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AHOTANIA
BMoTHBOBaHi ycITiXOM 3aCTOCYBaHHSI YMCEIbHUX METOJIB U OOYUCIICHHS
piBHoBaru Hema B mokepi KyHa Ha TphoX rpaBIliB i MIMPOKOIO MOMYJSPHICTIO
Texacpkoro XomaeMy, MH PO3pOOHIIM CUCTEMY IJIsl PO3PAXyHKY ONTHUMAIIbHUX
CTpaTerii JJis OJHOTO 3 BapiaHTiB rpu — mym-gong xongemy. Hama cucrema
BUKOPHUCTOBYE pETyJisipu3aliito Ta Meto]l HproToHa 1 31aTHA 00YUCITIOBATH CTpaTerii

JUISL 1TOP ISl ABOX T'PaBIIiB 3 OyAb-SIKHUM PO3MIPOM CTEKa.



ABSTRACT
Motivated by success of applying numerical methods to computation of Nash
equilibrium in three player Kuhn poker and widespread popularity of Texas
Hold’em, we develop a system to compute optimal strategies for one of its variants
— Jam-Fold Texas Hold’em. Our system uses regularization and Newton’s method

and is capable of computing strategies for two-player games with any stack size.
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BCTYII

Texacbkuii xoyjieM — oJHA 3 HAUMOMYJISIPHIIIUX MMOKEPHUX irop y cBiti. B
HBOT'O TPAlOTh BIOMA, B KIIy0ax, Ta oniaiH. [lomynsipHicTh 1aHOT I'pH, a TAKOXK il
CKJIIHICTh TpUBEpTae yBary 0araTtbOx JOCJiJHMKIB: 1€ I'pa 3 HEMOBHOIO
iH(popmalli€to, 1€ MPOCTIp s CTpATErid HaA3BUYAHHO BEIUKUN.

OnHUM 13 XO0/11B 1O CTBOPEHHSI ar€HTIB J1JIsl irop 3 HEMOBHOO 1H(OpMalli€ro
€ TIpsIME 3HAXO/KEHHSI ONTUMAJILHOT cTparterii — o0uucaeHHs ekBiniopiymy Herna.
Tomy 3Haxo/keHHs1 exkBUIOpiymy Hema y irpax 3 0ararbma rpaBLsiIMU — OJHA 3
LHEHTpaJIbHUX Mpo0JieM Teopii irop. JlJis 1poro icHye 6arato ajaropuTMiB.

B naniéi poboTi Mu BUOpaiu MmiaXija, SIKMM BUKOPUCTOBYE peryJisipu3allito
NOJIIHOMIAJIBHUX PIBHSHB 1 HEPIBHOCTEH, SIKWW 10 LIBOTO YCIIIIHO 3aCTOCOBYBABCS
110 po3B’si3aHHs nokepy KyHa 3 3 i Oinbiie kapramu [4]. Mu po3mupuTH 11ei MeTo
JI0 CTaHAapTHOro HabOpy 3 52 KapT i OUIbII LIKABOI BEpPCil MOKEPY HE TIAbKHU JJIsi
JIOCHIIHUKIB, a ¥ JJ1d 3BndaiiHux jroaei [10].

Jlns peanizanii cucteMu o0UYMCIIEHHS ONTUMAIBHUX CTparterii Oyna oopaHa

MoBa C++, siK o/1Ha 3 HAHOIbII e()PEKTUBHUX Y BUKOPUCTAHHI O0UYMCIHOBAIIBHUX

pecypciB.



PO3A1JI 1. TIPABUJIA T'PHU

1.1 Texacbkuii myi-¢goJa xo11eM MoxKep

B Texachkuii myi-¢osa XosijgeM MOXYTh rpaTv JBa a0o Oijibllie Tpasili.
Koxen 3 Hux mae crek 3 S ¢imok. Croyarky nepeaocTaHHid rpaseii kiaaae SB
(anra. small blind) ¢imok y 6ank, a ocranHiii — BB (big blind) ¢imoxk (3a3Buyait
BB = 2S8B). IloTim, siK i B 3BU4aiiHOMY T€XaCbKOMY XOJIZIEMi, KO)KHOMY T'paBLIEBI
po3aaroTh JABI KapTh 3 Kojoau. Lli 1Bl KapTW Ha3UMBAIOTBCA «PYUYHUMH» abO0
«nipkoBuMu» Kaptkamu [1]. ['paBui 3HawOTh Juie cBoi kapTu. Jlias posnayi
BUKOPHUCTOBYETHCS CTAHAAPTHA KOJIOAA 3 52 KapT.

Ilicas po3mayi KapT MOYMHAETHCS BJAace Ipa, A€ KOXKEH TIpaBelb Mae
MOCJIiJ0OBHO 3pO0OUTH BUOIp: My — 10JaTH BC1 (QilIKK, IO 3aJIMIIKIUCS, Y OaHK, a00
(donn — ckunyTH Kaptu. ['paBens 1 nourHae rpy i poOUTh CBiif BUOip, MOTIM rpaBelb
2 i tak pajni. BuOip ycix nmonepenHix rpasiliB BiJIOMUH HACTYITHOMY T'PaBIIO, KU
30UpaAETHCS MNISITH.

SIKIIO TiABKM OJMH TPaBElb BUPIIIUB «3aMyIIMTH», @ BCl 1HIII CKUHYJIH
KapuT, BiH BUrpae Bci Qimku B OaHky. SKio k Takux rpabiiB Oyjo nBa, ado
OisbIIE, TO 3 KOJOAM PO3AAETHCS 11’ ITh JOJATKOBUX CHUJIBHUX KapT [7], 1 rpaBelb 3
HaWKpaIow MOKEPHOK pPYyKow BuUrpae OaHk. I[lpaBuiia BU3HAuUeHHS HalKpaloi
pYKH B nokepi onucani B Po3zini 2.

IIpuxnanu:

1. V rpy rpatots aBa rpasii. Koxen mae S = 20 ¢imok, SB =1, BB =
2. I'paBens 1 knane SB = 1 ¢pimky B 6ank. ['paBeus 2 kinane BB = 2
¢imku B 6aHk. KoxeHn orpumye no nBi kaptu. ['paBeus 1 Bupinrye
nokjactu pemrty dimok S — SB = 19 y 6ank. Ha ganuii MoMeHT OaHK
Mmictuth S + BB = 22 ¢iwku. ['paBeup 2, nmoOauuBIIKA pIlIEHHS
rpasus 1, ckunae kaprtu. I'paBeup 1 Burpae 6ank. Ilicas rpu I'paseus 1

mae S + BB = 22 ¢iuku, a ['paBeup 2 mae S — BB = 18 ¢iuok.



2. Y rpy rpatoth yeTBepo rpabiiB. Koxen mae S = 80 dimoxk, SB = 5,
BB = 10. I'paBeus 3 knaae SB = 5 ¢imok y 0auk. I'paBeus 4 knane
BB = 10 ¢imok y 0aHk. Y 1eil MOMEHT KiJbKiCThb (PIIIOK y OaHKy
ctaHoBUTh SB + BB = 15. KoxeH oTpumye 1o 1Bi kaptu. ['pasens 1
ckupae kaptu. I'paBens 2 nmymuTh. ['paBens 3 ponaute. ['paBens 4
nymuth. Tenep Oank wmictuTh 2S + SB = 165 ¢imok. OcKiJbKH
I'paBenr 2 1 I'paBeup 4 3amymiwiu, po3AalOThCsl CIHUJIbHI KapTH i
NEePEMOXKELb BU3HAYAETHCS 32 HANKPAILO MOKEPHOK KOMOiHAIIE0
(Poznin 2). Ckaximo, y I'paBus 4 Oyna kpaia KoMOiHallisi, HX y
['paBus 2. YV upomy Bunanaky nicisi rpu I'pasens 1 3anumuThes 3 ycima
cBoimu S = 80 dimkamu, y I'paBis 2 6yae 0 dimok, y 'pabisg 3 — S —
SB =75 ¢iwmoxk, ay I'paBus 4 — 25 + SB = 165 ¢imiok..

1.2 I sTuKkapTKOBI NOKePHiI KOMOIHALLIT

VY Poznini 1.1 My onucanu npasuia rpu A0 po3dadi crnijibHUX Kapt. Tenep
JlaBaiiTe OMUIIEMO, 1110 BiI0YBA€ThCS, SKIIO JBa a00 OiJbllle rPaBIliB MyIaTh.

Crouatrky po3faeTrbcsi ISTh CHUIBHUX KapT. Jlani KoXeH TIpaselp,
BUKOPUCTOBYIOUM OYJIb-sKi I’ SITh KapT 13 ABOX CBOIX KapT 1 I’ATH 3arajbHUX KapT,
CKJIaJla€ HalKpally I’ STUKApTKOBY MOKEpHY KomOiHalito. ['paBellb 3 HalKpalior
I’ AITUKAPTKOBOIO KOMOiHaIli€r0 BUTpae 1 3a0upae BCi (illlku B OaHKY.

Koxna kapra B Kojozi Mae Mactb i HOMiHaN. IcHye 4 pizHMX Macti i 13
HOMiHANIB, 3 SAKUX 1 ckiaagaroTbes 4 -13 =52 kaptu. Howminanm y mnokepi
BIOPSJIKOBaHI (BiJl HABUIIOTO IO HUXKUYOTO): Ty3, KOPOJib, KOPOJieBa, BajieT i Bij 10
10 2. Mu nponymepyemo ix Bia 0 1o 12, ae 0 o3Hayae Ty3a, 1| — Koposs, i Tak aai:
HIOKYl 4Kclia O3HA4aroTh BUIII HOMiHaAM. MacTi y mokepi BOHM HE MarOTh
ocoOnmBoro nopsiaky. Hazsu macreii: niku, uipBu, OyOHH 1 Tpedu.

3aMiCTh TMOBHHUX YKpPAiHChbKMX Ha3B MM OyJIeMO BHUKOPHCTOBYBATH
OJIHOCUMBOJIbHI CKOPOUYEHHSI aHIJIIMChKUX BapiaHTIB Jjisl HOMiHAJIB: A (aHIJ1. ace),

K (anrn. king), Q (aurn. queen), | (anra. jack), T (aurn. ten), 9,.. 2, — i nus



Macreii: s (aHri. spades), h (aurn. hearts), d (aurin. diamonds), ¢ (anrin. clubs). Mu

OyJIleMO MUCcaTH CKOPOYEHHSI HOMiHAJIIB Ta MAcCTi pa3oM, JJisl MO3HAYEHHS KapT, i

JIEKJIbKa KapT y QIrypHUX IyKKaxX, JUisl mo3HadeHHst komOiHauiid. Hanmpukian:

HiKoBHIA Ty3 — AS, necatb uupB i 7 tped — {Th, 7c}.

VYci nokepHi koMOiHaiii auisaTbess Ha 9 kareropiét [2]. TloumHaroun Bin

HaWCTapIIOl 40 HAMHUKYOI BOHU:

1.

Crpit-paem — 5 xkapT oAHi€l MacTi 3 MOCAIAOBHUMHU HOMiHAJIAMH.
[Mpuknan: {Ts,9s,8s,7s,6s} . VYV wmiii komOiHamii Ty3 MoOXHa
BUKOPUCTOBYBATH 1 SIK HAWBHIILY, 1 K HalHWK4Uy kapTy. Lle o3Hauae,
1o, Hanpuknani, {5d,4d, 3d, 2d, Ad} takox € crpiT-daeinem, ane He
{4h,3h,2h, Ah, Kh}. Ctpir-¢uenri BOOPSAKOBYIOThCS BiAMOBIAHO 10
KapTh, 3 $SKOI BOHM TNOYMHaKOThCA. ToOTo, crTpiT-duier, sKuii
MMOYUHAETHCS 3 Ty3a, € HAUBUIIKUM, & TOH, SIKHH MOYMHAETHCS 3 5, —
HAMHWKYUM.

Kape — 4 kaptu ogHoro HomiHaiy i 1 kapTa iHIIOro HOMiHAITY (KiKep).
Ipuknan: {3s, 3¢, 3h, 3d, Js}. [lopsaok: cioyaTKy 3a paHrom 4 KapT, a
MOTIM 3a paHTOM KiKepa.

@Oyn-xayc — 3 KapTu OJHOrO0 HOMiHAIY 1 2 KapTH 1HIIOrO HOMIHAIY.
Ipuknan: {5¢,5d, 5h, Ks, Kc}. Tlopsagok: crodatky 3a HOMiHAJIOM 3
KapT, a MOTIM 3a HOMIHAJIOM 2 Kapr.

Qe — 5 KapT OJIHIET MAcTi, 32 BUHATKOM CTpiT-¢uiemtB. [Ipuknan:
{Ah,]Jh,9h,8h,2h}. Tlopsmok: crOYaTKy 3a HOMIHAJIOM HAWBHIIOL
KapTH, MOTIM 332 HOMIHAJIOM Jpyroi HaWBUILOI KApTH 1 TaK JIaJji.

Crtpit — 5 KapT 3 NOCHAIJOBHUMU HOMIHAQJIaMH, 3a BUHSITKOM CTpIT-
dunewis. [puknan: {Ks, Qs,Jh,Th,9s}. Ty3 MokxHa BUKOPUCTOBYBATH
TaK caMo, SIK 1 JJIs CTPIT-(QuIeliB: 1 sK HaicTapiny, 1 K HalHHMK4YY
kapty. CTpiTH BHOPSAKOBYIOTHCS BIANOBIAHO 10 KApTH, 3 SIKOI BOHU
MOYHUHAIOTHCS.

Tpiiika — 3 kKapTH OAHOrO HOMIHAIY 1 2 KapTH JBOX IHIIMX HOMiHAJIB

(xikepn). Ilpuknan: {7d,7h,7s,6c,Kd} . Tlopsaok: crouyaTky 3a



HOMiHaJIOM 3 KapT, MOTiM 3a HOMIHAJIOM BHUIIIOTO KiKepa 1, HapelTi, 3a
HOMIHOJIOM HUXKYOTO0 Kikepa.

. JIBl mapu — 2 KapTH OJHOTO HOMiHAIY, 2 KapTH IHIIOr0 HOMiHaYy 1 1
Kapra Tpethoro Hominany (kikep). Ilpuknan: {Tc,Td,4d,4s,5h} .
[Topsinok: crioyaTKy 3a HOMIHAJIOM BHIIOI NApH, MOTIM 32 HOMIHAJIOM
HUXKYOT NIapH 1, HAPEIIITI, 32 HOMIHAJIOM KiKepa.

. ITapa — 2 kapT 0IHOTO HOMIHAJY i TPU KAPTU TPHOX THIIMX HOMiHATIB
(xikepn). Ilpuxnan: {Ac,Ad,Qs,Th,2d} . Tlopsimok: crnodatky 3a
HOMIHAJIOM Mapu, MOTIM 3a HOMIHAJIOM KiKepiB (BiJl HAMBHUIIOTO 10
HUDKYOTO).

Crapma kaprta — 5 KapT pi3HUX HOMIHaJIiB, 32 BUHSATKOM CTpTIB,
¢nemiB i crpit-daemis. Ilpuknan: {Jc,9s,8h,5h,2s} . Ilopsmox:
CIIOYATKY 32 HOMiHAJIOM HaWBHILOI KapTH, MOTIM 32 HOMIHAJIOM APYroi

HaWBUIIOT KapTH 1 TakK Jaalii.

ITokepHi koMOiHaIlii OIIHIOIOTBCS CIMOYATKY 3a KaTeropisMu, a IMOTIM

BcepenUHi Kateropiid. JIBi komOiHalii, 10 MICTATh KapTU 3 OJHAKOBUMU

HOMiHAJaMu, ajie PI3HUMHU MACTIMHU, BBAXKAKOTHCS piBHUMU. SIKII0 J1Ba a00 Oinbiie

IpaBIliB MalOTh PiBHI KOMOiIHAlii HANPUKIHII T'PH, TO OAHK TUIUTHCS MIXK HUMH

MOPiBHY.

1.3 OuiHka nokepHUX KOMOiHALIIH

52

Ichye ( c ) = 2598960 MOxJIMBUX I’ ITUKAPTKOBUX MOKEPHUX KOMOIHAIIIT,

ane Oarato 3 HuMX imentuuHi. Hampuknan, {6d,6s,Kc,9h,3d} inentuuna no

{6h, 6h,Kd,9¢c,3c}. 11106 BupimuTH, sika KOMOiHAIlis Kpaila, MU BUKOPUCTAEMO

TOM cammii minxin, mo i y [3], i mpucBoimo panr HR(h) xoxHiii komOiHaIii h.

Kpami komOiHanii MaTuMyTh HMKYi paHrd, a iIGHTUYHI KOMOiIHAIii MaTUMYTh

OJHAKOBHUU paHT.



Karteropis KinbkicThb Panru

Crpit-duem 10 HR =0..9
Kape (113) (112) =156 HR =10..165
Dyn-xayc (113) (112) — 156 HR = 166 ...321
Dem (153) ~ 10 = 1277 HR = 322..1598
Crpir 10 HR = 1599 .. 1608
Tpiiixa (113) (122) — 858 HR = 1609 ... 2466
JBi napu (123) (111) — 858 HR = 2467 ...3324
Mapa (113) (132) — 2860 HR = 3325 ...6184
Crapua kapra (153) ~10 = 1277 HR = 6185 ...7461
Ycboro 7462 HR =0..7461

Tabnuus 1.1 — KibKicTh pi3HUX KOMOIHALIM 1J1s1 KOJKHO1 KaTeropii Ta ix paHru

Peanizaitist anroputMmy oilinku koMmOiHallii 3HaxoauThes B Jlonatky A.

[Ipuknan BUKOpUCTAHHSL:

#include <iostream>
#include "poker.h"

int main() {
std: :cout
<< "hands ranks:\n"
<< " straight flush\n"

<< " As Ks Qs Js Ts: " << hand_rank({"As","Ks","Qs","Js","Ts"}) <«
\:< " 5s 4s 3s 2s As: " << hand_rank({"5s","4s","3s","2s","As"}) <«
\2< "  four of a kind\n"

<< " As Ad Ac Ah Ks: " << hand_rank({"As","Ad","Ac","Ah","Ks"}) <<
\:< " 2s 2d 2c 2h 3s: " << hand_rank({"2s","2d","2c","2h","3s"}) <<

"\n"




<< full house\n"

<< " As Ad Ac Kh Ks: " << hand_rank({"As","Ad","Ac","Kh","Ks"}) <«
n \n n

<< " 2s 2d 2c 3h 3s: " << hand_rank({"2s","2d","2c","3h","3s"}) <<
n \n n

<< " flush\n"

<< " As Ks Qs Js 9s: " << hand_rank({"As","Ks","Qs","Js","9s"}) <<
n \n n

<< " 7s 5s 4s 3s 2s: " << hand_rank({"7s","5s","4s","3s","2s"}) <<
n \n n

<< " straight\n"

<< " As Kd Qc Jh Ts: " << hand_rank({"As","Kd","Qc","Jh","Ts"}) <<
n \n n

<< " 5s 4d 3c 2h As: " << hand_rank({"5s","4d","3c","2h","As"}) <«
n \n n

<< " three of a kind\n"

<< " As Ad Ac Kh Qs: " << hand_rank({"As","Ad","Ac","Kh","Qs"}) <<
n \n n

<< " 2s 2d 2c 3h 4s: " << hand_rank({"2s","2d","2c","3h","4s"}) <<
n \n n

<< "  two pair\n"

<< " As Ad Kc Kh Qs: " << hand_rank({"As","Ad","Kc","Kh","Qs"}) <<
n \n n

<< " 2s 2d 3c 3h 4s: " << hand_rank({"2s","2d","3c","3h","4s"}) <<
n \n n

<< " pair\n"

<< " As Ad Kc Qh Js: " << hand_rank({"As","Ad","Kc","Qh","Is"}) <<
n \n n

<< " 2s 2d 3c 4h 5s: " << hand_rank({"2s","2d","3c","4h","5s"}) <<
n \n n

<< " high card\n"

<< " As Kc Qh Jd 9s: " << hand_rank({"As","Kc","Qh","Jd","9s"}) <<
n \n n

<< " 2s 3d 4c 5h 7s: " << hand_rank({"2s","3d","4c","5h","7s"}) <<
n \n ll;
}

Pe3ynbrar:

hands ranks:
straight flush

As Ks Qs Js Ts: ©

5s 4s 3s 2s As: 9
four of a kind

As Ad Ac Ah Ks: 10

2s 2d 2c 2h 3s: 165
full house

As Ad Ac Kh Ks: 166

2s 2d 2c 3h 3s: 321
flush

As Ks Qs Js 9s: 322

7s 5s 4s 3s 2s: 1598
straight

As

Kd Qc Jh Ts: 1599




5s 4d 3c 2h As: 1608
three of a kind

As Ad Ac Kh Qs: 1609

2s 2d 2c 3h 4s: 2466
two pair

As Ad Kc Kh Qs: 2467

2s 2d 3c 3h 4s: 3324
pair

As Ad Kc Qh Js: 3325

2s 2d 3c 4h 5s: 6184
high card

As Kc Qh Jd 9s: 6185

2s 3d 4c 5h 7s: 7461

1.4 Jliana3oHu py4YHHX KapT

52\ _ S .
Icnye 5 )= 1326 xoMOiHaliii 3 JBOX KapT, sIKI KOXKEH I'PaBEllb MOKE MATH

y CBOili moyaTkoBiit pyui. OCKiJIbKM MiJ 4Yac OLIHKU I’ SITUKAPTKOBUX MOKEPHUX

KOMOiHalid yci macTti cuMmerpuyHi, jume 169 3 mux 1326 komOiHauid €

13

5 ) = 78 xoMOiHaliii JBOX KapT 3 pi3HUMHU HOMiIHaJlaMH Ta

YHIKaJIbHUMU: (

: 13 IV :
PI3HUMU MACTSIMU, ( ) ) = 78 koMOiHalliil 3 pi3HUMH HOMIHAJIAMU Ta OJHAKOBUMU

MacTsIMH, a Takok 13 komOiHaliii 3 0JHAKOBUMM HOMiHajlaMu. B mojanpiomy Mu
Oynemo HazuBaru wi 78 + 78 + 13 = 169 pi3Hux KomOiHALIN pydyHHX KapT
«J1iarna3zoHamMm.

Mu BU3HAUMMO HOMED Jiana3oHa R 1jis KapT ¢; 1 C,, 3 HOMiHajiaMu 17 1 1, Ta
MaCTSIMU S; 1Sy, 161y <1, 10 <1y, 1y < 12, TAaKUM YHUHOM:

R(cy,c2) = {

. + 137y, ifs; # 5,
131‘1 + Ty, ifSl =5

Tak, Hanpukian, Homep nianasony «Ty3 1 Koposb oaHakoBoi macTi»
nopiuioe 13 - (A = 0) + (K = 1) = 1, a Homep aiana3ony {4, K} pi3uux macteit
nopiBaioe (A = 0) + 13- (K = 1) = 13 (auB. Tabmumo 1.2).



OHakoB1 MacTi

PizHi macTi

A | K J T |9 8 7 6 5 4 3 2

0 1 2 3 4 5 6 7 8 9 | 10 | 11 | 12
13 |14 15|16 | 17 [ 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25
26 | 27 |28 | 29 | 30 | 31 | 32 | 33 | 34 | 35| 36| 37 | 38
39 140 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51
52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 61 | 62 | 63 | 64
65 |66 | 67 |68 |69 |70 71 72|73 |74 |75 |76 | 77
78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86 | 87 | 88 | 89 | 90
91 1 92 | 93 | 94 [ 95 |96 | 97 | 98 | 99 | 100 | 101 | 102 | 103
104 | 105 | 106 | 107 | 108 | 109 | 110 [ 111 | 112 | 113 | 114 | 115 | 116
117 | 118 | 119 | 120 | 121 | 122 | 123 | 124 | 125 | 126 | 127 | 128 | 129
130 | 131 | 132 | 133 | 134 | 135 | 136 | 137 | 138 | 139 | 140 | 141 | 142
143 | 144 | 145 | 146 | 147 | 148 | 149 | 150 | 151 | 152 | 153 | 154 | 155
156 | 157 | 158 | 159 | 160 | 161 | 162 | 163 | 164 | 165 | 166 | 167 | 168

Tabmuus 1.2. [liana3zonu pyuHux KapT. biakuTHuii cuMBOIIi3y€e KapTH

OJIHAKOBOI MacTi, a OPAHKEBHUI — KApTH PI3HUX MACTEH.




PO3/11 2. MOBYJIOBA MOJEJII T'PU

2.1 Irpose aepeBo

V nepesi rpi 3 N rpasuamu icaye Y, 271 = 2N — 1 pysnis npuiinsarrs
pimens i 2V Tepminanbuux Bysni. ['pasens i KonTpowoe 2471 By3niB npuidHATTS
pillieHb, OCKIIbKA KOYKE€H MOMEPEIHii rpaBelb MPUHHSIB OJHE 3 ABOX PillICHb: MYy,

abo Qoui.

Pucynox 2.1. JlepeBo pimiens y myii-(os xonaemi 3 TpboMa rpaBiisiMu. bisti kosa —
BY3JIM IPUUHATTS pitieHb. YOpHi Kosia — TepMiHabHI By3/1d. MiTKH, BUIEH]
’KUPHUM HIPUPTOM, 3aCTOCOBYIOTBHCS 0 BCIX BY3JIiB 110 ropu3oHTati. ['paBeus 1
npuiiMae pileHHs y By3ii 1, rpaBenb 2 —y By3nax 2 i 3, rpaBeib 3 —y By3Jiax 4,

5,617.

I'paBeup i koHTpomoe Bysmu 2171 ..2Y — 1. Skmo rpaseup y By3ii n
NPUIHSB pilIIIEHs IMyIIUTH, By30J HACTYIIHOTO TpaBlsl — 2n, iHakme — 2n + 1

(pucyHok 2.1).



2.2 BapricTb rpu

Mu no3HauYMMO YEPE3 X, HACTOTY 3 SIKOKO IPaBellb y BY3Jll I MyLIUTh, 1€ N =
1..2N — 1, maroun xaptu 3 mianasony r y pyui, 7 = 0 ...168. Yacrora, 3 gK0I0
rpaBelb ckuaae kaptu oyae 1 — x,,,- BLANOBIAHO.

Baptictb rpu 1uist rpasiig i mo3Hauumo E;(x,,), i = 1...N.

Hexaii P(r, {rlj ) e 7#1}: {rlf . rkf }) — MaTeMaTHU4HE OYIKYBaHHS YaCTUHHU
0aHKy, SIKYy BUI'PA€ IpaBellb 3 J1alla30HOM 7', SIKIIIO IpaBli 3 Jiala30HaMU rlj ) e r#l

nymiaTh, a rpablli 3 Jiana3oHaMu rS

, ...ka boaaste, m+k+ 1= N. | Hexait
T(ry,...Ty) — IMOBIpPHICTH TOrO, IO TPABIi MAIOTh MEBHI JiaNa3oHu {ry, ... Ty } Mix
yac rpu. Marwuu P, T i1 3HaWO4YM 4YaCTOTH X, MU MOXEMO IepedpaTu BCi
TEepMiHaJbHI BY3JM Ta OOYMCIUTH 3HA4YEHHs rpu E; mjs KoxHOro rpaBus i, [ =
1..N.

Hanpuknan, y rpi 3 TpbOoMa rpaBUsSMU, BapTicTh JJisi rpaBus 1 y
TepMIHAJILHOMY BY3Jli, JIe€ rpaBellb | MyluTh, rpaBelpb 2 (QoaauTh 1 rpaBelb 3
NyImUTh (TEpMiHaIBHUI By30J1 3 Ha pucyHKY 2.1) 10piBHIOE

D TGurar) s, - (1= x2,) - Fsp, - (PO 51 () - (25 + 5B) = 5]
T1T2T3

ne S — po3Mip cTeKy, a SB — Manuii 6;1aiina. IMOBipHICTB TOTO, 1110 rpaBelb 1
Burpae 0ank, gopisioe P(ry, {r,,13},{ }), po3mip 6anky mopisuioe 25 + SB i Bin
CTaBUTH S (DillloK.

BapticTh 115 TpaBiis 2 y TOMy caMOMY TEPMiHAIbHOMY BY3J1i IOPiBHIOE

Z [T(T1»7”2'7”3) "X, (1 - erZ) " X5y (_SB)]
1,172,113
Tomy 110 BiH kia7e SB y OaHK i CKUJIa€ KapTH.
BapticTe a1 rpaBiis 3 1opiBHIOE
Z [T(rprz»rs) “Xip, (1 — x2r2) Xsy,  {P(r3, {r, 12}, {}) - (25 + SB) — 5}]
1,172,173

Tomy 1110 17151 HBOTO IMOBIpHiCTh BUTpaTh A0opiBHIOE P (13, {ry, 12}, { }).



Ao npocyMyBaTH BapTICTh YCiX TEPMIHAIBHUX BY3JiB, OTPUMAEMO
BapTicTh rpu Ej;.
OckisIbKM TrpaBeup [ IparHe MakcuMmisyBaTu E;, ekBiIiOpiyM aocsiraeTbes,

KOJIM MHOXKHMHA YaCTOT X,,,- 3J10BOJIbHSIE HAOOPY PIBHSIHB 1 HEPIBHOCTEH

0E;
= 0, abo

Oxny ’

0E; .

—<0ix,, =0,a060

3 Xny nr ’

J0E; .
>0ix,-=1

3 Xny nr ’

aen =21 ,..2t—1

(D

2.3 Peryasipu3zoBaHa cucTeMa

[1lo6 po3B’s3aTu cuctemy (1), MM CKOPUCTAEMOCS TUM K€ METOJIOM, 10 1 Y
[4], 1 3aMICTh IILOTO PO3B’SHKEMO CUCTEMY HEJIIHIMHUX PiBHSHb

OF,
g (E axnr) = Xnr =0,

(2)
1€ € — apaMeTp peryssipusanii i
T 1
9g(y) = 5 + Etan )
[Ipu € — oo perynsipuzoBana cucrema (2) Habmkaerbest 10 (1).

VY HacTynmHOMY MM pO3B’SIKEMO (2) JIs1 1BOX I'PABIIB 3a JOMOMOTOI0 METOY

Herotona, BukopucroByroun Eigen — C++ 0i0ioTeky 1J1s JiHiiiHOT anreOpu [6].



PO3/1J 3. MOLIYK ONTUMAJILHOI CTPATETTi JJIS IBOX
T'PABILIB

3.1 Tabauui nomykKy aJd 3Ha4yeHb P i T

Ilepen tum, sk modaru po3’Bsi3yBatu cucremy (1), Mu mMaeMo mopaxyBaTu
3HaueHHs P 1 T, Siki BAKOPUCTOBYIOTHCS MIPH MMiIPAXyHKY BapTOCTi IPH.

BukopucroBytoun Haml anroputMm oIiHku KomOiHauiii (Jlogatox A), Mu
CTBOPUMO TaOJMLIIO MOUIYKY TOYHUX 3HadeHb P i T 1Ji1 ABOX IpaBLiB pO3MipoM
169x169 ([Tonarok B).

Sk npuknax HaBeaemo Tabmuiio (3.1) 3masens P(r,{r},{}) , komm
Jiama3oHoM cyrnepHuka € napa Ty3iB {4, A} (r = R(Ax, Ay) = 0). 3 Tabauui mu
0auuMMo, 10 HaWKpaluid Aiana3oH MNPOTH Mapu Ty3iB — 1€ iHIIA mapa TY3iB 3

cepennim BurpaieM 50%. A npyruit Halikpaiuit nianazon — {6,5} oaHiel MacTi — 3

770497
3424608

CepeHiM BUTpaIIeM ~ 22.4988%.



OHaKoOBI MacTi
A K| Q J T 9 8 7 6 5 4 3 2

A 150% 12% | 13% |13% | 13% | 12% | 12% | 12% [12% | 13% | 13% | 13% | 12%

K[7% [18% |17% |17% |18% |17% | 16% | 16% | 16% | 16% | 16% | 15% | 15%

Q7% [13% |18% |19% |20% | 19% | 18% | 16% [17% |17% | 16% | 16% | 15%

J 1 8% [13% | 15% [19% |21% |21% | 19% | 18% | 17% | 17% |17% | 16% | 16%

T | 8% |14% |16% |17% [19% [22% | 21% |20% | 19% | 17% |17% | 17% | 16%

916% |13% | 15% |17% [18% | 19% |22% |21% | 20% | 18% | 16% | 16% | 16%

81 7% 12% | 14% | 15% | 17% | 18% [20% [22% | 21% | 20% | 18% | 16% | 16%

Pi3zHi macTi

T V1% (12% (12% [ 14% | 16% | 17% | 19% | 20% | 22% | 21% | 19% | 18% | 16%

6 |16% |12% |13% |13% [ 14% | 16% | 17% | 19% | 20% | 22% | 21% | 19% | 18%

518% [12% |12% | 13% [13% | 14% [ 16% | 17% | 19% |19% |21% | 19% | 18%

4 18% (12% | 12% | 12% | 13% | 12% | 14% | 15% | 17% | 17% | 19% | 19% | 17%

317% |11% | 12% [ 12% [ 12% | 12% | 12% | 14% | 15% | 15% | 15% [ 18% | 17%

217% (11% | 11% [12% [ 12% | 12% | 12% | 12% | 13% | 14% | 13% [ 13% | 18%

Tabmug 3.1. Cepeaniii BUrpai npoTH OMOHEHTA 3 Jiana3oHoM {4, A}.

Mu TakoX HABEAEMO AHAJOTIYHY TaOJMI0 JUIsl JIPYroro Haikpamoro
niama3ony npotu Ty3iB — {6,5} onniei macri (Tadmuus 3.2), 7 = R(6x,5x) = 13 -

8+ 9 =113 . Haiikpamuii nianazoH npoTu mporo — {6,6} , 3 cepeaHim

697019
856152

BUTpaIIEM ~ 81.413%. A mnaiiripmuii nianaszon — {5,2} pi3Hux macrei —

1150999
3424608

~ 33.6097%.




OnHakoBi MacrTi

A

K

Q

J

T

9

8

7

6

5

4

3

2

78%

61%

61%

62%

62%

61%

61%

61%

68%

67%

57%

56%

55%

58%

78%

62%

62%

62%

62%

61%

61%

67%

67%

56%

55%

55%

ol R | P

59%

59%

78%

62%

63%

62%

62%

61%

67%

66%

56%

55%

55%

59%

59%

60%

18%

64 %

63%

62%

62%

66%

66%

56%

55%

55%

59%

60%

60%

62%

78%

64%

63%

63%

67%

65%

56%

55%

55%

59%

59%

59%

60%

61%

79%

63%

63%

66%

65%

55%

55%

54%

59%

59%

59%

59%

60%

61%

80%

63%

65%

65%

55%

54%

53%

Pi3zHi MmacTi

59%

59%

59%

59%

60%

60%

61%

81%

64%

64%

54%

53%

52%

66%

66%

65%

65%

66%

64%

64%

63%

81%

50%

45%

44%

43%

66%

65%

65%

64%

64 %

64%

63%

62%

48%

60%

38%

38%

37%

54%

53%

53%

53%

53%

52%

52%

52%

42%

35%

50%

38%

37%

3

53%

52%

52%

53%

53%

52%

51%

50%

41%

34%

36%

49%

38%

2

53%

52%

52%

52%

52%

51%

50%

49%

40%

34%

35%

35%

48%

Tabmunus 3.2. Cepenniii BUrpan npoTu OMoHeHTa 3 Aiana3oHoM {6,5} onHiel macri.




OnHakoBi MacTi
A K Q J T 9 8 7 6 5 4 3 2

A|24 |16 |16 |16 |16 |16 | 16 | 16 | 12 | 12 | 16 | 16 | 16

K|48 [24 |16 |16 [ 16 |16 | 16 | 16 | 12 | 12 | 16 | 16 | 16

Q|48 48 |24 |16 |16 |16 | 16 | 16 | 12 | 12 | 16 | 16 | 16

J |48 |48 |48 [24 |16 [ 16 |16 [ 16 | 12 [ 12 | 16 | 16 | 16

T |48 | 48 (48 |48 |24 |16 (16 |16 | 12 | 12 | 16 | 16 | 16

9148 | 48 |48 | 48 (48 |24 [ 16 |16 | 12 | 12 | 16 | 16 | 16

8|48 |48 | 48 |48 |48 [ 48 [ 24 |16 | 12 | 12 | 16 | 16 | 16

Pi3zHi macTi

7148 |48 | 48 | 48 | 48 | 48 | 48 | 24 | 12 | 12 | 16 | 16 | 16

636 (3636 |36 36 |36 |36 |36 |12 |12 |12 [ 12 | 12

5136 (36 |36 |36 |36 |36 |36 |36 |24 |12 |12 12 | 12

4148 | 48 | 48 | 48 | 48 | 48 | 48 | 48 |36 [ 36 [ 24 | 16 | 16

3148 (48 | 48 | 48 | 48 [ 48 | 48 | 48 | 36 | 36 | 48 | 24 | 16

2148 [ 48 [ 48 | 48 | 48 | 48 | 48 | 48 | 36 | 36 | 48 | 48 | 24

Ta6nuus 3.3. ImosipuicTs T'(1q, 7,) (MOMHOXEHA HA (522) (520) = 1624350) Toro,

110 I'paBli MalOTh NEBHI Aiana3onu, ae r; = 113 ({6,5} oaniei macri).
3.2 Pe3yabTaTH 1151 ABOX rpaBUiB

Matouu Tabnuui 3Ha4eHs P 1 T, MU MOKEMO MMOPAaXyBaTH BapTiCTh I'pu E; 1Jist

Ej

. .0 e el .
KOJKHOTO IPaBIs, MOXIAHI ——— M0 KOKHIA 3MIHHIH Xp,, PA3OM 3 sgxko0iaHaMu [8]

Xnr

(nuB. lonarok I'), i po3Bs3aTu cuctemy (2) BUKOpUCTOBYIOUM MeTo HrroToHa [9].
Mu 3anucyemo Bci 3MiHHI X, y Buraaai Bekropa X posmipy (2N —1)-

169 = 507. Cydikcu n i r nepeTBOPprOOTHCS B 0JuH iHaekc i = (n — 1) - 169 + 7.



Mu iHinianizyemo X BUNaAKOBUMHU 3HAYEHHSIMU 3 PIBHOMIPHOTO PO3MOALLY

[0,1]. Cnouatky € = 10™*. ITicns 20 itepauiii MeTony Hpl0TOHA MU MHOKMMO € Ha

nesike 3Ha4YeHHs T. Mu nounHaemo 3 T = 10, i sikmo MeTox HeroToHa He 30iraeThes,

MM JIUIMMO T HaBIiJI 1 00UMCIHOEMO 3HOBY. MU 3yNIMHSEMOCS, KOJIU € OCATAE 10°.

VYV HactynHux Tabnuusx (3.4 — 3.7) MU NpeacTaBlISIEMO JIesIKI 3 TOPAXOBAHUX

HaMU CTpaTerii.

OpnHakoBi MacTi

Al K| Q]| T | 9 8 7 6 5 4 3 2

A | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 [ 100 | 100 | 100 | 100 | 100
K | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Q | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

J 1100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

T [ 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | O 0
'§ 9 1100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | O 0 0
; 8 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 0.2 | O 0
B 7 1100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | O 0
6 | 100 | 100 | 100 | O 0 0 0 |[100| 100|100 |100| O 0
51100 | 100|100 | O 0 0 0 0 0 (100|100 |100| O
41100100 45| O 0 0 0 0 0 0O [100|0.1| O

3 (100 (100 O 0 0 0 0 0 0 0 0 [100| O

2 1100 | 100 | O 0 0 0 0 0 0 0 0 0 |100

Taonuug 3.4. YacToTh X4, 3 SKUMH TpaBellb | Mae MyIUTH.

SB=05BB=1,5=14



OnHakoB1 MacTi

Pi3zHi macTi

A| K| Q]| J T | 9 8 7 6 5 4 3 2
A | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
K | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Q | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | O 0
J | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | O 0 0 0 0
T {100 | 100 | 100 | 100 | 100 | 100 | 100 | O 0 0 0 0 0
9 1100 | 100 | 100 | 100 | 100 | 100 | 100 | O 0 0 0 0 0
g | 100 | 100 | 100 | O 0 0 [100| O 0 0 0 0 0
7 1100 | 100 |78.3| O 0 0 0 [100| O 0 0 0 0
6 1100 | 100 | O 0 0 0 0 0 [100] O 0 0 0
51100100 | O 0 0 0 0 0 0 [100| O 0 0
4 1100|100 | O 0 0 0 0 0 0 0 [100| O 0
3 (100100 O 0 0 0 0 0 0 0 0 [100| O
2 1100|100 | O 0 0 0 0 0 0 0 0 0 [100

Tabnuug 3.5. YacToTH X5, 3 IKMMU I'paBellb 2 Ma€ MyIIUTH, TIC/s TOTO, K

rpasens | 3amymuB. SB = 0.5, BB =1,5 = 14




OnHakoB1 MacTi

Pi3zHi macTi

A| K| Q]| J T | 9 8 7 6 5 4 3 2
100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | O 0
100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 |58.5| O 0 0
100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | O 0 0
100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | O 0 0
100 | 100 | O 0 0 0 [100|100 | 100|100 |100| O 0
100 | 100 | O 0 0 0 0 0 (100|100 |100| O 0
100 | 100 | O 0 0 0 0 0 0 (100|100 |100| O
100 | 100 | O 0 0 0 0 0 0 0 [100| O 0
100 | 100 | O 0 0 0 0 0 0 0 0 [100| O
100 | 100 | O 0 0 0 0 0 0 0 0 0 [100

Tabnuug 3.6. YacToTn x4, 3 SKUMHM IpaBellb | Mae MyIUTH.

SB=05BB=1,S5=21




OnHakoB1 MacTi

Pi3zHi macTi

Al K| Q]| T | 9 8 7 6 5 4 3 2
A | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
K | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 0.1 | O
Q | 100 | 100 | 100 | 100 | 100 | 100 | 100 | O 0 0 0 0 0
J | 100 | 100 | 100 | 100 | 100 | 100 | O 0 0 0 0 0 0
T (100 | 100 [ 100 | 100 | 100 | 0.1 | O 0 0 0 0 0 0
9 1100 | 100 {93.2| O 0 (100 O 0 0 0 0 0 0
g8 (100 | 100 | O 0 0 0 [100| O 0 0 0 0 0
7 1100 | 100 | O 0 0 0 0 [100| O 0 0 0 0
6 1100 O 0 0 0 0 0 0 [100| O 0 0 0
51100 O 0 0 0 0 0 0 0 [100| O 0 0
41100 | O 0 0 0 0 0 0 0 0 [100| O 0
3 (100 O 0 0 0 0 0 0 0 0 0 [100| O
21100 O 0 0 0 0 0 0 0 0 0 0 | 100

Tabnuug 3.7. YacToTH X,, 3 IKMMU I'paBElb 2 MA€ MyIIUTH, MICIs TOTO, K

rpasens 1 3amymuB. SB = 0.5,BB =1,5 = 21




BUCHOBOK

B nmaniii aunuoMHid poOOTI MM PO3pOOMIIM CHCTEMY Uil OOYMCIEHHS
piBHOBaru Herma ajist rexacbkoro myi-($oJia XoaaeMy AJis 1BOX I'PaBIIiB.

[{ikaBo BII3HAYUTH, 1110 B CTPATETISIX, SIKI MU pO3paxyBajiu, OlIbIIICTh YACTOT
€ TpuBiaibHumu: abo 100%, abo 0%. Jlume neski 3 Hux nexarb y (0,1).
[TpumiTHUMU TPUKIIAAAMHU €: YacToTa mymny 3 {Q, 7} pi3HUX MacTeil 1yisl TpaBls 2,
icJis TOro, SIK rpaBelp 1 3anymuB, koju S = 14: 78,3% (tadu. 3.5) i yactoTa my1iry
nist rpasist 13 {10,5} 3 onHakoBoi macTi, koau S = 21: 58,5% (Tabn. 3.6).

3 OTpuUMaHUX pE3yJbTAaTiB MOXHA TaKOX 3pOOMTH BUCHOBOK, IO MpHU
30UJIBIIIEHHI PO3MIpY CTEKY S, KUIbKICTh Jiana3oHiB 3 SIKUMH BUTIJHO MYLIWTH
3MEHIIY€eThCs. Tak, Juisl mopaxoBaHUX HAMM CTpaTerii 1s KiJbKiCThb 3MEHIIUJIACh
Bif 116 1o 106 mus rpasus 1 1 Big 82 10 62 jyis rpaBus 2, B TOW yac, sIK po3Mip
CTeKy 3MiHUBCs Bix 14 no 21.

VY MalilOyTHHOMY MU IUJIAaHYEMO PO3IIUPUTH HAIly CUCTEMY Ta pO3paxyBaru
ONTUMAJIbHI cTparerii i TpboX [5] 1 yoTupbhox rpaBuiB. OCHOBHA Mpodyema
noJjisira€ B 0OYMCJICHHI BENUMKUX TaOauupb nomyky P i T odikyBaHUX BMILIAT IS
Oulbll HIX JABOX rpaBuiB. Hampuknan, mis 4OTHPhOX TIpaBIiB Taka TaOIMIL
mictutiMe 169% 3amuci, mo cranoButuMme Oinbime 3 [0 umcen 3 MIIaBAIOYOIO
KOMO10. MU pHITyCKaeMo, 1110 3MOKEMO M0J10JIaTH Ll TPOOIEMH, BUKOPUCTOBYIOUH

OisibllIe 00UYMCITIOBAILHUX PECYPCIB.
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JTOJATOK A — AJITOPUTM OLIHKHA MOKEPHUX KOMBIHALI

int hand_rank(std::vector<card> hand) {
std: :array<int, ranks.size()> rank_n = {};
std::array<int, suits.size()> suit_n = {};
std::array<std: :array<bool, ranks.size()>, suits.size()> suit_ranks = {};
for (auto& card : hand) {
suit n[card.suit()]++;
rank_n[card.rank() ]J++;
suit_ranks[card.suit()][card.rank()] = true;

}

bool straight_flush = false;
rank_t straight flush_rank;
bool flush = false;

int flush_rank;

bool straight = false;
rank_t straight_rank;

bool quads = false;

rank_t quads_rank;

bool quads_kicker = false;
rank_t quads_kicker_rank;
bool trips = false;

rank_t trips_rank;

bool trips kicker = false;
rank_t trips_kicker_rank;
bool pair = false;

rank_t pair_rank;

bool second pair = false;
rank_t second_pair_rank;
bool pair_kicker = false;
rank_t pair_kicker_rank;
std::vector<rank_t> kickers;

// Check for flush and stright flush
for (auto suit : suits) {
if (suit_n[suit] >= 5) {
std::vector<rank_t> flush_kickers;
int sequential = 0;
rank_t first_sequential_rank;
for (auto rank : straight_ranks) {
if (suit_ranks[suit][rank]) {
sequential += 1;
if (sequential == 1)
first _sequential rank = rank;
if (sequential == 5 && (!straight_flush || straight flush_rank >
first_sequential rank)) {
straight flush rank = first _sequential rank;
straight_flush = true;
}
if (flush_kickers.size() < 5)
flush_kickers.push_back(rank);
}
else {
sequential = @;



}
}
auto new_flush_rank = five_rank({ flush_kickers[0@], flush_kickers[1],
flush_kickers[2], flush_kickers[3], flush_kickers[4] });
if (!straight flush &% (!flush || flush_rank > new_flush_rank)) {
flush_rank = new_flush_rank;
flush = true;

}
}
}

if (!straight_flush) {
int sequential = ©;
rank_t first_sequential_ rank;
// Check for straights
for (auto rank : straight ranks) {
if (rank_n[rank]) {
sequential += 1;
if (sequential == 1)
first sequential rank = rank;
if (sequential == 5 && !straight) {
straight_rank = first_sequential_rank;
straight = true;
}
}

else {
sequential = 0;
}

}
// Check for everything else

for (auto rank : ranks) {
auto n = rank_n[rank];
if (n) {
if (n == 4) {
if (!quads) {
quads_rank = rank;
quads = true;
¥
else if (!quads_kicker) {
quads_kicker_rank = rank;
quads_kicker = true;
}
¥

else {
if (!quads_kicker) {
quads_kicker_rank = rank;
quads_kicker = true;
}
¥
if (n == 3) {
if (!Mtrips) {
trips_rank = rank;
trips = true;
¥
else if (!trips_kicker) {
trips_kicker_rank = rank;



trips_kicker = true;
¥
¥
if (n == 2) {
if (!trips_kicker) {
trips_kicker_rank = rank;
trips_kicker = true;
}
if (!pair) {
pair_rank = rank;
pair = true;
¥
else if (!second pair) {
second_pair_rank = rank;
second_pair = true;
¥
else if (!pair_kicker) {
pair_kicker_rank = rank;
pair_kicker = true;
¥
}
if (n == 1) {
if (!pair_kicker) {
pair_kicker_rank = rank;
pair_kicker = true;
¥
if (kickers.size() < 5) {
kickers.push_back(rank);

int result = 0;
if (straight_flush)
return result + straight_flush_rank;
else {
result += 10;
if (quads)
return result + group_rank<1, 1>({ quads_rank },
{ quads_kicker_rank });
else {
result += binom(13, 1) * binom(12, 1);
if (trips && trips_kicker)
return result + group_rank<1, 1>({ trips_rank },
{ trips_kicker_rank });

else {
result += binom(13, 1) * binom(12, 1);
if (flush)
return result + flush_rank;
else {

result += binom(13, 5) - 10;
if (straight)

return result + straight_rank;
else {



result += 10;
if (trips)
return result + group_rank<1, 2>({ trips_rank }, { kickers[@],
kickers[1] });
else {
result += binom(13, 1) * binom(12, 2);
if (second_pair)
return result + group_rank<2, 1>({ pair_rank,
second_pair_rank }, { pair_kicker_rank });
else {
result += binom(13, 2) * binom(11, 1);
if (pair)
return result + group_rank<1, 3>({ pair_rank },
{ kickers[@], kickers[1], kickers[2] });
else {
result += binom(13, 1) * binom(12, 3);
return result + five_rank({ kickers[@], kickers[1],
kickers[2], kickers[3], kickers[4] });

return result;

}



JOJIATOK B - TECTYBAHHS OLIHKUA MOKEPHUX KOMBIHALI

#tinclude <iostream>
#include "poker.h"

int main() {

std::cout

<< "hands ranks:\n"

<< " straight flush\n"
<< " As Ks Qs Js Ts:
<< " 5s 4s 3s 2s As:
<< " four of a kind\n"
<< " As Ad Ac Ah Ks:
<< " 2s 2d 2c 2h 3s:
<< " full house\n"

<< " As Ad Ac Kh Ks:
<< " 2s 2d 2c 3h 3s:
<< " flush\n"

<< " As Ks Qs Js 9s:
<< " 7s 5s 4s 3s 2s:
<< " straight\n"

<< " As Kd Qc Jh Ts:
<< " 5s 4d 3c 2h As:
<< " three of a kind\n"
<< " As Ad Ac Kh Qs:
<< " 2s 2d 2c 3h 4s:
<< " two pair\n"

<< " As Ad Kc Kh Qs:
<< " 2s 2d 3c 3h 4s:
<< " pair\n"

<< " As Ad Kc Qh Js:
<< " 2s 2d 3c 4h 5s:
<< " high card\n"

<< " As Kc Qh Jd 9s:
<< " 2s 3d 4c 5h 7s:

hands ranks:
straight flush

As
5s
four
As
2s
full
As
2s

Ks Qs Js Ts:
4s 3s 2s As: 9
of a kind
Ad Ac Ah
2d 2c 2h
house
Ad Ac
2d 2c

(W]

Ks:
3s:

Kh
3h

Ks:
3s:

flush

As Ks Qs
7s 5s 4s

Js
3s

Os:
2s:

straight

10
165

166
321

322
1598

<<
<<

<<
<<

<<
<<

<<
<<

<<
<<

<<
<<

<<
<<

<<
<<

<<
<<

hand_r\ank({llASll)IIKSII’ IIQSH’ "JS","TS"})
hand_r\ank({llssll)ll4sll, “35"’ "25",“AS"})

hand_rank({"As", "Ad","Ac","Ah", "KS"})
hand_r\ank({llzsll) Il2dll’ IIZCII’ ll2hll, I|35II})

hand_r\ank({"AS")"Ad"’ IIACII’ IIKhII,IIKSII})
hand_rank({"Zs","2d", "2c", "3h","3$"})

hand_rank({"As","Ks","Qs","Js","9s"})
hand_r\ank({ll7sll)IISSII’ II4SII’ IIBSII,IIZSII})

hand_r\ank({llAsll) "Kd", IIQCII’ lthll, IlTSII})
hand_r'ank({"Ss", "4d","3c","2h", "AS"})

hand_r\ank({llASll)llAdll’ llAcll’ "Kh",“QS"})
hand_r\ank({llzsll)|l2dll, ll2cll’ "3h",“4S II})

hand_rank({"As", "Ad","Kc","Kh", "QS"})
hand_r\ank({llzsll) Il2dll’ ll3cll’ ll3hll, I|4SII})

hand_r\ank({"AS")"Ad"’ “KC"’ lIQhII’ IIJSII})
hand_rank({"Zs", "2d","3c","4h", "55"})

hand_rank({"As","Kc","Qh","3d","9s"})
hand_r\ank({llzsll)Il3dll’ “4C"’ ll5hll,ll7sll})

Jh Ts:
2h As:
kind

Kh Qs:
3h 4s:

1599
1608

As Kd Qc
5s 4d 3c
three of a
As Ad Ac
2s 2d 2c
two pair
As Ad Kc
2s 2d 3c
pair
As
2s
high
As
2s

1609
2466

Kh
3h

2467
3324

Qs:
4s:

Ad Kc
2d 3c
card

Kc Qh
3d 4c

Js:
5s:

3325
6184

Qh

Jd
5h

Ss:
7s:

6185
7461

<<
<<

<<
<<

<<
<<

<<
<<

<<
<<

<<
<<

<<
<<

<<
<<

<<
<<

(1] \nll
(1] \nll

(1] \nn
(1] \nll

(1] \nll
(1] \nn

(1] \nn
(1] \nll

ll\nll
(1] \nn

(1] \nll
ll\nll

(1] \nn
(1] \nll

Il\nll
(1] \nn

" \nn
" \nn .



HOJATOK B — CTBOPEHHA TABJIMLII NIOWIYKY 3HAYEHD P IS

ABOX I'PABLIIB

#include <iostream»>
#include <fstream>
#include <numeric>
#include "poker.h"
#include "combinatorics.h"

constexpr auto ranges = ranks.size() * ranks.size();

int equityfull[deck.size()][deck.size()][deck.size()][deck.size()];
fraction<int> equity2[ranges][ranges];
int equity3[ranges][ranges][ranges];

int main() {
using card_id_t = uint_least8_t;

std:
std:
std:
std:

int
for

:array<card_id_t, deck.size()> deck_id;
:iota(deck_id.begin(), deck_id.end(), 9);
:array<std::array<int, deck.size()>, deck.size()> hole_id;
:array<std::array<int, deck.size()>, deck.size()> range;
id = 9;

(auto hole : combinations<2>(deck_id)) {

hole_id[hole[@]][hole[1]] = id++;
auto cardl = deck[hole[@®]], card2 = deck[hole[1]];
range[hole[@]][hole[1]] = ((cardl.rank > card2.rank) ~ (cardl.suit ==

card2.

}

for

suit)) ? cardl.rank * 13 + card2.rank : card2.rank * 13 + cardl.rank;

(auto community_ids : combinations<5>(deck_id)) {

std::array<card, 5> community;
for (int i = 0; i < 5; ++1i) {

}

community[i] = deck[community ids[i]];

std::array<card_id_t, deck.size() - community.size()> hole set;
std::set_difference(deck_id.begin(), deck id.end(), community ids.begin(),
community ids.end(), hole_set.begin());

std: :array<std::array<int, 52>, 52> hole rank;
for (auto hole : combinations<2>(hole_set)) {

}

hole rank[hole[@]][hole[1]] = hand_rank({
community[@],
community[1],
community[2],
community[3],
community[4],
deck[hole[©0]],
deck[hole[1]]
1

for (auto holel : combinations<2>(hole_set)) {

holel.

auto rankl = hole_rank[holel[@]][holel[1]];
auto rangel = range[holel[@]][holel[1]];
std::array<card_id_t, hole_set.size() - holel.size()> hole2_set;
std::set_difference(hole_set.begin(), hole_set.end(), holel.begin(),
end(), hole2 set.begin());
for (auto hole2 : combinations<2>(hole2 set)) {

auto rank2 = hole_rank[hole2[@]][hole2[1]];



auto range2 = range[hole2[@]][hole2[1]];
auto& equity = equity2[rangel][range2];
equity.denominator += 2;
if (rankl < rank2) {
equity.numerator += 2;
}
else if (rankl == rank2) {
equity.numerator += 1;
}

}
}
}

std::ofstream file("equity2.bin", std::ios::binary);
file.write(reinterpret_cast<char*>(&equity2), sizeof(equity2));

return 0;



JOAATOKT - IIIAPAXYHOK BAPTOCTI I'PU, MATPULI HOXIAHUX
TA AKOBIAHIB

template<int players = 2, typename Scalar>
void game_value(
const parameter_t<Scalar, players> &X,
const Scalar &e,
std: :array<parameter_t<Scalar, players>, 2> *X_prev,
const Scalar &delta,
value_t<Scalar, players> *value,
derivative_t<Scalar, players> *derivative = nullptr,
jacobian_t<Scalar, players> *jacobian = nullptr
) {
constexpr Scalar BIG BLIND = 1;
constexpr Scalar SMALL_BLIND = BIG_BLIND*.5;
constexpr Scalar JACK_POT = Scalar(757) / (50*49*48/5/4/3);
Scalar prob;
std::array<Scalar, players> dprob;
std: :array<decltype(dprob), players> ddprob;
auto P = X(P_pos<players>);
// The stack of a single player (must be >= BB)
auto stack = P;
std: :unique_ptr<derivative_t<Scalar, players>> temp_derivative;
if (value)
value->setConstant(9);
if (derivative || jacobian) {
temp_derivative = std::make_unique<derivative_t<Scalar, players>>();
temp_derivative->setConstant(9);
}
if (jacobian)
jacobian->setConstant(9);
nested_loops<ranges, players>([&](auto player_range) {
//Scalar times_val = times<players>(player_range) * (1 / Scalar((52*51/2)
* (50*49/2)));
Scalar times_val = times<players>(player_range);
if (times_val == 9)
return;
for (int mask = 1, max_mask = 1 << players; mask < max_mask; ++mask) {
prob = times_val;
dprob.fill(times_val);
ddprob.fill(dprob);
Scalar dP = ©;
Scalar pot = ©;
std::array<int, players> betting, folding;
int nbetting = 0, nfolding = ©;
std::array<int, players> player_node;
for (int node = @, player = ©; player < players; ++player) {
auto x = X(node * ranges + player range[player]);
player _node[player] = node;
if ((mask >> player) & 1) {
node = node * 2 + 1;
prob *= x;
for (int pl = 0; pl < players; ++pl) {
if (pl == player) continue;
dprob[pl] *= x;
for (int p2 = @; p2 < players; ++p2) {
if (p2 == player || p2 == pl) continue;
ddprob[pl][p2] *= Xx;
}



2) {

}

pot += stack;
betting[nbetting++] = player;
} else {
node = node * 2 + 2;
prob *= 1 - x;
dprob[player] = -dprob[player];
for (int pl = @; pl < players; ++pl) {

}

if (pl == player) continue;
dprob[pl] *= 1 - x;
ddprob[player][pl] = -ddprob[player][pl];
ddprob[pl][player] = -ddprob[pl][player];
for (int p2 = 0; p2 < players; ++p2) {
if (p2 == player || p2 == pl) continue;
ddprob[pl][p2] *= 1 - x;
}

if (player == players - 1)

pot += BIG_BLIND;

if (player == players - 2)

pot += SMALL_BLIND;

folding[nfolding++] = player;

}
}

for (int player = 9; player < players; ++player) {
auto id = player_node[player] * ranges + player_range[player];
Scalar value_delta = -.05 * BIG_BLIND;
Scalar dP = ©;
if ((mask >> player) & 1) {
if (nbetting > 1) {

}

value_delta -= .05 * BIG_BLIND;
auto rankl = player_range[player] / 13;
auto rank2 = player_range[player] % 13;
if (rank2 == 12) {
if (11 >= rankl && rankl >= 8) value_delta += 1 * JACK_POT;
if (3 >= rankl && rankl >= @) value delta += 1 * JACK POT;
} else if (rank2 > rankl && rank2 - rankl <= 4) {
if (rank2 == 11 && rankl >= 9 || rankl == 0 && rank2 <= 2) {
value delta += 2 * JACK_POT;
} else if (rank2 == 10 && rankl >= 9 || rankl == 1 && rank2 <=

value_delta += 3 * JACK_POT;
} else {
value delta += (5 - (rank2 - rankl)) * JACK _POT;
}
}

if (nbetting == 1) {

}

value_delta += pot - stack;
else {
std::array<int, players> equity_index;
int i = 0;
equity_index[i++] = player_range[player];
int ibetting = nbetting, ifolding = nfolding;
// First go betting players
while (ibetting--) {

if (betting[ibetting] == player)

continue;

equity_index[i++] = player_range[betting[ibetting]];

}



value delta;

}
1)

}

}

// And then folding ones
while (ifolding--) {
equity index[i++] = player_range[folding[ifolding]];
}
Scalar equity_val = equity<players>(nbetting, equity_index);
value_delta += pot * equity_val - stack;
dP = nbetting * equity_val - 1;

} else {
if (player == players - 1)

value_delta -= BIG_BLIND;

if (player == players - 2)

}

value_delta -= SMALL_BLIND;

if (dP !=0) {
if (X_prev && jacobian) {

jacobian->coeffRef(id, P_pos<players>) += dprob[player] * dP;

}
}
if (value_delta == @) continue;
if (value)
value->coeffRef(player) += prob * value delta;
if (derivative || jacobian)

temp_derivative->coeffRef(id) += dprob[player] * value_delta;
if (jacobian)
for (int player2 = 0; player2 < players; ++player2) {

}

if (player2 == player) continue;
auto id2 = player_node[player2] * ranges + player_range[player2];
jacobian->coeffRef(id, id2) += ddprob[player][player2] *

if (derivative || jacobian) {
*temp_derivative *= e;
if (derivative) {
*derivative = temp_derivative->array().atan() * Scalar(l / EIGEN_PI) +
Scalar(.5) - X.array();
if (!X _prev) {
derivative->coeffRef(P_pos<players>) = 0;

}

}

if (jacobian) {

*temp_derivative = (temp_derivative->array().square() + 1).inverse() *
Scalar(e / EIGEN_PI);

for (int i = @; i < vars<players> - 1; ++i) {

jacobian->row(i) *= temp_derivative->coeffRef(i);
jacobian->coeffRef(i, i) = -1;

}

}

if (X_prev) {

auto &Xp = *X_prev;

parameter_t<Scalar, 2> dX = Xp[0] - Xp[1];

dX.normalize();

if (derivative) {

derivative->coeffRef(P_pos<players>) = (X - Xp[@]).dot(dX) - delta;

}

if (jacobian) {
jacobian->row(P_pos<players>) = dX;






