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wm o E

DA TR IR R O, 7EIR 2 U 24 T Nash Equilibrium FIRH], ARF
BNV IR STV 2 T T Regret Value FIGRAT S50 187 5K fife S S B0 H04 e kit BN
PR RGBT R E SE R AN EFRN “Nashsweeper” 1K, 1ZIH B
FEIE L Ak TR 2B g g AT S5, B T R RGR IR O R AT 8

Britz 4, BT Nashsweeper HITHEAE % L2 2E T Python LK SQLite ), P&
IR T A AT TSRS, SCHF PR 78 DAL ML AR - N A THEEHLAR PP PA S
Jupyter Notebook H'ifi F Nashsweeper #% /U i1 5515, 1155 R AUH ZE I Fr A 2898 A 351

AV CARHS G SO B R B 7 N E 488 A% 2 Gitee AURSG3 i, WIS T A

BEHEAT U5 https:/gitee.com/gian_zehao/nashsweeper

RHEI . AN, ARG RIS, 2USRNg T xk; Nashsweeper.


https://gitee.com/qian_zehao/nashsweeper

MR AR 125 [ [7] 22 9N A 354 1) Nashsweeper 11 B

Abstract

Nash Equilibrium is the core concept of game theory, and it has applications based on Nash
Equilibrium in many fields. This graduation thesis introduces in detail from the realization of
Nash Equilibrium algorithm based on Regret Value to database design, and then from user
interface design, system design to A game called "Nashsweeper" was designed and deployed by
the project. The project aims to find a pure strategy Nash equilibrium through the game, so that
users can understand and be familiar with game theory and master its basic theory.

In addition, since the computing and storage core of Nashsweeper is based on Python and
SQLite, I have also developed a solver for the command line interface to support academic
research and relevant personnel in the industry to call the Nashsweeper core computing engine
in computer programs and Jupyter Notebooks , computing all pure Nash equilibria of very large
games.

The code, usage documents and deployment methods of this thesis have all been uploaded
to the Gitee code repository, which can be accessed through the following link:

https://gitee.com/gian_zehao/nashsweeper

Keywords: Pure Nash Equilibrium; Non-cooperative Game; Pure Strategy Game;

Nashsweeper.


https://gitee.com/qian_zehao/nashsweeper
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1% R®

1.1 Nash Equilibrium 5 5 /44

N R EZR e I — N EEMS, ERRPEE MY, U E S 5E AN
A HCHIRIER, A NI S RS kA E 2 kst . Etul, NS 5E0
FEBEH 2N HAh 2 5 38 FE R 1) B A SOV o

YR S5 (PR FH 36 TR B8 XA G UIFE 1950 R4 R i), ARAE a8 Sk B
THEARZSHEMAIRER AR, 2DFE A9, 1994 4, FAEIES
YRR B3 i 0 A J7 Tl 7 R oTik, 5 A b AL 2R 2 KL R SRAS 1 18 DUR
LU PPN SCE R SR T (CGEIDR) .

AR R R S TRERL DAL TR, &5, WENRS. EED . A
TR 2. BURMZER R ESIRA A 2N — e L g4 3517 2 5] 45
NFER G . g R, RS, KRR T EARNEIEERE T, 2550
AT AR B A FOOR 2 SR E BE B I SRS, DA AKX LSRRG ] B R BN 45 R -

1. 1.1 Nash Equilibrium F)3E A2 £
5%, BN HENRKE. $S5FMNIE RS AR R EENIEALER.
EEEHFEHERERIN,S, u):
(DN RE—HERMITK, i AR5, IN|=n;
(2)S FARBANILK | MEMEEITTA, S= (S1,52,...,5n);
(3)s S E—ABME, SERILEK i MIRIELE;
(4)ui R Wz R

Game(J#3k): fEZ WIS, WREAE T %S 5%, 17 AR DU B 4w .

Players(Z 5%#): ;24855 2k A 09 5 A A 15214k .

Payoff({tai): ULastha] RN, RIMFAES ShERH B2 —NER, Tl
RIEH AT PR .

NI AR A — MEZRE R, TR T B SRS IR B A, M N — T A i R At
AN E ) RIS, TZ SR B FRE SCRC P SRl . BT E S 5E T HMTE S 551K
B A PG DL T 2% 3 R SRRS, FRANRRAE B CORR A pe e, WIFRIZ RIS 41 & gt
S43EL N

ISR UL, ISR IE R, B NHCRE T B skng, BoA AnT od s olois
ESAil S SR EEA Il &

Ik, IEFIG S &R WTE 1e N fls' € S, Hui(s;,s-i) < ui(si, s

1. 1. 2 SigA IRz

FF 1T F-3AE A 2 SR g A S5 s BT SR HLRR 7, 8 P ARE A BRI Lg% 2]
Ak ) LT SR KL . AR SO 22 Regret-base BIAAE R FIAG SEHE th S g8+
iy
1. 1. 3 g4 354 7E Tk T2 4 i) B

AT 5 e T TRER IS AR %, fldn:

o TEELREEEERG, GV TT LR SR AT AL R BE Rl L 2 TR I ZRAT N, WA
FEAES T8 AR, DLRUATBE A VR ML SR i £ A Ak 2

o TEAEFEHRIFEBEF, g8 T UK it 245738 2 B se e e,
WAl FL BT IR AR AE = . B A r= 5 22 %%, DL Rl S Lk SRR 2R P73 2
& B A
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- EREEEMTREETRES, g5 nT DU iR & RIER R H 854 24k
ZIEEIZRAT N, 0 Wl PR . RN . R IEE, DL AT IE (5 2L
R4y = E H -

1. 1.4 Sy e

Y T A I AE AR FE AN DAV AR P2 AU ) BB R AL, O TN T B AN E
BUER TR BBV REERTRE, 1E@BRME T T N A R B E A — A
IITTAE; R B LRSS A A X T HEE RN BB, LTI A E
HEZEL .

2% OR MEMRSZEE W & T 1HE) 1B B2 N, AR 2 50T S0 1)@ B 2 FI AR A
KT I g e seBr Tl iml i, [RIEF, AP SR AT R 5 T g0 A 2 i B8 R XK
B L I B W 1 T S T 5 B P DA R At N 0 AT AR N T T ZR IR iR

ARG W S PIA% 0o 1 8 Nashsweeper A2 — A~ AN 13547 3R fift 2 11 S 300 2140040 e e it
M AT B B0 H 5 E IR, 1200 H B Rl R T IR A TR e g A S, Lk
TIRAKIZEL I R IR L,

1.2 EWAMFFTIAR

ASHB G L SCHRSR IR NG ISR AR TR R, MR TR o kA
ARG o 2] =AU SR AR, DA T S B s A v S LR
1. 2.1 H HEREBZTA

ZH-2 i) B (NEP,  Nash Equilibrium Problem) Hi-F#2 NP-hard [7]f5, 343 K5
g, RATERIRIG O N A A A RER I RE T ARS . X RRDE — BN T, MIrhr2s
HEH AR, XSRS, SEURMER HRHME, JHE— e IR 1
RSN . R (R LD A TTRREE. Pl Sk B 2%
IR ARG S K A B30 ¢ -

® 1.1 ARSI IT

Sk AR Fhr % % %
RBAEFHH A EY 2015 g Y E 9o
ERHZAHARFR %, HAEHL
B F AL IESE &8 0 2020 F, TUUREE KME, AR
S
ﬁ;;;ﬁﬁg 2022
5 ¥ SR
WHRATSRHLEY 2023 RHMTRILE o e
TR *, EKE% A P T O N
) A s S
. E&ES R
1 B a4 2020
spf s 31 2019 . L RmidAzE %,
e iﬁiﬁiﬁf SRALE ) A
Netdimit ™ 202 T RETE 3
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AZETHEERNEIE WP R RS

T T ARG BB ARAC ST IE SR AR AN AT 3046 ) U He i RIvE: (1999) | f@diriZ (2003) .
IR A EE (2023) 55, Hpz O B2 @S 20k, g st R A s A
) B, FERRE A DU B AT 3. o SIS (2013) FIRRIR 4 (2020) B2 T
NEP [nl @RS QVI KR, K inl AL A AR 7 ASE Sl Bk AT 8, s
Nikaido-Isoda 1EJALRR . gap BRIHORE fr) R b D9 06T To L AR B RAL 1) RER A

158 B R AR B4 AE T TR G B I 4 A 25 1n) v DABRIERAS 2IRE i, (H TR
BN I T ) AT AL, GRS AR (2015) JEITUERA A GIE I AE T NEP 81 ) ff
B 5 AL EMFCQ oz, A4S 2 GNEP [, R, Bk fmEmAil
Z LIRS A BERAT

A, 7R ACTE R HABLE I I i 75 25 [T e 26 i I BOR IR SR 2%, 0. CPLEX,
Gurobi, Mosek, LINGO Al SCIP &, XURfgas a3 MR 4, AR THIE NI MER

BT HARAFIEAR U NEP [n] @06 T B8 29 2R A0 B br bR B0 )™ 55 264 Mk %,
oM AFEREE 5D, DLACRAS IS R 7V, IEFRIATE: T o083 REIE DL L
S ) BRGNS AT

B.E T o8 R A E LU R AR

JHHEASAN Kim (2020) $&H 7 — M Rl ACR A FE 7 R vH S aigh A 31, &5k ] B
THHEEA I, AT, PRk R AR B4R, W R AR IR AL -

R CEKES (s sSOFEE. N TIERFRVAS) &G A0HE NEP m#, [FH4EAE
fapeh, HERE T, RIMSERR. ZEH (2022) @it [ &N 255 b TR
B E AR R A -

gk 5E (2023) @A TSR, 7R TR SRS S BE LG I = AN AS FAL B 2R AR
AR AT AR T RIS SCEAE P2 A B AR, IR B AR SRRE, VRIK S AR, A sy it
WEEBROR R TR 2 FEvE, X 5R 1 SRVA 4 R S RE

TR Re VARG (T AR EE 2 4, AR M E R R HAnkEl, 7EALEE NEP A)# |
BA—EW ) ZiE .

C.ET LB 2= I BN H R F 28

T HL#% 5 2] R R AR AR ), DRI AF SR A 1R 2 28 T HLA8 2% 21 SR AR N A3 i
fift IRIE 7T o

B4 (2022) FET Q-learning [1) 2 & GE AR R Gt de I — BUME I F0 28 T 54k 52 2]
[151Q-learning 592 DA K B /N 31 2 B eI R AT iR . ZRAEENY (2023) fEFEART
RO R IO IE i, BTN B RAY R A ZAEIAL, &t 7l s - 5%
pii = e = B
1. 2.2 ATHFMEZFRIFERIT K

R AT, I TR, KRG TR tHENRZ. e, SRS AR A
A FE A B IR .« 2 38 [ B A3 /R K80 2T IR K 2018 5 N A 2 Al 80 R
(Anemal'”1 2008).

N TR AARMARRSY: . U E R TR T A LS CE IR AR, SR
TV TR 2 5 T AT S 4 ) S I ANJE X, al kAR 7 8] (A2 L8 R BRA AR 12 AH DG N 25
Fan['$1(2000) FJH [N4E H Bl kIR R JLE AT A, PAEER JLEAIEHZE. Fan(2000)
[N AE R SRR 5 AR XA S 6, FEHE 5 T S AL RB\BADFEZ AT LR . AR AT
T Fan F TR0 TAEEIER K, F Lok 45 R38R K - Rothman!!? (2012)
K F E BRR AR EEE N R . ARFAE TR X TR # &, Ghic #
Grigorescul?I2U7E 2014 7 & 1 Rl (B 1.1) EANEFFIHZEIRTFR .
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I |
jil; economics-games.com
i

[ FRCTE]
Year 5. Results

Ranking Paft | e sales MERRC ARG moan T AREGERSr
(1] B €33,953 €84 1,641 1,680 977 % T 875 % €63.3
[ 2] €16,139 €53 1457 1,920 72.9 % 2 100.0 % €418
e €15,656 €54 1,428 1,920 4.4 % 2 100.0 % €42.6
[+] €14,621 €53 1,435 1,920 74.8 % 2 100.0 % €42.4
Available Seats Average Price Year Profit Sales
Total 15,120 €58 €143,127 11,546
M Sales
125000€ o Hub and Route

Costs
M Variable Costs
Annual (Plane)
L Costs

75000€
M RoundTrip Costs
M Year Profit
50000€
25000€ | . | | |
- = . m

100000€

etland

B 1.1: &35k (JR: economics-game.com)

Badeau??5E N (2014) #&H, B TFEE IR I NREZ 2K SEBH P ARRZ S,
AT T 2 5% 2 Ui AR AR AL R T XA D S 90 FH T 388 S 3R 22 5 2% PR AR - O'Roark A1 Grant!?3)
(2018)44 v e 5 R 37y s B A RS TR 20, BARS B FH 7 55 9% SRR B X e o 7
ZHHfE. AbasianPU%E N (2020) FFk T — MELZE K UL IZHiiiF K . Iranpoor!?”)
(2021) 5| A\ T Knights Exchange Puzzle JKZH F AR I RCK .

1.3 /g

£ 1.2.1 &7y F @ 5t B N AR I AN SR AR et LUt 7 Je R 8L, I 2 87
AL S HLAS 52 S S5 NEP KA a i HT B E R A Ak 1 22, 3 TR IR AT
T B LA Rk 2 EOR R, T3k T 708 A SR I NEP SR AR &8 BARA 5 KDL, (HEA—
SE AT DOR AR 2 i g 294 5, IR AR SO 4 HE 1) Regret-base S50 AT LK ff SR g K LA
SRS (¥ = AR A 2 1

W SCERERIE, 2 H AT H AT BCA TR Tl B s R U AN 1 2k
Reffdho BIAEARSCH, BADT R T — A BRI RKTE B B R 2l g A s 1
R SUR LS
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2 PR ITAE

peer— R Regret base AR T |
RUHBRIIR A EHIE S B |

—[ SQLiteHERFIRIT ]

MHISEHEEARS SR

| me
: B :{> EHIIEIPISINE SRS
L FRRERR SRR

5NashsweeperZ(Ll —l—‘ Regret-base &gt ]
TVERIEEER : L

Nashsweeperiffkigit ( Nashsweeper Web API }— YJRegret-base&Eix
BHTEEE

- pii2sdUbaliilany —[ NashsweeperiZ/itB5| %

pis sl Rean Nashsweeper 5% 4 )
E iEid Docker{& :
Nashsweeperif{T -
§ [ NashsweeperBlSIHIE(S. BFHEMEERESRAR 5
- - e

K 2.1: Nashsweeper 75 i 2 &
2.2 BT
2.2.1 WX

a.Nashsweeper-core: % T~ Regret-value HiETF A v 5 4 Al 40 A Y5 H0AS B e 10 SR Fe 48
b. A3 3T Nashsweeper-core $&HH | — 1% N Nashsweeper FIRE B WA, W
VG55 B % Nashsweeper R4t 1% 115 LA/ 48, Nashsweeper H Tl it 1 57 4f 5%

YNAT I R B 2R 18 . Nashsweeper A 1R 247 11, @J%%ﬁﬁ@, P& e, B
‘A, 5% . Nashsweeper J&— a3 B AN & BALAIERR, BT RATH
Minesweeper (Kaye 2017).
2.2.2 RREG#P4

a. FtE T AT HE SR Vue.js, J5 Ui & Python+Flask+NumPy+Pandas, SQLite ¥
JE, At NS F TailwindCSS, AUE[RE(E ¥ Pinia, AIJE %A 20 E Axios S A I
R SRR ] 5 5 T T I 1 & T 3 ——Nashsweeper';

b ASCIL T K T Nashsweeper [y 24T 54 (CLI) A, 2T
Nashsweeper-core-engine, UL SCFrTT 5 2B 90 A 3517 1 KU E A /B 1 2E . Nashsweeper [

7
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AT SRR AR A Python JwfEiE 5 &, #ER T SQLite 24 %2, Nashsweeper [f] 14
AT PR AL R B R R AR G AR R I 2 g A 25 i S N A T vt

c N T R P IEE & L35 Nashsweeper, H4n'5 | H 1217074 Vue k%%,
PLJ2 iz 4T Python J i Al 55 1) dockerfile, 3Fi i docker-compose SEHLYE Linux B/ Windows
WSL #:4F R 48T Pl J5 203508 AN N 2548
2.2.3 ATEARUEFEARTXAR

a N TAET I H IS AR EE . AR BEE AR LA s I RERTE R g 5, A
I H B4 RS O & A R N TR & Gitee, AJIHEIT git clone MIH 6 2 e, T
Hhhk: https:/gitee.com/qgian_zehao/nashsweeper.

b.Nashsweeper i AR % . i ] Wordpress & ZE 1] Nashsweeper & /7 My, FHCK T
Nashsweeper P A ARE, A3 SCRY DA FEARAATT, (B THPEEMH. TH 5 MHibkA:
http://www.nashsweeper.openie.xyz:803

c. XTI Nashsweeper Gitee & SN A T H M oTk#E . #2571 Bug LA K
Nashsweeper U3 W, A AL Email: gianzehaol23@gmail.com H R 1E# o
2.2.4 FF R PLIKIEIT Nashsweeper Ji H

Nashsweeper 7573 N KB DL S A =i (K] 2.2) , FEFFRBEAUT 75 220 4% — sk
#t (Nodejs=18.10, Miniconda=3.9, Docker) (#¥#7E Ubuntu 22.10 FiHEATH &) - BHEZH
AN TE L https://gitee.com/gian_zehao/nashsweeper M ¥k

Step 1: BT gitp\Gitee/GitHubZafEIR B JRiY

Developmenti&z Productiont&z{

Docker Engine

Python: Miniconda

Nodejs '

Step 3: 1iz17INHE

K] 2.2: Nashsweeper JT & /&8 E 15 20 &


https://gitee.com/qian_zehao/nashsweeper
http://www.nashsweeper.openie.xyz:803
mailto:qianzehao123@gmail.com?subject=【Nashsweeper】相关
https://gitee.com/qian_zehao/nashsweeper
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3 Nashsweeper HiES5HEEHE

AR K 3T Regret-base FIEFXTAEA1F 2R B 4 90 A2 17 SR Ad S LU RE B4 1Y)
SQLite E#E ZE A Wit 471 18 o

3.1 AT RITHE

HR AR 26— 50 40 61 R AT [R) B A VR TR 10 4 SR mS g AT 25 i ) e S, BRATIA AR A 1R T
ZEECEENGE X, —MERE), n M2 E5FHRIERATR RO, S, u), H:

- NRE-MHEREENZS5E, R34, IN[=n;

- SKREZ5E i MIMEEEGITTH, S=(51,5,...,51), s €S ZAMMEEA, SifE
Z 5% 1 WRIERES .

s wRZEHIFBHERE, uisp <. xs; - Ru=(ug,...,uy)e.

SHFHEMNANSESHMEZED (NS, u), SFFEET N, s S, ¥ FAZER()
FALET, g (ST, ..., sH) e —Aalightt 5t

ui(s;,s—) = ui(s;, s—i (1)

FIHATNIEE R AR Z F T Eaigh - S8R o 5%, Wul9 (2014) S5 A2 H
T T 0-1 FURITH SR A SR N A S 4T R T v o 8 YR B R BRI SR A
#%, #lun: CPLEX, Groubi, Mosek, Lingo %%, W] PASKEXATA 2ighH151r. 1A SCik K
FRTF AN R EWAERE T E AN 5, FRATA A B A A IR A B EON R SR A28 2 15
PR . RO SR A BRI DL & 0-1 IR B A AR T S 4 2 HE AR K, 13— A
JR RS =7 B R AR T T FE N R U E e 52, RO ] ARSI B 1 R
FRAEREE . RAEARSCH, FRATRYY 74Kt Corley” (2020) %5 N$2H ) regret-based
Bk, B MR, O regret BRELN, FoRINR:

ri(s) = TG}ST (si.5-i) — ui(si s-3) )
LS regret B3, Corley S8 A 4H T —FhaiHH 9 B 4e 3, a1k 51 3R
EE 1. X TA IENE, ri(s) =0, M4iskmgs* &M T (N,S, u) g1 .

F— A EENS A EMN (Best Response) , 7€ X U1F:

EX 1. MEFE-NS5%1 Hri(s) =0, W4iskng s xF TH3E0(N, S, u) & — gl
3516 .

HF FdeEsE 1 AE 1, Rl 5

I3 MK s X TATE S 5% i € N #0& Best Response, NFKXS F1H#ZE T (N, S, u;p),

SETRRG s* N A3
H T 51 IR 4% 7 454 Best Response 1€ XHEEE 1 UERH, DRI EFRATT 44 w06 L AE B o

3.2 SQLite $iEE W+

IEIMZ BT AT 2R, 2 5% i 1A RIGES;, |SURKsiIREL, RGBT LMRA 5
H2Z 54 1 AR S, W FPoR:
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IN|
TSi= ISl 3)
i=1
TSIREZ5#H | AR 25, A NS5 5 AR S 8T ULH TS #oR, TS £on
.
IN|
TS=IN| [Sil “)
i=1
LR TS %, AMERIL TS 2 —MEEUE KA %L, BEE N S, TS
W2 AR R R, XK S EUITA SRS VA S A I B AL A A7 L
McKelvey?®! (2006) % NFF & 1 Gambit & —/NMiAT 1 LR RIF R EZR®, HE2EAL
FEo i RAUEZE . N 7 SCRERMB ARG AEIEZE, fEASCH, IR 2] T SQLite KA R
W& . SQLite 52 —N/hT5. #E HRE K SQL s 512 X TEEM n Judlff5keS, ©
A HN ) n TCALER R B (payoff function) o K, FATEA —A 2n o4l kid 5%

SR R A AR, FRATKLE SQLite Kb 1N ISiI&idst. MER Q)
2l g E Hth 2 5 H KK s R 1H RS 53 1 10 regret value I, Al 175 2 LT KM
U, ATEFEAN (s, so), WATFZERMAME ID 52 L/ FHs;. LE 430

YE(S1,82,...,50) B SHOERERAE M — DR B ENME— ID, 7T RURZE S Tt
Regret Value. F773Hg 3.1 FEon 1 SRBE A a5 B 1 250 2 -
3.1 SREEAN [l HRAE ) E R

ID Strategies(string) Payoff value(real number)
(string) Player 1 Player n Player 1 Player n
si-...-sh st sk up(st,...,sh) un(st, ..., )
sl sl sl st u (s'fl' ..... s%) u (s'lsl' ..... s%)
sl sl sl s u (S|151I ..... s'nn|) u (s'ls’l| ..... s'n”')

3.3 —# Regret-base B L EH LI

BN R, BB BRI T regret value Sy Al gh A 18T 1K) ¥ 1 5 528 Corley 25 A
Frde 2R T regret value 575 HArth ot R R A RIS (2) F1)

max (s; i) IERAT L~ MAFTHR IS BRPE 6 TTLD IS LS, HESTAHER o),

Lh%ﬁlﬁﬁmax (sis—i ) BellEss 2Rt . RIERATIHE T SQLite it T 5i%, 40 Algorithm 1
Fhos:

10
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Algorithm 1: Regret-based algorithm with SQLite.

Input: SQLiteDataBase, N

Output: NEset, BRset

I. fori Ndo // for loop of each player

2. StrategySet = PermutationsFunction(N \ 1);

3. for ss; € StrategySet do

4. MaxPayoffi=0 ; // the maximum payoff value of player 1
5. while SELECT (si, ssj) FROM SQLiteDataBase do
6. if ui(si’, ssj) > MaxPayoff; then

7. MaxPayoff; = ui(si, ssj);

8. end

0. end

10. ri(si, ssj) = MaxPayoff; . ui(si, ssj);

11. end

12. end

13. StrategySet = PermutationsFunction(N);
14. fors  StrategySet do

15. NashFlag = false;

16. BestResponseFlag = false ;

17. fori € Ndo

18. if ri(s) = 0 then

19. NashFlag = NashFlag AND true ;

20. BestResponseFlag = BestResponseFlag OR true ;
21. end

22. end

23. if NashFlag then

24. NEset = NEset s;

25. else if BestResponseFlag then

26. BRset = BRset  s;

27. end

28. return NEset, BRset;

11
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4 Nashsweeper R TS5

BRAESEHZE R /DT E RN ANILF KIt. Nashsweeper 1— A~ H 2 iEH P2 5n
PATEZS E AE SR ZE R BN 22187 . [RItk, FEASCH, Nashsweeper #1H N— A
Wixk, T FTE g3 .

4.1 RGHH

Nashsweeper Vi Xk & 9 FH 2 AR SN 51t t, T2 I g st S 2B g A 35 1
Nashsweeper Jif %k 75 23 2 15 °F G hrilE, & imn] PLZE Windows. Linux A1 MacOS %%t
Fi817. B2 Nashsweeper JiExK 7 229 2 1) 73— MnifE . FEAEEIEDIRE, Nashsweeper
WO 77 el a8k . N T HidARE, FRATETE T AW ) Nashsweeper JiEtk. 7
A GUI #J Nashsweeper #7213 T Vuel®I 1 JavaScript PA A Python Flask J&5 i & [
FT Web N IR . 44 CLI 1) Nashsweeper 7 3% /& 7E Python 4w fEi% = A1 SQLite NI
K] 6 N HFEF P S Nashsweeper Web API 4% f5 G421 .

4. 1.1 BT ERHPEF 65K 5

& 45 2 3625 N R 7 WHIE AT 78 PC . MacOS 25 #:4E R 45 %% T JavaScript i& 5 [ Electron.
Tauri HESE 1) 5 0 v B AR, LA 5 A RATTIIEFHL. Pad 5831 & L1 React
Native. Flutter, IXYEFEFHELLRE S 47 10 FHREAF 24 (Wi-Fiv 35 FEREAC. i it
) TR H, (HAIXEHELE— ATk AL B 5 2 5 B 22 %5 . 1 Nashsweeper {EN—14
B LE T W) P8 SR g A 39 B, DUAHET BT Regret-base FVA AN 3447 K
RS IITERR, I TH RN 23T e kIR Z 7, Nashsweeper % F i £ fe 41 AR 16
R A 185 I K UGB R AT 2 2 a5, PR 7 30 88 U5 v 5=,
T (K 4.1) A Nashsweeper 2% 7 i 2244 «

izael IRSS2EHE{THIDOCker N SE
o < !
y 7(:"'\ FRR#EE ﬁﬁﬂjﬂj@NSﬁﬁﬁ%ﬂ’\JNginx ”ﬂmﬂm
FERARIRENAF BT EEhREINashsweeper RiFARTCIBAINodejsB 28 | | | I | Tl]]]]]Iﬂ

1T EBIFRIRG TSR
HRBEFRBTRED

R RIRIROSEE

K] 4.1: Nashsweeper 2 J7 it 224

4.1.2 ETF Linux + Docker B & R 554

BIRAME T o P A8 B A SV G IR fR B B R E M W &8, {H2& Nashsweeper k55
i 25V & [RFE AR IR 15 1T VE 2 Y, Nashsweeper 75 AR 5% it 75 22/ FH 2] Python. fHAT /5
Uiy (1) Flask AL BEH] 7 AL e AR AR () D * .csv g 20 i H 21 PandasB 34T regret-base
SETHE U A B NumPyBUEESE, #5 B AE Linux IR 5545 b1 B #2181T Nashsweeper J5 i »
Al §E<> T Python fKHi i 8 S EULIE IEH 21T, AR B R —LLH P H T RAAEIE,
7] T4 Nashsweeper FAH L& 7E H O & b, [FIIk Nashsweeper K] Docker®2Ii3E 47 Hif
Ja v RS I E, [ $ B Docker tHAJ LASZ RF Nashsweeper 7EAN A 1#4E 240 (MacOS.
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PC %) | ANFEIELT4 (x86. ARM. RISC-V i 1) FigfT. T &N Docker J:Aili 5 it

/ NashsweeperfR$5im= \
| NS-Python Flask o NS-Python Flask |
| EikEs Nodel B |

PG SUEINE, A& nashsweeper
|| DockerfzFEE = 1> EII v e |
| s Amone ]| |
. BRSSRR DS
I NE regret-baseit& |
I |
| |
| DockeriBigE Python Node.js Nginx |
| = Image Image Image Image |
\ /
N e
s, -~ - - - - -"-"--"-"=-"=""=""="""="-"=""=-"=-"-=-"-=-"=-"-=-"=-"=-"=-"-~"-~"-~"=-~~-~"-~"-~ -~ =~ -~ =~ - =”/ = N

Nashsweeperi@{t+-SERIZHE

|
|
|
BERGSEB AR |
BRIERRESRERER % Windows+WSL. | Q Linux | Q‘ Voo 05 X | + [> Docker Engine |
I
|
|
|

BIE | x8OLGIRSSEE (AMD. Intel) ] [ARmﬁEff’g (24R) ML (M2, RPi%) ]

~ - - - — Y Y Y Y Y Y -

K] 4.2: Nashsweeper i 25 it 22 1)

4.2 R/ ERAERTHS L

X EE A P Rt 5T k& — K ISR S o JE A R = e B G
F Bt Nashsweeper, 25 5 SRARAE AR AR 55 « Nashsweeper JiExk 1) B T H P 5 1 4 22
25 Windows RGtERNEE 20 45, HHETVIFA & Windows Store 4 27K HT 5 44 B4 5 Ui
%% Microsoft Minesweeper >3 IB4 [ j5 &, HEITEH P A2 — A, & oo os ok
W5 S FLAH B ) WAL 2 A

~E (B 4.3) Bi7n A Nashsweeper [ ETEH 7 St R A 50k, B4R A S5 B
HIARAE BB 5B BN AR P B s 0. WEARFERS . BN N1 23s (Best Response
Counter) . ZNfT-¥4iH4#% (Nash Equilibrium Counter) . B+ DI A R THA
A 1E R TG SRS 1 R A (Payoff Value) . HLAL A A —HATAAER IR 1 AT
MIEENS, T—PIMRKRITEK 2 BATIHIRIS . BLE R — ook Ccel) FH—4E50H
[payoff(x), payoff(y)[fRE MIL K 1 PUAT x TKHE, Iz 2 PAT y SKIKHS, & H 1 payoff, C
oW N R AR DU MR = A G R AR IR AR d % (Log) o D &0 AT
H IR ACHD B2 DL S AR B ZE R B I, R 5 IR Rk R K HE 4 -

13
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Fann Pat0 rrs e
Nashsweeper & Nash: <] B
e Sespet — Player popopop==
| D} Rating of Nashewseper players
W R Ststges e T
- { o
witete | RFHE . {E
T ¥ g =
| - 3
{ B |
I -

il

SHERS BHEHARS RAFRERS e i il

K 4.3: GUI P EEAm&HER (5F) SR EM&ET )

4. 2.1 #@it*.vue 34 & X Nashsweeper ThEEH A
1EW ESCH ) Nashsweeper EJE S I THE s, xRS IHAL SR 28 HPER.
Wkt . x4 BUEFE. TH& I A i as, 3 RS Web BT &
(HTML+CSSHIS) , WHEHEAF| T 4Edr, K 7E Nashsweeper 3 A 114 FH Vue & SLHIHT
ufi, HARETEEEE S (K] 4.4) LA Nashsweeper 2014 Vue FrifERitR (Code 1) Ul R Bl
7N

VueComponent___——————Jp PartA ‘ TimeCom’—.-| TimeCounterCom
SideBar VueComponent. p PartB NECom——p NEcounter

VueComponent——————p PartC BRCom=——————p» BRcounter

- Part C-1 ———vueCom————p NE Review

Router.'sa-.i HomePage of PC ‘ user_ME
/ ; k—g PartC2 — vueCom——p BR Review

App.vue DataBarShow ——user_operatior - Part C-3 ueCom. :I User Log

-

VueComponent p PartD ‘ GameMainPart | Checkerboard

Gitee, Github Link——» ProjlLink

VueComponent

GetPlayerRank———pp PlayerRate

Router.js !-iPad ] > iPadCom l > c nts similar to the PC side
] | I > » P

K] 4.4: Nashsweeper Aif i 2H /4%t

14



PN R ZF AR LA 3L T8 [7) 22 4R A1 3504 1) Nashsweeper 11 S B H

Code 1: Nashsweeper ZH14 Vue trifEdE =

1.

SN ON Rl = el I

9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

<template>
<div>
XA T4 1l Nashsweeper 211 (button. checkerboard. link £5)
</div>
</template>

<script>
import NPM B2 H E AR, js BIAR
export default {

name: "Nashsweeper Z411F 4 75",
components: {5 N [FJZH 4 75 ELAE LS 40 ),
data( ) {
return {Nashsweeper ZH 1} H 14540 DA S At S ek B i) £ 4 )
55
methods: {3€ X J7i%, UitaT28eA%L, WI1E template A1 mounted H 4% 1f H},
mounted( ) {H:#k methods 1 LA oAt T N1 js A, FEZHARHE DN #0471,
J
</script>
<style scoped> Nashsweeper ZH/4£ 5 E X

XA E T AR, A scoped &AL HAB AR K
</style>

4,2.2 @I TailwindCSS F1 DaisyUI | 0 AR &
4 T ik Nashsweeper FiidigH 2 S E R ML E 5 TR, EHET “FEr4” CSS
AL 5] % TailwindCSS % 5 Bz, PAAHET TailwindCSS (K] 4.5) JIF K] DaisyUl

(E 4.6) HAFE.

Rapidly build modern websites
without ever leaving your HTML.

daisyUl components
e b G55t it e o s

o =2

re

L

&l 4.5: TailwindCSS & 4.6: DaisyUl

Tailwind CSS - Rapidly build modern websites

without ever leaving your HTML.

daisyUl — Tailwind CSS Components

4. 3 Nashsweeper HJFHAthF AR LI

4. 3.1 Nashsweeper—core—engine %0t #.5|% (Nashsweeper CLI)

TETT5 Regret-value I AT 2 F BI0HE 2, S A B8 e #0 75 B4 T T IREN L /7 B2
FRAY A RE S $ s ZE 1F) CRUD #:1E, 45 SQLite, 141 Node.js 715 SQLite Ff 75 ZE
#Ht node-gyp 4m e C ) SQLite B3], X X T Docker #57 ) Nashsweeper J& Ui 3F 55 A 75 {#

15
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https://tailwindcss.com/
https://daisyui.com/

PN R ZF AR LA 3L T8 [7) 22 4R A1 3504 1) Nashsweeper 11 S B H

Python 3 JF4f Python fifEBE2% H 7 SQLite ¥ & M IR B FE 7 1k Nashsweeper-core-engine
SEINARAR AT . IR TN AR SO SRR ) T Nash 2485 1c & S0 B S48

NumPy 1157 Regret-value 2| 24115 %1 H NE 45 R [1) Nashsweeper-core-engine 271217
f{ (4.7 :

P BIBUERIA ‘ Nashsweeper
-~ SQLite

FUZREHRN : HIRESA
[la1, a2], [b1, b2],

Y

Pl let,c2), [d1,d2]] | 111 Ul

: . 211 u2

el - 311 u3

: : = wmee U Regret Output
: # : wmeme U > Value »

V| csvEESUHRIAN = Nashsweeper T ot E‘EZ

E : Parser u

- meme U

n GNET RIS AR X-X-X  UX

! FHEL AT

3 GEETIAN

Bl B =

K 4.7: Nashsweeper-core-engine £ 4b FE 2
4, 3. 2 Nashsweeper G %i T & F Nashsweeper Web APT SZHR
%2 ChatGPT £}/ &) OpenAl Xt MR OpenAl API 13 4, Nashsweeper tHid ik API
177 AT AR AR S5, F TS OB Al S g g A3, NI (] 4.8) A Nashsweeper
IR 5% 3 LA LA A Web API:

II-H

L0

Nashsweeper Flask Backend

|::> NE judgement OUT
- <::| Data IN

®omn E
h 4 r‘ rD Database Management N, industrial interface

oy ')I(' Blueprint Router [Game Data£l>D

e dp Nashsweeper Game
(] =
a7 4

< 4.8: Nashsweeper Back-end
4. 3.3 Nashsweeper EF Axios™ Bl EMEBIERTHE
T Nashsweeper > % /7 ¥ 5 i 55 B FlaskBORE SR 73 B X IT A, PR L AT )5 v 45 R
H 7 AJAX 34T 3 0 B 2500 Axios, N (B 4.9) AT )G um B &%

Nashsweeper
Core Engine
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Nashsweeper_User Backend_Server Frontend_server

Wisit http: //<nashsweeper|P>:8082 through browser, request NS Ul and Game Data

Axios(method: "GET"), GameData, UserRank, etc.
‘............._..........................................................

loop [Generate
game
data]

if NE.length == 0

Return GameData and UserRank

A J

Rendering the Ul and GameData, UserRank

-

loop [User Playing the
Game]

if NEset.length I= NE.length

Nashsweeper_User Backend_Server Frontend_server

K 4.9: Nashsweeper R J& b £ 22 B

4. 3.4 Nashsweeper FF Pinia’™ 1Rl 5s4H 4k 6 @S

Nashsweeper R AEHEAT ) TAZH, F P checkerboard st 445 T 75 ARES B
Lk H &S5 7 ETRE D, T RZ2EERE T ARAML, %M Ve H 17
HAFr S HA PR E R, AR5 S AT 77 K 26 FoAh 75 Bz 8 () A s, BEED %
FidK, Kt Nashsweeper K T Pinia X 2044 8] B8 31T 30— A7 4%

=

Backend

User Setting

v Game Part User Rank /

¥

Counter

Statistic
info

K4 4.10: Nashsweeper 2144 [a) 185
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4.4 BEPENETTRS

T~ Nashsweeper »& — M EEALIFRR, F P LEA8 FH B fige R 75 22 i sl gt v B T
TR - H AR TR B BN, (Best Response) « #4154 (Nash Equilibrium) . Kt
FEASL P FATBE BLAL B TTAE LR AR (R 4.D) -

KAl BIuE I IUAIRES

¥ AKILTRS FhiL
(Displace of Cells) (Description)
[] (Unrevealed) 744 A & &
. (Revealed) ¥ TA& Ak & &
] (BR) %Ok 54, AARiE0E
B (NE) 70 0k S, B bt

M s — Unrevealed JIRZ BT IR %, Nashsweeper Uik 75 £ L bR id iZ o0
¥ N revealed. BR. NE =FuRZS. 1k(sy,So, ..., S8 24T Unrevealed BT % [ S0,
R, KA FTHE Regret function(ry, Iy, ..., 1) #A 0, A ZHITH NG a1,

%F;zﬁia?'\j.; WER(ry, ... r) P AEAE 1=0, (i n),WZEA IO VBRI, Fibric N
U, i AR R T NE R8T BR, T4 Z%H AL Revealed, HbiioH

L] o SEPL_F IR unrevealed HLIGAS FE LA Revealed\ BRNE IR I H VLA AR HS 4 Algorithm
2 s

Algorithm 2: Sweep operation process.

Input: (s1, s2, ..., Sn), (U1, U2, ...,un), (1, 12, ..., In)

1. ifri==0 for all i then /I (s1, 82, ..., Sn) 1S @ Nash equilibrium

2 mark ui(si, s-i) as a Nash equlibrium;

3 fori ndo

4 fori nandi#ndo

5. mark ui(si, s-i) as a revealed cell; /I sweep operation
6 end

7. end

8. else if there exists ri == 0 then /I (81, 82, ..., Sn) 1S a best response

0. fori ndo

10. if ri == 0 then

11. mark ui(si, s-i) as a best response;

12. fori € nandi#ndo

13. mark ui(si, s-i) as an revealed cell; /I sweep operation
14. end

15. end

16. end

18
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17. else
18. mark ui(s;, s-i) as a revealed cell;
19. end

4.5 JRRIBRFMF

7t Nashsweeper W H, A =M RXERE T AEksE: A9 . LX),
BTN NI A [F]HE RS (I8 S 26 A T I 2 =AM B SR SR A A «

o MRS : WSR3, RS R .

o MRS WERR P R B AN A1, RS

o WIMERHEIK: W R B N 0 5 AR N, RS R
4.6 YRR E

AR/NFIHEIAR Nashsweeper ek IMER . 7E Nashsweeper WK I WG B, P 75 %
ffi € Nashsweeper WEXKIHMEE SR . SRJG, FH P AT DAk 33620 i sk sl o sh 8« 2
Tk, AP REEFE RO IFRTE. BRI E, B fTHEEER e,
Nashsweeper 7 %1 — B 22 3135 /2 WE Rk 45 R 254 ik I (&] 4.11) 7R T Nashsweeper
TR RE

RO

Nashsweeper
BT HRER?

Y

RO HIBICERRS <

L

Y

RIS RMIEEL (BR) ? REMR R +=1

RFEE

A

Y

PR +=1 Mt (NE) ?

K 4.11: Jxkisirinte
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5 Rl

TEARER Y, BATEAN4H— Nashsweeper 73K 1) S 451 HHF 78 K15t B Nashsweeper i 3% [

5.1 BIANKEE

FERERAZBIRE T (R 5. D, AW, BN A 8 N . Uil (Payoff value)
FEAE 0 F1 100 [ N BEHL™ A1 . BN BuR I B ARER 2 i KA R E . FREAR T
SQLite ##f B H I e K AR S AR AR 7R . @I A Algorithm 1, AT H] 74 (&
5.1, K 5.2) HF7RH regret value.

R 5.1: 4 SQLite ¥dfa 5 I B AR S AR AR AN F=

D Strategy Payoff Value D Strategy Payoff Value
LK1 WE2 WmE1 K2 LK1 K2 WE1 K2

11 1 1 76 97 51 5 1 50 68
12 1 2 72 67 52 5 2 69 52
13 1 3 25 84 53 5 3 22 59
1 4 1 4 73 46 54 5 4 57 37
15 1 5 93 20 55 5 5 60 5

1 6 1 6 12 44 56 5 6 1 93
17 1 7 68 93 57 5 7 55 64
18 1 8 20 87 58 5 8 45 51
21 2 1 43 24 6 1 6 1 46 18
22 2 2 68 44 62 6 2 87 12
23 2 3 62 97 63 6 3 32 0

2 4 2 4 72 66 6 4 6 4 37 85
25 2 5 96 16 65 6 5 43 3

2.6 2 6 42 3 6 6 6 6 70 93
2.7 2 7 14 44 67 6 7 53 62
2 8 2 8 51 37 6 8 6 8 26 18
31 3 1 63 40 71 7 1 80 8

32 3 2 76 86 72 7 2 85 13
33 3 3 43 66 73 7 3 54 80
34 3 4 13 63 7 4 7 4 37 43
35 3 5 6 92 75 7 5 23 11
36 3 6 15 15 7 6 7 6 91 48
37 3 7 68 19 77 7 7 88 57
38 4 8 69 77 7 8 7 8 53 25
4 1 4 1 49 90 8 1 8 1 71 90
42 4 2 29 43 8 2 8 2 35 57
4 3 4 3 75 93 83 8 3 87 98
4 4 4 4 18 70 8 4 8 4 57 32
45 4 5 0 31 85 8 5 41 25
4 6 4 6 99 96 8 6 8 6 28 94
4 7 4 7 5 71 8 7 8 7 100 14
4 8 4 8 4 5 8 8 8 8 68 53

20
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5.2 Regret Value i+&

MATE (5.1, B5.2) FroaigsR, JATRT LRSI P iR i L N AT g4 24 4,
WNRFR. £ R (R52) F1, HAEROEFITRERMNIE.

87 51 77 53-

57 94 53 60
84

44 60 90
55 96

75 81 93
55

Kl 5.1: B 1 PrA KBS Regret Value Kl 5.2: i 2 Frf Heug ] Regret Value

7 5.2: Best Response 5 441241

- v Bt Regret fA .
Bkl bike Bkl Bik2 Dkl ke

1.1 1 1 76 97 4 0 BR

1.4 1 4 73 46 0 51 BR

2.3 2 3 62 97 25 0 BR

2.5 2 5 96 16 0 81 BR

3 6 3 6 6 92 90 0 BR

3.8 3 8 69 7 0 15 BR

56 5 6 1 93 98 0 BR

6 2 6 2 87 12 0 81 BR

6_6 6 6 70 93 29 0 BR

71 7 1 80 8 0 72 BR

73 7 3 54 80 33 0 BR
83 8 3 & 8 0 0 N

8. 7 8 7 100 14 0 84 BR

5.3 ¥igatb A P B A E
EMEEIR G, R (B 5.1 45H 7 —> Nashsweeper Wi & ¥ EE H 7 57wl .



HBIHR =2 ASRE AR S

T 1) 22 29 H- 221465 1) Nashsweeper it 223 H

Nashsweeper (PC version) S @ O v -~ V 1
- [72,67] [25.84] [73,46] [93,20] [12.44] [68.93] [20,87]
Ind Player ID Total Time(s)
trategi
[43.94] 68, 44) [B2ORY| (72.66] [96,16] [42,3] [14,44] [51,3 . s o e
2 Linyua 72 220
163,401 [76,86) [CABBRY| (13.63) [6,92] [15.15] [68,19] [69,77] 3 Qianzenao 38 230
4 Test! 96 240
Select your game types 5 Test 250
49,90] [29,43) [LUSIORY (18,70 ) DEOVERH (99,961 (571 4,51 1‘/ z:*
l ] [ 7 Tes 270
- [50,68) [69,52) (22591 [57.37) [60,5) [55.64] [4551) 8 Tes: 280
[46,18] [87,12] [32.0] [37,85] [43.3] -[5!‘61] [26,18] 10 o 2
1 Test 310
[ } 12 Test 320
80,81 (85 13) [[S4N8OY| [(37,43] [23,11] [91,48] [8557] [53,25])
RS l“'m-w‘”l ) I | maer Jrarsaan |
EZD nesh Equilibrium Review ([ =3 Player 1 BR Review =3 = Player 2 BR Review =
Nash Equilibria (NE)
[
Best Responses (BR)
Steps
This is No.1 Nash Equilibrium This Is No.2 Best Response s Ne

5.4 FFERHEXR
TEAR/NYI R, BATTEAE R BoR B e i AN s, /48 Nashsweeper JiExbuit
o FEMEMANEIEG, BATTUES FE (K 5.2) i Nashsweeper Jif % IHIIEIRAS
s P ad s A R 6 HR BRI B A% SR B0 Nashsweeper W% [72, 67482 —A
B0 [ N BRANAT 3T . R [72, 67152 — A Revealed (1B TTHE . [76, 97]=IL A 2 K iE
Wi N, 54T T[76, 971N R0 A Revealed BT o [69, 7712 BAEMIN, BLK 1
A I — B B S AR bR iC oA B s 1 BTk [87, 981 —Fhgh it 2t . 28 =FIff )G —17
Bihric N Revealed [ H.I0H . [85, 131482 — /Mg AR M S s ghf 415 . HA[85, 132 —
Revealed ({5 70H . [87, 12152 Bt 1 MmN, 55 —FI 4 Aric A C s I B 708 . [80, 8]
IR 1 Wi MmN, K s — o) HAh s ek # bR 1c N Revealed B I0H

(72,67) —>» (76,97) —> (69,77) —> (87, 98)

(99, 96) <—..-

K] 5.1: Nashsweeper Vi 2%k K

l

(80,8) <«—— (87,12) <«—— (85,13)
K] 5.2: Nashsweeper Ji# %) 5.0k st 7 5]

[76,97] | [72,67] | [25.84] | [73.46] | [93,20] | [12.,44] | [68.93] | [20,87]
[43,24] | [68,44] | [62,97] | [72,66] | [96,16] | [42,3] | [14.44] |[51,37]
[63,40] | [76,86] | [43,66] | [13,63] | [6,92] |[15,15] | [68,19] |[69,77]
[49,90] | [29,43] | [75,93] | [18,70] | [0,31] |[99,96] | [5.71] |[4.5]
[50,68] | [69,52] | [22,59] | [57.37] | [60,5] |[1,93] |[55.64] |[45,51]
[46,18] | [87,12] | [32,0] |[37.85] | [43,3] |[70,93]|[53.62] |[26,18]

22

Hi[72, 67]



HBIHR =2 ASRE AR S

T 1) 22 29 H- 221465 1) Nashsweeper it 223 H

180,8] | [85.13] ] [54,80] | [37.43] | [23.11] ] [91,48] | [88,57] | [53,25]
(71,90] | [35.57] | [87.98] | [57.32] | [41.25] | [28.94] | [100,14] | [68,53]
176.97] | 172,671 | 125,841 | [73.46] | [93.20] | [12,44] | [68,93] | [20.87]
(43,24] | [68,44] | [62,97] | [72,66] | [96,16] | [42.3] |[14.44] | [5137]
63,40] | [76,86] | [43,66] | [13,63] | [6,92] | [15.15] | [68,19] | [69,77]
49,90] | [29.43] | [75.93]1 | [18,70] | [031] | [99,96] | [5,71] | [4.5]

150,68] | [69.52] | [22,59 | [57.37] | [60.5] | [1.93] |[55.64] | [45.51]
(46,18 | [87.12] | [32,0] | [37.85] | [43.3] | [70.93] | [53.62] | [26.18]
180,8] | [85,13] | [54,80] | [37,43] | [23.11] | [91,48] | [88,57] | [53,25]
(71,90] | [35,57] | [87,98] | [57.32] | [41,25] | [28,94] | [100,14] | [68,53]
176,971 | [72,67] | 125,841 | [73.46] | [93,20] | [12.44] | [68,93] | [20,87]
[43.24] | [68.44] | [62.97] | [72,66] | [96,16] | [42.3] | [14.44] | [51,37]
(63,40 | [76,86] | [43,66] | [13,63] | [6.92] | [15.15] | [68,19] | [69,77]
49,90] | [29.43] | [75.93]1 | 118,707 | [031] | [99,96] | [5,71] | [45]

150,68] | [69,52] | 122,597 | [57.37] | 160,51 | [1,93] |[55.64] | [45,51]
(46,18 | [87.12] | 132,01 | [37.85] | [43.3] | [70.93] | [53.62] |[26,18]
(80,8] | [85.13] | [54.80] | [37.43] | [23.11] | [91,48] | [88.57] | [53.25]
(71,90] | [35.57] | [87,98] | [57.32] | [41.25] | [28.94] | [100,14] | [68,53]
176.97] | 172,671 | 125,841 | [73.46] | [93.20] | [12,44] | [68,93] | [20.87]
(43,24] | [68,44] | [62,97] | [72,66] | [96,16] | [42.3] |[14,44] | [51,37]
63,40] | [76,36] | [43,66] | [13,63] | [6,92] | [15.15] | [68,19] | [69,77]
(49,901 | [29.43] | [75.93] | [18,70] | [0.31] | [99.96] | [5.71] | [4.5]

150,68 | [69,52] | [22,59] | [57.37] | [60,5] | [1,93] |[55.64] | [45.51]
146,18] | [87.12] | [32,0] | [37.85] | [43.3] | [70.93] | [53.62] | [26,18]
180,8] | [85,13] | [54:80] | [37.43] | [23.11] | [91,48] | [88,57] | [53,25]
(71,901 | [35,57) [ 187,981 | [57.321 | 41,251 | 28,941 | [100,14] | [68,53]
176.97] | 172,671 | 125,841 | [73.46] | [93.20] | [12,44] | [68,93] | [20.87]
(43.24] | [68.44] | [62.97] | [72,66] | [96,16] | [42.3] | [14.44] | [51,37]
(63,40 | [76,86] | [43,66] | [13,63] | [6.92] | [15.15] | [68,19] | [69,77]
49,90] | [29.43] | [75,93] | [18,70] | [031] | [99,96] | [5,71] | [45]

150,68] | [69,52] | [22,59] | [57.37] | [60,5] | [1,93] |[55.64] | [45,51]
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146,18 | [87.12] | 132,01 | [37.85] | [43.3] | (70,931 | [53.62] |[26.18]
(80,8] | [85.13] | [54.80] | [37.43] | [23.11] | [91.48] | [88.57] | [53.25]
(71,90 | (35,571 | [87.981] [57.321 | 41,251 | 28,941 | [100,14] | [68,53]
176,971 | [72,67] | 125,841 | [73.46] | [93,20] | [12.44] | [68,93] | [20,87]
(43,24] | [68,44] | [62,97] | [72.66] | [96,16] | [42.3] |[14,44] |[51,37]
63,40] | [76,86] | [43,66] | [13,63] | [6,.92] | [15.15] | [68,19] | [69,77]
(49,901 | [29.43] | [75.93] | [18,70] | [0.31] | [99.96] | [5.71] | [4.5]

150,68 | [69,52] | [22,59] | [57.37] | [60,5] | [1,93] |[55.64] | [45.51]
(46,18] | [87.12] | [32,0] | [37.85] | [43.3] | [70.93] | [53.62] | [26,18]
180,8] | [85,13] | [54.80] | [37.43] | [23.11] | [91,48] | [88,57] | [53,25]
(71,901 | [35,57) [ 187,981 | [57.321 | 41,251 | 28,941 | [100,14] | [68,53]
176.97] | 172,671 | 125,841 | [73.46] | [93.20] | [12,44] | [68,93] | [20.87]
[43.24] | [68.44] | [62.97] | [72.66] | [96,16] | [42.3] | [14.44] | [51,37]
[63,40] | [76,86] | [43,66] | [13,63] | [6,92] | [15.15] | [68,19] | [69,77]
[49,90] | [29.43] | [75,93] | [18,70] | [031] | [99,96] | [5,71] | [45]

150,68] | [69.52] | [22,59] | [57.37] | [60.5] | [1,93] |[55.64] | [45,51]
[46,18] | [87,12] | [32.0] | [37.85] | [43.3] | [70,93] | [53.62] | [26,18]
(80,8] | [85.13] | [54.80] | [37,43] | [23.11] | [91,48] | [88.57] | [53.25]
(71,901 | [35,57) | [87.981 ] [57.321 | [41.25] | [28.94] | [100,14] | [68,53]
176,971 | [72,67] | 125,841 | [73.46] | [93,20] | [12.44] | [68,93] | [20,87]
[43,24] | [68,44] | [62,97] | [72,66] | [96,16] | [42.3] | [14,44] | [51,37]
[63,40] | [76,86] | [43,66] | [13,63] | [6.92] | [15.15] | [68,19] | [69,77]
49,901 | [29.431 | 75,931 | 18,701 [ (0311 [[99.96] | [5.711 | [4,5]

150,68] | [69,52] | 122,591 | [57,37] | [60,5] | [1,93] |[55.64] | [45,51]
[46,18] | [87.12] | 132,01 | [37.85] | [43.3] | [70.93] | [53.62] |[26.18]
180,8] | [85,13] | [54.80] | [37,43] | [23.11] | [91,48] | [88,57] | [53,25]
(71,90 | (35,571 | [87.981] [57.321 | 41,251 | 28,941 | [100,14] | [68,53]
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6. 1 Nashsweeper FN B 5

FEHF b, Nashsweeper Ui AR 14> T4 AR M R 28 B2 e T S I VR AR AT, il S
BB ST ECH AR, R IR S S A SGURAR R, JEE m Rt 2
{4 Nashsweeper. Nashsweeper 7] LAHS Bl F P ] S bR B AR N A S8 0 O RE, ARG
VEMZEA INGERSE . PERI 2R A ZEEIES R ZRRAL, 1K L8 n] jR v] DL i
Nashsweeper fifttlt, #5822 AR P AESE SR

7E Tk |, Nashsweeper 75 4% (> Nashsweeper-core-engine 1F 5y Nashsweeper ] CLI
A LA J Nashsweeper Web APL A F - 11 50 K AU 40 SRR 40 A 2507 . XM MR IRIR 2 T
M BRI B AR Tl ARY, AT st VISR, A BRI ) (fgdn, fE—
A fe B PR b, ABCIAC R 7 AT SR R AR A A E I SRS = AN AR . T SRR R AR
ErAEEEm T, WAl T# 2 3R AT B NANE s W SR AR TR I A, WARAT TR 2315 5K
I 0 SR 3 R e 4 v 0 T S P I A A, U S 2 R A e /N RN 2 4 R 3R AT
SRR s 2 SR 3 P e R AICAN T 2545 R e R 1, Ut o 2 3R AR I R AT T R =
AT NAE . I, FEIXMIEOLT, g S5 2 o e A R A AR IR A . D SRl
] DL 2R, dE I I A Nashsweeper $2 11 25 il iz 2 n) @l

6.2 Nashsweeper FRR il

Regret-base BIEHH: regret-base HiL & T STMESE, WRIE Z4E A o(n?), TE3E
(AR R AL T PRERT IR K. Nashsweeper BRI 53— e 2 A
FPEUA IR E AR AT Al g AT 2o iy

Nashsweeper (U HEMMAER: 0%, WA % EFA S 5% KB
FEACH, Nashsweeper J&— K SHLIERK, HRAIFZ AFIN DL, Nashsweeper J# 3k A
RUEALIA AT R TH 5, PR T P BE 2 Bu X Z [ 22 ELIK B fE. Nashsweeper 7%k I H]
JU{EBT Nashsweeper JifxkJFHIE A BuA ¥ Payoff I, fb/ihkb+ Eardlfr. Hit,
Nashsweeper W/ /R 2 (3 855 2 I A .

6. 3 Nashsweeper KRR KRBT H

2556 F Nashsweeper [ 7T LLF B EICLF LN (1) 2 AR ELER; (2)
AT T — 33T PC ) Nashsweeper itk . ARAJRe oI kK HANIE T F &1
Nashsweeper Jif#k, {5141 10S B¢ Android.

L AER: FF LR AL, BRI, BT, SH P
BEAT I, $-Tt Nashsweeper HUMESRE, 3898 H AL

BEZFEHF: Nashsweeper £ KA GESH kK HAhIE TP 5 /) Nashsweeper JiExk, i
U1i0S 5 Android, [FIBS &% RS Bhui i/ bf A UL #EATO0AG: J80/ D AL A B ok AN 40055

StF Regret BIEMARALINE: EAH, Regret HIAfE T Hmax (s, s_)if, BERME

Sj Si

2] T NumPy #HATAERRIZ AL, (HIBITHMK IH & & 2R, A RK 3T ndr &
U1 GPU. FPGA ZEH & A ik
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R RN B3, NP EE T RN RARS 0, bR U ETHCmE
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Hok, BRI FEZAANAA] (RS0 B B)IEE FHEAAREH
Bt 17-20 A A RIEEZ. T/NEE; OpenlE HIBA: FKEFH. 25 AN
o T BT fE CIEG IHARAGIT S ITAHAT; LS HA AL K2 i L 38/ AR i
EIEFHPMAAD AL DR BIREE T T3, WAEEE AR, R EZE K
Ko WREEESMIYE . EIF MRS SRR PR, PUATRE L !

FBIN K2 LR B TRE A B 1 97 1 B TR A B AR 22 0, DURS Tt BOR (1
B3R, XiEEA T BB RER L, WEhE LR g H Ak sL G, TR AN EZ L. AL
THEH 23, R§gEeZH.
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L#
. # this part is related to database

. # If here exists N gamers, it will generate a column for each user to store their payoff.
. def valst_gen(N):

ABERABRADAARD
R IR VA SEVE S g

W
=

fi% A: Nashsweeper 1% it 5 5%

#
# Nashsweeper Core Computing Engine
# Using numpy. salite3 and itertools

#
from itertools import product
# import numpy

import salite3

#

. # this part is used to generate id_Ist.
. # User X has n strategies, and his strategy list index is from 0 to n-1.

. def atom_Ist_gen(n):

Ist=[ for in range(n)]
return Ist

. def users strategvy Ist gen(UserStrategyNum):

users_strategy Ist =[]
for in UserStrategyNum:

users_strategy Ist.append(atom_Ist_gen( ))
return users_strategy lIst

. # generate strategy combination by using iterator

. def strategy combination Ist gen(users_strategy lst):

strategy combination = product(*users strategy Ist)
strategy combination = list(strategy combination)
return strategy combination

. def id_Ist_gen(strategy combination):

id 1st=T1

for strategy in strategy combination:
strategy =" ".join(man(str, strategy))
id_Ist.append(strategy)

return id lIst

valst pre =]

for _in range(N):
str atom = 'Pavoff' +str( ) +''+ 'NUMBER'
valst_pre.append(str_atom)

valst =". ".join(valst_pre)
return valst

. class SOLLiteProcess(obiect):
56.

def init_ (self, N, Dataset):

27
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57. selfN=N

58. self.Dataset = Dataset
59. # create the database, id, Payoffl, Payoff2,..., PayoffN
60.

61. def create database(DBname, TBname, N):
62. DBname +=".db'

63. valst = valst gen(N)

64. id_info ='id TEXT PRIMARY KEY,'

65. conn = sqlite3.connect(DBname)

66. cursor = conn.cursor()

67. executeStr = 'CREATE TABLE IF NOT EXISTS ' +\
68. TBname +'(' +id_info + valst + ')’

69. cursor.execute(executeStr)

70. conn.commit()

71. conn.close()

72. #insert data(id, Payoffl, Payoff2,..., PayoffN) into database
73.

74.  def insert_data(DBname, TBname, N, Dataset):

75. valst pre =[]

76. for _inrange(N):

77. str atom = Payoff' + str( ) +"'

78. valst_pre.append(str_atom)

79. valst =", ".join(valst pre)

80. insertTab = 'id, ' + valst

81. DBname +=".db'
82. val _pre = tuple(['?' for i in range(N+1)])

83. val ="', "join(val pre)

84. conn = sqlite3.connect(DBname)

85. cursor = conn.cursor()

86. executeStr = 'INSERT INTO'+' ' + TBname + \
87. ""+'("+insertTab + "' +' ' +\

88. 'VALUES' + "' + (' + val + )

89. cursor.executemany(executeStr, Dataset)

90. conn.commit()

91. conn.close()

92.

93. defsearch data(DBname, TBname, keyword, id):
94, DBname +=".db'

95. conn = sqlite3.connect(DBname)
96. cursor = conn.cursor()

97. executeStr ='SELECT' +' '+ keyword +''+ 'FROM' +'' + TBname +\
98. ""+'WHERE'+"''+"d" +'="+"
99. cursor.execute(executeStr, (id,))
100. result = cursor.fetchall()

101. conn.close()

102. return result[0][0]

103. #

104.

105.

106. #

107. # Regret Value Calculation

108. #

109.

110. if name ==" main ":

111. Dataset=[

112.  (0.0.0,1,2,3),

113. ('0 0 1.4.5.6).

114. (0.1 0,12,42,34),

115. (0 1.1',34,22,27),

28
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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.

('1 0 0,42, 56, 23),

('l 0 1'.93.26.06).

('l 1.0,23,68, 54),

(‘1 1.1,57,23,11)
]
# SOLLiteProcess.create database('TestDB'. 'TestTB'. 3)
# SQLLiteProcess.insert_data('TestDB', 'TestTB', 3, Dataset)
print(SOLLiteProcess.search data('TestDB'. 'TestTB'. 'Payoffl'.'0 0 0")
# print(SQLLiteProcess.search _data('TestDB', '"TestTB','0 1 _0")

# test_strategy matrix = [[76, 97], [72, 67], [25, 84],
#173.461.193.201. 112, 441.168. 931. [20. 871. [43. 241.
# 68, 44], [62, 97], [72, 66], [96, 16], [42, 3], [14, 44],
#151.371.163. 401. [76. 861. [43. 661. [13. 631.
#[6,92],[15, 15],[68, 19], [69, 77], [49, 90], [29, 43],
#175.931.118. 701.10. 311.199. 961. [5. 711. 14. 51.
#[50, 68], [69, 52], [22, 59], [57, 37], [60, 5], [1, 93],
#155.641.145. 511.146. 181. [87. 121. [32. 01. [37. 851.
#[43, 3], [70, 93], [53, 62], [26, 18], [80, 8], [85, 13],
#154.801.137.431. 123, 111. [91. 481. 185. 571. [53. 251.
#[71,90], [35, 57], [87, 98], [57, 32], [41, 25], [28, 94], [100, 14], [68, 53]]

# test_strategy matrix_array = numpy.array/(
#  test strategy matrix).reshape(8, 8, 2)

# data input size = list(test strategy matrix array.shape)
# UserStrategyNum = data_input_size[:-1]
# N = data_input_size[-1]

# users strategy Ist = users strategy Ist gen(UserStrategyNum)

# strategy combination = strategy combination_Ist gen(users_strategy Ist)
#1id Ist=1id Ist gen(strategy combination)

# # print(id_lst)

# DatabaseData = []

# for inrange(len(id Ist)):

#  tupChild = (id_Ist[_], test_strategy matrix[ ]
# [01. test strategy matrix[ ][1])

# DatabaseData.append(tupChild)

# print(DatabaseData)
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