied ‘ 'anere | i
-]
4] L O

Puc. 2.7. OxHo auaJjiora ajisi BBOJAa BHEIIHNUX JaHHBIX

2.6. Pesynbmamsbi pabomsbi cucmembl

[Tocne BHeceHus HEOOXOAMMON MH(OPMALIMKU B PACCMOTPEHHBIE BBIIIE OKHA JUAJIOTa MOYKHO MpPHU-

CTYIIUTH K IIOMCKY IPaBUJ B 3arpy KEHHBIX JaHHBIX. [[J1s1 3TOro Hy»kKHO HakaTh KHONKY Issue Rules

(BeImava mpasmin) — cuctema WizWhy Beiaet Tpu otdera.

1. Oruer o npaBuiax (Rule Report), B koTopoM nepedncisoTes OOHApyKeHHBIE TPABUIIA C YKa3a-
HUEM UX XapaKTEPUCTHUK.
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2. Oruer o tpernax (Trend Report), B KOTOpOM HpEACTaBIAIOTCS pPe3yJIbTAThl CErMEHTALUU OT-
JCJIBbHBIX ITPHU3HAKOB.
3. Oruer o Heoxunanueix npaBmiax (Unexpected Rule Report).

Paccmotpum ykazaHHBIC OTYETHI O0I€€ TTOIPOOHO.

Omuem o npasunax

OtueT o mpaBuiax pa3MeleH B Tpex okHax (puc. 2.8).

1. JIeBoe okHO — Criricok mpasuii (Rule List).

2. [IpaBoe BepxHee okHO — Coaeprkanue 3anucu B aetansix (Record Details Grid).
3. IIpaBoe Hmxuee okHo — MHaekce npusHaka (Field Index).

Cnucok npaeun

Crucox mpaBul MpeaBapsieTcss HpopMaIueit o 3alaHHbBIX TapaMeTpax MoucKa. 31ech, Ha pUMepe
JAHHBIX TI0 YJIBTPa3ByKOBOW AMATHOCTUKE MOYEK, KaK BUAMM, TOBOPUTCS, YTO OOIIee YuciIo oOpa-
OoTaHHBIX 3amuceil (0OBEKTOB) coCTaBisieT 74, MUHHUMAIbHBIC BEpOSATHOCTH TpaBwmi if-then u
if-then-NOT paBnbI 110 0,8, MUHIMaTbHOE KOJUYECTBO OOBEKTOB ISl IPABHII — 2. 3aTeM MOATBEP-
JKIAeTCs, UTO MpaBUIIa HAXOIATCS 171 nepeMeHHoi Diagnosis, KOHKpETHO /17151 3HaUeHus 3TOH nepe-
MeHHOM, paBHOro 2. Takxke yka3pIBaeTCs, YTO CTOMMOCTH OLIMOOK B BUJE MPOIYCKOB U JIOKHBIX
TPEBOT COCTABJISIOT 1, a CpeliHsIs BEPOSITHOCTH (alpropHasi BEpOSTHOCTh) TMPOTHO3UPYEMOTO 3HAYE-
HUA nepeMeHHou pasHa 0,5.

K. Wiz hy Analyzer - [WizWhy1:2 - Ruls Report]
W Eke Ed View liwe Sefings Window Hep 0 =18| x|
S =T = O e L2 RT3 LT
Hredetito ke | Imﬁoﬁ:ﬁqﬂl
WIZWHY REPORT :‘1 Recod [ o Recond
Field | Value [
IR | Wiz Why Version 2.01 Demo E Diagniosis
Trend Repo Ip AR AMETERS OF THE RULES AND DATA Bl age
C:'\Program Files\WizSofttWizWhy Demo \USR. txt g Sex
Total number of records: 74 LR
Wikt probabiify of the: EL’-‘?‘T
1) if-then rules: 0,800 e
2) f-then-not rules: 0,800 Thickpar =
Mirgraum number of cases i amle: 10 Speed
Demo version 15 limited to 1000 records This database has Ires =l
Field to Predict: Diagnosis EIELD INDEY Wl
Predicted Value (analyzed as Boolean): 2
Prediction error costs: Fisld Fule # —
The cost of a rmss; 1
The cost of a false alarm: 1 Aecel 6.0 11 16 17 18
Average probability of the predicted walue is 0,500 e e s
ANAT.YSIS OF THE RITES EXPLANATORY PO e e x
. ARG : RITES EXPI ol _—
[For Help, press F1- ]

Puc. 2.8. O0mmii Bug or4yera o npasuiax B cucreme WizWhy

Janee cuctema BeIIaeT clieAyonmid 610k o0mel napopmarmn 06 0OHapYKEHHBIX MpaBUIIAX:
ANALYSIS OF THE RULES EXPLANATORY POWER

Decision point: Predict 2 when conclusive probability is more than 0,460

Number of misses: 2

Number of false alarms: 5
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Total number of errors: 7

Total cost of errors: 7

0,868
0,931
Number of records with no relevant rules: 7
0,104

Expected average cost (per record): 0,500
Improvement Factor: 4,786

W3 npuBeaeHHOro 6J10Ka MOKHO MOYEPITHYTh CBEJICHHS O 3HAUYCHUAX HEKOTOPBIX CIIY>KEOHBIX Hapa-
MeTpoB — Decision point (Touka pemenusi), Average cost (cpeaHue moTepu Ha 3anuch), Expected
average cost (oxxunaembie cpeanue notepu) u Improvement Factor (Bbiurpsiin), npeacTapiasonnil
c000i1 OTHOIIIEHUE OXKHIAEMBIX CPEIHUX MOTEPh K PeabHBIM MOTEPsiM Ha 3anmuchk. Kpome toro, B
0JI0Ke cozieprKaTcs CBEICHUS O IPOTHO3UPYIONIEH CIIOCOOHOCTH BCEl COBOKYTTHOCTH OOHAPY KEHHBIX
MIPABHII — KOJIMYECTBO MPOITYCKOB TpH nporHo3upoBanuu (Number of misses), 4nciio JI0KHBIX Tpe-
Bor (Number of false alarms), o6miee koiudectBo omuook (Total number of errors), oomue mo-
tepu (Total cost of errors), BeposITHOCTh yCHEIIHOTO MPOrHO3UPOBaHMSI )i Kiacca 2 (Success rate
when predicting 2), BeposTHOCTb yCHEIIHOTO MPOTrHO3UPOBAHMS aTbTEPHATUBHOTO Kiacca (Success
rate when predicting NOT 2) u koimmuecTBO 00BEKTOB, HE OXBAaYCHHBIX BBIICIICHHBIMHU TIPaBUIAMH
(Number of records with no relevant rules).

Success rate when predicting 2:
Success rate when predicting NOT2:

Average cost (per record):

Crucok npaBuil COCTOUT U3 MPABUJI, YIIOPSIIOUEHHBIX 10 33/IaHHOMY KPUTEPHIO (B HAILIEM CITy4ae 1o
quciy 00BEKTOB, ONUCHIBAEMbIX IPABUIIOM). B JaHHBIX MO yIbTPa3ByKOBOM AMATHOCTHUKE MOYEK MPU
YCTaHOBJICHHBIX MapameTpax npouenypsl cucrema WizWhy o6Hapysxuna 19 npasun. Onu npuBe-

neusl B Ta0mume 2.1.

Ta6auna 2.1. Tadauua if-then npaBui, o6HapyxkenHbIx WizWhy

1) If Age is 21,00 ... 43,00 (average = 34,89 )
Then
Diagnosis is not 2
Rule's probability: 0,947
The rule exists in 18 records.
Significance Level: Error probability < 0,1
Positive Examples (records' serial numbers):
2,4,5,8,9,11,12,17,19,20
Negative Examples (records' serial numbers):
55
2) If Index is 0,70 ... 0,80 (average = 0,73 )
Then
Diagnosis is not 2
Rule's probability: 0,833
The rule exists in 15 records.
Significance Level: Error probability < 0,2
Positive Examples (records' serial numbers):
1, 3, 60, 61, 62, 63, 64, 65, 66, 67
Negative Examples (records' serial numbers):
28,32,33
3) If Width is
Then
Diagnosis is not 2
Rule's probability: 0,813

39.00 ... 53,00 (average = 48.00 )

11) If Width is 56,00 ... 89.00 (average = 65,23 )
and Accel is 210,00 ... 242,00 (average = 224,92 )
Then
Diagnosis is 2
Rule's probability: 0,846
The rule exists in 11 records.

Significance Level: Error probability < 0,2
Positive Examples (records' serial numbers):
25,28, 36,41, 42, 44, 50, 53, 55, 56
Negative Examples (records' serial numbers):
60, 67

12) If Sex is M
and LR is R
and Speed is 16,30 ... 39.30 (average = 21.47 )
Then
Diagnosis is not 2
Rule's probability: 0,846
The rule exists in 11 records.

Significance Level: Error probability < 0,2
Positive Examples (records' serial numbers):
3,6,7,8,11,17, 61, 65, 66, 67

Negative Examples (records' serial numbers):
43, 44

13) If Speed is 2,30 ... 15.40 (average = 13.28 )
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The rule exists in 13 records.
Significance Level: Error probability <0,2
Positive Examples (records' serial numbers):
1,2,4,9,10, 11,17, 19, 20, 62
Negative Examples (records' serial numbers):
48, 49, 58

4) If Speed is 16,30 ... 41,50 (average = 23,97 )
and Index is 0,70 ... 0.80 (average = 0,73 )
Then
Diagnosis is not 2
Rule's probability: 0,929
The rule exists in 13 records.
Significance Level: Error probability <0,2
Positive Examples (records' serial numbers):
3,61, 62,63, 64, 65, 66, 67, 68, 70
Negative Examples (records' serial numbers):
33

5) If Index is 0,65 ... 0,67 (average = 0,66 )
Then
Diagnosis is 2
Rule's probability: 0,800
The rule exists in 12 records.
Significance Level: Error probability <0,2
Positive Examples (records' serial numbers):
25,26, 29,31, 34,37, 38,47, 49, 50
Negative Examples (records' serial numbers):
7, 11,17

6) If Accel is
Then
Diagnosis is 2
Rule's probability: 0,800
The rule exists in 12 records.
Significance Level: Error probability <0,2
Positive Examples (records' serial numbers):
25, 28, 36,41, 42, 44, 50, 53, 55, 56
Negative Examples (records' serial numbers):
60, 67, 69

7) If Age is 48,00 ... 70,00 (average = 62,77 )
and Index is 0,65 ... 0.67 (average = 0,66 )
Then
Diagnosis is 2
Rule's probability: 0,923
The rule exists in 12 records.
Significance Level: Error probability <0,2
Positive Examples (records' serial numbers):
25, 26,29, 31, 34,37, 38, 47, 49, 50
Negative Examples (records' serial numbers):
7

8) If Sex is F
and LR is L
and Width is 56,00 ... 77.00 (average = 63,00 )

210,00 ... 242,00 (average =224.47 )

Then
Diagnosis is 2
Rule's probability: 0,833
The rule exists in 10 records.
Significance Level: Error probability < 0,2
Positive Examples (records' serial numbers):
23,24, 25,26, 27,28, 29, 30, 31, 32
Negative Examples (records' serial numbers):
1, 60
14) If Age is 46,00 ... 70,00 (average = 62,00 )
and Speed is 2,30 ... 15.40 (average = 13,17 )
Then
Diagnosis is 2
Rule's probability: 0,909
The rule exists in 10 records.
Significance Level: Error probability < 0,2
Positive Examples (records' serial numbers):
23,24, 25,26, 27,28, 29, 30, 31, 32
Negative Examples (records' serial numbers):
1
15) If Width is 54,00 ... 87,00 (average = 64.82 )
and Speed is 2,30 ... 15.40 (average = 13,28 )
Then
Diagnosis is 2
Rule's probability: 0,909
The rule exists in 10 records.
Significance Level: Error probability < 0,2
Positive Examples (records' serial numbers):
23,24, 25,26, 27, 28, 29, 30, 31, 32
Negative Examples (records' serial numbers):
60
16) If Speed is 17,70 ... 43,30 (average = 25.84 )
and Accel is 210,00 ... 242.00 (average =
223.58)
Then
Diagnosis is 2
Rule's probability: 0,833
The rule exists in 10 records.
Significance Level: Error probability < 0,2
Positive Examples (records' serial numbers):
36,41, 42, 44, 50, 53, 55, 56, 58, 59
Negative Examples (records' serial numbers):
67, 69
17) If Age is 23,00 ... 43,00 (average = 36,30 )
and Accel is 255,00 ... 629,00 (average =
377,70)
Then
Diagnosis is not 2
Rule's probability: 1,000
The rule exists in 10 records.

Significance Level: Error probability <0,1
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Then Positive Examples (records' serial numbers):

Diagnosis is 2 2,8,12,17, 19,20, 65,70, 71, 72
Rule's probability: 0,857 18) If Age is 47,00 ... 70,00 (average = 60,50 )
The rule exists in 12 records. and Width is 56,00 ... 77.00 (average = 62.60 )

Significance Level: Error probability < 0,2 and Accel is 210,00 ... 242,00 (average =
Positive Examples (records' serial numbers): | 227,00 )

33,40, 41, 42, 45, 46, 51, 52, 54, 56 Then

Negative Examples (records' serial numbers): Diagnosis is 2

14, 18 Rule's probability: 1,000
9) If Age is 47,00 ... 70,00 (average = 61,92 ) The rule exists in 10 records.

and Accel is 210,00 ... 242.00 (average = Significance Level: Error probability < 0,1
226,08) Positive Examples (records' serial numbers):

Then 25,28, 36,41, 42, 44, 50, 53, 56, 59

Diagnosis is 2 19 IfLRis R

Rule's probability: 0,917 and Speed is 16,30 ... 41,50 (average = 25,44 )

The rule exists in 11 records. and Index is 0,70 ... 0.80 (average = 0,72 )

Significance Level: Error probability <0,2 Then

Positive Examples (records' serial numbers): Diagnosis is not 2

25,28,36,41,42, 44, 50, 53, 56, 58 Rule's probability: 1,000

Negative Examples (records' serial numbers): The rule exists in 10 records.

69 Significance Level: Error probability < 0,1
10) If Width is 56,00 ... 72,00 (average = 62.42 ) Positive Examples (records' serial numbers):

and Index is 0,65 ... 0,67 (average = 0,66 ) 3,61, 63, 64, 65, 66, 67, 72,73, 74

Then

Diagnosis is 2

Rule's probability: 0,917

The rule exists in 11 records.

Significance Level: Error probability <0,2
Positive Examples (records' serial numbers):
25,26, 29,31, 34, 37, 38,47, 50, 54
Negative Examples (records' serial numbers):
7

I[J'ISI MOACHCHUSA IIOJYUYCHHBIX PE3YJIbTATOB PACCMOTPUM boiee HOI[p06HO, HanpuMep, IIpaBUIIO
Ne 19:
19) IfLRis R

and Speed is 16,30 ... 41,50 (average = 25.44 )

and Index is 0,70 ... 0,80 (average = 0,72 )

Then

Diagnosis is not 2

Rule's probability: 1,000

The rule exists in 10 records.

Significance Level: Error probability < 0,1

Positive Examples (records' serial numbers):

3,61, 63,64, 65, 66, 67,72,73, 74
DTO0 MpaBWIIO MPEACTABISAET COO0H KOHBIOHKIIMIO TPEX 3JIEMEHTAPHBIX BhICKa3bIBaHUM. [IepBoe — LR
is R— TOBOPUT O TOM, YTO IMPaBUJIIO OTHOCHUTCA TOJIBKO K HpaBOfI ITIOYKE. BTopoe — Speed is 16,30 ...
41,50 — ompesensieT quana3oH 3Ha4eHUH JJ1sl CpeTHEN CKOPOCTH KPOBOTOKA, a TPEThE — Index is 0,70 ...
0,80 — OIIMCHIBAET MHTEPBAJI 3HAUYCHUM UHJECKCA PE3UCTEHTHOCTH. BbICKa3biBaHue — Diagnosis is not 2 —
03Ha4acT, 4TO HPaBUJIO XAPAKTCPHO IJid 06T>€KTOB, HEC HMCIOIIUX AHarHo3a «MHOXCCTBCHHBIC
KUCTBI».

3anucek — Rule's probability: 1,000 — 03HaYa€T, YTO TOUHOCTH [TPaBUJIa B JaHHOM city4dae paBHa 1. Crienyro-
1ias 3anuch — The rule exists in 10 records — XapaKTepU3yeT 00beM MHOKECTBA OOBEKTOB, JUIsl KOTOPBIX
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CIIpaBeJIMBO pacCMaTpUBAaeMOE IIPaBUJIO, a ApyTras 3allUCh — Significance Level: Error probability < 0,1 —
KacaeTcsl CTAaTUCTHYECKOHN OIICHKH YPOBHS 3HAUMMOCTH MOJTy4YE€HHOT0 MIpaBuiia (KaK BUIUM, JOBEpUE
K npaBwity npeBbimaeT 90%). [locneansst 3anmuck — Positive Examples (records' serial numbers) — O3Ha4aeT
«TIOJIOKUTENbHBIE MTPUMEPBD», KOTOPBIE 3aT€M IPE/ICTaBIICHBl KaK HOMepa 3amuceil (0OBbeKTOB) B
HAOOpE TaHHBIX.

Cucrema WizWhy npenocTaBiisieT BO3MOKHOCTh BU3yallM3alliy MOJYYEHHOT0 mpasuia. g 3Toro
HY>KHO LIEJIKHYTh Ha MpaBUJie JIEBOH KHONKOW MBIIIM U 3aTEM C IOMOLIBIO MPABON KHOIKHU BbI3BATh
KOHTEKCTHOE MEHIO, B KOTOpPOM BbIOpaTh nuarpammy mnpasmia Rule Chart (puc. 2.9). Ota nna-
rpamMma WUTIOCTPUPYET OTAeNIbHBIE KOMITOHEHTHI IPAaBUIIA U JIaeT rpaduueckoe 0TOOpakeHHe COBO-
KYITHOTO B3aUMOJEUCTBUSA IEPEMEHHBIX.

Rule Chart E2 I

TR 36 cases (48.6%
LR is
R

62 cases [33.8%

Speed i _

16.30 ... 41.50 [average = 25.44]

18 cases [24.3%]

Indes iz

0,70 ... 080 [average = 0,72]
10 cases [13.5%]
Diagnogiz is not

2

Total : 74 records

Puc. 2.9. Jluarpamma BbljiesieHHOT0 npasuJa Ne 19

Cooeporcanue 3anucu 6 demanax

OxkHo «ConeprkaHue 3alMCH B IETAJIAX) MO3BOJSET IPOCMOTPETH 3HAYCHUS TPU3HAKOB IS KAXK10TO
obOwekra. /st aToro TpeOyetcst BBecTu HoMep oObekTa B mojie Record u Haxath kiaBuiry Enter.
[Tpumep anst o6bexta Ne 25 npuseneH Ha pucynke 2.10.

Record: 125
Field | Vaue |

|3‘| Diagnosis 2
E@.ﬂ.ge E3
Eilﬂ Sex F
[FE LR R
@S Length 115
[#5E5 width B
[#1EY Thickness 44
[ Thickpar 14
B8 speed 132
[#5E5 index 0657
@B 4ccet 23

Puc. 2.10. Conep:xkanue 3anicH B 1€TAJIAX
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I[pyraﬂ BO3MOKHOCTb COCTOUT B TOM, UYTO €CJIU ABAXK/JbI HICJIKHYTb JIEBOM KHOMNKO# MEIIIH HA HOMCEPE
00BEKTA B CITHCKE IpaBull, KOTOpBIfI TaM IPUBECACH B KAUYCCTBC IMOJIOKUTCIIbHOTO UJIKW OTPHULATCIIb-
HOro mnpuMmepa, COOTBETCTBYIOIIUEC 3HAUCHHA IMPU3HAKOB OTO6p33$ITCH B pacCMarpuBa€MOM OKHE.
HpI/I OTOM ICJICBasd MEPEMEHHAA 6yI[€T OTMCUYCHA CIICHUAJIbHBIM 3HAYKOM KpaCHOI'O IBE€Ta, a BCC
OCTaJIbHBIC — 3HAYKAaMM 3CJICHOI'O IIBCTA. KpOMe TOr'o, Ha 3Ha4YKaXx, pacCliOJIOKCHHBIX Cpa3y CJICBA OT
Ha3BaHUs MIPU3HAKOB, YKA3bIBAKOTCS TUIIbI JAHHBIX ITPU3HAKOB.

Hnoexc npusznaka

B oxne «Haekc npu3HaKa, pacrojio)KEHHOM B PABOM HUKHEM YTy, OTOOPaXKaI0TCs MOPSIAKOBbIE
HOMEpa MPaBUJI, B KOTOPBIX MOSIBIAIOTCS T€ WM MHBIE Tpu3HaKu (puc. 2.11). MoxHO MpocMOTpeTh
BCE OKHO, HCIIOJIb3YS MPOKPYTKY. Takke B cUCTEME MpeAyCMOTpeHa Apyrasi BO3MOXKHOCTb — €CJIU B
CIHCKE MPAaBHJI IBAXK/IbI MIEIKHYTh MBIIIBIO0 HA KAKOM-IH00 MPU3HAKE B JTI0OOM M3 MPaBMII, TO 3TOT
npU3HaK OyJeT aBTOMaTHYECKH BblAeTIeH B okHe «Haekc npusHakay. [lo npeacraBnsemoii nHpOp-
Maluu yJ00HO BBIHOCHTBH CY>KJIEHUSI O MOJIE3HOCTH MPU3HAKOB (0 K03 (PHIIMEHTE UCTIOIb30BaHUS
MPU3HAKOB) JUIsl KiIaccU(UKAIMKU JAHHBIX U MPOTHO3MpOBaHMs. B CBOI0O ouepenb, €Ciau JBaX bl
HICTKHYTh B OKHE «VHIIEKC TpU3HaKay 1Mo JII000MY HOMEpPY IpaBujia, TO 3TO MPABUIO MOMEHTAIBHO
OyZeT BBIJIENICHO B CTIMCKE MPaBUIL.

2]
4,56 10 11, 17

LR 4. i3 i4
Sex 13, 14
Speed 4, 6, 7, 9, 14, 16, 10

Width 3, 9, /0, 2, 13, 15

| l_-[;I

Puc. 2.11. Unnekc npu3Haka

Pacneuamka u IKCnopm npaeui

Jis pacnieyaTKy MpaBHJI WM MX KCIIOpTa B Apyroi (aitn TpedyeTcs HakaTh COOTBETCTBYIONIYIO
KHOIIKY TledaT B ri1aBHOM okHe WizWhy — Ha skpaHe nosiBUTCA crielinaibHOE OKHO auanora Print
Rules (puc. 2.12).

Print I
ASCH TestFile | Cancel |
_ RTF File
- Prnt/Expo| MS Access File —

Al

i~ Rules from: |1 b |'IEI

¥ Print Introduction
[ Print Field Index

Heading: |

Puc. 2.12. OxHo Anasnora Uil pacne4yaTKu U IKCIOPTA BblIeJIeHHbIX NPaBHJI
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B none Print to yka3eiBaeTcs aapec, Mo KOTOPOMY HampasisieTcs pe3yJbTUpYonas nHhopMaLus.
910 moxet 0Tk ipuHTep, (haiasl ASCII unu RTF, a takke daitn MS Access.

B nose Print/Export Range ykassiBaeTcs AMAana3oH NOPSAAKOBBIX HOMEPOB IIPABHI, KOTOpPHIE
JOJDKHBI OBITH pacrieyaTaHbl W SKCIIOPTHPOBAHBL. B HIDKHEH 9acTH OKHA TMaiora MpoCTaBIISIOTCS
o HeoOXOAMMOCTH (IAXKKU Ui paclevyaTKd WM HKCIOPTa BBEISHHS K CIHCKY HpaBui Print
Introduction u cogepxumoro okHa «Hnekc npusHakay. Kpome Toro, B none Heading moxHO BBe-
CTH 3aroJIOBOK JUISl pe3yJIbTUPYIOLIeH HHPOPMALUH.

B cucreme WizWhy mpemycMoTpeHa Takke BO3MOKHOCTh IKCIIOPTA U COXPAHEHHS MOTYyYEHHBIX
npaBwiI B Bue oniepatopoB SQL. [l aToro HeoOxoammo Boiith B MeHIo Issue | SQL Statement... —
CUCTEMa BBIJAET OKHO JHAaiora, NoKa3aHHOE Ha pUcyHKe 2.13. B 3TOM OKHE MOKHO peJaKTUpOBaTh
COBOKYITHOCTb ONEPAaTOPOB U C MOMOILBIO MEepEKIoYaTeseil afpecoBarh JaHHYI0 COBOKYIHOCTb B
TEKCTOBBIN (haiin mudo B Oydep oOmeHa.

S54L Statement |
0,70 A lzzue
1 Cancel
21 i, 00 And [Azel] « |
¢=74.001] and [[[Inde || E5 and
[Sex] = "F") &nd (ILF]="L"]
||:|th] <=107.00]]] llr [ | I[.
And I I[ ' ]
itk S ':4 00 And [[&ccel] »
(ol
+ ‘write ta File C:AProgram Filessw/fizS otz by Dematief]
™ Copy ta Clipboard Help

Puc. 2.13. Pe3yabTaTsl padorsl WizWhy B Buje onepatopos SQL

Omuem o mpenoax

OT4eT 0 TpeHJax MPEACTaBISAET PE3yJIbTaThl CETMEHTAIMU OTACIbHBIX NpHU3HaKoB. OKHO JaHHOTO
oT4YeTa pasJielcHo Ha Tpu obmactu (puc. 2.14).

B ob6nacTu, pacmoyioxkeHHO B JIEBOM BEpXHEM YTITy, MBI 3a1aeM aHann3upyembii mpusHak (Field to
be analyzed). 31eck MOXXHO HE TOJBKO BEIOMpATH TPeOyEeMbIi MPU3HAK, HO U COPTHPOBATH IPU3HAKU
M0 KaKOMY-JIN0O KpUTEPHIO (B aj(aBUTHOM MOPSIKE, TIO HOMEPY IO, 10 HH()OPMATUBHOCTH).

Jpyrue nBe obnactu mpeIHa3HAYCHBI JJIsl OTPAXKEHUST OTHOIICHUM MEXTy 3HAUCHUSIMU TTPU3HAKA U
3aBUCUMOM nepeMeHHOW. B BepxHeill mpaBoi 00J1aCTH OKHA OTYETa MPUBOJIATCS CTATUCTUIECKHE Xa-
PaKTEpPUCTUKHA CETMEHTOB BBIJICJIEHHOTO TpU3HaKa. M HakoHell, B HWKHEW 00JacTH oTyeTa MPUBO-
TUTCS TpaduuecKas WLTIoCTpaIys HHPOPMATHBHOCTH KaXKJIOTO CETMEHTA.

Ha rpaduke mo ropu3oHTaIbHOI OCH pacmoararoTcs CErMEHTBI, Ha KOTOpPBIE BEIOPAHHBINA MPH3HAK
aBTOMaTHueCcKH pazouBaeTcs cuctemoir WizWhy. ITo BepTHKanbHON OCH OTKIAAbIBAE€TCS OTHOIIIE-
HHE KOJIMuecTBa 00beKToB Ki1acca if-then k 061emMy KonuyecTBy 00bEKTOB, HOMAAAIONINX B CETMEHT.
Takum o0pa3oM, BeICOTa CTOJOMKOB Ha Trpaduke oTpakaeT MHPOPMATHUBHOCTH CErMEeHTOB. Ecnu
CTOJIOMK BBIIIE TOPH30HTAIBHON YEPTHI, TO, 3HAYUT, B JAHHBIH CETMEHT Yallle MOMaIaloT O0BEKTHI
kiacca if-then, a ecim HiIKe ropu3oHTaNBEHOM YepThl — Kiacca if-then-NOT. B cBoto ouepenp, mm-
pHHA CTOJIOMKOB MTPONOPIMOHATIFHA KOJIMYECTBY 00BEKTOB, OTHOCSIIUXCS K JAHHOMY CEIMEHTY.
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E. WizWhy Analpzer - [o/izwWhy1:3 - Trend Repont] _ O] x|
@ Fie Edt View lssue Seftngs Window Help =181 x|
T} e o o S L
geww] o]
‘W - Field to be analeed | valee | Predicted Value Prob. | Ho.of Ci
ggw‘;ﬂ Sotby: :F"Mm"m j] 085 07 00
Eeld:  |Index - 0E8 .. 069 0533
070 080 0167
I IEH 3 0 S _—
Fredicted Vi Probabily Soat by [Value =
1
050
n ;
Average piobabiity of the predicted vabse iz 0,50 Prediction Power - 12
e
[ForHelp, pressF1 |

Puc. 2.14. Otuer o TpeHaax

Omuem 0 HeOXHCUOAHHBIX NPABUNAX

B cucreme WizWhy BBemeHo mpencTaBieHHE O TaK Ha3bIBAEMBIX HEOKHIAHHBIX IPaBUIIAX
(unexpected rules). [Tox HeOKMTAHHBIMU TTOHUMAIOTCS TTPABUIIA B BU/IE KOHBIOHKIIMH JIBYX U OoJiee
HPOCTHIX BHICKA3bIBAHHUIH, KOMOHHAIIHS KOTOPBIX Aa€T TOYHOCTH U MIOJIHOTY IMPOTHO3A BBIILIE, YEM ITO
MOXHO OBIIO OBl OXHIATh NMPU HE3aBUCHMOCTU IPOCTHIX BBICKA3bIBAaHHW. DTO TPEACTaBICHUE,
MMOo-BUAUMOMY, UMECT LICJIb — JONOJHUTCIIBHO 3aUHTPHUIOBATh KOHCYHOI'O MMOJIB30BATECIISI BO3MOKHO-
CTbIO OTKPBIBATh B JJAHHLIX HCTPUBUAJIbHBIC 3aKOHOMEPHOCTH.

B Hamem citydae cuctema He OOHapyXWia TaKMX HEOXXHMIAHHBIX MpaBui. OJHAKO MOXKHO IOTIbI-
TaThCs ATO CIENIaTh, €CJIM MBI U3MEHHUM 3aJlaHie Ha MOMCK mpaBwil. Hampumep, yMEHBIINM MHHU-
ManbHyt0 BeposTHOCTh if-then u if-then-NOT mnpasun ¢ 80 no 70% B oxkHe Rule Parameters
(puc. 2.14). Ilpoxenaem yKkazaHHYIO omnepaluio 1 HaxkHeM KHOTKY Issue Rules — cuctema oOnapy-
KHUT TETephb B JaHHBIX MO YJIbTPA3BYKOBOM IuUarHoctuke 38 mpaBWil, M CPeAM HUX OYIYT YEThIpe
HEOXXHJIAHHBIX, OTYET O KOTOPHIX BBIAAETCS B CIIEIMAIBHOM OKHE (puc. 2.15).

OKHO OT4€eTa O HEOXKUIAHHBIX IIPAaBHJIaX Pa3/elicHO Ha TPH CEKIMU. B JIeBoil BepXHEH CEeKIIMU 0T00-
paxaeTcsl B CTaHAapTHON (opMe HaliJieHHOEe HeOXuaaHHOe mpaBuio. [IpaBas BepxHss ceKiusl Co-
JIEP>KUT UHGPOPMAIIHIO 00 3JIEMEHTaX, U3 KOTOPBIX COCTABJICHO HEOXHIaHHOE MpaBuiio. M HakoHerl,
HW)KHAA CCKIUA TpE€AHa3HauCHa JI1 COPTUPOBKU HEOKUJAHHBIX ITPABUJ U rpaqmquKoro npeacraB-
JICHUS pe3yJIbTaTOB.

Tak, B HaIIeM ciiyyae MepBoe HeOKUAaHHOE TPABUIIO, H300pakeHHOe Ha pucyHke 2.15, pacmudpo-
BBIBACTCS CJIEAYIOIKUM 00pa3oM: eciiu (IoJ1 KEeHCKUI) u (IMprHa MOYKU B MHTEpBase oT 61 g0 77)
u (yckopeHue KpoBoToka oT 148 1o 275), To AuarHo3 «MHOXKECTBEHHbIE KUCThI». [laHHOE MpaBuiio
BMECTE C paCCYMTAHHBIMH XapaKTEPUCTHKAMU TIPUBECHO HUXKE. 3/1€Ch 10 CPAaBHEHUIO C paHee pac-
CMOTPEHHBIMU XapaKTEPUCTHKaMH BBIJAIOTCSA JIBE HOBblE — ypoBeHb HeoxngaHHoctu (Level of
Unlikelihood) u oxunasmasics Beposaraocts npasuia (Expected rule probability). Kax Bugum, 3a
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CYeT B3aMMOCBSI3U 3JIEMEHTOB IpaBujia TOYHOCTh IIEJIOT0 MpaBUjia COCTaBMIa 1 U oKa3anach 3HAYU-
TeNbHO BhIIIe oxkuaapieics (0,81).

K. Wizwhy Analyzer - [WizWhy1:4 - Unexpected Rules]

W e Edt Vew lswe Setnge Widow Mep - =181 x|
Dlsi@] clrlele] | mlis| & 2l <>
T e |
| seuE: jend; Fese Fides Liedebtofie wml
s EM Ao/te| B Unexpected Rule #1 (outof 4) = =
Level of Unlikelihood : 0,999 Basic Rules :

1) if SexisF 1) If 'Width iz 59,00 . 101,00 (average
and Width is 61,00 ... 77,00 (average and Accelis 148.00 ... 279 00 (avera;
and Accel 75 148.00 . 275 .00 (avera Then
Then Diagnosis is 2
Diagnosis is 2 Fule's probability: 0,778
Rule's probabiiity: 1,000 The rule exists in 14 records.

The rule existsin 10 records. Sigmificance Level: Error probabilii
Sgmificance Level: Error probabilil]
Expected rule probabifity ;0810 1 12) if SexisF =

il | _rrl ] | ;I_'

Son by | | Pundictad Vahue Probabiity

= |Achial - Expected Prob. =] [0.150 1

C Field: |Accel =

Tvpe: |*” :l'
0 . i i :
] .. | UnexpecledRule Ewpected Rule
— :d | B

[For Help, peess F1 A

Puc. 2.15. OT4eT 0 HeOKNAAHHBIX MPABUJIAX

Unexpected Rule # 1 (out of 4)

Level of Unlikelihood: 0,999

1) If Sexis F

and Width is 61,00 ... 77,00 (average = 67,30 )
and Accel is 148,00 ... 275.00 (average = 216,10 )
Then

Diagnosis is 2

Rule's probability: 1,000

The rule exists in 10 records.

Significance Level: Error probability < 0,1
Expected rule probability: 0,810
Actual minus Expected probability: 0,190

B nipaBoii BepxHel CeKIMU MPUBONUTCS CTATUCTHYSCKUN pa300p KOMIIOHEHTOB, U3 KOTOPBIX COCTOUT
HEOXHJTaHHOE TTpaBuiao. OH COCTOUT M3 JIBYX YacTei (Tadu. 2.2).

basucurie npasuna (Basic Rules) npenctaBisioT co60i KOMOWHAIIUH MTPOCTHIX COOBITHH, BXOSTIINX
B HEOXKH/IaHHOE MPaBUjI0. B HamieMm ciydae, Tak Kak HEOKUIAHHOE MPABUIIO COCTOUT U3 TPEX Mpo-
CTBIX COOBITHI, YUCIIO TAKMX KOMOMHAIMIA TaKKe COCTaBHT 3.

basucusie Tpennst (Basic Trends) — 5To cTaTUCTHUECKUI pa300p CErMEHTOB aHATM3UPYEMBIX Tiepe-
MEHHBIX, COCTABJIAIOIINX COOCTBEHHO MPOCTHIE IOTUYECKUE COOBITHSI.
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Taoauua 2.2. Pa300p KOMIIOHEHT HEOKUJAHHOTO NPaBuIa

Basic Rules Basic Trends
1) If Width is 59,00 ... 101,00 (average = 69,00 ) | 4) If Accel is 148.00 ... 279,00 (average =217,18 )
and Accel is 148,00 ... 279,00 (average = 214,11 ) | Then

Then Diagnosis is 2

Diagnosis is 2 Rule's probability: 0,706
Rule's probability: 0,778 The rule exists in 24 records.
The rule exists in 14 records. Significance Level: Error probability < 0,3
Significance Level: Error probability < 0,2 5)If Sexis F

2)If Sexis F Then

and Accel is 148,00 ... 275,00 (average = 222,14 ) | Diagnosis is 2

Then Trend's probability: 0,595
Diagnosis is 2 The trend exists in 25 records.
Rule's probability: 0,810 6) If Width is 59,00 ... 101,00
The rule exists in 17 records. Then

Significance Level: Error probability < 0,2 Diagnosis is 2

3)If Sexis F Trend's probability: 0,556

and Width is 60,00 ... 85,00 (average = 68,29 ) | The trend exists in 20 records.
Then

Diagnosis is 2

Rule's probability: 0,706

The rule exists in 12 records.

Significance Level: Error probability < 0,3

Kak Bugum u3 TabmuIpl, Bce KOMIOHEHTHI HEOKUJAAHHOTO MPAaBUJA MO OTAEIBHOCTH UMEIOT TOY-
HOCTh CYIIECTBEHHO HIDKE | — caMoe BBICOKOE 3HaYSHHE TOYHOCTH HAOM0aeTcsl y 0a3UCHOTO mpa-
Buita Ne 2, mpezcTaBisomero codoii KOMOMHANMIO IBYX NpocThix coObituii (Sex is F) u (Accel is
148.00 ... 275,00).

HwxHsis ceknmsi oTueTa 0 HEOXKHIaHHBIX MpaBUilax paszieiieHa Ha JBe yactu (puc. 2.15). B neBoit
YaCTH PACIOJIAraloTCs SJIEMEHTHI YIPABICHUS U1 COPTUPOBKHU 3THX mpaBui. [lo ymomyanuio npa-
BUJIA TIPOPAHKUPOBAHBI [0 BEJIMYUHE PA3HOCTH MEXKIY pealbHON U OXKHIABIICHCS TOUHOCTSIMH TIpa-
Bwia. Eciu ycraHoButh nepeximoyarens B nose Field u BoiOpath U3 cnmcka Kakoif-mbo mpu3Hak,
TO OyIyT 0TOOpa’kaThCsl TOJILKO T€ HEOXKUJAHHBIE IIPaBUJIA, B KOTOPBIX BCTPEUAETCsl yKa3aHHBIN IPU-
3HaK. B cBoto ouepenp, B ose Type MokHO BBIOpaTh OAMH U3 TpeX TUIOB GUILTPOB npasui — All
(Bce mpaBmia), if-then npasuna u if-then-NOT.

B mpaBoii yacTu HIXKHEH CEKIMU 0TYeTa O HEOXKHJAHHBIX TIPaBHiIax JaeTcs rpaduieckoe npeacras-
JICHWE XapaKTePUCTHUK MPABWI U UX COCTABIISIONINX. [lepBhIii clieBa CTONIOMK OTHOCUTCS K HaiiIeH-
HOMY HEOXKHUIAHHOMY TIPAaBUIIy — €T0 BBICOTAa paBHA TOYHOCTH, & IIUPUHA MPOMOPIHOHAIEHA KOJH-
YECTBY IMOKPHIBAEMBIX 00BEKTOB. CIIeIy 0NN CTOJIONK 0TOOpaXKaeT 03KUAABIINECS XapaKTEPUCTHKH
IpaBuiia, a OCTAJIbHBIE CTOJIOUKH COOTBETCTBYIOT OIMCAHHBIM BHINIEC 0Aa3UCHBIM IPaBHIaM H TPEH-
nam. Ecii menkHy Th JIeBOM KHOTIKOM MBIIITH 110 KAaKOMY-JIHOO0 CTOIOHKY, To cuctemMa WizWhy aBTo-
MaTHYECKH U3MEHUT COJICP’KaHHE BEPXHUX OKOH OTYETa O HEOXKHUIAHHBIX MPaBUiIax. MOXKHO TakxKe
HICTTHYTh Ha CTOJIOMKE MPaBOI KHOMKOM MBIIIH — IOSBIISIETCSI KOHTEKCTHOE MEHIO, B KOTOPOM MOXKHO
3aKa3aTh WUTIOCTPAIMIO B BUJE nuarpammel rpasmiia (Rule chat).

2.7. lNpedcka3zaHue Ha OCHOBe MoJTy4YeHHbIX npasuJl

B cucreme WizWhy npemycMoTpeHbI Be BO3MOKHOCTH HCIIOIB30BaHMs OOHAPYKCHHBIX TPaBHII
JUISl IpeICKa3aHys 3HAUEHUI LIeJIEBOr0 IMOKa3aTeNsl HAa HOBOM MaTepHae.

[TepBasi BOBMOKHOCTB 3aKITIOYAETCS B PYYHOM BBO/JIE 3HAYCHUH PU3HAKOB U 00pabOTKE HOBOT'O OJIU-
HOYHOTO 00beKTa (3anmucu). OHa peann3yercs CIeTYIoIMUM 00pa3oMm.
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Haxumaem xnomnky Issue Prediction — Ha skpaH BblgaeTcsi OKHO AHajiora Juisi py4HOTro BBOJa 3Ha-
yeHuil npus3HakoB (puc. 2.16). Ilocne 3amosHeHUsT OKOIIEK MPEIIOKEHHON TaOuuIbl (37eCh BO3-
MOJKHBI TIPOITyCKH) HakuMaeM KHOTKY Issue Report — cucrema HaxoauT pereBaHTHBIE MpaBHIIA
U CO37Ia€T OTYET, B KOTOPOM MOAPOOHO ONMUCHIBAIOTCS KaK KOHEUHBIH Pe3yibTaT MPEeACKa3aHus, TaK
Y XapaKTePUCTUKH KaXX0TO OTAEIBHOTO MPaBuIIa, CpabOTaBIIETro IS JaHHOTO 00bEKTa. DTOT OTYET
MPUBOIUTCS HUXKE.

Wizwhy Predictor | 7| ] l

Data Source : |f_ WPROGRAM FILES\WIZSOF ThWwIZ |szue Report |
Field to Predict [DIAENDSIS Cancel |
Condition Fields:

Field Hame Field Value ‘
_‘I_ Accel 140
_2___ Age 60
3 |'Width 52
4 |Speed 145 : |
E Sew U rik o Sort Fields
E_ Index 0E7?
?_ LR Urkrown
& Ln:ngth__ 125 :j

Puc. 2.16. OxHo auagnora aJjsi py4Horo BBojia 3HAYEHUIl IPU3HAKOB

WizWhy PREDICTION REPORT

Condition Fields:
Age = 60,00

Length = 125,00

Width = 52,00

Speed = 14,50

Index = 0,67

Accel = 140,00

Field to Predict: Diagnosis

Subject for Prediction: Diagnosis is 2

Prediction's significance level: Error probability = 0,259
Primary Prediction's probability: 0,500
Conclusive Prediction's probability: 0,549
Prediction: No 2

Relevant rules:

1)

2)

If Age is 56,00 ... 74,00 (average = 64,81 )

and Speed is 12,50 ... 18,30 (average = 15,59 )

Then

Diagnosis is 2

Rule's probability: 0,813

The rule exists in 13 records.

Significance Level: Error probability < 0,2
If Age is 56,00 ... 74,00 (average = 66,31 )
and Index is 0,63 ... 0,67 (average = 0,65 )
Then

Diagnosis is 2

Rule's probability: 0,846

Significance Level: Error probability < 0,2
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3) IfLength is 112,00 ... 128,00 (average = 118.64 )
and Width is 39,00 ... 55.00 (average = 49,36 )
Then
Diagnosis is not 2
Rule's probability: 0,909
The rule exists in 10 records.
Significance Level: Error probability < 0,2

Kak BuauM, B HallleM cliyyae CUCTeMa BbIJalia MPEICKa3aHue, 4YTO pacCMaTpUBACMBbIil OOBEKT HE OT-
Hocutcs K kiaccy Ne 2 (Prediction: No 2). D10 pemeHue cucrema nmpuHsIIa Ha OCHOBaHUH TPEX pe-
JICBaHTHBIX TpaBI. XOTS J[Ba MEPBBIX MPABUIIA TOBOPST, YTO OOBEKT SBIISETCS IMPEACTABHTEIIEM
kiacca Ne 2 (1marHo3 «MHOKECTBEHHBIEC KHCTBI»), HO X «II00EXKIaeT» TPEThe MPaBUIIO, UMEIOIIUE
0oJsiee BBICOKYIO TOUHOCTH (0,909).

Bropas BO3MO>XKHOCTh MCIIOJIb30BAHUS MHOKECTBA MPABUJ 3aKII04aeTcss B 00paboTke cpasy 00iib-
IIOr0 MaccuBa HOBOM mHpopmanuu. s sToro cHavana, nepeias k 3akinaake Prediction Input B
OKHE JIajiora il BBOJa NaHHBIX (puc. 2.17), Hy»HO yka3ath (aiis, B KOTOPOM 3amnucaHa HOBas NH-
¢dopmanus. Ilycte B HameM ciaydae 3To OyIneT TOT ke camblii (paiin ¢ oOydwaromieil BBIOOpKOH
USR.txt. 3arem TpeOyeTcs 3aaaTh uMs (aiina, B KOTOpBIA OyIyT 3alUCBIBATLCS PE3YNbTaThl MIPE]-
ckazanus. JlaHHas omepanus OCYILECTBISETCS ¢ NOMOLIbIO KHONKHU Print result to... 1 nakonern,
Haxknmaercs kHorka Predict to file — cuctema mpon3BoaUT HEOOXOAMMBIE PACUEThI M COOOIAET, YTO
pe3yJbTaThl YCIEUIHO 3alIMCaHbl B YKa3aHHBIN (hailsl pe3yIbTaToB, KOTOPBIN NIpUBECH B TabnuIe 2.3.

Ta6anua 2.3. Coaep:xkanue ¢aiija pe3yabTaToB NMpeIcKa3aHus

N n/m "Diagnosisg" "Sign Level" "Concl Prob" "Prediction"
1 "in 0.492 0.481 No 2
2 "n 0.559 0.089 No 2
3 " 0.406 0.526 No 2
4 " 0.689 0.088 No 2
5 "n 0.020. 0.030 No 2
6 "in 0.198 0.072 No 2
7 " 0.374 0.532 No 2
8 " 0.000. 0.032 No 2
9 " 0.511 0.459 No 2
10 mn 0.186 0.068 No 2
11 "n 0.173 0.051 No 2
12 "n 0.433 0.450. No 2
13 nyn 0.272 0.077 No 2
14 [F 0.466 0.514 No 2
15 nyn 0.330 0.525 No 2
16 "n 0.200 0.528 No 2
17 "n 0.243 0.059 No 2
18 " 0.152 0.610 No 2
19 " 0.588 0.460 No 2
20 "n 0.002 0.016 No 2
21 "in 0.489 0.454 No 2
22 nyn 0.145 0.624 2

23 "2 0.361 0.743 2

24 P 0.097 0.952 2

25 P 0.009 0.995 2

26 "2 0.000 0.960 2

27 "2 0.384 0.737 2
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[Iponomxenue Tabdm. 2.3

N /o "Diagnosis" "Sign Level" "Concl Prob" "Prediction"
28 "an 0.097 0.952 2

29 ngu 0.000 0.963 2

30 P 0.210 0.788 2

31 P 0.275 0.759 2

32 "an 0.285 0.745 2

33 "an 0.009 0.995 2

34 "an 0.009 0.995 2

35 Y 0.191 0.613 2

36 "an 0.000 0.962 2

37 "an 0.000 0.961 2

38 "an 0.000 0.961 2

39 ngn 0.001 0.854 2

40 PX 0.228 0.789 2

41 "an 0.205 0.933 2

42 "an 0.009 0.995 2

43 "an 0.097 0.952 2

44 "an 0.705 0.497 No 2
45 nan 0.097 0.952 2

46 PX 0.181 0.770

47 "an 0.000 0.857 2

48 non 0.230 0.422 No 2
49 "an 0.194 0.626 2

50 ngn 0.000 0.975 2

51 "an 0.009 0.995 2

52 "an 0.001 0.965 2

53 "an 0.097 0.952 2

54 [P 0.009 0.995 2

55 ngu 0.377 0.503 No 2
56 PX 0.097 0.952 2

57 "an 0.715 0.498 No 2
58 "an 0.240 0.930

59 ngw 0.009 0.995

60 N3 0.446 0.458 No 2
61 "3 0.097 0.048 No 2
62 "3 0.610 0.512 No 2
63 "3 0.000 0.024 No 2
64 "3 0.097 0.048 No 2
65 EX 0.097 0.048 No 2
66 EX 0.097 0.048 No 2
67 "3 0.097 0.048 No 2
68 "3 0.097 0.048 No 2
69 n3n 0.297 0.774 2

70 EX 0.097 0.048 No 2
71 "3 0.000 0.022 No 2
72 "3n 0.097 0.048 No 2
73 "3 0.097 0.048 No 2
74 "3 0.097 0.048 No 2
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3. MpakTnyeckmne npumepsbl

3.1. CpasHeHue cmpyKkmypbl UHMesnsneKkma ¢pusukoe u JIUPUKoe

B paccMaTpuBaeMoM IpUMepe UCCIIEAYOTCS SKCIIEPUMEHTAIIbHBIE JaHHBIE, IIPEACTaBIIAIOLIE COO0H
Pe3yJIbTaThl ICUXOJIOIMUYECKOI0 TECTUPOBAHUS YUAIUXCs CllenUanu3upoBaHHbIX 1Koy CaHkT-Ile-
TepOypra ¢ (pU3MKO-MaTeMaTHYECKUM U I'yMaHUTapHbIM yKjIoHOM. CHayaja 3TU JaHHbIe OyayT 00-
paboTaHbl TPaJAULIMOHHBIMU METOIAMH CTaTHCTUUECKOI0 aHaIN3a. 3aTeM Mbl IPUMEHUM K IKCIIEpU-
MEHTAJIbHOMY MaTepHally TEXHOJIOTHM MOMCKa JOITHYECKUX 3aKOHOMEPHOCTEH, ONMCaHHbIE B COOT-
BETCTBYIOIIMX IJIaBaX.

Ham nipesicTouT Ha pakTUKe yOEIUTHCS, YTO K MCCICIOBAHUSAM JIFOICH JAJIEKO HE BCETIA CIICTyeT
MOAXOAUTH C TIO3UITUH KITACCHYECKOW MaTeMaTHIECKON CTATUCTUKHU. DTO TPUBOJIUT K MAJIOCOIepXKa-
TEJIbHBIM U HEPEJKO Oecrone3HbIM BhIBOIaM. B To jke BpeMs MpuUMeHEeHHe arnapara Mmoucka B JaH-
HBIX JIOTHYECKUX BBICKA3bIBAHUN CIIOCOOHO MPUBECTH K PACKPHITHIO IIEHHBIX MHOTOACTIEKTHBIX 3HA-
HUH O JIIOASX.

O6Lwan xapakTepucTrKa AaHHbIX
O0BexkTaMu HUCCICOAOBaHUSA ABJIAKOTCA 76 ydJalmuxcsa CIICHUAJIU3UPOBAHHBIX IIKOJI:

e 38 yenoBek — yuanuecsa 10-x kinaccoB ¢puznko-maTemarnyeckoil mkois Ne 30. B nanbueiimem
OHM OYJIyT Ha3bIBAaThCH «(PUUKHNY;

e 38 uyenoBek — yyammecss 10-Xx KjJaccoB rymMaHMTapHbIX IIKod (21 yuamuiics nureparypHOi
kol Ne 27 u 17 yuammxcst XyaoxecTBeHHOH mKoiabl Ne 363). HazoBeM UX «JIMPHKH».

I1enbto Mccae10BaHus SIBIISIIOCH ONPEAEICHNE Pa3InIii B CTPYKTYpe HHTEIUIEKTa (PU3UKOB U JTUPH-
koB. EcTecTBeHHO OBLIIO 3apaHee MPeAIoNokKHUTh, UTO Y PU3UKOB O0Jiee Pa3BUT «JICBOIOIYIIAPHBIIN
BepOabHBIN, a y JIMPUKOB — «IIPABOIIOJIYIIAPHBI» HEeBepOATbHBIH WHTEIUICKT. Mcxoast u3 3Toro,
BbIOMpAJICA HHCTPYMEHT IICUXO0JIOTMYECKOI0 UCCIEeI0BAaHUS, O3BOJISIOIIUI OLIEHUBATDH KaK BepOalib-
HYI0, TaK ¥ HeBepOaJbHYI0 CTOPOHBI MblluleHUs. KoHkpeTHO ucnonb3oBanuck cyorectsl IN, AN,
GE, AR u PL nonynsapaoro tecta P. AmTxayspa. Huxe 3tum cybTectam maercst KpaTkas Xapakre-
pHUCTHKA.

Tect Ne 1 (IN) — «monosHeHHE TTpeAyIoskeHn». OH peIHa3Ha4YeH TSl OIEHKH CIIOCOOHOCTH K pac-
CY)KICHUIO, 3[JpaBOTO CMBICIIA, CIIOKUBIICHCS CaMOCTOSATEILHOCTH MBIIUICHHUS (U1 FOHOIIECKOTO
Bo3pacta). [1o OTHOIIEHHUIO K 3TOMY TecTy Oy/IeM UCIOIb30BaTh TEPMUH «3IPABOMBICIIHEY.

Tect Ne 3 (AN) — «aHanorum». ITOT TECT OTPaXkAET CIIOCOOHOCTh KOMOUHUPOBATh, IIOABHKHOCTh U
HETIOCTOSHCTBO MBIIIIJICHUS.

Tect Ne 4 (GE) — «o6o6mienne». TecT npenHasHaueH ISl ONPEIeIICHNs CIIOCOOHOCTH K a0CTpaKT-
HOMY MBIIUICHHUIO, 00Pa30BaHUIO MOHATHIA, YMEHHIO CIIOBECHO BBIPAXKATH MBICIIb.

Tect Ne 5 (AR) — «apudpmernueckue 3agaun». J(aHHBIM TeCT OTpakaeT pa3BUTOCTh MPAKTHYECKOTO
YHUCJICHHOTO MBIIIUICHUS.

Tect Ne 7 (PL) — «Bb1O0Op TeomeTpuyeckoro oopasuay. TecT HampaBieH Ha OLEHKY BOOOpa)keHUs,
OorarcTBa NMpeACTABICHHH, HATJISTHOTO [ETOCTHOTO MBIIUICHHS. COIIOCTaBUM 3TOMY TECTY TEPMUH
«BOOOpAXKEHUEY.

Pe3ynbTaThl ICUXOJIOTUYECKOr0 TECTUPOBaHUS (PU3UKOB U JIMPUKOB Mpe/cTaBleHbl B Tabuue 3.1.
B s10i1 xe Tabnuue ykaszan nos ucneityembix. Cpeau ¢usukoB 12 neBymiek u 26 10HOIIEH, Cpeau
JTUpUKOB 21 neBymka u 17 roHOIIEH.
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Ta6anna 3.1. Pe3yabTaThl NCHX0J0rHYECKOI0 TECTHPOBAHUS
(u3uKoB U TMPUKOB

Ne Tecr 1 Tect 3 Tecr 4 Tecr 5 Tecr 7
n/n_| (3npaBombicaue) | (aHasorun) | (060061menne) |(YucjaeHHOE MbIILIeHHE)| (BOOOpaKeHNe) Toa
DuU3uKHN
1 15 16 19 13 8 MyXcKoit
2 16 11 16 20 8 MyXcKoit
3 11 16 14 15 12 MyXcKoit
4 15 10 9 18 10 MyXcKoit
5 8 11 10 16 10 Kenckuit
6 11 13 13 7 11 YKenckuit
7 7 9 13 11 13 Kenckuit
8 11 15 14 12 8 YKenckuit
9 12 15 18 10 10 YKenckuit
10 14 10 16 12 10 MyKcKoi
11 8 4 16 14 8 MyxcKoii
12 9 13 12 15 6 MyXcKoit
13 10 11 18 12 10 MyKcKoit
14 10 11 16 14 9 MyKcKoit
15 11 10 14 13 15 MyKcKoit
16 10 15 17 19 11 MyKcKoit
17 12 13 13 11 8 MyKcKoit
18 11 12 16 17 10 MyKcKoit
19 9 12 16 14 11 YKenckuit
20 11 14 11 17 13 MyKcKoit
21 11 14 15 10 7 MyKCcKoit
22 15 17 16 12 12 MyKcKoi
23 11 12 16 12 6 MyKcKoit
24 13 7 17 6 8 MyXcKoit
25 13 15 13 7 10 MyXcKoit
26 18 15 17 7 11 Kenckuit
27 18 17 15 9 8 MyXcKoit
28 16 18 23 6 10 MyXcKoit
29 15 18 23 15 11 MyxcKoii
30 14 10 19 10 13 YKenckuit
31 13 10 10 6 7 MyXcKoit
32 14 15 19 8 7 Kenckuit
33 18 15 18 9 10 YKenckuit
34 10 12 18 10 11 MyKcKoi
35 14 12 16 7 13 MyKcKoii
36 17 17 24 13 9 YKenckuit
37 10 12 22 9 14 MyXcKoii
38 11 15 19 11 8 XKenckuit
JInpukn
39 6 7 10 4 10 Myskckoii
40 5 7 15 2 7 YKenckuit
41 9 10 15 4 9 XKenckuit
42 8 14 15 5 14 YKenckuit
43 10 7 11 8 6 Myskckoii
44 12 8 9 8 7 Myskckoii
45 6 8 8 7 9 Myskckoit
46 10 12 20 14 11 Myskckoii
47 14 4 14 7 11 Myskckoii
48 6 6 12 11 9 Myskckoit
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[Tponomxkenue Tadm. 3.1

Ne Tecr 1 Tecr 3 Tect 4 Tect 5 Tect 7 ox
n/n_| 3apaBomeiciue) | (anajgorumn) | (0000umeHue) |(YuCIeHHOE MbIlLIeHUE) | (BOOOpaKeHHe)

49 8 10 19 3 5 XKenckuit
50 8 9 20 3 5 XKenckuit
51 4 7 12 5 10 XKenckuit
52 11 12 16 7 6 XKenckuit
53 7 6 5 3 4 My3KCKOi#
54 10 3 9 5 6 XKenckuit
55 15 14 19 7 6 Kenckuit
56 10 11 12 8 15 MyKcKoit
57 6 10 12 9 15 MyKcKoit
58 10 9 12 5 10 Kenckuit
59 10 9 12 5 10 Mykckoi
60 11 12 11 5 11 MykcKoit
61 10 11 13 4 11 MykcKoit
62 7 10 12 7 10 Kenckuit
63 10 12 12 6 5 MykcKoit
64 7 11 10 5 8 Kenckuit
65 9 10 16 4 12 Kenckuit
66 10 8 18 4 7 Kenckuit
67 12 10 19 6 13 Kenckuit
68 15 4 14 5 9 Kenckuit
69 12 9 18 4 9 Kenckuit
70 11 6 18 5 8 MykcKoit
71 12 15 20 6 8 Mykckoi
72 13 14 25 15 13 Kenckuit
73 15 8 14 14 4 Kenckuit
74 13 15 19 7 8 Kenckuit
75 10 12 18 6 11 MyKcKoit
76 13 9 14 8 10 Kenckuit

CpaBHeHVIe cpeAHUX 3Ha4YeHun pe3ynbTaToB TeCTUpPOBAaHUA B rpynnax (*)VI3VIKOB
n nMINpuUKoB

CpaBHEHHE CpEeTHUX 3HAUCHUN KaKUX-TTHOO0 MMOKa3aTesaei C MOMOIIbIO0 CTAaTUCTHUECKUX T-KpUTepreB
CUUTAETCS] BAXKHEHIIIMM BUIOM aHaJIM3a SKCIEPUMEHTAIbHO-TICUX0JI0THYECKUX JaHHbIX. [[puMennm
3TOT METO K HAaIlIMM JaHHBIM. B Tabnurie 3.2 npuBeneHsl cpeiHue 3HAYEHUS U CTaHIapPTHBIE OTKIIO-
HEHHS PE3yJIbTaTOB CyOTECTOB IO IpymniaM (pU3UKOB U JTUPUKOB.

Taoauua 3.2. CpenHue 3HAYEHUS M CTAHIAPTHbIE OTKJIOHEHH S
pe3yabTaToB cy0TEeCTOB

Tecr 1 Tect 3 Tect 4 Tect 5 Tect 7
Du- JIn- Pu- JIn- PDu- JIn- Pu- JIn- Pu- JIn-
3UKH PYMKH 3UKHU PHMKH 3UKH PUKH 3UKH PHMKH 3UKH PHMKH

12,4 9,8 12,9 9,4 16,1 14,4 11,8 6,3 9,9 9,0

Cpennee

2,9 2,9 3,1 3,0 3,5 4,2 3.8 9,1 2,2 2,9

Cranpapr
OTKJIOHEHHE
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Ha ocHOBaHMU CTaTUCTHUYECKUX KPUTEPUEB IO JaHHBIM TaOJMIIBI MOXKHO CIENIaTh CIEAYIOLIUE Bbl-
BOJIBI.

1. Cpennee «31paBOMBICIHE» B IPpyNIe (PU3UKOB BBIILIE CPETHETO «3APABOMBICIIHS B TPYIIIE JTUPU-
KOB C JIOCTOBEPHOCTBIO 99%.

2. CpenHsisi «cnocoOHOCTh K aHAJIOTHI» B TPYTITE (PU3UKOB BBIIIE CPETHEH «CIIOCOOHOCTH K aHANO-
THW» B TPYIIIIE JUPUKOB C IOCTOBEPHOCTHIO 99%.

3. Cpennss «crocoOHOCTh K 000011IEHIIO» B rpyNIie (PU3UKOB BhIIIE CPETHEN «CITOCOOHOCTH K 0000-
LICHHUIO» B IPYMIIE JUPUKOB C TOCTOBEPHOCTHIO 95%.

4. CpenHsisi «CIOCOOHOCTH K YMCICHHOMY MBIIIUICHUIO» B IPyTIe (PU3UKOB BBIIIE CPETHEH «CIoco0-
HOCTH K YUCIICHHOMY MBIIIJICHHIO» B TPYIIIIE JIUPUKOB Ooee ueM ¢ 99%-Ho# 10CTOBEpHOCTBIO.

Ha pucynke 3.1, rae npuBeieHbl THCTOTPaMMbl PAaCIIPEIEICHUs TECTOBBIX OLICHOK, HEBOOPYKEHHbBIM
TJ1Ia30M BHUJIHO, YTO OCOOEHHO CHJIBHOE pa3indyue MEXIy (U3MKaMU U JIMpUKamMHu HaOiogaercs B
CIOCOOHOCTH K YHCIICHHOMY MBIIIJICHHIO (TeCT 5).

Tect 1 (zapaBoMbicNHE) Tect 3 (anan orum)
P UZHEM P UZHEM
kL] 11
I |
W, M o
B : B
q I e
= I -
L
ld 14
o q 2 12 11 W o q 2 12 11 kil
NMupLEm NMupLEm
Tect 4 (0bobwWeHUE) Tect 5 (4McnNeHHoe MBILINEHWE)
P UZHEM P UZHEM
™ | 21
I m ‘
~ ~
g B .
3 ' 3 »
L= 0 L= 4
21 I
o 3 1a 15 W 5 0 1] q H 12 Id W kL
NMupLEm NMupLEm

Tect 7 (BooDpakKeHHe)

P LHIMEM
15 T

frequency
™

1] L 2 (8 Id
Nupukm

Puc. 3.1. CpaBHUTe/IbHbIE THCTOrPAMMBI
pacnpee/eHUsi TECTOBBIX OLIEHOK

[Tony4yeHHbIE pe3yJIbTaThl KJIACCUYECKOTO CTATUCTHYECKOTO aHaIM3a IKCIIEPUMEHTAIBHBIX JaHHBIX
JOCTaTOYHO TPUBHAIBHBL. MOXXHO ObUTO 3apaHee 0e3 MPOBEICHUS CIEIHUAIBHOTO HCCIIETOBAHUS
HPEIOJIOKNTh, YTO Y yYaIIUXcsl (PU3UKO-MATEMAaTHUECKUX IIIKOJI OKa)KyTCs B CpeHEeM OoJiee BBICO-
KHE CITIOCOOHOCTH K YCTaHOBJICHUIO aHAJIOTHH, 00001IeHN 0 (a0CTPaKTHOMY MBITIUICHUIO) B YMEHHIO
pemats apudmMeTHIeckue 3a1auu. X0oTs cerka YAUBISIOT UX 0oJiee BBICOKAsl CIIOCOOHOCTh K caMo-
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CTOSITEILHOMY MBIIIJICHUIO (Pe3y/IbTaThl aHAU3a MO TeCTy 1), a TakKe HU3KHE CIIOCOOHOCTHU TyMa-
HUTApUEB pelIaTh MPOCThIE apu(METHIECKHE 3a/1a4H (TECT 5).

Bwmecte ¢ Tem HpCIICTaBHeHHBIﬁ 3KCHepI/IMeHTaJH>HBII71 MaTepual 1a€T OCHOBAHUE JJIs ITOIIBITOK yCTa-
HOBJIEHUsI 00Jiee ITyOOKUX U COJIEPKATENbHBIX OTIIMYUI I'yMaHUTApUEB OT €CTECTBEHHHKOB, YEM 3TO
BBISIBIIICTCS C MOMOIIBIO KJIACCHYECKOTO CTAaTHCTUYECKOro ammapara, ONepUpYIOIIEro yCpeaHEeH-
HBIMHU XapaKTEepPUCTUKAMU COBOKYITHOCTEH 00BbEKTOB. BooO1ie ycpeqHeHne XapakTepucTuK 0ObeK-
TOB C BBICOKHMM YPOBHEM CJIO)KHOCTH CHCTEMHOI OopraHu3aluu ABJISACTCSI BO MHOI'OM (I)I/IKTI/IBHOI\/’I OIIC-
pauueii, He uMetomiel cmbicna (o BeipaxeHuto b. C. SlctpemMckoro, He MMeET CMbICia CperHssA
BBICOTA JI0MA Ha YJIHUIIE, COCTOSIIEH U3 ABOPLOB U Jauyr). COBOKYITHOCTH TaKUX OOBEKTOB SIBIISIOTCS
NPUHLIUIHATBHO HEOJHOPOAHBIMH, MOJUMOP(GHBIMU U ATl ONTUCAHUS 3aKOHOMEPHOCTEH TaKuX Co-
BOKYITHOCTEH JOJDKEH HMCIIOJIB30BATHCS alllapar, yMEIOUUH BbIABIATh U YYUTHIBATh YKA3aHHBIC HE-
OJIHOPOJTHOCTH.

Takumu cBoiicTBaMH 0071a/1at0T METO IbI HHYKTUBHOTO JIOTHYECKOTO BBIBOJIA, IIO3BOJISAIONINE HAXO0-
JUTH B OTPAaHMYEHHOM Ha0Ope IKCIEPHUMEHTAIBHBIX JJAHHBIX JIOTHYECKUE 3aKOHOMEPHOCTH. MBI Oy-
JIEM MCKaTh JIOTHYECKHE 3aKOHOMEPHOCTH BUa (coObIiTHE 1) U (coOBITHE 2) U ... U (coObITHE N), Xa-
paKkTepHbIe IS KaXI0i U3 UccleayeMbIX Tpynn yyanuxcs. [log coobiTueM 31ech MOHUMAETCs, YTO
3HaYEHHE KaKOro-TuO0 OINpeleIeHHOro TecTa MOMagacT B HEKOTOPBIM 3alaHHbI WHTEPBAJl 3HAYE-
Huil. Takum oOpazom, orndyeckas 3aKOHOMEPHOCTh B JJAHHOM CIIydae IpeJICTaBIsieT co00i «KOoM-
TUIEKC TICUXOJIOTHYECKUX XapaKTEPUCTUK, YACTO BCTPEUAIOLIHICS Y OJHOW IPYIIIBI UCIBITYEMBIX U
PEIKO Yy APYTOi».

Mouck nornyecknx sakoHomepHocten cuctemon WizWhy

Huxe npumenstoTcs crneayronme 0003HaueHusI:

T1 —Tect 1; T3 — tect 3; T4 — rect 4; TS — tect 5; T7 — Tect 7; Sex — o (1 — mykckoi, 0 — keH-
CKHI1); 3HAYOK «&» — JIOTUYECKasl CBSI3KA «1.

Caoanblii otuer cucreMbl WizWhy

PARAMETERS OF THE RULES AND DATA
D:\Old\Knowledge\Illxo.1a
Total number of records: 76
Minimum probability of the:
1) if-then rules: 0,700
2) if-then-not rules: 0,700
Minimum number of cases in a rule: 10
Field to Predict: Class
Predicted Value (analyzed as Boolean): Physics
Prediction error costs:
The cost of a miss: 1
The cost of a false alarm: 1
Average probability of the predicted value is 0,500

ANALYSIS OF THE RULES EXPLANATORY POWER

Decision point: Predict Physics when conclusive probability is more than 0,454
Number of misses: 2

Number of false alarms: 9

Total number of errors: 11

Total cost of errors: 11

Success rate when predicting Physics: 0,800

Success rate when predicting NOT Physics: 0,935

Number of records with no relevant rules: 0
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Average cost (per record): 0,145
Expected average cost (per record): 0,500
Improvement Factor: 3,455

IIpaBuna, o0Hapy:KeHHbIe B JaHHBIX cucTeMoii WizWhy

1) If 3npaBombicaue is 4,00 ... 10,00 (average = 8,29)
and Apudmerny. 3agaum is 2,00 ... 6,00 (average = 4,29)
Then

Class is not Physics

Rule's probability: 1,000

The rule exists in 17 records.

Significance Level: Error probability < 0,1

Positive Examples (records’ serial numbers):

39, 40, 41, 42, 49, 50, 51, 53, 54, 58

2) If Apudpmerny. 3anaum is 2,00 ... 6,00 (average = 4,69)
Then

Class is not Physics

Rule's probability: 0,885

The rule exists in 23 records.

Significance Level: Error probability < 0,1

Positive Examples (records' serial numbers):

39, 40, 41, 42, 49, 50, 51, 53, 54, 58

Negative Examples (records' serial numbers):

24, 28, 31

3) If 3npaBombiciue is 4,00 ... 10,00 (average = 7,68)
and Axasoruu is 3,00 ... 10,00 (average = 7,84)

Then

Class is not Physics

Rule's probability: 0,895

The rule exists in 17 records.

Significance Level: Error probability < 0,1

Positive Examples (records' serial numbers):

39, 40, 41, 43, 45, 48, 49, 50, 51, 53

Negative Examples (records' serial numbers):

7, 11

4) If Ananoruu is 12,00 ... 18,00 (average = 14,46)
and Apudmerny. 3agaun is 7,00 ... 19,00 (average = 11,67)
and Booopazxenue is 8,00 ... 14,00 (average = 10.46)
Then

Class is Physics

Rule's probability: 0,875

The rule exists in 21 records.

Significance Level: Error probability < 0,1

Positive Examples (records’ serial numbers):
1,3,6,8 916,17, 18, 19, 20

Negative Examples (records' serial numbers):

46, 72, 74

5) If O606menne is 15,00 ... 17,00 (average = 16,09)
and Apudmerny. 3axaun is 7,00 ... 20,00 (average = 13,18)
and Booopasxenue is 8,00 ... 13,00 (average = 10,09)
Then

Class is Physics

Rule's probability: 1,000

The rule exists in 11 records.

Significance Level: Error probability < 0,1

Positive Examples (records’ serial numbers):
2,10,11, 14, 16, 18, 19, 22, 26, 27

6) If 3npaBombiciue is 4,00 ... 10,00 (average = 7.45)
and Ananorum is 3,00 ... 10,00 (average = 7.45)

and O6o6menne is 5,00 ... 12,00 (average = 10,45)
Then

Class is not Physics

Rule's probability: 1,000

The rule exists in 11 records.

Significance Level: Error probability < 0,1

Positive Examples (records' serial numbers):

39, 43, 45, 48, 51, 53, 54, 57, 58, 59

7) If Ananoruu is 12,00 ... 18,00 (average = 14,23)
and Apudmerny. 3axaun is 7,00 ... 19,00 (average = 11,30)
Then

15) If Apudmerny. 3apauu is 7,00 ... 20,00 (average = 11,63)
and Booopazxenue is 8,00 ... 15,00 (average = 10,63)
Then

Class is Physics

Rule's probability: 0,756

The rule exists in 31 records.

Significance Level: Error probability < 0,2

Positive Examples (records’ serial numbers):
1,2,3,4,56,7,89,10

Negative Examples (records’' serial numbers):
45,46, 47, 48, 56, 57, 62, 72, 74, 76

16) If Ananorun is 3,00 ... 10,00 (average = 7,86)
and O6oomenue is 5,00 ... 12,00 (average = 10,21)
Then

Class is not Physics

Rule's probability: 0,857

The rule exists in 12 records.

Significance Level: Error probability < 0,2

Positive Examples (records' serial numbers):

39, 43, 44, 45, 48, 51, 53, 54, 57, 58

Negative Examples (records’' serial numbers):

4,31

17) If 3npaBombicane is 14,00 ... 18,00 (average = 15,44)
Then

Class is Physics

Rule's probability: 0,778

The rule exists in 14 records.

Significance Level: Error probability < 0,2

Positive Examples (records' serial numbers):

1,2, 4, 10, 22, 26, 27, 28, 29, 30

Negative Examples (records' serial numbers):

47, 55, 68, 73

18) If Ananorun is 3,00 ... 10,00 (average = 8,00)
Then

Class is not Physics

Rule's probability: 0,758

The rule exists in 25 records.

Significance Level: Error probability < 0,2

Positive Examples (records’ serial numbers):

39, 40, 41, 43, 44, 45, 47, 48, 49, 50

Negative Examples (records’' serial numbers):
4,7,10, 11, 15, 24, 30, 31

19) If 3apaBombicane is 14,00 ... 18,00 (average = 15.44)
and Apudmerny. 3axaum is 7,00 ... 20,00 (average = 11,31)
Then

Class is Physics

Rule's probability: 0,813

The rule exists in 13 records.

Significance Level: Error probability < 0,2

Positive Examples (records' serial numbers):

1,2, 4, 10, 22, 26, 27, 29, 30, 32

Negative Examples (records’' serial numbers):
47,55, 73

20) If Ananorum is 12,00 ... 18,00 (average = 14,41)
and Booopa:xenue is 8,00 ... 14,00 (average = 10,52)
Then

Class is Physics

Rule's probability: 0,759

The rule exists in 22 records.

Significance Level: Error probability < 0,2

Positive Examples (records' serial numbers):
1,36,3809,16,17, 18, 19, 20

Negative Examples (records' serial numbers):

42, 46, 60, 71, 72, 74, 75

21) If O6o6menne is 15,00 ... 17,00 (average = 16,00)
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Class is Physics

Rule's probability: 0,833

The rule exists in 25 records.

Significance Level: Error probability < 0,2

Positive Examples (records' serial numbers):
1,3,68912,16,17, 18, 19

Negative Examples (records' serial numbers):

46, 52, 55, 72, 74

8) If O606menmne is 15,00 ... 17,00 (average = 16,00)
and Apudmerny. 3agaun is 7,00 ... 20,00 (average = 12.43)
Then

Class is Physics

Rule's probability: 0,929

The rule exists in 13 records.

Significance Level: Error probability < 0,2

Positive Examples (records' serial numbers):
2,10,11, 14,16, 18, 19, 21, 22, 23

Negative Examples (records' serial numbers):

52

9) If 3npaBombiciue is 14,00 ... 18,00 (average = 15,62)
and Apudmerny. 3axaun is 7,00 ... 20,00 (average = 11,69)
and Booopa:xenue is 8,00 ... 13,00 (average = 10,31)
Then

Class is Physics

Rule's probability: 0,923

The rule exists in 12 records.

Significance Level: Error probability < 0,2

Positive Examples (records' serial numbers):

1,2, 4, 10, 22, 26, 27, 29, 30, 33

Negative Examples (records' serial numbers):

47

10) I 3apaBomsbicane is 14,00 ... 18,00 (average = 15,91)
and Ananorum is 12,00 ... 18,00 (average = 15.82)
Then

Class is Physics

Rule's probability: 0,909

The rule exists in 10 records.

Significance Level: Error probability < 0,2

Positive Examples (records' serial numbers):

1, 22, 26, 27, 28, 29, 32, 33, 35, 36

Negative Examples (records' serial numbers):

55

11) If 3apaBomsbicane is 14,00 ... 18,00 (average = 15,60)
and Booopazxenue is 8,00 ... 13,00 (average = 10,20)
Then

Class is Physics

Rule's probability: 0,867

The rule exists in 13 records.

Significance Level: Error probability < 0,2

Positive Examples (records' serial numbers):

1,2, 4,10, 22, 26, 27, 28, 29, 30

Negative Examples (records' serial numbers):

47, 68

12) If 3apaBomsbicaue is 4,00 ... 10,00 (average = 7.88)
and O6odmenue is 5,00 ... 12,00 (average = 10,69)
Then

Class is not Physics

Rule's probability: 0,875

The rule exists in 14 records.

Significance Level: Error probability < 0,2

Positive Examples (records' serial numbers):

39, 43, 45, 48, 51, 53, 54, 56, 57, 58

Negative Examples (records' serial numbers):

512

13) If 3apaBomsbicaue is 4,00 ... 10,00 (average = 7,27)
and O6oouenue is 8,00 ... 12,00 (average = 11,09)
and Booopa:xenue is 8,00 ... 15,00 (average = 10,55)
Then

Class is not Physics

Rule's probability: 0,909

The rule exists in 10 records.

Significance Level: Error probability < 0,2

and Booopa:xenue is 8,00 ... 14,00 (average = 10,27)
Then

Class is Physics

Rule's probability: 0,800

The rule exists in 12 records.

Significance Level: Error probability < 0,2

Positive Examples (records' serial numbers):
2,10,11, 14, 16, 18, 19, 22, 24, 26

Negative Examples (records’ serial numbers):

41, 42, 65

22) If Ananorum is 12,00 ... 18,00 (average = 14,17)
Then

Class is Physics

Rule's probability: 0,722

The rule exists in 26 records.

Significance Level: Error probability < 0,3

Positive Examples (records' serial numbers):
1,3,68912,16,17,18, 19

Negative Examples (records’ serial numbers):

42, 46, 52, 55, 60, 63, 71, 72, 74, 75

23) If O6o6mennue is 5,00 ... 12,00 (average = 10,52)
Then

Class is not Physics

Rule's probability: 0,762

The rule exists in 16 records.

Significance Level: Error probability < 0,3

Positive Examples (records’ serial numbers):

39, 43, 44, 45, 48, 51, 53, 54, 56, 57

Negative Examples (records' serial numbers):

4,5, 12, 20, 31

24) If Apudmerny. 3apaum is 7,00 ... 20,00 (average = 11,32)
Then

Class is Physics

Rule's probability: 0,700

The rule exists in 35 records.

Significance Level: Error probability < 0,3

Positive Examples (records' serial numbers):
1,2,3,4,56,7,89 10

Negative Examples (records' serial numbers):

43, 44, 45, 46, 47, 48, 52, 55, 56, 57

25) If O6o6menne is 8,00 ... 12,00 (average = 10,93)
and Booopasxenue is 8,00 ... 15,00 (average = 10,71)
Then

Class is not Physics

Rule's probability: 0,786

The rule exists in 11 records.

Significance Level: Error probability < 0,3

Positive Examples (records' serial numbers):

39, 45, 48, 51, 56, 57, 58, 59, 60, 62

Negative Examples (records’ serial numbers):
4,520

26) If 3npaBombicaue is 4,00 ... 10,00 (average = 8,44)
Then

Class is not Physics

Rule's probability: 0,706

The rule exists in 24 records.

Significance Level: Error probability < 0,3

Positive Examples (records’ serial numbers):

39, 40, 41, 42, 43, 45, 46, 48, 49, 50

Negative Examples (records' serial numbers):

5 7,11,12,13, 14, 16, 19, 34, 37

27) If O6o6menue is 15,00 ... 17,00 (average = 15,89)
Then

Class is Physics

Rule's probability: 0,737

The rule exists in 14 records.

Significance Level: Error probability < 0,3

Positive Examples (records' serial numbers):
2,10,11, 14, 16, 18, 19, 21, 22, 23

Negative Examples (records' serial numbers):

40, 41, 42, 52, 65

28) If O6o6menue is 18,00 ... 25,00 (average = 20,00)
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Positive Examples (records' serial numbers):

39, 45, 48, 51, 56, 57, 58, 59, 62, 64

Negative Examples (records' serial numbers):

5

14) If Ananoruu is 4,00 ... 10,00 (average = 8,00)
and Apudmeruy. 3axaum is 4,00 ... 6,00 (average = 4,82)
and Booopa:kenue is 8,00 ... 13,00 (average = 9,82)
Then

Class is not Physics

Rule's probability: 0,909

The rule exists in 10 records.

Significance Level: Error probability < 0,2

Positive Examples (records' serial numbers):
39,41, 51, 58, 59, 65, 67, 68, 69, 70

Negative Examples (records' serial numbers):

24

and Apudmerny. 3axaum is 7,00 ... 15,00 (average = 10.87)

Then

Class is Physics

Rule's probability: 0,733

The rule exists in 11 records.

Significance Level: Error probability < 0,3
Positive Examples (records' serial numbers):
1,9, 13, 29, 30, 32, 33, 34, 36, 37

Negative Examples (records’ serial numbers):
46, 55, 72, 74

29) If Boodpaxenue is 4,00 ... 7,00 (average = 5,94)
Then

Class is not Physics

Rule's probability: 0,706

The rule exists in 12 records.

Significance Level: Error probability < 0,3

Positive Examples (records' serial numbers):
40, 43, 44, 49, 50, 52, 53, 54, 55, 63
Negative Examples (records’ serial numbers):
12,21, 23,31, 32

[TpuBeIeHHBIC IOTHYECKUE 3aKOHOMEPHOCTH IEMOHCTPUPYIOT 3HAYMTEIHHY O HEOTHOPOIHOCTD 00'b-
€KTOB HMccaenoBanus — moaei. Kak mbl Buanm, norpedoBanocs 29 (cuctema WizWhy) pasHoobpas-
HBIX BBICKa3bIBaHU, YTOOBI C PA3HBIX CTOPOH OCBETHTHh OCOOEHHOCTH MHOTOILIAHOBOM CTPYKTYPBI
UHTEJUIEKTa (PU3UKOB U JIMPUKOB. [IpH 3TOM JOCTATOYHO BBIMYKIJIO MPOSIBUIKCH ONPEICICHHBIC Clia-
OOCTH MBICITUTEIBHON ACSITEIBHOCTH Y YYAIIMXCsS TYMaHUTAPHBIX IIKOJI. ByKBaJbHO BCE BBICKA3bI-
BaHUsI, OTHOCSIIIUECS K JJUPUKAM, TOBOPAT 00 MX CPEIHUX M HU3KUX TECTOBBIX OIIEHKAX, B TO BPeMs
KaK 'y (1)I/I?>I/IKOB OLICHKHU BCEraa CpeIaHUC U BBICOKHC (HaI/I6OHee APKHUEC BbICKA3bIBaAHWA BBIACJICHLI B
tabmuie). Bo3M0oXHO, Takasi KapTHHA CBSI3aHA C OTPAHMYCHHOCTHIO TAHHOTO TICHXO0JIOTMYECKOT0 IKC-
nepumenTa. Ho B J1r000M citydae mosTy4eHHbIC pe3yJIbTaThl MOT'YT CITY>KUTh BECOMBIMU apTyMEHTaMH
B U3BECTHOM CITOpE O (PHU3HMKAX M JTUPHUKaX.

3.2. BnusiHue eo3pacma u cmaa pabomHukoe Ha npou3zeodumesisHoCmb mpyoda

Bcerpeuasich ¢ 00bsSIBICHUSAMH O TIpHEME Ha padoTy, HEPEAKO MOKHO 3aMETHTh, YTO B 3TUX O0ObsBIIC-
HUAX UMCIOTCA OIpaHUYCHUA HAa BO3PACT COTPYAHUKOB M TMOXKCJIAHUSA OTHOCUTCIIBHO UX CTa>Xa pa-
OO0THI IO CIIENMANBEHOCTH. B paccmarpuBaeMoM mpHMepe HaM MPEJCTOUT Pa3o0paThesi, HACKOIBKO
ObIBat0T 000CHOBAHHKI MOI00HBIE TIPETEH3UN pabOTOMATEIICH.

HcxonHble qaHHBIE 3aMMCTBOBaHBI M3 KHUTH [2]. DTO pe3ynbTaThl oOciemaoBanus 60 paOOTHHUKOB
MPOU3BOJICTBA, Y KOTOPBIX (PUKCHpOBAJIaCh CPeIHsAs YacoBasi BRIpaOOTKa B HATYPAJbHBIX €AMHHIIAX
npoaykiuu. Jlanaeie 00ce0BaHus OTpakeHbl B Tadiumie 3.3.

Taoauna 3.3. /lanubie o0ciieqoBaHusi pa0OTHUKOB MPOU3BO/CTBA

Bo3pacrt

Crax

oT 25 no 35 aer

ot 35 no 45 aer

ot 45 1o 55 aer

or 1 no 4 ner
ot 4 no 7 ner
ot 7 no 10 net

csoiure 10 jget

1920 20 20 22
3031323234
35353940 41
40 40 41 41 42

1920202325
20293031 31
3640414245
2831353640

1819202121
19252526 26
2424242525
2024 253132

Hamr ananu3 Oyzer cocToATh U3 ABYX YacTel. B mepBoii yacTu MBI €ro MpoBeJIeM 10 KIIaCCHIECKOM
CTaTUCTUYECKON CXeMe C MCII0JIb30BAHUEM allapara MHOro(aKTOPHOIO AUCIEPCHOHHOIO aHAIU3a.
Bo BTOpOIi 4acT K aHATU3UPYEMbIM JaHHBIM OyeT MPUMEHEHa TeXHOJIOTHsSI OOHAPY KEHUS JIOTHye-
CKHUX 3aKOHOMEPHOCTEMN.
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OucnepcuoHHbLIN aHanus3

JlucniepcuoHHBIN aHaNU3 MPUMEHSAETCS U1l OOHAPYKEHUS BIUSHUS BBIICICHHOTO (KOHTPOJIHUPYE-
MOr0) Habopa GakTOpOB Ha PEe3yIbTATHBHBIN MPU3HAK. PAKTOPHI OOBIYHO U3MEPSIFOTCS B HEKOJIMYE-
CTBEHHOH IIKaJIe, & PE3YyJIbTaTUBHBIN NIPU3HAK BBIPAKAETCS YHMCIOM WM BEKTOPOM C YHCIOBBIMU
KOMIIOHEHTaMH.

Wnest nucniepCMOHHOTO aHalM3a COCTOUT B Pa3fIOKEHUHU OOILIEH TUCTIEPCUU PEe3yJIbTaTUBHOTO MPH-
3HaKa Ha 4acCTH, 0OYCJIOBJICHHbBIC BIMSHHUEM KOHTPOJIHPYEMBIX (AaKTOPOB, U OCTATOUYHYIO TUCHEp-
CHI0, O0BSICHSIEMYIO HEKOHTPOJIMPYEMBIM BIUSTHUEM HITU CITydalHBIMUA 00CTOSTETLCTBAaMH. BBIBOIBI
0 CYIIECTBEHHOCTH BIIMSHUS KOHTPOJIUPYEMBIX (DaKTOPOB Ha PE3yJIbTAT MPOU3BOAATCS IIyTEM CpaB-
HEHHA YacTell 00IIel qucrepcuy Ipy BRIOTHEHUH TPEOOBaHHUS HOPMAILHOCTH pacIpeieieHust pe-
3yJIbTaTUBHOI'O MTPU3HAKA.

W3BecTHO MHOTO MOJIeNel TUCTIEPCUOHHOTO aHan3a. OHU KIACCUPUITUPYIOTCS, C OJTHOM CTOPOHBI,
10 MaTeMaTU4eCcKoil mpupoie (pakTopoB (IETEPMUHUPOBAHHbIE, CITyYaiiHbIe U CMEIIaHHbIE) U, C JIPY-
roil CTOpOHBI, 10 YHCIIy KOHTPOJIUPYEMBIX (akTopoB (0AHO(AKTOPHBIE U MHOTO(AKTOPHbIE MO-
nenu). Monenu ¢ 6osiee ueM oHUM (HaKTOPOM Jat0T BO3MOKHOCTh UCCIIEA0BATh BIMSIHUE HA PE3YJIb-
TaT HE TOJbKO OTAEIbHBIX KOHTPOIMPYEMBIX ()aKTOPOB (IJIABHBIC BJIUSHUSA), HO U UX HAJ0XKEHUE
(B3aumoneiictBust). 1o crioco0y opraHu3aly UCXOJHBIX JaHHBIX BBIICJISAIOT IOJIHBIE U HETIOJIHbIE
m-(aKTOpHBIE TUIAHBI, ITOJHBIE U HEMOJIHbIE OJOYHBIC TUIAHBI U PAHJIOMHU3HPOBAHHBIE (CITydaiiHbIe)
OJIOYHBIC MJIaHBI.

Jlyist mpoBeieHus AUCIIEPCUOHHOTO aHaiu3a OyeM ucronb3oBath nmaker STATGRAPHICS Plus for
Windows, B KOTOpOM peain30BaHbl BCE TIEPEUNUCICHHBIC BBIIIEC MOACIN JUCTIEPCHOHHOTO aHaIn3a.

Packpoem snexrponnyo Tabauiy STATGRAPHICS u BBenem B Hee 3Ha4YeHHs pe3yiIbTaTUBHOTO
npu3HaKa output (MpOM3BOIUTEIHFHOCTD) M 3aKOJUPOBAHHBIC 3HAYCHHUS TPATAli KOHTPOIUPYEMBIX
dakTopoB age (Bo3pacT) u record (cTax), Kak 3TO IMOKa3aHO Ha PUCYHKE 3.2.

Bribepem Compare | Analysis of Variance | Multifactor ANOVA. 3anoiaauM 0kHO MHOTO(aKTOp-
HOTO JUCTIEPCUOHHOTO aHanu3a (puc. 3.3).

Haxwmem OK. Ha skpane nosiBUTCSI CBOJIKA MHOKECTBEHHOT'O IUCIIEPCUOHHOTO aHaIM3a, B KOTOPOi
MOJITBEPKIAETCs, YTO K 00paboTke nmpuHATo 60 HAOIIOAEHHH, 111 KOTOPBIX 3a()MKCUPOBAHBI 3HAUE-
HUS IBYX (hakTopoB. BHH3Y moz 3THMHU cOoOOLIEHUAMH BKJIIOUeHO coobuieHue StatAdvisor (Crat-
Koncynbranra) ¢ peKOMEHIAIMSIMU IO TPOBEICHHIO JAIbHEHIIIETO aHaIn3a.

output [ age [ record [ Col_4 [ Col_§ [ Col_b [ Col_7 ‘

S0 | == |50 | CF1 | e | | P2 | =
ra
ra

p—y
-
ra
iy
IR R N R e e L SV R RS RAUI LR R R R
A I A Rl e R e R e R s ) i iy ot oy i DU i Ui DU DU g Ui DU gy ey

: of]

Puc. 3.2. PesyabTarhl 00cj1e10BaHisl pa0OTHUKOB NPOM3BOACTBA
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Bb130BeM OKHO TaOJIMYHBIX OIIHUIA, HA)KaB BTOPYIO CJIEBa KHOIKY B HIDKHEM Psily KHOTIOK (puc. 3.4).
YcranoBuMm ¢uiaxxkok ANOVA Table (tabnuna nucnepcnonnoro ananu3za) u Haxmem OK. Ilenknys
JIBX/IBI HA OKHE C 9TOM TabynIleH, pacKpoeM ero Ha Bce pabouee moie (puc. 3.5).

Multifactor ANOYA [ x|
ﬁ Dependent aniable;
Ic-utput
Factors:
.
recard
=
Coreariates:
g
=
[Select:]
I~ Sort I
0k I Cancel | Delete | Iransfnrm...l Help |

Puc. 3.3. OxHo quajiora MHOro()aKTOPHOIO IMCIIEPCHOHHOTO AHATIHN3A

Tabular Options [ x|

v AMOWA Table
[ Table of Means

™ tultiple Fange Tests

0k | Cancel | Al | Heb

Puc. 3.4. TabimyHbIe OKHA JMCIEPCHOHHOTO AHAJIM3A

8. Multifactor ANOWA - output M= E3
Lok | Row

Analysis of Variance for output - Type III Sums of Scquares

Source Sum of Sguares Df Mean Sguare F-Ratio P-Value

MALIN EFFECTS

Liage 200, 4 z 450,z 24,54 0,0000
E:record 1842, 53 3 614,178 33,80 0,0000

RESTDUAL 978, 667 54 18,1235

TOTAL (CORRECTED) 3721, 6 59

111 F-ratios are based on the residual mean sguare error.

Puc. 3.5. UcxonHas TaGuna JTUCIEPCHOHHOTO aHAJIU3A
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Multifactor AMOVA Options E |

b asirnum Order Interaction: Ok

IZ'I Cancel

Exclude...

Help

P

Puc. 3.6. OxHo 1uasora Juisi 3aJaHusi NOPsAKA B3auMo/eilicTBUs GaKTOpoB

B .| Multifactor ANOVA - output Hi=l
Howl IH!
Analysis of Variance for output - Type III Sums of Sguares
Source Sum of Sguares nf Mean Sguare F-Ratio P-Value
MAIN EFFECTS
L:iage 900, 4 ] 450, 2 45, 95 0, 0000
B:record 1642, 53 3 614,178 66,82 0, 0000
INTERACTICNS
LE 537,467 & &9, 5778 9,75 o, 0000
RESIDUALL 441, 2 45 9,19187
TCOTAL (CORRECTELD) 3721,6 59

411 F-ratios are based on the residual mean sgquare error.

Puc. 3.7. Tabauua q1ucrnepcuOHHOr0 aHAJIN3A
€ OLIEHKO} 3HAYMMOCTH COBOKYITHOI'0 BJIMSAHUS BO3pacTa
U CTAa’a pa0OTHUKOB HA NPOU3BOANTEILHOCTH TPyda

Ha ocHoBaHuM TaOMM4HBIX unceln (a Takke 1o cooduiennto StatAdvisor) nemaem 3aKioueHue, 4To
Ha IPOU3BOAUTEIBLHOCTh TPY/Ja OKa3bIBAIOT BIMSIHUE 00a (pakTopa Mo OTAEIBHOCTH — M BO3PACT pa-
OOTHHKA, U ero TPyA0BO# cTax. JloBepHe k TakoMy BBIBOAY — Oosee 99%. MoxHO, Kpome Toro, olie-
HUTH U COBMECTHOE BJIHMSIHHE IBYX (haKTOPOB.

[lexHEM TIpaBOM KHOTIKOW MBITIM Ha TaOJWYHOM OKHe W BhIOepeM Analysis Options. [TosBuTcs
OKHO JIMaiora Jjisi BBOJA Pa3JInYHbIX B3aUMOACUCTBUH (DakTOPOB U 331aHUs UX mopsaka (puc. 3.6).

Breaem mopsiaok B3aumopaeicTBus, paBubli 2, n HaxMeM OK. B tabnuiy mHOrodakTopHOTro auc-
MIEPCUOHHOTO aHaiu3a OyAyT J0OaBJICHBI OLIEHKH CTATUCTHYECKON 3HAYMMOCTH COBMECTHOTO BIIUSI-
HUS BO3pacTa U cTaka pabOOTHUKOB Ha UX MPOU3BOAUTEIBHOCTH Tpyaa (puc. 3.7).

Kak cienyer u3 noimy4eHHbIX HU(pP, HAa TPOU3BOIUTEIBHOCTD TPY/Ia U3y4aeMol COBOKYITHOCTH palboT-
HHUKOB CYIIECTBEHHO BIIUSIFOT COBMECTHO JICWCTBYIOIINE BO3PACT U CTAX. Y POBEHb JOBEPHUS K TAKOMY
BBIBOZY cocTaBiseT Bbllie 99%. MoxHo emre 0osee yriyOuTh MPOBOAUMOE UCCIIE0BAaHUE, BOCTIONb-
30BaBIIMCb MHOTOCTOPOHHHUMHU OLCHKAMHU Pa3JINYHbIX KOMIIOHCHT q)aKTOpHOFO BSaHMOI[efICTBHSI n 10-
IMOJHUTECIbHBIMU CTATUCTUYCCKUMH TCCTaMH, PCAJIM30BAHHBIMU B IIPOUCAYPE AUCIICPCUOHHOI'O aHa-
nmu3za STATGRAPHICS. Ho, kak roBoputcs, Jqydliie OJ1H pa3 yBUAETh, YEM CTO pa3 yciblmarh. [1o-
3TOMY BOCTIOJNIB3yeMCsI TpaUIeCKUMH BO3MOXKHOCTSIMUA OTOOpayKEHHs pe3yIbTaTOB aHAIN3A.

Haxxmem kHONKY rpaduyeckux onuui (TpeThs clieBa B HUKHEM PsITy KHOIOK) M YCTAHOBUM (PJIaXKKH
Means Plot (rpadux cpeanux) u Interactions Plot (rpaduk B3ammopeiictuii). Haxxmem OK
(puc. 3.8).
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g Multifactor ANOWA - output _ O]
How:l
Anslysis Summary
Cpeaxue u 95 % nosepurencHue HHTEpBaNK
Dependent variable: output B n
Factors: b = 2
age 3 il -
record 5 = =
g %5
Murkber of complete cases: &0 w
L] ;
record

Analysis of Variance for output - Type ITIT Suamns 2
________________________________________________ lNpaduk B3aMMoneicTBuUi
Source Suwm of Scquares Dt 1 “ e
———————————————————————————————————————————————— o — -
MAIN EFFECTS - "

Liage 000, 4 2 E A

B:record 1842, 53 3 5 T

= -

INTERACTICONS — 2 —= Elai

LE 537,467 [ . -7

I 1 1 4

R?s IDITAL | 441,32 45 | record

4 *

Puc. 3.8. Tabnuunble u rpadpuyeckue 0TOOpPasKeHUs Pe3yJbTATOB

B BepxHeM rpaguueckoM OKHE TOKa3aH rpad K 3aBUCUMOCTH CPETHUX 3HAUCHHUI TPOU3BOAUTEIb-
HOCTH TpyJa OT CTa)ka M OYEPUYCHBI JOBEPHUTEIbHBIE WHTEPBAIBI JUISl ATHUX CPEIHUX. XOPOIIO
BUJIHO, YTO CTaXK HECOMHEHHO BIIMSET HA PE3yJIbTaTUBHBIN Npu3HaK. Bmecte ¢ TeM, moxoxe, mpo-
M3BOJUTEIHHOCTD JJOCTUTAET CBOETO MUKa Yy paOOTHHUKOB €O cTaxeMm oT 7 1o 10 jer, a 3aTemM Ha4Yu-
HAeT CHUKAThCS.

[Tomy4yeHHas kKapTuHA TMPOSCHSIETCS, €CIU B3TJSIHYTh Ha HIDKHEE rpauiyeckoe OKHO, T/I€ MPUBE-
JIeHa KapTUHKa, WITIOCTPUPYIOIas B3auMOIeHCTBUE Bo3pacTa U cTaxa. M3 Hee ciemyer, uTo mpo-
M3BOJUTEIFHOCTD TPY/1a IOCTOSIHHO YBEIMUNBAETCS C POCTOM CTa)ka Y MOJIOJBIX paOOTHHUKOB (25—
35 mer). Jlnsa Bropoit Bo3pacTtHO# Tpyniibl (35—40 neT) Takol pocT HaOMI0aeTCsl TOJIBKO TSl TeX
pabOTHUKOB, CTaXX KOTOPBIX He mpeBbimaer 10 ner. 3aTeM NpOU3BOJUTENBHOCTh Y HUX PE3KO Ma-
naet. g Tperbeit Bo3pacTHOM rpynisl (45—55 ner) xapakTepHa BooOIIe camasi HU3Kas MpOU3BO-
JTUTETHHOCTD TPYAa, 3HAYEHUE KOTOPOH OCTAeTCs MOYTH HAa OJTHOM U TOM K€ YpOBHE HE3aBUCHUMO
OT cTa)ka paboTHI.

OT00pa3um pe3yabTaThl IMCIIEPCHOHHOTO aHAIN3a B MHOM pakypce. 1iist Toro Oy1em Imenkars mpa-
BOW KHONKOW Ha KaXIAOM rpauyeckoM OKHE, BBIOMpas M3 KOHTEKCTHOTO MEHIO MyHKT Pane
Options, 1 3aMeHATh B COOTBETCTBYIOIIMX OKHaX auanora ¢akrop record (crax) Ha QaxTop age
(Bo3pacrt). Teneps Ha Bcex rpadukax 1mno ocu abcuucc 0yyT 0ToOpa)xaThCsi BO3pACTHBIE KaTETOPHUH.
[Tpumep ogHOTO U3 OKOH AMANIora MPUBEJICH Ha PUCYHKE 3.9.

Packpoem nonydeHHbIe TpaduuecKie OKHA ABYMsI MIETYKaMH JICBOI KHOMKH MbIIK. [loyuum cire-
nytomue kKapTuaku (puc. 3.10 u 3.11).

[lepBbiii TpaduK MOKa3bIBACT YMEHBIIEHHE MPOU3BOIUTEIBLHOCTH TPyia C Bo3pacToM. M3 BTOporo
CIIe/lyeT, YTO MAaKCHUMaJbHasi TPOU3BOJHUTEIFHOCTh TpyJa HAOIIONAeTCs y TEpBOH BO3PACTHOM
rpynmsl (25-35 5et) co ctaxkeM cBhIIIe 4—7 JIET 'y BTOPO# Bo3pacTHOM rpymmsl (35—45 ner) co cra-
xeM 7—10 set. Taxoke BHIHO, YTO NMPHU HE3HAYUTEILHOM CTaXKe, HE3aBHCHUMO OT BO3pPAcCTa, MPOU3BO-
JIUTEIBHOCTh TPYJa BCET/Ia SBISIETCS caMol HU3Koi. Kpome Toro, MOKHO elie pa3 3aMeTHTh, 4TO B
TpeTheil Bo3pacTHOU rpymme (45-55 jeT) mpou3BOIUTENFHOCTh TPYAA CYIIECTBEHHO CHIKACTCSI.

Ha sTux BbIBOJaxX, Kak MpaBWiIo, aHAJIN3 JAHHBIX 3aBeplaeTcs. Mbl Bpoje Obl YJJOBIETBOPUIM CBOE
JH000MBITCTBO M MOXKEM TEIeph aprYMEHTHPOBAHHO CO CCHUIKOM Ha CTaTUCTHYECKUE KpUTEpUU 000C-
HOBaTb JKeJaHUe paboTomaTenel UMETh N0 C MOJOABIMU CIELHATUCTAMU, UMEIOLUIMMH, OJHAKO,
JOCTaTOYHO OOJBIION CTaX.
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Means Plot Options E3

- Type K

" Confidence |ntarval
Carcel

4

™ Tukey HSD Interval Al

" Scheffe Interval

 Bonfemoni Intersal

Factor: Confidence Level:
age 95, %

Puc. 3.9. [Ipumep oxkHa quaJiora Uil 3aJaHUsI NAPaMeTPOB rpadpuyecKuxX 0TOOpaskeHuil
pe3yJIbTaTOB AMCIIEPCHOHHOI0 aHAJIM3A

8 Multitactor ANOVA - output [- O] <]

CpenHue 1 95 2 noeepuTenbHbie MHTepBAanb

K7 =

28

output

26 [

24

22

age

M= E
44 F ] record
E ] —1
r A Lk ]
40 E A Ny ] —-2
36 [ = : ] 3
= . ~% ] -4
5 »mf T 1
= r — s ]
= o — R ]
28 -
E T RN ]
[ N ]
24 | 1
20 E .
1 2 3
age

Puc. 3.11. Bansinue B3auMoeiicTBUA BO3PAcTa U CTAKA HA MPOU3BOAUTEILHOCTh TPYy/Aa
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BwMmecte ¢ Tem Haila apryMmeHTalus OCHOBaHAa Ha aHAJIM3€ YCPEIHEHHBIX XapaKTEPUCTUK U BHICBEUH-
BaeT JIMIIb OOIIKE TEHISHIMH B PACCMaTPUBAEMOM BOTIPOCE. A 3TO BPS JIM yMECTHO, KOTJIa peyb UAET
0 KOHKPETHBIX JIFO/IAX, 10 OTHOIICHHUIO K KOTOPHIM TpeOyeTcsl IPUHUMATh aIMUHUCTPATHBHOE pellie-
Hue. Kak Mbl yOequMcst HuKe, ¢ TOMOIIBIO TEXHOJIOTHH OOHAPY KEHHS JIOTHUECKUX 3aKOHOMEPHOCTEH
B JIaHHBIX MOKHO CJIEJIaTh TOpa3ao 0ojee OTBETCTBEHHBIE BBIBO/IBI MO aHAIM3UPYEMOM CHTYaITHH.

O6paboTtka aaHHbIX cuctemon WizWhy

Cucrema WizWhy nociie 06paboTku JaHHBIX O IPOM3BOUTEILHOCTH TPY/1a BbLAANA CIIETYIOIINI OTYET.

Total number of records: 60

Minimum probability of the:

1) if-then rules: 0.730

2) if-then-not rules: 0.630

Minimum number of cases in a rule: 8

Field to Predict: [Ipon3BoanTeILHOCTD

Predicted Value (analyzed as Boolean): more than 25
Prediction error costs:

The cost of a miss: 1

The cost of a false alarm: 1

Average probability of the predicted value is 0.550

ANALYSIS OF THE RULES EXPLANATORY POWER
Decision point: Predict more than 25 when conclusive probability is more than 0.706
Number of misses: 4
Number of false alarms: 1
Total number of errors: 5
Total cost of errors: 5
Success rate when predicting more than 25: 0.967
Success rate when predicting NOT more than 25: 0.867
Number of records with no relevant rules: 0
Average cost (per record): 0.083
Expected average cost (per record): 0.450
Improvement Factor: 5.400

IF-THEN RULES:

1) IfCraxis 1
Then
IIpousBoauTeNLHOCTS is not more than 25
Rule's probability: 1.000
The rule exists in 15 records.
Significance Level: Error probability < 0.1
Positive Examples (records' serial numbers):
1,2,3,4,6,7,8,9,10,11

2) IfBo3pactis 1
and Cra:x is 2 ... 4 (average =3 )
Then
IIpousBoauTeNLHOCTS is more than 25
Rule's probability: 1.000
The rule exists in 15 records.
Significance Level: Error probability < 0.1
Positive Examples (records' serial numbers):
32, 34, 39, 40, 42, 43, 44, 48, 49, 51

3) IfBo3pact is 2
and Crawx is 2 ... 4 (average =3)
Then
IIpousBoauTeLHOCTS is more than 25
Rule's probability: 0.933
The rule exists in 14 records.
Significance Level: Error probability < 0.1
Positive Examples (records' serial numbers):
30, 31, 33, 35, 36, 37, 45, 46, 47, 50
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Negative Examples (records' serial numbers):
12
4) If Bo3pacr is 3
Then
TIpou3BOAUTENBLHOCTD is not more than 25
Rule's probability: 0.800
The rule exists in 16 records.
Significance Level: Error probability < (.2
Positive Examples (records' serial numbers):
1,4,511,13,14,17, 18, 19, 20
Negative Examples (records' serial numbers):
28, 29, 38, 41
5) IfCrax is 2 ... 4 (average =3 )
Then
IIpou3BOAUTENLHOCTD is more than 25
Rule's probability: 0.733
The rule exists in 33 records.
Significance Level: Error probability < 0.3
Positive Examples (records' serial numbers):
28, 29, 30, 31, 32, 33, 34, 35, 36, 37
Negative Examples (records' serial numbers):
512,13, 18,19, 20, 21, 23, 24, 25
6) IfBo3pacr is 1
Then
IIpou3BOAUTENILHOCTD is more than 25
Rule's probability: 0.750
The rule exists in 15 records.
Significance Level: Error probability < 0.3
Positive Examples (records' serial numbers):
32, 34, 39, 40, 42, 43, 44, 48, 49, 51
Negative Examples (records' serial numbers):
2,6,7,8 15
W3 Haiinensix 6 mpaBui 4 oMMCHIBAIOT TPYIIY paOOTHUKOB CO CPeIHEN U BBICOKOM MPOU3BOIUTEIb-
HOCTBIO TPY/a, a 2 OTHOCATCS K HU3KOMPOU3BOJAUTENbHBIM paboTHUKaM. PaccMoTpuM 3TH mpasuiia

pa3zenabHo 10 TPYIIaM.

I'pynma ¢ BBICOKOI NPOHU3BOANTEIbHOCTHIO

B nepByto ouepenp obpaimaer Ha ceds BHUMaHue paBuiio Ne 2. OHO pacmugpoBBIBAETCS CIEIYIO-
M 00pazom: eciu (Bo3pact ot 25 10 35 et) u (cTax 0oJbiie 4 J1eT), TO BBICOKasi IPOU3BOIUTEINb-
HOCTb TpyJa. DTO MpaBUiIo 6€30MUO0YHO U ONMUCHIBAET 15 pabOTHUKOB.

Hpyroe npasuio Ne 3 Takke UMeeT JOCTaTOYHO BBICOKYIO TOUHOCTh, alleJUIUPYET K JIuIam ot 35 10
45 net, UMEIOIUM CTaXK Takxke Ooree 4 neT. JlaHHOE MpaBmIio onuckiBaeT 14 paOOTHUKOB U JeIaeT
BCETO O/IHY OIINOKY.

OcraBiuecs /1Ba npaBuia 001a/1al0T MEHbIIEH TOUHOCTBIO U MPEICTABISIOT cO00# BbICKa3bIBAaHUS
OTAENBHO TI0 BO3pacTy U cTaxy. Tak mpaBmio Ne 5 ¢ TourHocTsio 0,73 TOBOPUT O TOM, CpeHsS U
BBICOKAs TIPOM3BOAUTEIHLHOCTH HaOMonaeTcs y 33 paboTHUKOB, nMetomux crax O6omnee 4 net. [pa-
BrJI0 Ne 6 ¢ TouHOCTBIO 0,75 yTBEpKIaeT, 9To 15 BEICOKOIIPOM3BOIUTEIHHBIX PAOOTHHKOB OTJIHYA-
I0TCSI CPAaBHUTEIILHO MOJIOABIM Bo3pacToM (0T 25 jo 35 ner).

I'pynna ¢ HU3KoM NPOU3BOIUTETbHOCTHIO

[TpaBuiio Ne 1 31€ch TOBOPUT O TOM, YTO NMPHU HEOONIBIIOM CTa)K€ HUKOIJIA HE CIIEyeT OXKHUAATh XO-
poieil TpOu3BOAUTEIHLHOCTH OT PpaOOTHUKOB. DTO MPABHUIIO OMHUCKHIBACT 15 cilyyaeB HU3KOH MPOU3-
BoauTenbHOCTH CO 100%-HON TOYHOCTBIO.

W naxonen, npasuio Ne 4 coctout B ToM, 4To 80% JIr0/1e B BO3pacTe OT 45 JIET U BbILIE HE MOKA3bI-
BAaIOT YIOBJIETBOPUTEIBHBIX PE3YIHTATOB PAOOTHI B YCIOBUAX PACCMOTPEHHOTO MIPOM3BOJICTBA.
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3.3. BbIsicHeHUe NpUYUH HeypoXkxallHOCMU CeJIbCKOXO0351iCM8EHHbIX y4acmKos

UcxopaHble AaHHbIe
Hcxomubie qaHHBIE 3aMMCTBOBAHbI M3 KHUTH [3].

Ha 43 onbITHBIX y4acTKax Mo BO3JENIBIBAHUIO prca ObUT OIYYEH pa3IM4yHbIi ypoxKail. ArpoTexHHuKa
BO3/ICTIBIBAHHSI KYJIBTYPBI XapaKTePH30BajIach CICAYIOIIMMHU PU3HAKAMH:

X1 — MpeAIeCTBEHHUK (B Oaiax);

X2 — KOTM4eCTBO yaoOpenuii (11 Ha 1 ra);

X3 — mporoska (pas);

X4 — 9HCJIO IHEH OT 3aiuBa 10 cOpoca BOJBI;

X5 — 9HCJI0 THEH OT KOCOBHIIBI IO 0OMOJIOTA.

DKcIepuMeHTaNbHbIC JAHHBIC PEJCTaBICHBI B Ta0IuIE 3.4.

Taoauua 3.4. 3HaueHHs NPU3HAKOB JIJIsl YYACTKOB C Pa3JIM4YHON YPOKAHHOCTHIO puca

. o IIpo- Yucio aHen Yucao nHen
No VYpoxaiiHoctb, | [IpemmecrBennuk, | Kon-Bo ynobpenuid, HoKa, oT 3aMBa OT KOCOBHIIbI
nclra Oabl nHalra
n/u pa3 J10 cOpoca BOBI 110 oOMoJI0Ta
y X1 X2 X3 X4 X5
I'pynna 1
1 36 2,8 1,47 1,2 115 8
2 36,1 3 1,23 1,3 117 7
3 36,1 2,7 1,31 1,4 114 9
4 36,2 3 1,5 1,5 119 10
5 36,4 3,2 1,14 1,6 120 7
6 36,9 2,8 1,22 1,6 121 11
7 37,5 2,7 1,3 1,3 122 8
8 37,8 3,3 1,24 1,3 118 10
9 38,2 2,8 1,16 1,9 119 7
10 38,6 2,7 1,22 1,6 117 9
11 38,9 2,8 1,35 1,2 119 10
12 39 2,9 1,4 1,4 115
13 39 3,1 1,36 1,3 120
14 39,2 2,8 1,23 1,6 114 10
15 39,4 2,7 1,3 1,4 118 9
16 39,5 3 1,41 1,3 117 8
17 39,7 2,9 1,28 1,4 120 12
18 39,7 3,1 1,36 1,2 121 9
19 39,8 2,8 1,32 1,4 118 7
20 40 2,9 1,4 1,5 118 10
I'pynma 2
21 41,2 32 1,05 1,5 109 9
22 41,4 2,8 1,1 1,2 108 10
23 41,6 2,9 1,2 1,6 118 10
24 41,8 3 1,12 1,3 110 14
25 41,9 3,3 1,08 1,4 112 12
26 42,2 2,7 1,13 1,5 111 15
27 42,5 3 1,18 1,7 112 12
28 42,8 3,1 1,22 1,3 113 14
29 43,1 33 1,25 1,8 112 13
30 43,1 2,9 1,1 1,7 113 10
31 432 2,8 1,2 1,8 112 15
32 43,6 3,2 1,26 1,6 113 9
33 43,7 3.4 1,28 1,8 110 12
34 43,8 3,5 1,22 1,9 114 13
35 43,8 3 1,19 1,7 108 16
36 43,9 2,8 1,29 1,7 108 12
37 43,9 2,9 1,24 1,6 112 10
38 44,2 3 1,17 1,8 114 9
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[Iponomxenue Tadm. 3.4

. o IIpo- Yucmo guei Yucno quei
VYpoxaiiHocts, | Ipenmectennuk, | Kon-Bo ynoOpeHui,
Ne MOJIKa, OT 3ajMBa OT KOCOBHIIbI
nclra Oabl mHal ra

/i pa3 J10 cOpoca BOApI 110 oOMoJI0Ta
y X1 X2 X3 X4 X5

39 44,6 3,3 1,25 1,3 115 11

40 44,8 34 1,27 1,7 112 12

41 44,9 3,5 1,26 1,5 111 14

42 44,9 3,1 1,3 1,5 119 11

43 45 3,2 1,24 1,6 110 13

B nepBouCTOYHHKE Ha OCHOBaHUM CIELMAIBHBIX KPUTEPUEB MAaTEMAaTUYECKON CTATHUCTHKU Jela-
€TCsl BBIBOJI, YTO paccMaTpuBaeMas COBOKYIHOCTbh U3 43 ONBITHBIX YYacTKOB IO BO3ZEJIBIBAHUIO
puca HEe MOXET CUMUTAaThCA OAHOPOHOI. Ha 3ToM 00CykaeHue 3KCIepUMEHTAIbHOTO MaTepHaia
bakTHuecKu 3aKkaHYuBaeTCs. [ JIaBHBIN BOMPOC O B3aMMOCBS3IX MEXKIY arpOTEXHUYECKUMH MEPO-
MNPUATHASIMU U YPOKANHOCTBIO PACCMAaTPUBAEMON CEIBCKOXO03MCTBEHHON KYJIBTYPBI OCTaJICS HEpe-
IIEHHBIM.

Huxe npencraBiieHbl pe3yibTaThl KOMIUIEKCHOTO MCCIIEOBAHUS SKCIIEPUMEHTAIBHBIX JaHHBIX W3
tabnuuel 3.4. Ha mepBoMm 3Tarme 3Tu AaHHbIe ObUTH 00pa0OTaHbI PSAIOM TPAIUIIMOHHBIX METOI0B IIPHU-
KJIQAHOW cTaTUCTUKH ¢ Tomortbio nmakera mporpamm STATGRAPHICS Plus for Windows. A Ha BTO-
pPOM 3Tare MoucKa OTBeTa Ha C(OPMYIMPOBAHHBIN BONPOC MPUMEHSITUCH METOABI ITOUCKA JIOTHYE-
CKUX 3aKOHOMEPHOCTEH B TaHHBIX.

Hcnoneszyemblie 0o003HaueHus: yield — ypoxaitHocTs; predec — npenmectBeHHuk, fertil — komuue-
CTBO ynoOpenuii; weeding — rmporosika; water — 4rcCIIo JHEH OT 3aiauBa J0 coOpoca Bojsl; trashing —
YHCIIO THEH OT KOCOBHUIIBI 0 0OMOJIOTA.

KomnnekcHas o6paboTka AaHHbIX TPAAULMOHHLIMM MeToAaMU

CpaBHeHne CpeaAHUX 3HAYEHHUH NMPpU3HAKOB

Ha pucynke 3.12 npuBeieHbl COBMEILEHHbBIE THCTOIPAMMBI paclpeeIeHUi 3HaUeHU BCeX aHa-
nu3upyembix npu3HakoB (class = 0 — 00BEKTHI ¢ HU3KOW ypoKaiiHOCThIO, class = 1 — ¢ BbICO-
KOW).

predec fertil weeding
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Puc. 3.12. 'ucrorpammbl pacnpejaeieHusi 3HAUYEeHUIl IPU3HAKOB
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W3 ructorpamm ciemnyer, 4To 0oJiee BRICOKAsl YPOXKAMHOCTD Yallle BCTPEYaeTCs Ha y4acTKax ¢ Ooree
BBICOKOW 0aNTbHOW OIEHKOMW MPEIIIECTBEHHUKA, CO CPEIHUMH ¥ HUXKE KOJUYECTBAMH BHECCHHBIX
yao0peHuit, ¢ 60iee 4acToi MpoIoJIKoH, ¢ 6ojIee paHHUM COPOCOM BOJIBI M O0JIee TTO3THUM 0OMOJIO-
TOM TIOCJI€ KOCOBHIIBI. DTH BBIBOABI ITOITBEPKAAIOTCS pe3yIbTaTaMu T-TECTOB JUIsi CPaBHEHHUS CpE/I-
HUX 3Ha4eHu# Ha ypoBHe 3HauumocTH 0,001.

BwMmecte ¢ Tem Oonee FHY6OKI/IC BBIBOJIbI JACJIAOTCA HAa OCHOBAHWH MHOI'OMEPHOT'O aHaJIM3a SKCIICPU-
MCHTAJIbHBIX JAHHBIX, B KOTOPOM YUUTBIBACTCS COBOKYITHOC BSaI/IMOI[eI\/’ICTBI/Ie ITPHU3HAKOB.

MeTOII IJIaBHBIX KOMIIOHCHT

B pesynbraTe nmpuMeHeHns MeToaa riaBHbBIX koMmoHeHT (MI'K) okaszanoch, 4To pasnencHue AByxX
KJIACCOB CEIBCKOXO3SHUCTBEHHBIX YYaCTKOB UMEET MPOCKIMH OOBEKTOB HA 1-10 TJIABHYIO KOMIIO-
HEHTY, Ha KOTOpyIo npuxoautcs 45% nucrnepcuy aHaIM3upyeMoi BIOOpKU. Becorwie koadduiu-
€HTBI JIJISl 3TOM TJIABHOW KOMITOHEHTHI MPUBEICHBI B TabmIie 3.5.

Ta6auna 3.5. Beca npu3HakoB B 1epBoii IIIaBHOI KOMIIOHEHTe

[Ipn3Hax predec fertil weeding water trashing
Bec 0,32 —0,43 0,40 —-0,54 0,50
class=0 Hiag aa
o= oK AT _
s [ ]
E N - ]
2 ‘e - ]
2 0 .;;;;;;;;;;;:u;;;;;;;;;;; ;;;;;;;;;;;;;;;;;;;;;;;;; x ; __,ﬂ_-
5 _ 7 M7/ _
. 8 e i e o W R
i Yp o aHHOCTE 1
T K ! } } ; : -
29 -18 0.9 0.1 L1 2.1 3.1
class=1

Puc. 3.13. IIpoekuust 00eKTOB HA 1-10 IVIABHYI0 KOMIIOHEHTY

[IpencraBienne o0 paslelCHUU MPOCKIHUHA KIACCOB HAa 1-10 TIaBHYIO KOMIIOHCHTY JaeT PHUCY-
HOK 3.13.

W3 pucyHka cienyer, 4To Ha MPOEKIUY UMEETCs CPABHUTEIIbHO HeOOobIIast 00JacTh HEONpeIeIeH-
HOCTH, B KOTOPYIO IIOMAJAI0T 3 y4acTKa C BBICOKON YpPOKalHOCTBIO U 4 ¢ HU3KOW. B 1enom cMeici,
KOTOPBIM UMeeT |- rIaBHas KOMIIOHEHTA, ONpPENEIsIeMblid 110 BecaM BXOAIIUX B HEE IPU3HAKOB,
COBIAJAET C MHTEpPIIPETaleld OJHOMEPHOIO aHAJIN3a — MOBBILICHUE YPOKaHOCTH pHUCA IOJIOKH-
TEJIBHO CBS3aHO C OAJUIBHOM OLIEHKOU MPEeNIeCTBEHHHUKA, C YaCTOTON MPOIIOJIKA U C BDEMEHHBIM MH-
TEPBAJIOM OT KOCOBHIIBI 10 MOJIOTEOBI M OTPULIATENILHO CBSI3aHO C KOJIMYECTBOM BHECEHHBIX y100pe-
HUU ¥ YUCIIOM JTHEH OT 3ajuBa 10 cOpoca BOJIBI.

MHoOXkecTBEeHHBIN perpecCHOHHbIN aHAIH3

CBOJIKa MHO>KECTBEHHOT'O PETPECCHOHHOIO aHaIN3a, B KOTOPOM HE3aBUCUMOMW NEPEMEHHOM BBICTY-
naeT ypoxxaiHOCTh yuyacTKoB yield, a mpeaukTopamu ciy’kaT BbIILIEONUCAHHbIE IPU3HAKH X1, ... , X5,
npuBeeHa Huke. IIpu mocTpoeHnH perpecCUHOHHOM MOIEIH IPUMEHSIICS AITOPUTM IIOCIIE10BATEIb-
HOTO YMEHBIIEHUS TPYTIIIbI IPU3HAKOB.
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Tabauua 3.6. CBogKka MHOKeCTBEHHOT0 PerPecCHOHHOT0 aHAIN3a

Dependent variable: yield
Standard T

Parameter Estimate Error Statistic P-Value
CONSTANT 55,4292 12,6433 4,38407 0,0001
predec 3,71752 1,40207 2,65144 0,0115
water -0,262156 0,09313 -2,81495 0,0076
trashing 0,424119 0,161582 2,6248 0,0123

Analysis of Variance
Source Sum of Squares Df Mean Square F-Ratio P-Value
Model 208,339 3 69,4465 17,40 0,0000
Residual 155,661 39 3,9913
Total (Corr.) 364,0 42
R-squared = 57,2361 percent
R-squared (adjusted for d.f.) = 53,9466 percent
Standard Error of Est. = 1,99782
Mean absolute error = 1,50813
Durbin-Watson statistic = 1,04477

Kak cienyer U3 moigydeHHOW CBOJKH, PETPECCHOHHAs MOJIENb 3aciIyXHBaeT jaoBepust 6omee 99%.
OpnHako k03¢ (HULMEHT 1eTepMHUHALIMN CPAaBHUTEIBHO HEBBICOK U cocTaBisieT 57%, a cpenHss abco-
JIOTHAs OMIMOKA CIIMIIKOM BeJIMKa, 4TOObl MOJIETh MOTJIAa MPETEH10BaTh Ha TOYHBIA MPOTHO3 YPO-
J)KalHOCTH, U paBHa 1,5. @akTHUYeCKH 3Ta MOJEIb IPUTOHA JJIsi OPUEHTHPOBOYHOIO OCMBICIICHUS
CTaTHUCTUYECKOW CBSI3M HE3aBUCHMOUM MEPEMEHHOW W MPEIUKTOPOB. M3 MOJEnu ciaemayeT, 4To pocT
YPOXKAMHOCTH pHUCa TMOJIOKHUTEIHHO CBsI3aH C 0AIUTLHOM OICHKOW MPEAMISCTBEHHUKA M YUCIIOM JTHEH
MEXy KOCOBHIIEH 1 0OMOJIOTOM M OTPHUIIATEIILHO CBSI3aH C YHCIIOM JTHEH OT 3ajBa A0 cOpoca BOIbI.

JIMCKPUMHHAHTHBIN aHAJIN3

[IpuMeHscs KIIacCUYECKUl BapUaHT AUCKPUMUHAHTHOIO aHajIn3a, OCHOBAaHHBIM Ha ONpENEIICHUH
KaHOHMYECKHUX HampaBJIECHUI B UCXOJAHOM IPOCTpaHCTBE mpu3HakoB. OOydaromas nHpopMaius 3a-
JaBajach MEPEeMEHHOM class, koTopas mpuHUMaeT 3HaueHue 0 1t 00bEKTOB ¢ HU3KOW YpOKaitHO-
CTBIO M 3HaYCHHE | B rpynme 00BEKTOB C BBICOKOW YPOKaHHOCTHIO. JIMCKpUMUHAHTHBIN aHAIH3 ITPO-
BOJIMJICS C IPUMEHEHHEM JITOPUTMa MOCIIEI0BATEIBHOTO YMEHBIIIEHUS TPyl IPU3HAKOB. Pe3yiib-
TaThl IpuBeeHbl B Tabaunax 3.7 u 3.8. ['ucrorpamma pacnpeenenus 3Ha4eHUi JUCKPUMUHAHTHON
GbyHKIIMM MOKa3aHa Ha pucyHke 3.14.

Ta6anuna 3.7. CtangapTu3upoBaHHbIe KO3 GUIHEHTHI
AUCKPUMHHAHTHON QyHKINH

Water
0,680748

Fertil
0,476217

Predec
-0,459109

Trashing
—0,446469

Taoauna 3.8. Tabanua knaccupuranuii

1 o
Homep kiacca O6beM rpynnsl 0 PeaCRAsARHEH Kﬂaci

0 20 20 (100%) 0 (0%)

1 23 2 (8,7%) 21 (91,3%)

[ponent npaBuibHOI Knaccupukamuu — 95,35%

[To popmanbHOMY 3P deKTy AMCKpUMUHAHTHAS GYHKIUN 00€CIeUNBAET HECKOIBKO JIydlllee pasjie-
JICHHE TPYIII YYaCTKOB C Pa3IMYHON ypOKalHOCTBIO pHca M0 CPABHEHUIO C MPOEKLIHUIMU 0OBEKTOB
Ha |-10 T1aBHYIO KOMIIOHEHTY. 371eCh TOJBKO JBAa YYacTKa C BHICOKOH YpPOKaWHOCTHIO OIMIMOOYHO
OTHOCSATCS K TPYIIIE C HU3KOH YPOKaWHOCTHIO, 8 KOAPPHUINEHT KAHOHUIECKOH KOPPEISIIUN JUCKPHU-
MUHAHTHOW QYHKIMH ¢ iepeMeHHoi class coctasiser 0,87.
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Puc. 3.14. I'mcrorpamma pacnpeneseHus 3HAYeHU I
AUCKPUMHHAHTHON pyHKIMH

Bwmecre ¢ Tem copepkarenbHasi CTOPOHA NPOBEACHHOIO IUCKPUMUHAHTHOIO aHAJIN3a, KaK U B MIPEIbI-
AyHHUX BUJax aHajin3a, HOCUT Ka4yeCTBEHHBIN XapakTep. A MMEHHO — MO>XHO JIMIITb YTBEPKAATh, YTO
TIOBBIIIICHUE YPOXKAHHOCTH TIOJIOKUTEIIBHO CBS3aHO ¢ OAJUTLHOW OIEHKOMW MpeIecTBEeHHNKA predec
YHCIIOM JHEW OT KOCOBHIIBI 10 0OMouoTa trashing u oTpunaTenbHO CBSA3aHO ¢ KOJTMYECTBOM BHECEH-
HbIX yaoOpenuii fertil 1 BpeMeHHBIM HHTEPBAJIOM OT 3aJIMBa J10 cOpoca BOJIbI water.

B 1iesiom pe3ynbraThl KOMIUIEKCHON 00pabOTKH arpOTEXHUYECKUX XapAaKTEPUCTUK YYACTKOB C pa3-
JUYHOHN YypOKaHOCTBIO prca ¢ MPUMEHEHHUEM arapara OJJHOMEPHOTO0 U MHOTOMEPHOTO CTaTUCTH-
YEeCKOT0 aHaju3a Jal0T OCHOBAHHE JIMIIb JUIS BBIABICHUS 00mMX TeHaeHuuid. Kpome Toro, Habmr0-
JTAIOTCSl HEKOTOPBIE PACXOKIACHHSI PE3YJIbTATOB PAa3INYHBIX METOJO0B. Tak, METO IIaBHBIX KOMIIO-
HEHT TOBOPUT O BaXKHOCTH Y4eTa BCEX IISATH arpOTEXHUYECKUX MPU3HAKOB, MOJENb TUCKPUMHUHAHT-
HOT'O aHAJIM3a HE UCHBITHIBAET HEOOXOAUMOCTH y4yeTa MPOMOJKU, a PErPECCUOHHBIN aHallnu3, KpoMe
BCET0 3TOT0, NMOKA3bIBACT, UTO HE TPEeOyeTCs MPUBJIEKATh IS O0BSICHEHHUI arpOTEXHUYECKUX 3aKO-
HOMEPHOCTEH KOJIMYECTBO yI00PEHUH. DTO MPOUCXOIUT TIIABHBIM 00pa30M H3-3a BHY TPUTPYIIIIOBOM
HEOJTHOPOJHOCTH IKCIIEPUMEHTAIbHBIX TaHHBIX.

ATrpoTexXHHUYECKasi CHCTEMa HMEET BBICOKHUH YPOBEHb CIIOKHOCTH U JJIs 00Jiee TIIyOOKOT0 1 TIOJTHOTO
MPOHUKHOBEHUS B €€ CYTh JIOJIKEH TPUMEHSITHCA alllapat, yMEIOMUMN BhISIBISTD U YUUTHIBATh CTPYK-
TypHBIE HEOJJHOPOTHOCTHU JJAHHBIX 00 3TOi cructeMe. TakuMu CBOMCTBaMH 00J1a/1al0T METO/IbI MHAYK-
TUBHOTO JIOTHYECKOTO BBIBO/IA, TO3BOJISIONINE HAXOIUTH B OTPAHMYEHHOM Hab0Ope IKCTIepUMEHTAITb-
HBIX ()aKTOB JIOTHYCCKUE 3aKOHOMEPHOCTH.

Pe3ynbTaTtbl 06paboTkM faHHbIX cuctemon Seed

Decision tree:

(mHelt oT BanmmBa gmo c6poca Bomm) <= 113: 0 (18.0)

(mHelt oT BammBa Ao c6poca Bomel) > 113:

:...(oHelt or xocoBuus o obBmosora) <= 10: 1 (11.0/2.0)
(BHe) oT KocoBMUE HJO o6Mojyora) > 10:
:...(oHeM or BammBa Ao cBpoca Bomsl) <= 119: 0 (3.0)

(nHelt orT BanmmeBa mo c6poca Boms) > 119: 1 (3.0)

Extracted rules:

Rule 1: (cover 18)
(oHe) oT BanmmBa mo cBpoca Boms) <= 113
-> BHCOKas ypoxamHocTe [0.950]

Rule 2: (cover 16)
(mHe) oT BanmBa mo c6poca Bopms) <= 119
(mHeT oT KocoBMUE HJO o6mojyora) > 10

-> BHCOKasi ypoxamHocTe [0.944]
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Rule 3: (cover 6)
(oHe) oT BanmmBa Ao cBpoca Boms) > 119
-> HMskKas ypoxaniHocTe [0.875]

Rule 4: (cover 19)
(mHelt oT BammBa Ao c6poca Bopme) > 113
(BHe) oT KocoBMUE HJO obBmojyora) <= 10

-> HMBKas ypoxaiHocTe [0.857]

Omndku kiaccupukanun Ha od0yuyawueid BbIOOpKe:

Decision Tree Rules
Size Errors No Errors
4 2( 4.7%) 4 2( 4.7%) <<
(a) (b) <-classified as
21 2 (a) : BEHICOKasl ypPOXaMHOCTH
20 (b) : HmBxast ypoxanHOCTE

Pe3synbTatbl 06paboTkn gaHHbix cuctemon WizWhy

Hwxe npencrasien otder cuctembl WizWhy miist cieayonux yCTaHOBOYHBIX TTApaMETPOB MOMCKA
JIOTHYECKUX IIPaBUI B SKCIIEPUMEHTAIBHBIX JAHHBIX.

= JleneBas nepeMeHHas — yPO:Kaii.

*  MunHnManpHas BeposTHOCTh if-then mpasuna — 0,7.

*  MunumanesHas BeposTHOCTh if-then-NOT npaBuna — 0,7.

*  MWUHHMaTBEHOE KOJIHYECTBO OOBEKTOB, MOKPHIBAEMBIX MpaBmiioM, — 10.

PARAMETERS OF THE RULES AND DATA
Total number of records: 43

Minimum probability of the:

1) if-then rules: 0,700

2) if-then-not rules: 0,700

Minimum number of cases in a rule: 10

Field to Predict: Ypouxaii

Predicted Value (analyzed as Boolean): more than 40,93
Prediction error costs:

The cost of a miss: 1

The cost of a false alarm: 1

Average probability of the predicted value is 0,535

ANALYSIS OF THE RULES EXPLANATORY POWER
Decision point: Predict more than 40,93 when conclusive probability is more than 0,484
Number of misses: 1
Number of false alarms: 2
Total number of errors: 3
Total cost of errors: 3
Success rate when predicting more than 40,93: 0,917
Success rate when predicting NOT more than 40,93: 0,947
Number of records with no relevant rules: 0
Average cost (per record): 0,070
Expected average cost (per record): 0,488
Improvement Factor: 7,000

IF-THEN RULES:

1) If Mneit ot 3anuBa no copoca Boawl is 108,00 ... | 10) If' K-Bo ynoopennii is 1,08 ... 1,27 (average = 1,20 )
113,00 (average = 110,89 ) and /IHeii ot kocoBuubI 10 06mosoTa is 10,00 ... 16,00
Then (average = 12,25)

Ypoxaii is more than 40,93 Then

Rule's probability: 1,000 Ypoxaii is more than 40,93
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The rule exists in 18 records.

Significance Level: Error probability < 0,1

Positive Examples (records' serial numbers):

21, 22, 24, 25, 26, 27, 28, 29, 30, 31

2) If TIpepmectBeHHUK is 2,70 ... 2,80 (average = 2,76 )
and /IHeii ot 3aimBa 10 cOpoca Boasl is 114,00 ...
122.00 (average = 117,70 )

Then

Ypoxaii is not more than 40,93

Rule's probability: 1,000

The rule exists in 10 records.

Significance Level: Error probability < 0,1

Positive Examples (records' serial numbers):
1,3,6,7,9 10,11, 14, 15, 19

3) If K-Bo ynoopenuii is 1,28 ... 1,47 (average = 1,35 )
and ITpomouika is 1,20 ... 1,40 (average = 1,32)

Then

Ypoxaii is not more than 40,93

Rule's probability: 1,000

The rule exists in 11 records.

Significance Level: Error probability < 0,1

Positive Examples (records' serial numbers):
1,3,7,11,12,13, 15,16, 17, 18

4) If K-Bo yno6pennii is 1,28 ... 1,50 (average = 1,36 )
and /Ineii ot 3aqmBa 10 cOpoca Boasl is 114,00 ...
122.00 (average = 118.21)

Then

Ypoxaii is not more than 40,93

Rule's probability: 0,929

The rule exists in 13 records.

Significance Level: Error probability < 0,1

Positive Examples (records' serial numbers):
1,3,4,7,11,12, 13, 15, 16, 17

Negative Examples (records' serial numbers):

42

5) If liponoJika is 1,20 ... 1,40 (average = 1,31)

and /Ineii ot 3aqmBa 10 cOpoca Boasl is 114,00 ...
122,00 (average = 117,79 )

Then

Ypoxaii is not more than 40,93

Rule's probability: 0,929

The rule exists in 13 records.

Significance Level: Error probability < 0,1

Positive Examples (records' serial numbers):
1,2,378,11,12, 13, 15,16

Negative Examples (records' serial numbers):

39

6) If 1neii ot 3aauBa a0 copoca Boasl is 114,00 ...
122.00 (average = 117.46 )

and /Ine#i oT KocoBHUBI 10 06MoioTa is 7,00 ... 9,00
(average = 8,08 )

Then

Ypoxaii is not more than 40,93

Rule's probability: 0,923

The rule exists in 12 records.

Significance Level: Error probability < 0,1

Positive Examples (records' serial numbers):
1,235,7,910,12, 15, 16

Negative Examples (records' serial numbers):

38

7) If Oueit ot 3aauBa 10 copoca Boawl is 114,00 ...

Rule's probability: 0,850

The rule exists in 17 records.

Significance Level: Error probability < 0,2
Positive Examples (records' serial numbers):

22, 23, 24, 25, 26, 27, 28, 29, 30, 31

Negative Examples (records' serial numbers):
6,8 14

11) If ipenmecTBeHHuK is 3,20 ... 3.50 (average = 3,32 )
Then

Ypoxaii is more than 40,93

Rule's probability: 0,833

The rule exists in 10 records.

Significance Level: Error probability < 0,2
Positive Examples (records' serial numbers):

21, 25, 29, 32, 33, 34, 39, 40, 41, 43

Negative Examples (records' serial numbers):
58

12) If Tiponoaxka is 1,50 ... 1,90 (average = 1,65 )
and /Iueii ot kocoBuubI 10 o6mooTa is 10,00 ... 16,00
(average = 12,05 )

Then

Ypoxaii is more than 40,93

Rule's probability: 0,789

The rule exists in 15 records.

Significance Level: Error probability < 0,2
Positive Examples (records' serial numbers):

23, 26, 27, 29, 30, 31, 33, 34, 35, 36

Negative Examples (records' serial numbers):
4,6,14,20

13) If IpexmecrBennuk is 2,70 ... 2,80 (average = 2,76 )
Then

Ypoxaii is not more than 40,93

Rule's probability: 0,714

The rule exists in 10 records.

Significance Level: Error probability < 0,3
Positive Examples (records' serial numbers):
1,3,6,7,9 10,11, 14, 15, 19

Negative Examples (records' serial numbers):

22, 26, 31, 36

14) If Tiponoaka is 1,20 ... 1,40 (average = 1,31 )
Then

Ypoxaii is not more than 40,93

Rule's probability: 0,722

The rule exists in 13 records.

Significance Level: Error probability < 0,3
Positive Examples (records' serial numbers):
1,2,378,11,12, 13, 15,16

Negative Examples (records' serial numbers):

22, 24, 25, 28, 39

15) If K-Bo ynoopenmii is 1,05 ... 1,27 (average = 1,19)
Then

Ypoxaii is more than 40,93

Rule's probability: 0,741

The rule exists in 20 records.

Significance Level: Error probability < 0,3
Positive Examples (records' serial numbers):

21, 22, 23, 24, 25, 26, 27, 28, 29, 30

Negative Examples (records’ serial numbers):
2,56,89, 10,14

16) If Tiponoaka is 1,50 ... 1,90 (average = 1,65 )
Then
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122.00 (average = 117,68 ) Ypoxaii is more than 40,93

Then Rule's probability: 0,720

Ypoxaii is not more than 40,93 The rule exists in 18 records.

Rule's probability: 0,800 Significance Level: Error probability < 0,3
The rule exists in 20 records. Positive Examples (records' serial numbers):
Significance Level: Error probability < 0,2 21, 23, 26, 27, 29, 30, 31, 32, 33, 34
Positive Examples (records' serial numbers): Negative Examples (records' serial numbers):
1,2,3,4,56,7,8 910 4,5,6,9, 10, 14, 20

Negative Examples (records' serial numbers): 17) If Iueii oT kocoBUIbI 10 06MoJ10Ta is 10,00 ... 16,00
23, 34, 38, 39, 42 (average = 11,89 )

8) If K-Bo ynoopenwuii is 1,28 ... 1,50 (average = 1,35) Then

Then Ypoxaii is more than 40,93

Ypoxaii is not more than 40,93 Rule's probability: 0,714

Rule's probability: 0,813 The rule exists in 20 records.

The rule exists in 13 records. Significance Level: Error probability < 0,3
Significance Level: Error probability < 0,2 Positive Examples (records' serial numbers):
Positive Examples (records' serial numbers): 22, 23, 24, 25, 26, 27, 28, 29, 30, 31
1,3,4,7,11,12,13, 15,16, 17 Negative Examples (records' serial numbers):
Negative Examples (records' serial numbers): 4,6,8,11,13, 14,17, 20

33, 36, 42

9) If Aneii oT KocoBUIBI 10 oOMooTa is 7,00 ... 9,00

(average = 8,20 )

Then

Ypoxaii is not more than 40,93

Rule's probability: 0,800

The rule exists in 12 records.

Significance Level: Error probability < 0,2

Positive Examples (records' serial numbers):

1,2,3,57,910, 12,15, 16

Negative Examples (records' serial numbers):

21, 32, 38

HOJ'Iy‘-ICHHaFI cucteMa 17 Ioruueckux IIpaBUJI o6na)1aeT CJICAYIOINUMHA XapaKTCPUCTHKAMMU:

" BEpOSATHOCTb MPABHIILHOTO MpeACcKa3aHusi BEICOKOTo ypoxkas (0onbiie 40,93 w/ra) — 0,917;
"  BEpOSATHOCTb MPABHIIBLHOTO MpeACcKa3zaHusi HU3KOro ypoxas (menbiue 40,93 1/ra) — 0,947.

daxkTHYeCKH TOJIy4YEHHBIE MpaBUIa MPEACTABISIOT COO0H MHCTPYKIMIO TIO arpOTEXHHUKE C yKaza-
HUEM KOHKPETHBIX 3HA4YeHUH ()aKTOPOB M WX KOMOWHAIIMIA, BIUSIOMINX HA YPOKaHHOCTH PHCOBBIX
Y4aCTKOB. DTO JI0BOJIbHO 00CTOSITENbHAS U JUIMHHAS MHCTPYKLMS, HO, IO-BUAMMOMY, UHAUE BPSI JIU
BO3MOKHO OMUCATh CIOXKHYIO CUCTEMY MHOTO(AKTOPHOTO B3aUMOECHCTBUS C YIOBJIETBOPUTEIBHON
TOYHOCTBIO.

CpaBHuBas pe3yibTaThl ABYX cucteMm SeeS 1 WizWhy, 6pocaercs B rinasa, yto cuctema SeeS oOHa-
pyXmuia Bcero 4 mpaBuia, HO 3TOTO 0KA3aJI0Ch JOCTATOYHO IS OTIMCAHHS PACCMOTPEHHOM arpoTex-
HUYECKOW cUTyaluu (TOJIbKO 2 OMMOKM Ha oOy4aromieil BeIOopke). Bmecte ¢ TeM 01HO U3 YeThIpex
oOHapy KeHHBIX PaBUJ B cucTeMe SeeS o0nanaeT Maioi MoJHOTOM (0XBaThIBaeT 6 ciyyaen). ITo,
MO-BUJIMMOMY, HECKOJIbKO CHUKAET €r0 1EHHOCTb.

3.4. [Ipo2HO3upoeaHuUe NPoAo/mHKUMeIbHOCMU peMuccul npu ajkoz20su3me

HcxoaHpIM MaTepHraioM TSt HCCIISIOBAHUS CITYKIJIA HCTOPUIECKUE JJaHHbBIE 0 266 MarueHTax, mpo-
XOJUBIIIHNX JICYCHHE B OTICIICHUU JICYCHHUS OOJBHBIX aJIKOTOJIM3MOM [ICMXOHEBPOIOTHYECKOTO HH-
crutyTta uM. B. M. bexTepeBa. Otu ganHbie cobupainck Ha ocHoBe «IIporHocTudeckoil KapThl pe-
MHUCCHI TIPU aJTKOT0JIN3Me» [4], koTopas BritouaeT 6oJiee 400 mpU3HAKOB, OTpaKAIOITUX aHAMHECTH-
YEeCKHUE CBEJICHUS 0 OOJILHOM U €T0 COIMATIbHO-TICUXOJIOTHYECKY IO XapaKTEPUCTHKY, @ TAK)KE KITMHH-
YECKHE M COIMATbHO-TICHXOJIOTHYECKHE JaHHBIE O JHHAMHUKE PEMHUCCHA.

HpI/IBCI[CHHHe HHWIKC PC3YJIbTAThI IO MMOUCKY IIpaBUJI IJIA MMPOTHO3a AJIUTCIbHOCTU peMI/ICCI/Iﬁ SABJIA-
IOTCA IPEABAPUTCIIbHBIMU.
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O6wan xapakTepmcTmKa AaHHbIX

O06paboTke MOoABEPraIuCh AAHHBIC O KIMHUKO-TICHXOJIOTHYECKUX OCOOCHHOCTSAX OONBHBIX aJIKOTO-
JM3MOM Ha HavyaJIbHOM 3Tarne GopMupoBanus pemuccuu. Ito npusHaku x130-x144 u3 nporuoctu-
YEeCKOM KapThl 32 UCKITIOYCHHEM Tpu3Haka X131 (JaHHBINH MpU3HAK HE PacCMaTPUBAJICS, TaK KaK B
€ro M3MEPEHUsIX OBUIO TIOBOJIBHO MHOTO MPOMYIICHHBIX 3HaYeHni ). Kpome Toro, B aHanmu3 ObLT BBe-
JieH npu3Hak X125, XxapakTepusyomuil IpoA0KUTENbHOCTh CIIOHTAHHBIX PEMUCCUI B MPOIILIIOM.
Bcero 15 mpusnakoB. KonndectBo 60mbHBIX — 191. Bee GonbHbIe ObUN pa3aenieHbl Ha JBE TPYIIIbL:
-1 rpynmna — ¢ nmpoJOKUTENBHOCThIO pemuccuu 10 1 roxa (84 gen.); 2-s rpynmna — ¢ NpoJOIKHU-
TeIBHOCTHIO pemuccun Oosbiie 1 roga (107 wen.). Hmwke packpbiBaeTcs cofiep)kaHue 3HAYCHHUNA HC-
MOJIb3YEMBIX IPU3HAKOB.

x125 — cIOHTaHHBbIE PEMHCCHH B MPOLLIOM: | — HET, 2 — MPOJIOJIKUTENBHOCTBIO 10 6 Mec., 3 —
1o 1 roma, 4 — 6osee 2 jer;

x130 — BJIeUeHHE K AJKOr0J10: 1 — HeT, 2 — SIIU30JHYECKOe, 3 — MOCTOSTHHOE,

x132 — TpeBora: 1 — Her, 2 — cmabo/yMepeHHO BBIpaKeHHAs, 3 — BHIpAKCHHAS,

x133 — BHyTpeHHee HanpskeHue: 1 — HeT, 2 — ¢1a00/yMepeHHO BBIPAKEHHOE, 3 — BBIPAKEHHOEC;
x134 — cHnkenne HacTpoeHus: | — Het, 2 — c1abo/yMepeHHO BbIPaXXEHHOE, 3 — BEIPAKEHHOE;
x135 — nucopus: 1 — ver, 2 — cnabo/ymMepeHHO BbIpaKeHHas, 3 — BRIpa)KCHHAS;

x136 —amaTus: 1 — Her, 2 — cmabo/ymMepeHHO BBIpaKeHHAs1, 3 — BRIpayKeHHAs;

x137 —siidopusi: 1 — Her, 2 — cnmabo/yMepeHHO BBIpaKEHHAs, 3 — BRIpaKCHHAS,

x138 — querumus: 1 — Het, 2 — c1a00/yMepeHHO BhIpaXKCHHAS, 3 — BBIpaKCHHAS;

x139 — acrennyeckue pacrpoiicrBa: 1 — HeT, 2 — c1a00/yMepeHHO BbIpaKEHHBIE, 3 — BBIPaXKEeH-
HBIE;

x140 — HeBpoO30MO100HBIE paccTpoiicTBa: 1 — HeT, 2 — c1a00/yMEpPeHHO BBIPaXXEHHBIE, 3 — BbI-
paKeHHEIE;

x141 — ncuxonaronogodHbIe paccTpoiicTBa: 1 — Her, 2 — ci1ab0/yMepeHHO BBIpAKCHHBIC, 3 —
BBIPAKEHHBIE;

x142 — ncuxoopranuyeckue HapymeHus: 1 — Het, 2 — c1abo/yMEpEeHHO BbIpaKE€HHBIE, 3 — BbI-
pa’KeHHBIE;

x143 — kpuTnka Kk 00Jie3Hu: 1 — HeT, 2 — c1a00/yMEPEHHO BBIPAXKEHHAs, 3 — BBIPAYKCHHAS;
x144 — ycTaHOBKA Ha TPe3BOCTh: | — HeT, 2 — c1ab0/yMepeHHO BBIpaKEHHAs, 3 — BRIpaKEHHAS.

HcxoaHple TaHHbBIC IPUBEACHBI B Ta0HIe 3.9.

Taoauna 3.9. UcxoaHple JaHHBIE

%‘ n o I ™ < 0 ¢ ™~ @ o o — N ™ <
0 9 g g 9 g 9 g 9 9 g 3 3 3 3 3
o o] o] X X ol X ol X X o] o] X X o] X
1 1 2 2 2 1 1 2 1 1 2 1 2 2 2 2
1 1 2 2 1 1 2 1 2 2 2 1 2 1 2 2
1 1 3 2 2 3 2 3 1 3 2 3 2 3 2 3
1 1 2 3 2 1 2 1 1 1 1 1 2 1 2 2
1 1 2 2 2 2 3 2 1 3 3 1 3 3 3 2
1 1 3 2 2 2 3 1 1 2 2 1 3 1 3 3
1 1 2 2 2 2 2 1 2 1 1 1 2 1 2 2
1 1 1 1 1 1 2 2 1 2 1 1 2 1 2 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2
1 1 1 1 1 1 1 1 2 1 2 1 1 1 2 1
1 1 1 1 1 1 1 1 2 1 1 1 1 1 2 2
1 1 2 2 2 1 2 1 1 1 1 1 1 1 2 2
1 2 1 2 2 1 1 1 1 1 1 2 1 1 1 2
1 1 2 1 1 1 1 1 1 1 1 1 1 1 2 2
1 1 2 2 1 1 2 2 1 1 2 2 1 1 1 1
1 1 1 2 1 1 1 1 1 1 2 1 1 1 2 2
1 1 2 1 2 1 2 1 1 2 1 1 1 1 2 1
1 2 1 2 2 2 2 1 2 2 2 2 1 1 1 1
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YacToTHbLIN aHanu3 NpuU3HaKkoB

Ha pucynke 3.15 npuBeznens! rpadudeckre WUTIOCTPALUHI Pe3yJIbTaTOB YaCTOTHOTO aHanu3a. B oty

T36J'II/IHy BKIIFOYECHBI ITPU3HAKH, KOTOPBLIC MOT'YT CUUTATHCA IPOTrHOCTUYCCKU BAXXHBIMU 110 KPUTECPULIO

xu-kBazpat (p < 0,05).
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Puc. 3.15. 'mcrorpamMsl pacnpeae/eHusi 3Ha4eHH
HH(OPMATHBHBIX IPU3HAKOB

OVNCKPUMMHAHTHbIN aHanNu3

[IpuBeneHHBIC BBIIIE PE3yJIbTAaThl YaCTOTHOTO aHAIW3a Jajld OCHOBAaHHE I0JIaraTh, YTO MCXOJHOE
HPOCTPAHCTBO MPU3HAKOB B 3HAYUTEIILHON CTEIICHH CIIOCOOHO OTPaXkaTh 3HAYCHUE 1IETICBOTO ITOKa3a-
TeJSl — JUTUTEIBHOCTH peMUCCHU (0OJIBIIOE YUCIIO MPU3HAKOB MO OTACIBHOCTH UMEET CTATUCTUIECKU
3HAYMMYIO CBSI3b C IICJICBBIM MOKa3aTeiaeM). ITO MOATBEPAMIIH IMOCIEAYIOIINE PE3YIbTaThl JUCKPH-
MUHAHTHOT'O aHaJIK3a, KOTOPBIH MPOBOJIWIICS TIO KIIACCUYECKOW CXEeMeE, OMOTHEHHOW alrOpUTMOM
MIOCJIE/IOBATEIFHOIO YMEHBIICHUS TPYIIIBI IPH3HAKOB. [lomydeHa ciiepyromas AMCKpUMHHAHTHAS
byHKIUS:

F=-49-0,4x125+0,9-x137 + 0,7-x140 + 0,6-x143 + 1,7-x144.

JuckpumuHanTHas GyHKIU odecnieunBaet 74,4% npaBUIbHON KiacCU(UKAIIUH, YTO HILTIOCTPUPY-
eTcst Ha pucyHke 3.16.

pynna=1
80 [ ' ]
4 50 [ ]
= i ]
0 20 ]
g ]
Q.10 ]
= ]
40 [ ]
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2.3 0,3 1,7 3,7 5,7

pynna=2

Puc. 3.16. CpaBHuTe/IbHBIE THCTOIPAMMBbI pacnpe/iesieHusi 3Ha4eH Ui
AMCKPUMHHAHTHON QpyHKUMH
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Kak BuanM, ructorpaMmsl pacrpeieIeHus 3HaYeHUH TUCKPUMUHAHTHON (DYyHKIIUHM B CPABHUBAEMBIX
KJIaccax BCE JK€ JOCTATOYHO CHJIBHO MEPECEKAIOTCA. «XOpPOUIKNE» PELIEHUs MOJIy4aroTCsl TONbKO Ha
KpasX pacnpeieeHHsl.

[TomoOHas kapTHHA BOOOIIE XapaKTepHa TSl MEAMKO-TICUXOJIOTHYECKUX JaHHbBIX. JInHEeHAas MOIeTh
HE CITOCOOHA ONMUCKHIBATh CIIOKHYIO M HEOJJHOPOJIHYIO CTPYKTYPY KJIACCOB MCCIEAYEMbIX 0OBEKTOB.
OHa oTpakaeT TOJBKO CaMyI0 OOIIYI0 «TPyOYy0» TSHICHIIHIO.

Pe3synbTatbl 06paboTku gaHHbix cuctemon WizWhy

Te e camble 1aHHBIE OBUTH 1MOABEPTHYTH 00paboTke cucremoir WizWhy ¢ 1enbio oOHapysKeHHs
aorndeckux npasui if-then u ganabpHeHIIEro UX UCIOIB30BAHUS ISl OCYILECTBIEHHSI IPOTHO3UPOBA-
HUS POJOJDKUTEIBHOCTH BO3AEp)KaHUSA OONBHBIX AKOTOJIM3MOM OT YNOTPEOJICHHS CIHUPTHBIX
HaIHUTKOB.

Bcero cucrema WizWhy oOGnapyxuna 327 norudyeckux npasuia. Huke mpuBOAUTCS BBIAEPKKA U3
ee otueTa (50 mepBbIX JIOTHYECKUX MTPABUIIA).

WizWhy REPORT

Total number of records: 191
Minimum probability of the:
1) if-then rules: ~ 0.800
2) if-then-not rules: 0.800
Minimum number of cases in a rule: 15

Field to Predict: Group
Predicted Value (analyzed as Boolean): 2
Prediction error costs:
The cost of a miss: 1
The cost of a false alarm: 1
Average probability of the predicted value is 0.560

ANALYSIS OF THE RULES EXPLANATORY POWER
Decision point: Predict 2 when conclusive probability is more than 0.830
Number of misses: 19
Number of false alarms: 18
Total number of errors: 37
Total cost of errors: 37
Success rate when predicting 2: 0.818
Success rate when predicting NOT 2: 0.768
Number of records with no relevant rules: 10
Average cost (per record): 0.204
Expected average cost (per record): 0.440
Improvement Factor: 2.151

IF-THEN RULES:

1) Ifx125is 1 26) Ifx138is 1
and x135 is 2 and x141 is 2
and x138 is 1 and x144 is 2
and x141 is 2 Then
and x144 is 2 Group is not 2
Then Rule's probability: 0.821
Group is not 2 The rule exists in 23 records.
Rule's probability: 0.941 Significance Level: Error probability < 0.1
The rule exists in 16 records. 27) Ifx125is2
Significance Level: Error probability < 0.1 and x134 is 1
2) Ifx137is 1 and x140 is 1
and x138 is 1 and x141 is 1
and x140 is 1 and x144 is 1
and x144 is 1 Then
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Then

Group is 2

Rule's probability: 0.919
The rule exists in 57 records.

Group is 2

Rule's probability: 1.000

The rule exists in 16 records.

Significance Level: Error probability < 0.1

Significance Level: Error probability < 0.1 28) Ifx125is 2
3) Ifx134is 1 and x132is 1
and x135is 1 and x144 is 1
and x137 is 1 Then
and x140 is 1 Group is 2
and x144 is 1 Rule's probability: 1.000
Then The rule exists in 17 records.
Group is 2 Significance Level: Error probability < 0.1
Rule's probability: 0.926 29) Ifx134is 1
The rule exists in 50 records. and x135is 2
Significance Level: Error probability < 0.1 and x138 is 1
4) Ifx125is 1 and x144 is 2
and x135is 2 Then
and x138 is 1 Group is not 2
and x144 is 2 Rule's probability: 0.850
Then The rule exists in 17 records.
Group is not 2 Significance Level: Error probability < 0.1
Rule's probability: 0.880 30) Ifx135is 2
The rule exists in 22 records. and x138 is 1
Significance Level: Error probability < 0.1 and x144 is 2
5) Ifx125is 1 Then
and x138 is 1 Group is not 2
and x141 is 2 Rule's probability: 0.815
and x144 is 2 The rule exists in 22 records.
Then Significance Level: Error probability < 0.1
Group is not 2 31 Ifx137is 1
Rule's probability: 0.852 and x143 is 1
The rule exists in 23 records. and x144 is 1
Significance Level: Error probability < 0.1 Then
6) Ifx134is 1 Group is 2
and x138 is 1 Rule's probability: 0.935
and x142 is 2 The rule exists in 29 records.
and x144 is 2 Significance Level: Error probability < 0.1
Then 32) Ifx125is1
Group is not 2 and x142 is 2 ... 3 (average =2 )
Rule's probability: 0.882 and x144 is 2
The rule exists in 15 records. Then
Significance Level: Error probability < 0.1 Group is not 2
7) Ifx135is 1 Rule's probability: 0.821
and x137 is 1 The rule exists in 23 records.
and x143 is 1 Significance Level: Error probability < 0.1
and x144 is 1 33) Ifx134is 1
Then and x135is 2
Group is 2 and x144 is 2
Rule's probability: 0.963 Then
The rule exists in 26 records. Group is not 2
Significance Level: Error probability < 0.1 Rule's probability: 0.821
8) Ifx125is 1 The rule exists in 23 records.
and x137 is 1 Significance Level: Error probability < 0.1
and x142 is 2 ... 3 (average =2 ) 34) Ifx125is 2
and x144 is 2 and x134 is 1
Then and x137 is 1
Group is not 2 and x140 is 1
Rule's probability: 0.857 and x144 is 1
The rule exists in 18 records. Then
Significance Level: Error probability < 0.1 Group is 2
9) Ifx137is1 Rule's probability: 1.000
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and x140 is 1
and x144 is 1

The rule exists in 16 records.
Significance Level: Error probability < 0.1

Then 35) Ifx133is 1
Group is 2 and x135is 1
Rule's probability: 0.897 and x137 is 1
The rule exists in 61 records. and x144 is 1
Significance Level: Error probability < 0.1 Then
10) Ifx136is 1 Group is 2
and x137 is 1 Rule's probability: 0.891
and x143 is 1 The rule exists in 41 records.
and x144 is 1 Significance Level: Error probability < 0.1
Then 36) Ifx137is 1
Group is 2 and x142 is 2 ... 3 (average =2 )
Rule's probability: 0.964 and x144 is 2
The rule exists in 27 records. Then
Significance Level: Error probability < 0.1 Group is not 2
11) Ifx135is2 Rule's probability: 0.826
and x138 is 1 The rule exists in 19 records.
and x141 is 2 Significance Level: Error probability < 0.1
and x144 is 2 37) Ifx137is 1
Then and x144 is 1
Group is not 2 Then
Rule's probability: 0.889 Group is 2
The rule exists in 16 records. Rule's probability: 0.854
Significance Level: Error probability < 0.1 The rule exists in 70 records.
12) Ifx134is 1 Significance Level: Error probability < 0.1
and x142 is 2 38) Ifx134is 1
and x144 is 2 and x137 is 1
Then and x138 is 1
Group is not 2 and x139is 1
Rule's probability: 0.857 and x144 is 1
The rule exists in 18 records. Then
Significance Level: Error probability < 0.1 Group is 2
13) Ifx125is 1 Rule's probability: 0.900
and x134 is 1 The rule exists in 45 records.
and x135 is 2 Significance Level: Error probability < 0.1
and x144 is 2 39) Ifx134is 1
Then and x136 is 1
Group is not 2 and x137 is 1
Rule's probability: 0.846 and x144 is 1
The rule exists in 22 records. Then
Significance Level: Error probability < 0.1 Group is 2
14) Ifx137is 1 Rule's probability: 0.875
and x139 is 2 The rule exists in 56 records.
and x140 is 1 Significance Level: Error probability < 0.1
and x144 is 1 40) Ifx132is 1
Then and x137 is 1
Group is 2 and x138 is 1
Rule's probability: 1.000 and x144 is 1
The rule exists in 15 records. Then
Significance Level: Error probability < 0.1 Group is 2
15) Ifx130is 2 Rule's probability: 0.896
and x138 is 1 The rule exists in 43 records.
and x141 is 2 Significance Level: Error probability < 0.1
and x144 is 2 41) Ifx125is1
Then and x132 is 2
Group is not 2 and x136 is 1
Rule's probability: 0.850 and x137 is 1
The rule exists in 17 records. and x144 is 1
Significance Level: Error probability < 0.1 Then
16) Ifx133is1 Group is 2
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17)

18)

19)

20)

21)

22)

and x137 is 1

and x138 is 1

and x139is 1

and x144 is 1

Then

Group is 2

Rule's probability: 0.900
The rule exists in 36 records.
Significance Level: Error probability < 0.1
Ifx134is 1

and x135is 2

and x141 is 2

and x144 is 2

Then

Group is not 2

Rule's probability: 0.850
The rule exists in 17 records.
Significance Level: Error probability < 0.1
Ifx137is 1

and x140 is 1

and x143 is 1

Then

Group is 2

Rule's probability: 0.958
The rule exists in 23 records.
Significance Level: Error probability < 0.1
Ifx125is 2

and x134 is 1

and x140 is 1

and x142 is 1

and x144 is 1

Then

Group is 2

Rule's probability: 1.000
The rule exists in 17 records.
Significance Level: Error probability < 0.1
Ifx125is 2

and x134 is 1

and x135is 1

and x140 is 1

and x144 is 1

Then

Group is 2

Rule's probability: 1.000
The rule exists in 16 records.
Significance Level: Error probability < 0.1
Ifx125is2

and x133 is 1

and x135is 1

and x144 is 1

Then

Group is 2

Rule's probability: 1.000
The rule exists in 16 records.
Significance Level: Error probability < 0.1
Ifx125is2

and x133 is 1

and x142 is 1

and x144 is 1

Then

Group is 2

42)

43)

44)

45)

46)

47)

48)

Rule's probability: 1.000

The rule exists in 17 records.

Significance Level: Error probability < 0.1
Ifx132is 2

and x134 is 1

and x137 is 1

and x140 is 1

and x144 is 1

Then

Group is 2

Rule's probability: 1.000

The rule exists in 15 records.

Significance Level: Error probability < 0.1
Ifx142 is 2 ... 3 (average =2)

and x144 is 2

Then

Group is not 2

Rule's probability: 0.800

The rule exists in 24 records.

Significance Level: Error probability < 0.1
Ifx125is 2

and x133 is 1

and x141 is 1

and x144 is 1

Then

Group is 2

Rule's probability: 1.000

The rule exists in 16 records.

Significance Level: Error probability < 0.1
Ifx134is 1

and x135is 1

and x137 is 1

and x144 is 1

Then

Group is 2

Rule's probability: 0.887

The rule exists in 55 records.

Significance Level: Error probability < 0.1
Ifx125is 2

and x130 is 1

and x134 is 1

and x140 is 1

and x144 is 1

Then

Group is 2

Rule's probability: 1.000

The rule exists in 17 records.

Significance Level: Error probability < 0.1
Ifx135is 1

and x143 is 1

and x144 is 1

Then

Group is 2

Rule's probability: 0.931

The rule exists in 27 records.

Significance Level: Error probability < 0.1
Ifx125is 2

and x133 is 1

and x137 is 1

and x144 is 1

Then
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23)

24)

25)

Rule's probability: 1.000

The rule exists in 16 records.

Significance Level: Error probability < 0.1
Ifx133is1

and x136 is 1

and x137 is 1

and x144 is 1

Then

Group is 2

Rule's probability: 0.891

The rule exists in 41 records.

Significance Level: Error probability < 0.1
Ifx125is 2

and x130 is 1

and x133 is 1

and x144 is 1

Then

Group is 2

Rule's probability: 1.000

The rule exists in 16 records.

Significance Level: Error probability < 0.1
Ifx137is 1

and x138 is 1

and x144 is 1

Then

Group is 2

Rule's probability: 0.873

The rule exists in 62 records.

Significance Level: Error probability < 0.1

49)

50)

Group is 2

Rule's probability: 1.000

The rule exists in 15 records.

Significance Level: Error probability < 0.1
Ifx130is 1

and x134 is 1

and x137 is 1

and x144 is 1

Then

Group is 2

Rule's probability: 0.887

The rule exists in 47 records.

Significance Level: Error probability < 0.1
Ifx135is 1

and x137 is 1

and x143 is 1

Then

Group is 2

Rule's probability: 0.929

The rule exists in 26 records.

Significance Level: Error probability < 0.1

Pe3synbTatbl 06paboTkm faHHbIX cuctemon Seeb (decision trees)

Trial 0:-
Rule 0/1:

Rule 0/2:

Trial 1:-
Rule 1/1:

Rule 1/2:

Rule 1/3:

Rule 1/4:

Rule 1/5:

Rule 1/6:

Trial 4:-

(cover 86) Rule 4/1: (cover 12.3)
x144 > 1 x125 <=1
-> class 1 [0.705] x133 <=1
(cover 105) x137>1
x144 <=1 x141 <=1
-> class 4 [0.776] x144 <=1

> class 1 [0.688]
(cover 23.5) Rule 4/2: (cover 11.4)
x137 <=1 x133>1
x142>1 x138 <=1
x144>1 x140 <=1
> class 1 [0.726] x144 > 1
(cover 21.0) > class 1 [0.672]
x135>1 Rule 4/3: (cover 21.6)
x137 <=1 x125 <=1
x138 <=1 x133 <=1
x144 > 1 x141>1
> class 1 [0.696] > class 1 [0.667]
(cover 47.1) Rule 4/4: (cover 11.1)
x137>1 x125 <=1
> class 1 [0.593] x130 <=1
(cover 76.3) x140 <=1
x137 <=1 x144 > 1
x144 <=1 > class 1 [0.647]
> class 4 [0.758] Rule 4/5: (cover 26.3)
(cover 70.1) x140>1
x135<=1 > class 1 [0.568]
x137 <=1 Rule 4/6: (cover 36.2)
x138 <=1 x133 <=1
x142 <=1 x137 <=1
> class 4 [0.716] x140 <=1
(cover 14.0) x141 <=1

Trial 6:-

Rule 6/1: (cover 12.4)
x134 <=1
x138>1
x141>1

> class 1 [0.642]
Rule 6/2: (cover 12.4)

x134 <=1

x138 <=1

x141>1

x142>1

> class 1 [0.640]
Rule 6/3: (cover 31.9)

x130>1

x134 <=1

x141 <=1

> class 1 [0.629]
Rule 6/4: (cover 22.1)

x134 <=1

x138 <=1

x141>1

x142 <=1

> class 4 [0.645]
Rule 6/5: (cover 70.7)

x130 <=1

x134 <=1

x141 <=1

> class 4 [0.615]
Rule 6/6: (cover 41.5)

x134>1

> class 4 [0.547]
Trial 7:-
Rule 7/1: (cover 18.8)
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Trial 2:-
Rule 2/1:

Rule 2/2:

Trial 3:-
Rule 3/1:

Rule 3/2:

Rule 3/3:

Rule 3/4:

x137 <=1
x138>1

x142 <=1
x144 > 1

> class 4 [0.624]

(cover 27.0)
x140>1

> class 1 [0.626]
(cover 164.0)
x140 <=1

> class 4 [0.576]

(cover 1.5)
x125>1

x132>1

x143>1

-> class 1 [0.640]
(cover 131.0)
x125 <=1

x143 > 1

> class 1 [0.566]
(cover 25.5)
x125>1

x132 <=1

-> class 4 [0.812]
(cover 30.7)

x143 <=1

-> class 4 [0.726]

Rule 4/7:

Rule 4/8:

Rule 4/9:

Trial 5:-
Rule 5/1:

Rule 5/2:

Rule 5/3:

Rule 5/4:

Rule 5/5:

x144 <=1

> class 4 [0.793]
(cover 30.3)
x125>1

x140 <=1

> class 4 [0.733]
(cover 12.4)
x130>1

x133 <=1

x141 <=1

x144 > 1

> class 4 [0.634]
(cover 54.8)

x125 <=1
x133>1

x140 <=1

> class 4 [0.568]

(cover 15.3)

x133 <=1

x136 <=1
x142>1

-> class 1 [0.701]
(cover 51.1)
x141>1

x144 > 1

> class 1 [0.663]
(cover 28.4)

x136 > 1

> class 1 [0.569]
(cover 91.1)

x136 <=1

x144 <=1

> class 4 [0.675]
(cover 121.7)
x141 <=1

-> class 4 [0.603]

Rule 7/2:

Rule 7/3:

Rule 7/4:

Rule 7/5:

Rule 7/6:

Rule 7/7:

x130 <=1

x132 <=1

x134 <=1

x144 > 1

> class 1 [0.719]
(cover 11.7)

x125 <=1
x132>1

x136>1

-> class 1 [0.690]
(cover 23.7)
x130>1
x132<=1

x134 <=1

> class 1 [0.645]
(cover 15.1)
x125>1

x132>1

> class 1 [0.577]
(cover 41.4)

x130 <=1

x132 <=1

x134 <=1

x144 <=1

> class 4 [0.669]
(cover 60.4)

x125 <=1
x132>1

x136 <=1

> class 4 [0.582]
(cover 11.9)

x132 <=1
x134>1

> class 4 [0.537]

OTyeT cucteMbl Seeb

Evaluation on training data (191 cases):

t

Decision Tree

Errors

81 (42
70(36
51(26
52 (27
69 (36

NSJNouuwbsbdhdbabd

<-classified as

Size Errors
2 48 (25.1%)
6 52(27.2%)
9 57 (21.8%)
4 70(36.6%)

10 51(26.7%)
9 53(27.7%)
8 60(31.4%)
7 63(33.0%)

40(20.9%)

(a) (b)

57 27

13 94

(a):
(b) :

class 1
class 2

48 (25.
52(27.

1%)
%)

.4%)
.6%)
.7%)
.2%)
.1%)
63 (33.
40(20.

%)
9%)
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Taboauua 3.10. CBoaHas Tad/au1a pe3yJbTAaTOB 00padoTKH
KJIMHUKO-TICUX0JIOTHYeCKHUX JAHHBIX PAa3JIMYHBIMH MEeTOAAMH

Omubdxa
Meto DOrHO3a Ommoka nmporuoza OTtka3s ot KoJu-Bo
’ AJIst f—ﬁ TPy st 2- TPYANBL  NMPOTHO32a  MpaBuMJ
See5 32,1% 12,1% - 39
WizWhy 23,2% 19.2% 5.2% 327
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3aknryeHue

BeIOop cuctem, pacCMOTPEHHBIX B JaHHON KHUTE U OTHOCSIIMXCS K KIIACCy «JIOTHYECKUH aHaJH3
JAaHHBIX», HC CJIYYacCH. OTH CUCTEMBI SIBJISIIOTCS A0CTAaTOYHO MNOIMYJIAPHBIMH, OTPAKAarOT OCHOBHBLIC
TEH/ICHIIMH COBPEMEHHOT'0 aHaJIM3a JaHHBIX U 00JIAAAal0T OJJHIM U3 BaKHBIX CBOMCTB — HHTEPIIPETHU-
PYEMOCTBIO pe3yJbTara.

He paccMOTpeHHBIMU B KHHTE, HO TAK)K€ BEChbMa CYIIECTBEHHBIMH JJIs1 HHTEIUICKTYalIbHOTO aHAJIH3a
JAHHBIX SBISIOTCS 2 OOLIMX MpUeMa, KOTOPbIE UCIOIB3YIOTCS MPU paboTe ¢ KOMUTETaMH aJITOPHT-
MOB. 10 «OycTuHT» (boosting) u «0arruHT» (bagging — cokpamenue ot bootstrap aggregation). Jlan-
HbIE TIPUEMBI MTpeIHA3HAYEHBI 7S MOBBIIIEHUS «00001Iatonel CnocCOOHOCTI MOTy4aeMbIX MOJie-
JIeil — CIOCOOHOCTH BBIIaBaTh MPABUIIBHBIC PE3YJIbTATHI HE TOJBKO JUIS MIPHUMEPOB, yU4aCTBOBABIINX
B IIpo1iecce 00y4eHus1, HO U sl IIOOBIX HOBBIX, HE YYaCTBOBABILIUX B IIporiecce 00yUeHHs JaHHBIX.
Kpatko oxapakTepusyem 3TH JiBa puema.

Wnest OyctuHra Oblia mpeaiokeHa B KoHIe 1980-x rr. B KOHTEKCTE BOIpoca 00 SKBUBAJICHTHOCTH
c1aboro M CWIbHOTO 00y4eHus. BycTHHT peanusyeTr Mmpoueaypy MOCIeN0BaTeIbHOTO MOCTPOSHUS
KOMITO3HITMH aJITOPUTMOB MATHHHOTO O0YYEHHMSI, KOT/[a KXl CICAYIOMUNA aJTOPUTM CTPEMHUTCS
KOMIICHCHPOBATh HEOCTATKH KOMITIO3HMIIMU BCEX MPEIBIIYIINX AJITOPUTMOB. B TedeHne mocieaHux
10 et GycTHHT ocTaeTcs OAHUM U3 Hambosee nomysipHbIX MeToZioB MAJl. OcHOBHbBIE TPUYHHBI —
MPOCTOTA, YHUBEPCAIBHOCTh, THOKOCTh (BO3MOKHOCTH MOCTPOCHHS Pa3NUYHbIX MOAU(PHUKAIII) U,
rJIaBHOE, BEICOKast 0000MIaroIIast CIIOCOOHOCTD.

BycTuHT nepeBbeB pelieHuit cuuTaeTcst OJHUM U3 Hanboiiee 3¢ (HEeKTUBHBIX METOI0B PELICHUS 3a-
nad kiaccudukanuu. B pse skcnepruMeHTOB Ha01101a10Ch MPAKTHYECKH HEOTPAaHUYCHHOE YMEHb-
IIICHHUE YaCTOThI OLTHOOK Ha HE3aBUCUMOM TECTOBOM BBIOOPKE IO MEpe HapallluBaHUs KOMITO3UIHH.
Bosnee Toro, kauecTBO Ha TECTOBOI BBIOOPKE YACTO MPOIOKAIIO YIIyUIIATHCS JaXKe MOCIe JOCTH-
JKeHUs1 0€301MO0YHOI0 pacIio3HABaHUS BCeH 00yJaroield BBIOOPKU. ITO U3MEHHIIO CYIIICCTBOBAB-
TIME TOJITO€ BpeMs MIPEICTABJICHHSI O TOM, UTO JIJIS IIOBBITIICHHUS 0000Mmatonei criocoOHOCTH HE00-
XO0OnMO OFpaHI/I‘II/IBaTB CJIOXKHOCTB aHI‘OpI/ITMOB. Ha HpI/IMepe 6YCTI/IHra CTaJIO IIOHATHO, YTO XOpO-
MM Ka4eCTBOM MOTYT 00J1aJiaTh CKOJIb YT'OJHO CJOXKHBIC KOMIIO3HIIMH, €CJU HMX TMPaBHIIbHO
HACTpauBaTh.

Teopernueckoe o60ocHOBaHUE 3((HEKTUBHOCTH OYCTHHIA CBSA3aHO C TEM, UTO B3BELIEHHOE T'0JIOCOBA-
HHE CTJIQ)KUBAeT OTBETHI aJITOPUTMOB, BXOANIIMX B KOMUTET. D()(HEeKTUBHOCTh OYCTHHTA OOBSICHS-
€TCsl TeM, UTO IO Mepe 100aBieHUs 0a30BbIX AITOPUTMOB YBEIWYHUBAKOTCA OTCTYIBI 00yYarOIIUX
00bekToB. [IpryeM OyCTHHT IPOJOIDKAET pa3iBUTATh KIACCHI JasKe MOCIe JOCTHXEHUs Oe30mmndoy-
HOM Ki1accudukanuu o0yyaroueil BBIOOpKH.

barrunr — 3T0 MeToa popmupoBaHus aHCaMOIeH Ki1accu(pUKaTOpOB ¢ MCIIOJIB30BAHNEM CITyYaiiHON
BBIOOPKH ¢ Bo3BpaToM min OyTcrpena. O O6bu1 peiosker B 1994 r. [1pu popmupoBanuu 6yTcTper-
BBIOOPOK M3 MHOXECTBA JIaHHBIX CIIy4alfHBIM 00pa3oM OTOHMpaeTcsi HECKOJIBKO MOJAMHOKECTB. Tak
Kak 0TOOp MPOM3BOIUTCA CITydailHO, HAOOp MPUMEPOB B 3TUX MOAMHOXKECTBaX Oy/leT pa3iIndIHbIM:
HEKOTOPBIE U3 HUX MOTYT OBITh OTOOpaHBI IO HECKOJIBKO pa3, a IPyrue — HU pa3y. 3aTeM Ha OCHOBE
Ka)XJIOTO MOJIMHOKeCTBa (BBIOOPKU) CTPOUTCS KITacCU(PHUKATOP. BBIXOBI MOTyUYeHHBIX KIaccupuKa-
TOPOB KOMOMHHPYIOTCS (arperupyroTcsi) MyTeM TOJIOCOBAHMS WM MPOCTOro ycpeaHenus. Cumnra-
eTcs, YTO pe3yJIbTaT OyJeT HAMHOTO TOYHee JIF000H OMHOYHON MO/IENH, TIOCTPOEHHOM Ha HCXOTHOM
Habope JaHHbIX.
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B 1iesiom B 06s1acTH HHTEIIEKTYalbHOTO aHau3a AaHHbIX (MAJL), K KOTOpOii OTHOCSTCS B TOM YHCIIE
JIOTUYECKHE METOJBI, 3a MOCIEIHEE ACCATUICTHE MPOU3OILIN CYIeCTBEHHbIe n3MeHeHus. CIoBo
«MHTEJUICKTYAJIbHBII TeNepb, CKOpee, HY)KHO BOCIIPHHUMATH B KOHTEKCTE aBTOMATUYECKOTO TIO-
CTPOEHUS KJIACCU(PHUIMPYIOMUX U TPOTHO3UPYIOMUX Mojesel. [Tonck MHANBHTyalIbHO CUIIBHBIX Me-
TOJIOB M aJITOPUTMOB JJIsl OCHOBHOM Macchl cneruanuctoB MA /L ctan He CTOJIb NPUBIEKATEIbHBIM —
UX UHTEPECHl CMECTHIIUCH B CTOPOHY YMEHUH padoTaTh ¢ OOJBIIMMH KOJIJIEKTUBAMU «CIIA0BIX)» Me-
TOJIOB U aIropuTMOB. BMecTe ¢ TeM mpecTaBieHHbIE B KHUT€ MHCTPYMEHTHI JIOTHYECKOT0 aHaIn3a
JAHHBIX HEPEJIKO COCTABIISIOT OCHOBY Il (JOPMHUPOBAHUS TAKUX OOJBIINX KOJIJIEKTHBOB.
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Breinyckatomuii T. C. Cumornosa

JIP Ne 065466 ot 21.10.97
T'uruennueckuii ceprudpurar 78.10.07.953.11.1028
or 14.04.2016 r., Beigau III'COH B CII6

HN3mareancTBo «JIAHDb»
lan@lanbook.ru; www.lanbook.com
196105, Caukr-Ilerepoypr, up. IO. arapuna, a. 1, aur. A.
Tex./paxc: (812) 336-25-09, 412-92-72.
Becmnnarubrit 3830HOK mo Poccuu: 8-800-700-40-71

ITopgnucano B meuats 01.10.19.
Bymara odcernas. Fapaurypa IlIkonbras. @opmat 60x90 '/
ITeuaTs odcernas. Yeia. o. a. 10,00. Tupax 100 ska.

3akas Ne 654-19.

OrmneuaTaso B IOJHOM COOTBETCTBUU
C KaueCTBOM IIPeJOCTABJIEHHOI0 OPUTMHAI-MAaKeTa
B AO «T8 Usparennckue TexHosmorum».
109316, r. MockBa, Boarorpaackmii up., a. 42, . 5.





