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BBEAEHUE

B nacrosiiee BpeMsi CTAaHOBATCS TOMYJISTPHBI-
MU KOMIBIOTEPHBIE IMTaXMaTHbIE TTporpaMMbl. s
peasu3anuy 3TUX MPOTPaMM HCHOJb3YIOTCA IMaxX-
MAaTHbIE JIBUXKKH, KOTOPbIE ITO3BOJIAIOT HA OCHOBE
aHAIN3a MAXMATHBIX MTO3UINH BO3BPAIaTh HAnOO-
Jiee OlITUMAJIbHbIE BAPUAHTDHI XO/IOB.

I. TIPUHIIUT PABOTHI IITAXMATHOTO JIBUYKKA

Cozganve MmaxMaTHOW TPOrPAMMBI BKIIIOYAET

HECKOJIBKO DTAIOB:

— BHU3yaJm3alius JIOCKU;

— mepewmetnenne GUryp;

— OIIEHKA, JI0CKH;

— JIEPEBO MOMCKA;
Alpha-Beta;
yirydineHsas QyHKIMs OHEHKH.
IlepBeie aBa »3Tama peanusyiOT ODOJOUKY
uporpammbl (uaTepdeiic, obecneunBaomuii B3au-
MozeficTBue 10Jib30BaTesnst ¢ uporpammoit). Ouu
JIETKO OCYINECTBJIAIOTCS, HAIPUMEDP, C MOMOIILIO
JavaScript ¢dpeiimBopka Vue.js. OcrajbHbIE STAITBI
MIPEICTABJIAIOT CODOM AJITOPUTM BBIYUCIEHUS CJIe-
ayomiero xozia (maxMaTHblil ABUKOK). Hccaemys
TEKYIIYIO MMO3UIIUIO, JABUKOK MPOCIYUTHIBAET OOJIb-
1I0€ KOJIMYECTBO BO3MOXKHBIX BAPUAHTOB IAXMAT-
HBIX XOJOB, YHCJIEHHO OIEHWBAsT KAXKJbIH BAPUAHT
¥ TIPEICTABJISAS HAUIY IIIHI PE3yJIbTAT MOJIb30BATE-
mo. OrpoMHOE KOJTHYeCTBO KOMOUHAINN, KOTOPBIE
HEOOXOIUMO MepedpaTh MpOorpaMMe CYIIECTBEHHO
3aMeIsgeT paboTy ABUZKKA, IOITOMY OOJBIITON HH-
Tepec MPeICTaBIISIOT Pa3pabOTKN KPUTEPUEM OTCE-
YEHUsT 3aBEIOMO HEBBIUTPBINIHBIX MTATOB.

II. OLEHKA JOCKU

OO6miee KOJIMYECTBO YHUKAJIBHBIX HAPTUH B
MIAXMAaThI PEBBIIIAET KOJIMIECTBO aTOMOB BO Bce-
JIEHHOW, OTYero HEBO3MOXKHO HAWTU HaWJLydIuuit
XOJ TIPOCTBIM MEePeOOPOM BO3MOXKHBIX BAapPUAHTOB
mo3unmii. [lo3TOMy B IMaxXMaTHBIX ABUKKAX WUC-
MTOIB3YIOTCS AJITOPUTMbI OIEHKW TO3WIMIA U Jepe-
BBEB MOWCKA BO3MOXKHBIX XO/IOB.

151 OlleHKYM pPACCTAHOBKM CHJIBI HA IMAaXMaT-
HO# [IOCKe, B CAMOM IIPOCTOM CJIy4ae MOXKHO pac-
CYUTATH OTHOCUTEJbHYIO Cuiay (UTyp, YCTAHOBHUB
CTOMMOCTb Jijisl KaxK10i ¢urypsl (newka — 1, KoHb
u odunep — 3, Typa — 5, dep3b — 9, a kopoas — 900,
T. K. €0 yTpara MPUBOAUT K MPOUCPHIITY TAPTUH).

Tlostoxkum 1151 6€1BIX TIEHY (PUTYD TOTOKUATETHHOM,
a JIJIst YepHBIX — OTPHUIATeNbHOM. McxomHnas Marpu-
114 XOJIOB IpeJCcTaBjIeHa HA pHUCyHKe 1.

const BOARD = [

['53 -3, -4, -9, -908, -4, -3, '5]1
['13 Pl 5y Bl -1, s e 1Y '1]3
[0, o, 8, @, @, o, o, o],
[ e, @, 9, 9, e, 0, e, @],
[ e, @, 9, a, a, a9, e, @]J
[ e, o, o, 8, 8, a, 6, 6])
[ 35 3 3y e A3 I 4y Al
[[55: 3y 4, 9, 5908, 4, 3, 5]

Puc. 1 — Marpuna xom08

[Ipenmoxkennas OmeHKA JOCKH MO3BOJISET BbI-
Ouparb X0/, ¢ MAKCUMAJIbHON OLIEHKOI.

III. JIEPEBO ITOMCKA

Ilonck onTUMAaIBHOTO XOa /i BBIUT'PHIIIA
B TMAXMaTHOW MapTUM TPeOyeT pacueTa CUTYAIInN
Ha HECKOJIbKO XONIOB Brepen. JIast aToro co3maér-
cs 1epeBo TONCKA, AHAJTU3UPYIOIIEe BCE BO3MOXKHbBIE
Xompl 10 3amanuoi raybunsl. [lomydenHast onenka
BO3BpAIAETCI B POAUTEILCKHUI y3esa. Biok-cxema
JiepeBa IMOUCKa IIpeCTaBIeHa Ha pucyHke 2. B xxé-
TOM OJIOKE MPOUCXOIUT BHI30B AHAJIOTUYHON PEKYP-
CcuBHOI (DYHKIINY TIOUCKA, [IJIsT CO3IAHUs HOBO BET-
BU B JIepeBe.

nyqwuid_xon = {
dourypa: NULL,
xog; NULL
oueHia: INF
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Puc. 2 — Biok-cxema KOpHS gepeBa MOMCKa

C [1epeBoM MOUCKA, aJITOPUTM HAYUHAET TTOHU-
MaTh 0A30BYI0 TAKTHKY IMAXMaT U y¥Ke CIOCOOEH
HE TOJIbKO COCTABUTH KOHKYPEHIIUIO, HO U OObIrPATh
OOJIBIIIUHCTBO UT'POKOB.

IV. ALPHA-BETA

CTouT OTMETUTH, YTO MPU YBEIUIEHUU TIIy-
OMHBI IMONCKA AJITOPUTMA MOBBIMIAETCS ero 3ddek-
TUBHOCTb, HO TAKXKE BO3pacTaeT u Bpems. cnonb-
3ys MEPEMEHHYI0-CIETUNK , OBITIO MOJIyI€HO KOJINYe-
CTBO MTepanuii Jjis pa3pabOTAHHOTO JIBUXKKA C Pa3-
JIMYHBIMY YPOBHSAMHU TJTyOUHBI TIOUCKA. Pe3yabrarhl
npezcraBiaenbl Ha tabsmie 1.

Tabmua 1 — 3aBUCUMOCTD KOJIUYECTBA UTEPAIUA OT
TIyOMHBL TepeBa

Tny6una | KommuectBo wure- | Bpewms, ¢
IiepeBa panmit

1 10-20 0.1-0.2

2 500-700 0.3-0.9

3 14000-98000 1.1-5.2

4 500000-4000000 5.9-8.7

5 6000000 u 6ostee 9.6-14.6

Jlas maxmar cpegHee KOJUYECTBO BO3MOXK-
HBIX TMEpEMENIEHU W3 OJHON TO3UIMU MPUMEPHO
pasuo 40. CrnemoBarenbHo, JJis pacdera JepeBa ¢
ry6unoii, pasHoit 4, Heobxomumo nepebpars 40 *
40 * 40 * 40 = 2560 Toic. moO3UNMIA, a HA TIyOUHY
5 — 10240 Toic. /lepeBo MOUCKa, PACTET IKCIOHEH-
[MAJIbHO, TTOITOMY [IJisi OOJIBINION TyIyOWHBI JepeBa
MPOCTO# TIepedop HMCIOIb30BaTh HEBO3MOKHO. Ha
CerOHAIIHUN [I€Hb HA CAMBIX MOIIHBIX IIPOIECCO-
pax mpu CaMOM OITUMAJIHLHOM KOJE MOYXKHO PAaCCYu-
TaTh TJIYyOWHY [1€peBa PABHYIO 6 B PEAJHLHO OIEHU-
BAEMbIil TPOMEKYTOK BPEMEHH.

Tak Kak mpym MOPOCTOM TEpPedOpe AITOPUTM
OIIEHMBAET BCE BO3MOXKHBIE XOJbl MAPTUU, B TOM
4quciie © OECCMBICJIEHHBIE, TO CJEAYET IIPEILyCMOT-
peTh BO3MOKHOCTh «OTCEUEHUST» 3aBEIOMO HEBBIUT-
PBIITHBIX TEMOYEK. JJIsi ITOTO XOPOIIO TOIXOIUT aJl-
ropur™m Alpha-Beta-orcedenus, KOToOpbIii siBisieTcst
OCHOBOiI BCEX COBPEMEHHBIX IMAXMATHBIX [IBUKKOB.

s onpeesieHus OTCEKAaeMbIX BAPUAHTOB B
pekypcuBHOI (yHKIMM TpeOyeTcss BBECTH B HO-

| )

Bble IiepeMenHbie MakcumyM st 6enbix (ALPHA)
u makcumyM i yepabix (BETA). ITpu nepBom Bbi-
30Be 00€ 9TU BEJIMYMHBI PABHbI MUHMMAJILHO BO3-
moxkaomy 3Hauennoo (-INFINITY). Ecawn waiinen-
Has TO3UIMs, JIydille TEeKyIedl, TO ITO 3HAUEHUE
3amoMuHaercsa. BerBb, OlEHKA KOTOPOil He yiyd-
nIaer yxke HaliZIeHHOe ONTUMAaJIbHOE 3HaueHue, Oy-
Jger «orcedenay. Mcnosb3oBanue ajsropurMa Alpha-
Beta mo3BossIeT 3HAUNTENHHO YBETUIUTH TIYyOHHY
HOKCKA, 3aTPavunBas MPEXKHU 00bEM PECypCoB.

V. VJIVUIIEHHAS GYHKIUSA OLEHKHU

KauecTBO pabOThI AITOPUTMA, 3aBUCUT OT CIIO-
coba OIIEHKW OTHOCHUTEIBHOU CHJIbI (DUryp, mosTo-
My B paboTe MpEJJIOyKEeHa OIEHKA, YIUTHIBAIOIIA
KpoMe Tumna (PUrypbl emé u MOo3uiuio (purypor Ha
maxMaTHol gocke. Hampumep, KOHb, pa3MereH-
HBIH B IEHTpE MaxXMaTHON JOCKH, 6oJee MeHeH, Tak
KaK KOJIUMYECTBO JOCTYIHBIX XOIOB IJIst 3TOMH (bury-
pbl yBenmuuBaercs. LleHHOCTh eIk BO3pacTaeT ¢
NpUOIUKEHHEM K TPOTHBOMIOJIOKHON CTOPOHE J0C-
Ku (IPU JHOCTUKEHUM [IPOTUBOIOJIOXKHON CTOPOHbI
newika crasosurcs (gepsém). Macka nenHocru neu-
KU H3, MMIAXMATHOW JTOCKE MPEICTABIEHA HA PUCYHKE
3.

const BOARD_MASK WHITE PAWN = [
[7.e, 7.0, 7.8, 7.8, 7.0, 7.8, 7.0, 7.8],
[5.8, 5.0, 5.8, 5.8, 5.8, 5.8, 5.8, 5.8],
[1.e, 1.0, 2.6, 3.0, 3.0, 2.0, 1,0, 1.8],
[¢.5, 0.5, 1.@, 2.5, 2.5, 1.8, 8.5, 8.5],
[¢.0, 0.0, 0.0, 2.0, 2.6, 6.8, 8.9, 6.8],
[e.5,-0.5,-1.8, 8.0, 6.6,-1.8,-08.5, ©.5],
[e.5, 1.8, 1.8,-2.6,-2.0, 1.0, 1.0, 8.5],
[2.0, 0.0, 0.0, ©.0, 0.0, 0.6, 0.0, 6.0]

5L

Puc. 3 — Macka 11eHHOCTH TENKU B 3aBUCUMOCTH OT €€
HO3WIMK Ha IIaXMaTHON JTIOCKe

AnasornynbiM - 06pa30M, OCHOBBIBAsICh HA
MMAXMATHOM JIOTUKE, COCTABJISIIOTCS MACKHU IIEHHO-
cTeil O OCTAIbHBIX (DUTYD.

VI

IIpencraBmen aaropuT™, Ha OCHOBE KOTOPO-
T'0 pa3pabOTaH MAXMATHBIN IBUKOK, TO3BOJISTIONTNIH
PACCUYUTHIBATDL ONTHMAJbHBIE JEOI0THI B IMIAXMAT-
HOI urpe.
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