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ABSTRACT

Quesheng Commentary: A Mahjong Al Automatic Commentary

Method

Chris Wang( Computer Science Software and Theory)

Directed by Prof. WenxinLi

ABSTRACT

The field of Game Al is an important research area for artificial intelligence, and has made
significant progress. After AlphaGo defeated human world champion, the Chinese National
Standard Mahjong (MCR) as a complicate game with randomness, imperfect information, and
multi-agent games is becoming one of the hot topics in the Game Al research.

In this article, using the Chinese National Standard Mahjong AI (MCR Al) as a point of
entry, the author tried to construct an Al commentary model to explain MCR matches. The
author research on the common algorithms applied in Mahjong Al and analyzed the
commentary method of card-based games. Based on the research for Mahjong Al and
card-based commentary method, the author focuses on following work, 1) by analyzed the
characteristic of MCR, we propose a customized commentary logic which suitable for MCR. 2)
Proposed algorithms to predict MCR AI’s behavior during the match. The algorithms are able
to predict Al discard tiles, Chi tiles, Pong (Kong) tiles. The most important and difficulty in
the prediction algoritms is the discarded tile prediction algorithm. We propose an expert
experience and a statistical method as discarded tile prediction algorithm. The experiment
proved that the algorithm is able to predict the AI’s potential discard tiles precisely and in
addition explain the reason for every tile that Al attends to discard. 3) Proposed a commentary
language generate model, which generates a simple commentary sentence based on the result
of the prediction and analysis of Mahjong Al player. 4) Developed a MCR automatic

commentary system, which adopted the most effective Mahjong Al analysis method validated
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by the experiment. The web-based system allows users to watch the Mahjong game replay
with the predictions and comments about each Al player step by step during the game.

In this article, the basic logic of is using a commentary Al to explain MCR Al If the
commentary Al predict the MCR AI’s behavior correct, then using the commentary Al
prediction logic as MCR AI’s motivation. If the prediction is not correct, then use the MCR
AT’s result re-evaluate and give a suitable explanation.This work tries to solve the problem of
human commentators cannot fully explain the Game Al, and as well asmade progress of the

automatic commentary of Al behavior

KEY WORDS: Artificial Intelligence , Mahjong Al , Automatic Commentary System
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UG IETI AR — UM 23 B s 3 Beg o Koy 22068, Bl T HE L.

% 2.5 WU FIFI AT

(RIS NGy 77 Koy #
0 8 9 7
1 5 3 1
2 2 4 6

2.3.1.2 RS

A KT B0 5% 2 75 T WL PP B0 5K S W P ) i B R I o b T R D) e I et H At
TEF AR, AR 2 T LAIE I U 4 Bt 5% 7E 45 49 T X0 BORT AV H B 0T R T R
AT = 0.07x; +0.73x, + 1.73x5 + 1.68x, + 1.74x5 + 5.45, iC3BLFAEA[H [A]
A R BRSBTS T R T B o 00 FRAE 1-3 BB P BT IR R VR B x,
TNAE 46 P PR B0 R EUAE R A B, a3 7 AE T-9 B PR BE R ESCAR REL PR B, 3y 7 A 10-12
B TP B R SRR IR, s RNAE 13 PG T BE 5K U R B T R K e 5 W e ]
BE PR .

23.1.3 IREEBE M ST

Gro it bk 75 v T B ST R T RETE S 38 I T SRR H R AR T e L
TE R0 [ A TR K RS oK 253 2. 6, MBI EST 4. 5. 6 R RILFTAILKT
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A RES 4, 5, 6 ARAMMNXEHREN 12.3. FrifkRE2Z 2. 3. 4. 5
HA4HKEK, 3. 4. 5. 6 55 FH KR LLLSEHERT DAPEAEET H AN [ A RS 12

% 2.6 JTHERITAL

Discarded tile of the player Risk
4,5, and 6 with no relation to discarded tiles of other players 12.3
4,5, and 6 with half relation to discarded tiles of other players 7.0
3 and 7 with no relation to discarded tiles of other players 7.1
2 and 8 with no relation to discarded tiles of other players 7.0
1and 9 with no relation to discarded tiles of other players 6.3
3,7 with relation to discarded tiles of other players 5.5
2, 8 with relation to discarded tiles other players 4.8
1,9 with relation to discarded tiles other players 29
Winds and Dragons which can be used only for eye or meld 34
Winds and Dragons which can be used only for eye 0.9

[FIFEBER GETE T IRAE R AT A AR B2 B 5¢ BB, Xu £ 2RI SO 1
FA AT A3 AT IBRKE () 3 A7 38100 Sl o RS R R, 5 B T 2 ST DU R T H A IBRKE B
Yo SCEEHORAFBER GEt Tk o fir th i e] BE PR AR A 25

2.3.1.4 BEERG iR

IR XS SR E HEAT P, 38 3 O 6 T A L AR 0 T AR A Bl o 5 P R A 5K
a2y 3 2.1 H P RO A ) S Bk DR HE o el R R ) A B, R LR EGESR . 2Tl
St S

# of target tile remaining in the bank
# of total tile in the bank

AR BUSAENT B, FTRL “MT” W SRAN[R] (0 BT 5 it R 5K AR AL s A R R A [ At ]
T B HO R B O, X i o] LLid s A 3K 2.2 THE A ERAE SR PPAl 2 1 T BRI R 1 234
t RN ) CRIRERT BRI

R= Y!_y P * score(i) 2.2
AT IR TN E 2.2 Fros, SETFREaTRL <M = , PR RIS

4000 77, FLfE RT3k 2000 730 BB TKEAATH 15K, ZATHUAR 30 5K, 8L IR
A TS H R B BT R ABEER B0 10%. FRARAE A0 2.2 TH5E, HETSRIEEE Y

R = 4000 = 10% + 2000 = 10% = 600,
15



ABFOR A AT T A A 18 3

() &) &)e e 8 BEIC: G 3ldesiosiod

K 2.2 BrxFhEpE

FIHABER G vk, AU DA De R 4 ar 5 RS0, W] PLFE “Irhi” i 42
LB . I MR DL E A AU <N WK AR R
B3 F R A R HED H A 2 B B R R o0, an B 2.5 s e fERX P T FT
RS, BRHETOSIUE, A L T, SRR R = G
Al PATHFEE A JLk AR B, i gnth AR MR, R AT H DU fE T RS
=. L& —HE K, WRITHE =00 FUEE ST H B R RS A B
REUNT 4G —EHZEH =M.
& @ © ©||®eg| |®eg
%)% ollgslles

P 2.5 FHOM [R] R o

B BB A F S LK 2.6 A, BiIaR 50 9K, —. FufE—3E 55k,
= gt 4 5k, EXMEN THRESESARNX 22 (FEHEE, BB
Zal+21=01, BOMHS « 1+ 52 =012, FFLLEFFITHIIE

YLl

P 2.6 KA R H k55

232 BWEBZIMEEWNERNGE

Mizukami | F 5245174 /51 (MonteCarloSimulation ) « /i B %% >] (Supervised learning)
A AU o BRKE AT AR S B N RRRE R SR R 7 B A IR
HF, Al RyEEE TR, BT LA NI FEAZE B TFT- ML Al 4

16
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T A ST 17 EPORE AT B ST R AL A S o R, RIS AR 7EX T
B, ] Logistic B ABON FAT A W L, 5 — MBS AR, P — M
BT — AU R S 2 R AL . e A S5 ST SR RIS R, 3R AN
VR AE TR 5 i3 32 A P << N RRKE (0 7792, DR A A B0 5 R B 0w R PR G, R
FHIX B TR AT Rl OB Tk S0 FPIRAES o A8 5 3 v il 7 0 ZEI D) e 2 0 T
BT SERE F A BB 0 5, R AL ST H B RS F b Do S BRAT H R
BEATREG . I TR, R AL 5 b B o SERR R AR S AT LLA B 62.1%, 9
HERR AR A AR S E [ LR (Baseline) o

Gao iz F M & 2 ST R BB £ M 2521 (Convolutional neural network) , 43 AN[H]
I 2 FEAT ISR, 76 H R AR T AR B S. & J%6HI ] One-Hot 4 fith ™ — Bl FRKs
H 4%34 BAERER RN 2.2, SRJE R0 T BPIRES B DU TR B 47 H AR
P B RS 5 J n L i 4 AN E1 1 BT A RS A5 B g A a5 i (LB an sl 2.3, SR8)5
FA=ZJE 5%2 BRUZ M AE R ZIEUE B o SRJ5 5 H =R 9 230047 114553 5
S (discardnetwork) , Pz, filf. 4T (stealnetwork) FIWFM%4% (Richinetwork) .
B2 H R 6 R R T T R g B SE S0 . 5 SBrsd Ji R TR e x5t L,
FRAERRZRILE] T 68.8%, Mo\ MERRAIHERZ 72 5IE ] 1 90.4%AM1 88.2%. £ J& K TAF
o (23038 o A N 5000 465 40 J2 B0 B R e i 2 R 4 (R4, H R TR TR SR TR, TR

£ 70.44%.
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3
olr|o|o|n
o= |0|0|Ww
o|o(0|O|s

K 2.2 KT St

Feature # of planes
Own hand tiles
Discarded tiles
Stealing tiles
Dora indicators
Richi players
Round wind
Own wind

Past 1 situation
Past 2 situation
Past 3 situation
Past 4 situation

N

Bl 2.3 H KL

233 REBRILFES]

A FH B 22 S ANE AR 22 28 1) TR ORI IR . 7 2019 48 8 ., HIfik

I BIE 7T Bt & A 24 4 e 5 R BRKE AT Suphx>VR) A G B 22 ) 3 — 2D IR B i Ak 2 ]
(DeepReinforcementLearning) {7575, 1EH BXHEEF & KR LB T 99.9% A5t

K, IERPFBIBAL 8.7 Bl

RS AR 2%, B W DATRT B K0 E P RICIR L, Do S 458 R 175 D0 AT At B 5
FREITE DL . QI 2.4 P, QR BUoKER, SE W AT IR m] BE AL, 4255 i 75 REAL R o
A SRAT R 75 BEAE HAB BT AN AR S 0 T 58— akht, A SR AT AL A B A 75 Wi R,
e AT Rk . HeAhBra th R, Bk /R ZAIWrRE S AL, R, R, AT
L, AEBCA HABDER T HUR S DL F AT 301

18
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Other player
discards a tile

Yes#{ Round over
inning Model:
Yes Yes T it Yes{ Round over

Draw a tile

inning Model:
Win or not?

— No
Yes Chow Model:
Yes ‘Whether/What to
%@ Chow?
Kong?
Can

Kong Model:

ClosedKang Kong or not?

or AddKopg

Yes» Make Kong No b
Pong Model:
CalBute > Yes hether to Pong?
Take the

proposed action

b
Declare a
Yes» . No Kong Model:
Riichi State
P Yes hether to Kong?

Proposed action

interrupted by other 1—‘
b 4

players?
iscard Model* Propose eetion >=1 #actions
with the largest
“guggeste

Discard a tile N
Yes confidence score
0
Other players take actions, or
» | Other players take actions | |«

round ends with no wall tiles left

K 2.4 Suphx WL

YR FRAGFE Suphx 45 T I TIREEGIRMZ ML (Deep Convolutional neural
network) [ 5 MRS I (Discard) "2 (Chow) + fif (Pong) . #L (Kong)
BV (Riichi) BEARUFI—ANH: TR 0 B RSB o 5 B I B 2 ST I v L IR
B AR >), B T RIEERE (policygradient) HISHVE. AR Sk
SERNEMR AR WK 2.4 FTR, Suphx 1E4 RHES 55— SR T AL RRKE AT AN
RER, Ba— XA R R BN T HAR R AL

YA FRREIT R, RN 25 1000 A5 B R O HH R 25T
19
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7 2.4 Suphx Sz 4k R

1* Rank 2" Rank 3"Rank 4"Rank | WinRate | Deal-in
Rate
Bakuuchi 28.0% 26.2% 23.2% 22.4% 23.01% 12.16%
NAGA 25.6% 27.2% 25.9% 21.1% 22.69% 11.42%
Top 28.0% 26.8% 24.7% 20.5% - -
human
Suphx 29.3% 27.5% 24.4% 18.7% 22.83% 10.6%

234 MAMHARBBE X

R ROK AT BRI, ARG Al K47 HAROR FIRF TS [ FR AR
R B HRAESEAN B ZEAZ, (HRAEME. FHIF SRS S 7 20 B AR A
2oRe XEEFRMT HRRA LR AR RALEZE T 6. IR T RE A 7281
B, ETRBTN REITHTIT, PRIESRAGE G 1 5 T Ron HAT U . BB BURCRE
Al ERITET 0 AT LKA . BERgE RS B2 sz 15575
H T F R B RS AU VAR T AT SR AL TR DB BL, AR SR 1 BRI IR 5L T
TREY . MRS IE — R E ARG AL [R5 U R 2 T A 28 05 1 1 [E 47 R
R AL AT KPR IR AR RORE AT 2Z T80 =5 (138 H 5

2.4 Xk B EL IR R GV IR

HI 35T B RRIORE AT PHE T iR RO 7E, A BEIR 1M SR Va3 ik e L R S i
VPRI BIRKZHOLMIG R 2 e 5 BRI, kR AR e alE B
75, AHRR T B ORISR A . PREE R CLAFIR NG, BOZARZ AT Lo
A ST

20
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2.4.1 HARBZEBRGE

Tsuruoka X K IR RE B R 2048 F1 N 28 5 208 Ll i o7 110 4 a1 AL 4% 27 )
(Machine Learning) £l [ %815 5 43822 (Natural Language Processing) ) 773% [H 5
RS DN R PR E S . B R T RN i, S EURIRSHER S L TR A
Yo i B TE P S SRR AL (B N AR AR XA
IHLAR S 2GR, BERYAT DO B PR o 2 AN A IR 211 = R PR I ] 15
SR HE TN A “RR IR T R T X R R S AR, ] B ARTE AP
THVEAE T 4T R A VS TE A . i 2.7 s, BARES A E— RIS, mhr LA
FRAEIR PRI A, SR T LGS o S AR S AT A A, AR BRI RS, e R A
TETRNAE 5B A e P A SRR T O, A B
: 1 A

g7
Characteristic Word
Prediction (see IV. B.) I

Static Rook Bishop Exchange Bear-in-the-Hola Climing Silver

=S
‘i @ a # @ * X @ i j Language Model Commentary Generation Openlng IS
il ishop Exchange.

K 2.7 BHHIHE RS

S 4

YA

¥|¥|¥

=
— T m MmO 0 oo

d-=

2.42 EFRSERRR A
[FIFE, Thamtani 75 [ PR R B 3h1F0 5 P 70 b e L B 7 2R 7. B %
O w21 g 17 105 TV e =1 1 R SO v 0l R R T = S e =1 ] e 57 SN Y R Y
M. LA ERE. A5 KX EE R A KL T 4 %016 i A
(wordembedding) & & B8 Ha] DLA B 24 1 JR AP G A .
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ABFOR A AT T A A 18 3

Wi 2.8 iR, HKEAG SEECOARIREREARY, B, < BIR R
d8 #2 % d6” . RIFAIE F R MALEE, A Bt BT R B HIvFe kA, filin,  “R
Jriktt RS 5. 7

5. Move notation: Qdé [ Temp: Black moves the queen from d8 1o d6 |

' .*. Al l'-‘-. .*. * NN: Black brings out his queen , which breaks the queen and
Al A AAdX .i.i ' provides protection the the e-pawn
. i .
.i., ,. .Q. . s (GAC(M): Black attacks white queen.
..E* ég.!... A GAC(M+T): Black brings out his queen to the atiach].
Al - .é. FUAME | cacmsT+S): Black brings hi out
Eﬂ' '-.@ EE ﬂﬂ' ( ): Bla ngs his queen

Ground Truth: Letting the Queen join the attack.

2. 8 PR R T i 5 A A

243 WARZHRHIB AR

FEXT i 3% B SUFEBLI T AT T, HACK AR [ bR R B shiFig RS KERS
JRBHEA L VR MR DA 158, B BB S B UT ARG ME S A,
R FPRS ERAE SRR S . BT ERRE A KRR e 8dE, A
IRVE 5 AL PR 5 VR AE E bR RS B SRR T E IR AE N o (B PR TEDT SN A AT DA
4, HVJe it aiR EROIE AT, AR A AR 20 A B A R AR B R PR B A U PP T
GE

2.5 EFRRRIE AL 5 B

Botzone® 2 H A S50 = HF R I AL #UH T &, Horh [ br BRs ek _b 2t 5 s 42
(RIS 1), AEXIYITR AR R T KB A RN SE R RRAG AL RE P DL Rt . FH P S [
PRIFCRE AL MRS AT ) T B R 2. MR HlasE XU, didxy
Botzone [ AxBRAG R BAHEG P TETE, W& 2.9 BioR, RBHESHHELRT 20 1) Bot K
o C/CHgm 5, R/ H02 A Python 44’5 o JB ST Bot #2719 0#, F C/C++
G G IIRESY , RAFEMAARFEITF KL X RZG, R s 7RG,

@ https://botzone.org.cn/

22
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HI Python % 5 [FEFF 36 A L AR FIHLAR 22 2 K57k, LT LABEH, 7£ Botzone b [
PRIRAS AL KB R EE T L R i U R ST (15, B RO T2 THlas
ATk

Botzone {ifxk Al X766, WM 75 K EARRRA S R, HRAuE TR
R AT SRR AL A DEANU KA. v 7 SRR e AT & L E
PRRAE AT (xRS, AR SOR E BHR AU T KA R0 DLRMER G AR AL I
P RIAE 77 5 2 o 22 LR 22 S TR RIRRE AL S50 5K — P U P12 [ A bR
AT Z 83 Jay I8 FH 75 92

H® Bot B fE& HE5 Bot fiiid BHFRTS

kcznol my sample ® .cppi7 B0 R

kczno3 311. test 0 ® .cppl7 B RN
3 tEFR ﬁn Chillax 1273.78 [RIAKEE 3 ® _cppl7a | B 1D | N
'l 111 c1600011060 1259.46  ; ; ; 2 @ .cppl o RN
5 test - fammerTank 1256.63 test 7 ® .py36 | & 1D n
6 BHRE humanfy 1249.06 T #u XA 12 ® .cppl7a | B 10 M
7 mahjong_v5 vyj 1231.15 BEREA 0 ® .py3ice @ 1D n
8 tAAER emmmm 1230.07 test 12 ® .cppl7a | B 1D | N
9 test miemiemie 1228.12 t 15 ® .cppl7a | B 1D n
10 test rﬁ BeerBread 1225.12 PAFTARA 1 ® .cppl7a | B 1D | N
11 test hzwl998 1224.79 233 10 ® _cppl7a | B 10 | A
12 & EFTE ﬁ infinityedge 1222.81 FTRRERFF O 27 ® .cppl7 | & 1D n
13 omicron E‘f BT T 1218.22  Omicron a ® .cpp17a | B 10 M
14 test E liangjs 1208.36 test only 43 ® .cppl7 | B M
15 Lambda Q bacTlink 1202.44 Lambda 33 ® .cpplia & 1o n
16 test jacoke 1194.82  test 28 ® .py3s B | N
17 as77777TTRER hhhh0555555 1190.85 8.0 waits 3 ® _cppl Zzmn RN
18 mahjong_rl “ draplater 1190.15 o' _'o ®|tF(125K 34F) 1 ® .py36 @ 1D n
19 test lehuolh 1185.35 test 18 ® .cppl7a B 10 M
20 MJ_nnj2 Jill 1177.92  nnj2 0 ® .pyic B A

K 2.9 Botzone Ep K K6 HE4
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2.6 Ihgs

A B3 I A SRR AT 7572 BRSSP F IR T3 1%, D9 RS RRS AT oS
FEESNRUTIERIRT FUT ¥ 78, TR 7RSI . B XA ATRT FUELIR A1
W, TR AL B AR T 5. RN S5 & E bR BRI B wit Fe kil #1x
Botzone b CUAT [EIARARAG AT BU%F R, SR EBLEVFIR 57 1 20 I T8 X 22 0 A SR
it ik EARRRAS AL JF AT B AR TR R RTRME ST X e
WAL R G55 7 iR AT 0, RS AT S R O R U PR IR AU . RIS B ATt AT
LA 25 AR R I PR TR . BATERIRBA B VFe B, (H2 R M vFeiE
RN 7, BIRR ETE AR VE S A AR 2 A G B i E, 254
PRIRAS ALY B B 0RF R, SR T EE S AR AL H SRR T .
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B RN IO AT N TN T E

BT EZMMRRIEEM ALITRTUN A

AN EE e S E AR RRR R U2, IRE S SRR oK, TR TR T
MW B A L, AR D S 5 28, Bl ks R SR A 1 e e [
PRIFRRE AL AT P00 73 o R SSCIA RE R (RZy il LD T Ferboxt EARBRKE AL H
JERTI R B NTHE R, 0 IR A TR KA A S TR g Wi T K
TR XA GRS R T J735 o RS 79 SR FH 3 L JURH 2% A1 i 0 ) 7 92k
FHr, B RARYE 73 B 4h R o A U A 2R A S 2 3R]

3.1 EXRIRIZE

P (i Ui R L N XA RS OB R SR X, DL SR Ay 5 1 e B Ak o
it AR DL DLEROSH], N RESEE BE Tk, Ahe
RARRENIGE T I8 BXS R 52 AU R A B B3 AN RE [ KAl B &b i BB JAR
SRR, RN B REBIT T LESR A U5 LU BR T BB o [RIARBRAS (0
FATEN, AGOBRBLWHRFS 2. USRS ESH EEHANE
BIFEE, N5 AL G AR BRI A B BRSO RO R B AR T

3.1.1 BRARIRIZEE

F5RIEBEN A REMEFFR LR AU TG O, Rt A B Qs — Mt
KM, BN RE M. — ROk, — PSR E SN DR B
FetRYE R I H SR o A SR I A, U5 — 2 T F At b 50 X — AP R
SPL, - FFAAREARATT S B BRAN SR (R SRS s A R AS I, )R AR B L Y
RIIF o T B SEPR R S J R 8

FEPTA RF LIRS, MARMBEVE 2 = AFRRA, e Bissh 2% — A
WAL . VENWIERE 2 25 BB H LAE S — AKX 2, HILEESERR
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Fo BN GG T RO R AR, (R T AR A AE SR Rk
SR A FAL A B RS IR U SARIIE T s B ASRIE B BRRAS 2 o T EAFE AR I A
RENS IR LF MG IE oo (AR . PR AR R K U B ZE A Bh L Aok i 2y, B
UG AL BT oK 104 B T A4S SRR W] B A AR . M R SR R AR,
HaaaRE SRR E R,

3.1.2 ErmFRIiRRIELE

[FIRE AT DB IR U2 BN A AR RS b, 2840017, ek ERmir, Lk
A 5KR\JTA— 5K R, PR ER 1R A AR R, B R DA B 5K
5K\ BUEF AR E R TR IRIGSE\TT “A7 fi. BRI BT
PIEK, BLEHRR 1T b sk Z ANEE KR, T\ T PIEKRARRS “RTRR T LA
KT R, BRI HER C AT U B AR BE A 22 A AN o M o [R5 5 0 T ks 2
W2 T I EA AT A2 — 3, PrCVE T  ST BRI . R R A B B
HRSEEE R, BB A RIE RS B — B — X\, i <A 5
BERNE . XA BT A 0 A HRE, IR T P e R AL A DA 110 A 5 7 3R R ok 0 L A
3G A FE A RS R PP

BEANMEBT R A A 2 BT W] B 2 A AR 5 RAH 2o b, 4R A o S ok sk
MR BerE. LR En T —5Kk—73, N =7, W FHRAUZ#E. FxRaA
SR AT PR N TR E AR AT o b . BN B BT, R Iix =i RA A
BT, IIFR KMERSIZM . R == eaA e s — Iy (Blm—=07) ,
I BL K ) ] BE PR AZ ARG

B 301 s, EARBRRS IR SCF IR I T UERS 9, 1D 1 S A B S
RETAET PR 20 MFMBAT 2, BB o R 3) W R i
R AT B BRI, RAT N, 0 B Sl 2 RS R B LA 0 A B
SCEhRHIE; 4) BusdT HXskiE, FIWrE Bz, Rk, ALEREOL, WERA I
Botrbixig, Bt ALAATRETE, JFIn AR .
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» DT FERE

[ FTBR

FOu i AR

iR

PRI LR
HIRE

LSS e
BRI

RS
RIRE

EEHE

A

z./kit/AT

3. 1 b PR A 22 4

T 3 X PRRORE i U X2 A R 0 T A5 R B KA S AT R BRI D5 A AT REST H MR L
e BRATTPREBTS AT H A0 AL AT TG0 P R R AT L, 2R i A Do K] 51 0 L it L A
Dok 2 MO B SR FE TR Be 5 H R IR AR 23 ) 2l 2k X2 B ) Do 4L A T
Jiih TR GUTH I A RN TIN5 VRN 45 5 i (R 0L A T ik
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3.2 EXX AT BTN S X

BN AR AL AT NIOTN, BACORULA RS AT Buag thi. RERR. HZRE. AN
SR DU AR AT 9 (T

32.1 EFERZERIEM AT G X

WETTVE E B FE B AL A 25 70 i Bo ot A8 R BT RT REIE - Bu s th i 1 22 AR 3 B
ST A Duak ST HY 10 R B A HEDI e 5 2 8 I X A5 2 i 7
FIMTHE B PR L, ORAT IS 2t . 45 G BERHL AN H s 2 PR 70
B, EAMH AR, BT L RARATNE, A LASI AR A e R .

3.2.1.1 FUM kR &k

BRI R BB ERAVE IR TR, wa. Bl AR RMAE AT, Sk
FRUHE, KRR TR HE R A AR A e/ N BRI AR50 T 30 5K TR b 1
—IRMR, JRRELBUN. ZI. K RORRITIE R, RN RTERAT Tk FREHES BT LA
kg e LR 2R R [ ) 365 — TR A O 1 5T 58 AR A R L B SR R
15T S =k M P2 MERHEH S T LR — BT 126 1F, ARG BT X =K MATF
R GRRR . WORANREALBUN T, BATEE — FIXGKMAE TR I R, X sk
FRTETF R b I 4 0K, FRATREIX 4 5K IAS I ok o Bhi, FRATZRL T —RIAT .
R I UECN 3, IR IR = 5K AT R rh £ AR 543 2] — B %07, &a an Rt
WEN 2, W LXK EHR KM, HARENEAERRSTE 3.2,
local_current_hand_filter 7] LRI TR BEZH R Z1) (AL« FRE )RR 7k tH oK
K R 4% 1 ROLLE T R R S R 2L A AT AT T 2
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1. BX—: FREEEZE
. function local current hand filter (current hand)

//sort current hand

estimate discard=current hand.sort () ;

for tile in current hand :

2
3
4
5. //check every tile in current hand
6
7 //check if tiles able to form chow
8

if (tilet+l==next tile&next tile+l==next next tile)

9. estimate discard.remove (tile,next tile,next next tile)
10. //check if tiles able to form Kong

11. if (counter (tile)==4)

12. do4

13. estimate discard.remove (tile)

14. //check if tiles able to form pong
15. if (counter(tile)==3)

16. do3

17. estimate discard.remove (tile)

18. //check if tiles able to form eye

19. if (counter (tile)==2)
20. do2
21. estimate discard.remove (tile)

22. return estimate discard

K32 FRpR:

SRJEBEAT R — B BT, R AT B U T (Rt — B IR ok . R e b
PR T TR, R RS F) B AN 1 BN 2 SE R SRR B SRR TR
ik R, RN E TP T s = RAME R I PRk
PG R . BRAEFRA TR TR DR U 2. K RO REURT AT e 2 RS It FA) RS 2 97 a2
Ko

TR, MIEEHXALRLL, IIEXZBUAT D JedTHE R 2) rTREFpEp
BR—17Y 3) AEFMARR TGO N TR B e KA A 3T KR
e L, AR I AR IR B S 2 A B e B I B I SR R S AE T L
BLTREL AR R D BOZFP SR A R, 3RATA] LS RSk — 171, R L OR B AR T BEST M

Ve THERE, TR B KR
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AEHUR AR W T A A 18 5T

FRAT B b G ERA TR TR oA F— B, WRA R T — IR 2 R
FRTE N TR, WOERAE N AT TR R BR o S A 30 % X ekt A2 AT T 300 B X
KRR AR RN 3.3:

1. B TRERHRBEEZX

2. for tile in estimate discard

3 //eliminate the tiles has one tile left to form a chow

4 if tile+l==next tile || tile+2==next tile

5. remove (tile, next tile)

6 //eliminate the tile that its type only apear once in the hand
7 elseif count type(tile,current hand)==1

8 remove (tile)

9 //eliminate the tiles never discarded by others

10. elseif!total dicard.includes (current hand[i])
11. remove (tile)

12. //eliminate the honor tiles

13. elseif(tile.type!="F"||tile.type!="7")

14. //check possibility to form all honor

15. if current hand not all honor

16. remove (current hand[i])

K33 LRARFEH EENE

3.2.12 MBRELEER

B SE R FRATTA I A 75 VR o Un SR DS SEBRTT H R RELLE BATTIII £ R 2 5 AT
ITRINAERS, Boak i R AN FRA T U 10 L BR B AR — B, M Bk o i A N A
PHEIEFHIAT,

AR RAN—SONRE ST H AR5 3AT T2 iy O B A RS B, SRS BN s e 53 4 —
SRR 2 — SRR AT DAL, S8 IE 75 BRI K AT H (A, RATH B4 3 IRER 4
U WP A] AR BT H X 5K DR D9 A R it-5 (R4 2R SR B L D 2 By AT A0t
T MPMREF T CEHERAH, XA RATFESE— T HMPAE AW
WY 2 R BORF R o 0 2RAT (18, Db AT RE MO e B & i, B A & 3R 2

Y P IR IURBURAE AR, TR RS TR R %) T A
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3213 MEFERZGHIEMATONGERN ST

BT LR/ A TN ITE, Ut A R0 3T AE . JEdxt
TR AT, AT AR RN AL X a0, ik e Al &b, PP OHEA S
(IR E DS FRMIAT H AR o KB 0 0 m] DU AR £ 20 A 0000 R Be 53T AR, O
REME AR RE R N o 0 A R T I AL AT, IR T80 5 R TR IR R e
WA X 2 FFEAT AL, BT ABRA TR R 2 — R A B K H AR i 4 Rty 48

3.2.2 E TR R TR 7 3%

FEAH T ve RFE AR R, R0 SRR A A A A SR T 10 5k 25 T B X
IR, R2Ubm A, BATR] LUE R 2 R0l A Bl Be ol RE4T R Ak 2 /ail A e
SCRRFUEAT AR B HABBT IR, (B XS R 115 DL — TE TR

A — M I TR ST (T B 7 o] DL BT H BT R AEIX 44 Fha Pl 22
BATRIERE— D EMEAA ZFHEIH S TR A AR R AR H 5 % 5
HIK, PR A TSR K TR A0 L B f5 /NI LA 2% B e (1) 2L 45 1 DAy 1226 o o ¢
Mo ARG AR U B A Z AR P BORER . B IR 7R3 AT LA 44 AR
AR T PRI RN 3 i e R, SRS AT S AT RUREE = 3 i F 28 o ) R R A D AT
T B oK e 28 AR AR AR, TR PR R 5 2 PR R AT SO B, FRAT S R X 2 R A AT
B R R AT A2 23T HH KR

@ A F A TE K FE (World Series of
Poker, fEIFRWSOP) J&tH 5t - HAG B I b g, RAE IS4 s K FR 2 25 711000035 £ T6 R T VR4
o EFEE ($10,000 no-limit hold'em Main Event)
© FNRE PR B 4E 20T B R 2 TLBK A, W R ZE 3K A, AR B A3 .
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AR L RRE RN AT T R TE AT R R AR 0 35 < DU 2 — 3o MR R R o o S AT 0 A
“PUZH—x i M A . HACE o~ R & A 33,1

A= i:(n(@fmwi + k- 1) X (n(,_,lp_m;;q)) . (*H(Elye)))

FRATH A RFR R —FFITE A, kK Fon TP, A ke
0-4 FE/RTERUIN - 30 0 5 DU, A Z1F B AN 4. n(Chow) KR &2 1%
BANERIGPAA T, JErT LA T 5 k AT, AT R0 R R 5k
A 45k, FrBlEE— DA AP E B R R E 4 k. n(Pong) Kanipi 2 1% % F I Fir A %)
T, BN 3 SRAHFER AL B2 T, BT A 2T R R, S
PR 4k NZIF o BT RMTA AT RE R Pk £t — 0 E iR . FFEER IR, F
R AR SR R I OO B R T 4, BRI B NN E e B & — N A& Pk
R EBLR RS, IR 4 MBGER —4, ik N —2

BT, EFRBR A — Ry “aR” o BERTMICTEM, Fra i
BIRTFETF 7. NTHEER, ROVH B, T. WERRE. %&. A, WCZEMRG
JiF-, 45 3 4[["B7", "B8", "BO"L,["T7", "T8", "T9"],["W7", "W8", "W9"|].%I 45 9 4L[[B7,
B7,B7]...[B9...],[T7...]... [T9...], [W7...] ... [W9...]], FIF ¥4 9 4 [[B7,B7]...
[BY...], [T7...] ... [T9...], [W7...] ... [WO...]]. @it HEERANAIEX B —3LF 3771, &
—FREAL T SKE IR, {T1, T, Ts, Ta... Tarn } €A, B FhHEFILALA 7R 14 TR,
B COREIR, {t, t, 3, ta... g} €To

X HL R L R ) R TR RN FE PR 21 - AN [ 1 P AN 72 o TE I PR B e ZEL It
TR ULEE NI, FrelXBEHE T EEHA (combination with repetition) [5VZ:,
MEEPEZI T, T2 R =k — R s, —BEEREIE T 4 5KM, Frbh
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XHEHRB T AEEHSE (combination without repetition) 5V, X PR E VLRI U
3.4, 3.5:

o J o U1 Ww N

10.
11.
12.
13.

= EEHSEIE

function combRep (arr, 1)
if (1 ===void0) 1 = arr.length;// Length of the combinations
var data =Array(l),results =[]// Used to store state
(function f (pos, start){// Recursive function
if (pos === 1)
results.push (data.slice())

return// Add data to results
for (var i=start; i<arr.length;++1i)

datal[pos]= arr[i];// Update data

f(pos+l, i);// Call f recursively
}) (0,0);// Start at index 0

return results;// Return results

K34 WEEHEHL

—

A A

—_
=)

12

15

13.
14.

16.
17.

BxEl FAESAEEE

function k_combinations(set, k){
var i, j, combs, head, tailcombs
if(k >set.length || k <=0)return[] /I K-sized set has only one K-sized subset.
if(k ==set.length) return[set] // There is N 1-sized subsets in a N-sized set.
if(k ==1)
combs =[]

for(i =0; i <set.length; i++)

combs.push([set[i]])

. return combs
11.

combs =[] // Assert {1 <k <set.length}
for(i =0; i <set.length - k +1; i++){// head is a list that includes only our current element.
head =set.slice(i, i +1);//take smaller combinations from the subsequent elements
tailcombs = k_combinations(set.slice(i +1), k -1);
for(j =0; j < tailcombs.length; j++) // For each (k-1)-combination we join it with the current
combs.push(head.concat(tailcombs[j])) //and store it to the set of k-combinations.

return combs;

K3.5 ArTEREEHGHEIE
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"T3","T6", "T9"], ["W1", "W4", "W7", "T2", "T5", "T8", "B3", "B6", "B9"], FHiFKLkrT
FRHEATRTEL, B FREIX 6 PR E A 5 e A . I FRATIE 7R 22 5 5k
A B AR IRAY A TE S TR 0t — TR AN — X . 5 AT 145 21 1 e A
A T R A 26 B e P R R

I IR TVEIRATTAT AR 44 AN i b MR 1) BT A R AR R R ok R Y e
REHE e dp v (R LAY o 3 T ORIRATHG VT RS 10 VB P A — AN Rl eh <A MR
B 5 A PR N B SR Pl RS, SR P AT 25 Al e g 43¢ ) A RERARE 36 i e FF) 7
Pl Sy 00 2.

3222 WEERITERSHT

S HEFN A A I A RA T FIE B T M A AR AL (T, Ty, T, Ta... T} €A,
BN ORI T B AR R R AR . A 3X3.2:

i () | n(t) n(t;)
P, =T]i( TR "'*N—i+1) 32
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HI{ti, t, 65, ta... ti} € Texpec REAN o n(ty) RS HHTRRFR AITREL, N R BRI AR
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function set_tile_prob(all estimate list,actual list,remaining_tile,total){
var temp _tileCnt = tileCnt;

var max_prob =0;

var max_tile list =[];

var temp_prob =1;

for(let i =0; i < estimate_list.length; i++){

const estimate_tile list = estimate list[i];

e o

var temp =[...newSet(estimate_tile list)];

. for(let j =0; j < temp.length; j++){

,_.,_.
—_ O

. const tile = temp[j];

,_
N

temp_prob *=(remaining_tile[tile]/total)

—_
W

total--;
. if(temp[j+1]|&&temp|[j+1]==tile) {

remaining_tile[tile]--;

[ ==Y
NS ok
-

1
s

—
oo

. if(temp_prob > max_prob){

,_.
°

max_prob = temp_prob;

B
e

max_tile list = estimate tile list;

NN
N =

tileCnt = temp _tileCnt;

N}
hat

temp_prob =1;

1
S

[NORE )
(SN

. var temp_tile info = lists_difference(max tile list, tiles list);

[\
[*)

. return[tile list info, max prob];

.

\S]
=

W] 3.7 FIREAR MR

é/I\,WH%’ ﬁﬁ@%ﬁﬁé*’ :/H\:EP_‘ﬁ:FFI-%EEj\j["B’T', "BS", "Bo", "T9", "T9”, "To",
uwgn’ "W9", "W9", WSH’ HWSUJ "W8", HT7H’ HT7"]’ %%E{:’q’gﬁgﬁ[uan’ "B5", "F1",
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LA RS IARFRB R, S PR T 25 45 52 B 30 0 (32 T B 50K 44T 1
IR

3223 MBELEER
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3.2.2.4 METHERG A SN AT EZ 54
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Brax Kz H bR B

KPR N R, IR IR E MEA R TR TR KA 5k . n] A A2 A 5
W5, IS, WERBCRE AT XTEREUE BRI T i, TR A R .
AR BRAG ALK R85 273 BT B8 77 98 W I 75 - E A 30 th 2 8RR i Ul B TR Gt it
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AT AR T3 B PRI, AR SR IBUE S A 0 73 it R R IN B EA 4x R
Briess, XFEA e A IR REBT R (AT 9
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3.2.3.1 WAEIRAN
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HIRRAS N2 Fhieh, AR — RIS T IR AL AN R T AT gg, tban—. =5, #3)
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JIE R ANz f P AT R 1 Bu X dT R iZ 4 . RS R R IE WA 3.8 Fons

37



ABFOR A AT T A A 18 3

1.

2
3
4.
5.
6
7
8
9

10. var potential _straight=set potential straight(valuable hand)
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.

BEAN  ETERERAMRE TN O MEE

function local global inspect(current hand,remaining_tile,total){

//using rule based model eliminate the valuable tiles
var potential discard=local inspect(current _hand)
//Comparing the current hand with estimated potential

//discard to find out valuable in current hand.

var valuable hand=set valuable hand(current hand,potential discard)

//Eliminating the tile already being in a group

//return paired array.

for(var i =0; 1 < potential_straight.length; i++){
var temp_shun=potential straight[i]
//check if the tiles are next to each other
if(temp_shun[0]+1=temp shun[1]){
//select tile with more tiles remaining
if(remaining_tile[temp shun[0]-1]>=
remaining_tile[temp shun[1]+1]){
if(remaining_tile[temp shun[0]-1]!=0){
valuable hand.push(temp shun[0]-1);

if(remaining_tile[temp shun[1]+1]!=0){
valuable hand.push(temp shun|[1]+1);
}

1
s

//check if there is only one tile to form the shun
//and required tile not equal to 0.
telseif(temp_shun[0]+2=temp_ shun[l]&&
remaining_tile[temp shun[0]+1]!=0){
valuable hand.push(temp shun|[1]+1);
}
}
var score_type info=global inspect(valuable hand)

return score_type_info;
H

b

B 3.8 BT LRAWAME ARG H T RE
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Wiz fl KDY RRaRfE, HUGR LR bu s il UL #g . flE (R, siE 44t
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Bttt R, W (1), METATNEE

function check others reaction(info,player tile){

var predict_hu,predict _gang,predict peng,predict chi=false;  //initialize the boolean variable
/Icheck if there are any player able to Hu, Kong, Chi.

for(let i =0; i < player tile.length; i++){

/leliminate player who discard the tile

if(playerld!=i){

/Icheck players hand

var temp_player list=player tile[i].current|[1];

. //check the discard tile is someone's wining tile
. if(info[i].readHand==true& &info[i].winningTile.includes(tile)) {

predict_hu=true;

. //check if any player has 3 same tiles as the player discarded.
. telseif(counter(temp player list,tile)==3){

predict gang =true;

. //check if any player has 2 same tiles as the player discarded.
. telseif(counter(temp_player list,tile)==2){

. var temp_check=check shun(temp player list.tile);

. //check the pong tiles is not part of shun.

. if(temp_check.length==0){ predict_peng=true;}

—— S

//check if the discard tile is not honor tiles

. if((tile[O]!="F"|| tile[0]!="]")& & (predict gang==false&&
. predict_peng==false&&predict hu==false)){

. //find the next player who discarded the tile

. var temp_previouse =[];

. var pre_player=0

. if(playerld !=3){

pre player=playerld +1

temp_previouse = check shun(player tile[pre player].current[1], tile);

. //means player have the pre-shun tiles ,hand not contain the discarded tile, and player not ready hand
. if(temp_previouse.length |=0&&!(player _tile[pre player].current[1].includes(tile))
. &&info[pre player].readHand!=true) {predict_chi =true;}

s

c S
. return predict_hu,predict_gang,predict peng,predict chi;

.

K 3.9 Bz, Wb KD T AT s
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TRMAS R, PERTE AR IR FT I xx, xx, TARFTH T xx7. 7EMREJE I a0 5 24
IR I AR AT G5 5, RGUARYE TR 4 I Ie K R IR =) A e 1
H AT AR “Bh— 177, “To5 <SG HABBAIE 5 T 2084 o0 A 45 58, AE )5 T
TN 22 H AR B PRS2 BORN T R () AT o B R 1 A RAE B [0 v T T R A
BT A BRI A B 1 DU AE HH R I 550G 75 B SR

333 FIEEEKIIRRE

L BATRITIM . BAE S 75 A TR BT S S BRI T HY (R K e REAT M. B
A =FER, ML RE RDD) Pz MRS BEAR R AN R B o 5, FL Al
KL » BN flE KL Jabix 4 Bz M. Mt vidT A o m, KR
FABERE AL Bz, FEFTH A DAL (FLD . THRARENZ. RAESIERIILE
PERAT— BRIk

HE, BATRAEB R e A ez vl LA, RS Clr o, aniixsk
e AR — H R EBOR T4 T 8 i, AT A mc st >, iR Rt
NT 8, AT A B xx IR TN T 8, ASHEAIRE .

BERUEHRDERE (KD B0, B HAL. WRBuSAT A AR B K T
A—mZ] AR PUE RGP xx Bl DAL xx (RO 7o QR HABDeR A 1) — |
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ZI @A F O HES A A 7 AR BB — xR, e x Fha-B. L U
=X )\JT o AEIXFIEOL T, RGBT, WORAL IR SRS 4T #-E LT
[FI BB ST A HAB IR T —XPR A DL T, RGUt e B e xx oo n] AL
xx (R 7o [FIFRAE B2 OGRSk LTS DL~ R GERFEAS DR AL .
B e R R, IX IR 28 M AT De (0 R K TR, W N R TP IR e —
AT, RAMESEBIFRE0 SIE . =i —)i"Mitie. R FHHOF
2 H AT, EXMEI T, KRG EREE VMK, W RBR AL
Z, MAZLEWIFESIZE, KA UMMER AN R BRI K T L3RS 6 % .

3.4 ING

AT T BRSO M7 T35, 2RSS N SRR UEZ SR A Atk 255 AR RRKS B &
RF R — B aE T e ks AT (A 22 4 . e rp B B A 2D Bt /2 /5 2R Bu s th
BEATHCIF 2 B IR R, O 7RO L, X R A 5, TR R AL
Bra AL T 7 iR AN T MR AR Ge v (1 A AL TN U5k . X EEROT IR B BE LR
TR A VEWT LT R 25 & RO IR0, SR HDR R ik & R T L R ek
AR GE vt B U TTV5,  DLEIRRBRARE AT HIRL A 0N AT BE 53T HE AR, AR5
SRR 4 R SRR

Y AR NFRTCE T A (R 2200 i 4R o
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VYR 42 AT TN 7 i A TR B 1 V1A S5

BT #X AUTRTUN G ER RT3

EF IR T T L R AR DS AL TN 5 VR A TR GE T (1 A R A
Jiik, IRt ¥ RITIRI A B, BB CRE AT, RV E. AT
RIS TR R, X ERATRE S S8, Ui R RN

oo A TS PSR R

4.1 BIEES
4.1.1 BHEXIE

SIS K B T Botzone [ E ARBRAG i RAE S 1% X T- 6 EESCFF ALY R,
EABA DEANUR R AL AN Ry o BERASCHE FE T, A A I8 e i AR 2 Al
xRS o BTz B AR BRI T P H R IR EE 38, B DASE S 2 B IR A1 L
JIT AR S T P B AT ik o (RIS DR 17 PP EELAR BORE 20 A 5 vk A I A, BE AL 3%
AR IR o Frife IRt ATRIZK A BT 25, X8 AT EUGIEA 73 A 54 X AN R R R 1
AT 1l I -

4.1.2 BEIALIE

G 5 A O R FE AN RE B o F T 25l A2 PSR B R P R R AT Y,
Pt LB I 38 S8 B BIL KRB IR A S 1 FRCL R C 24T H R IR, e RAE
I J i 5 A DL AL AR 13 5K TR 5 8 R IL SR A DL A [E1 A 1 Bh /R DL R
VSRR P LATE F500 43 B0 5% AT R B0 B EAT FiAb 2

T Be 2% (B £ BARAE BT S A T TR, DA Bu K 4T H R, 36 B R (i
Bt ALHEIRD o R RALM, 7 EAE 34 Ml (19 7. 195, 1-9f
PAK 8 sk hi) MIRIARIESL, AR IL . R FHR, FAVH R BER T Bk
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o G 4.0 fR, RILTIESE 63 MIAMINE L, HEkR TAME, BuK LA KIS
ARG BN, SEFRHE T T 8 . Player_tile IX /N AICTE T ALK KT
HIEE, UL SBE NHI A player tile[1].current[0]F 7~ 24 B 7E/# , player tile[1].current[1]
FORMBT T, player tile[1].current[i], i>=2 F/~4RTHIH. player tile[1].fixed #7x B
FEIEERDE, player tile[1].played Fn M. EX Br o U HiE BT Ik W [FINF,
WIdR T 2REE, tileent 103 T IR MIKEL, remaining tile 103K T 34 P HUE, LA
Je 8 BRACREFITR A Ol o X B (1 T4k B2 BAT TR 70 R0 S50 AN v El B (120 B8

63:
action: "
canHu: [-3, -3, -3, -3]
comments: " "
id: 63
movedTileID: 413
numTiles: [13, 13, 14, 13]
player: 3
player_tile: Array(4)
a:
current: Array(2)
8: [
iy [ h .

: Array(e)

fixed: []
played: [ A . 5
: Object
1: {current: Array(2), played: Array(6), fixed: Array(@)}
current: [Array(1), Array(7), Array(3), Array(4)]
fixed: Array(2)
E’: n "
1: "
: 2
: Array(@)
played: [ 0 ; ; ; ; 0 1
: Object
3: {current: Array(3), played: Array(8), fixed: Array(1)}
H:
: Array(@)
remaining_tile: {Wl: @, W2: 2, W3: @, W4: 3, W5: 2, ..}
runTime: 1.5
tile: "TO"™
tileCnt: 57

4.1 FAEER R R

4.2 T AT H 1T AR ERR I G S2IR
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A EET LR AWM 5% TR 5%k TR AR MRSt
R R B TR D35, 0 T H B 2 B )RR B 5 S B PR R L, A [ DU
T AERH, AN B T R e T BRI R TN 3 5KZE A IR, BuaX SERRH S
AT —5KAHE, AT LA . X BLBATR 0 B 2 L X el Wil k. T
RGN 2T % KA AE AR ST R & i T 7 iR 34T 3 L1k

4.2.1 SEBEHEE

BENLZEFEE 955 JREARBRIEA RO R (FRER-&SVEM. Fek. BRI RD , 30
FEANDES I IR AR RN B S HRIR S T o 0
DL JRy r HE R R B R BAT T A2 RS AT IO VR L 31X 5 0K AT AR B (1)
WA FTANE . AR M 5 R TN X BT A R SER) AL BT R B i it 3-5
ST R 50, BuSATRSK AR AS A AS FI MRS, I SRS BR 3T H B0 B T 4% 12k
Z VIR T LR o OBl S X R KR AT, B Dua e SRR I AR D, A I Rt 2B
A

422 SLUGEER K i

BEALIEEE 955 Xt JR i, 1A B Rl & il EVE T e T R, 2R —
ANFTRRIE A, B UEBTSKAT 0 R 15 60 2 76 TO0I (K0 B84 e o ) SR8 T ) 0000 1 2
nr, RSO 1, RS T SRS o 1.

WL FAIE ., (£ 955 Ipht Jmrh—3EAT 45050 LRI G, Wk 4.1 FiR, BT
B R EI (R TRI 7 12— FE TR IE A (1 1515 B0k 30355, TRIBE A H AR 2% 67. 38%.
He T R A B TR J5 vE— LU IE A ¥ Bl A HOh 27755, TOBSK H M HE R
61. 61%. kT LKA I AR GriHAHRD & BT 5 3% — LT LA B [0 & o 34167,
T BESK H R HER 28 2] 75.84%
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ABFOR A AT T A A 18 3

4.1 T REERf SR A R

N EREEA Py EIEE e HERf %

LTRAEE 30355 45050 67.38%
MR Gt 27755 45050 61.61%

L RAEW MR G 34167 45050 75.84%

RZNG I T L KA AR GorH ARl & 00T 7 VA AER R B, O HAE 72 00 75 1
H & TR AME TR IR G T E B T AR 18 =FIr ket 4 —%
XRHER R g, W E 4.2 Fos, T ZMOTETE 955 xR T AR #1040 A
HERTLAE H, TR G5, il 400 R EHE 60%~70%2 7],
Rl 200 3B HAE 70%~80% 218 2T LKL N A BARIL 400 1E 60%~70%
Z ), A EIE 300 ETTE 70%~80% [0 2 THT- Gt d. mIGHETERER
FIRE R S5 TH A R-A B T 75 8 1 822 TR KT 60%, 7E 70%~80%. 80%~90%,
LB 90% LA_F (% J&i 43 A R 200 370t e, BB T & KA 0 AE R Goi Ml A
PR TN 752 8 i 256 B vy L T B0 5K L R ALK AR

TR S E

450

— AL

T
L RS
o weevenes 2 per. Mov. Avg, (E 3L
weeeee 2 per, Mov. Ave. (HRSEZEIT)
| woe- 2 per Mov, Ave. (T RS MRS
0
0 o —— ...I- -Il """ I ‘ I | -

001 01-0.2 0203 03-0.4 04-0.5 0.50.6 050.7 070.8 0803 03-1

HE

g &

w

42 HRRFRIER R AR R
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BT L R AR BT T AN R G v AR R S T TR 23 5 B 5 — LA
A4 SR AR 25 0 T DL K R o 5 SRR 30 1) T 7 Yok v P 23 05 v DR A X o 25 LA
Bra KA EE T R, X ARF G B0 RS AL (1 R B o T2 TR Ge vt (57
REE TR, LRI, SarEla M7 8 mm i, I8 R
il B 2 5 e B B 2 TR

4.3 TN AT RZh81T A H AR M P d S20

B 7 T R A, 2 AR RS 0 A D 2 T AT AT HEREAT . O T AT v
SRR ENE, T ERI AL Mg AT 8 . AN H AR BT SAT N 0 A IR,
X ERATE IR RS T AL X B3t AT 26 AR IR B R 75 3%, IR0 FH TG0 H Rt
[ =FP 55

4.3.1 LI IEREMNIEFR

R BELIE PR AT RO R AN E ISR R 253w, A58 700 355 /o I IZ AN
AT HRE, Bua AL NG R R AN, AT UL SN R BE A IZ I . D 1 AT B PP A T
W R SRE I HERA IR, AT I TBEAT VAl 1) SR I00IN 1 O b AR — SRt
HIEEEB,  FRATHE XA EEBIRR RSB (Precision) 5 2D SV M TEAM 1 8 5 5k
bt 5y R AR R IR B BATTREIZANLEBIFR A 915 (Recall) o KB A] LUSBR Y
U 0z R 05 R X e 5z VG150 W A 1, [ 3 DT DA S e S 9000 Pz o 40925
RESHER TN EL R IZ R . ARME A 4.1, 4.2, FATFHEEAELI IR 1D Hkm
N7 R FLLE SEBRx R iz AL (TP 5 20 SEIETRIRZ R, {HSZBRNT R 8 nZ R
KE (FP) 5 3) BIETINBAIZIR, (HALIRA MK (FND o &m0
2~ 4.3 V5 F-score, “PHTAEHHR 5 A IR Z AR R

.. 2TP
Precision = 4.1
TP+FP
2TP
Recall = —— 4.2
TP+FN
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2%Precision *Recall
F;core = 4.3

Precision +Recall

4.3.2 SLIGEER K o Hh

7E 700 30t R, WER 4.2 s, SERRIZ Rl A50Ch 2786, TIIN IE#f I AT A B
WZRRE IR (TP) 2336, FLlinz FE SEFRE& A Mz AR (FP) N 885 Ik, TETIINE
A 17 JERAE SEFRIZ R R (FND 450 IR o I THERS B R N 72.52% B EIFR N 83.84%-

F-score 4 78.08%

+ 42 TNz sk

TP FP FN SEPRIZE | RERR PN P F-score
] 544
2336 885 450 2786 72.52% 83.84% 78.08%

LR RC T 700 R R e g sk 1R300 R o SR LA ) BT B g,
AT, TN NZ BRE SE R A Mz ) R, TR A W2 A S PRt R s, i
THEAT UG &0/ FORs 2 . HEZ, F-score, @1 4.3 fox, RILT 700 %t
Jey Rkt SR T BE R 2 R RS R 26 . 1%, F-score MM L. I H AT LTS
H, FrE X Rk HIEZE. F-score #BAT 40%, KZHO Rk #i 5 45 Sl 48 (e
50%~60%, 60%~70%, LA Az 90%LL L, IR A A1 ZKGIT 400 %) J7) 44 A1 2 4E 90% A o X T

F-score FXTEEHLE 60%~70%F0 80%LL I,
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RZREFR $ETREE vs B EIEK VS F score 4345

350
300
250
#
g nRE
200 nAEE
u F Score
150
100
SD I I I I I
0 . — . .
04-0.5 05086 0607 07-0.8 08-0.9 091
B

K 4.3 HZRRTTINAREA AT &

e U e R T R 25 A B, R DA D M i R SEZ e 50 e oL VR AL B T
B MRS PRI REL R R A WIS 0 M 5 VR0 Dusk Mg R UK i L R AR T
DNz FRAESE R A MRS DL 1 TR AN H 52 PRz R 155 AR R e b, i iz A 7
Y] AT H K 22 sk PRiz R R 1 DL o

4.4 T AL Gl k1T 9 B9 AE R 1AL SC8G

Tl RS o T s AN A D AR 2 —, Bra Al LLE I R A R OB B . X
BRI 2341 75 V5 R RE AT LATSOI AT BORERRAT J9, N T A TEVEAS 20T 5 ik g g v, Al
TN TR AL RERRAT AT 25
4.4.1 SLIG R

R BEHLIEFE 1A RO R AN S RERE R JR) 25 B iR 2245 21 700 370 J) 5 HE RSB v
WRBI VPG TEAR— 2 IR A, THERER S H B, LK F-score, fE5K
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IR BRATRE BALSE 1) FETUNAL R HLAE SEBRXS R Rl R vk S (TP 5 2) BykTi
MERE, AHSEZERXT R A A R R B (FP) 3 3) SyETE A fl i, {H 2 SEBRA hif pi
IR (FN)

4.4.2 SLYGEER K o Hh

7E 700 X R, WSk 4.3 B, SERRRERE R RIA 20 1822, i I Sy T iE A 11
FIT A o A REL R R 1656 THUIN AL R S FRA8A RIE R AR VR B 1183 YR, il 34 A5 At ht
{ESEFRAERE 55 166 IR it i85 2R 2N 58.33%, H [FI%°A 92.12%, F-score

A 71.43%.

2 4.3 TR S 4E 5

TP FP FN SEPRIZIE | OREERR HEZE | F-score
] 541
1656 1183 166 1822 58.33% | 92.12% | 71.43%

LR ARER T 700 Sk R g AC SR TR 0] SRy bR T I AT B oAl
R UCEL,  TIUNRE R S Brise A W R 0B, TN e A R REE S Bl R P 8, s i
THER DA X B ST . HBIE, F-score, WK 4.4 KT 700 it & b &
— % R TN BT K WZ RS R . BRI, F-score W AilEdt. MEIHTTLURIL, K
B AR PR S A E R X TR Y, #RSA R I 200 35060 )R BOEAC, 1 44 [l 2 U A
SHETE 90% LA FIXANXIE], F-score KEZHEHTIE 50%~60%. 60%~70%- 80%LA L)L
ANXTEN A
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WEREFTR ¥5535 vs BEXK VS F score M 75E

HER

LRLEES

LRZck
Score

m I I
o || I I I l I II Il
001 0102 0203 0304 0405 05086 060.7 0708 0809
=

K 4.4 RERFTRINAEZ 7271

MR EAAG Y, A (0] 2R A R AR EE R AE 100% AT, b B AR 73 A 532 ] BATIGI B
SRR R PR SR T AUt 22 B s P i PR PR A 00 o FOUIM Al L 2 S B A A et 1 175 DL
%, U ARG AT 53R S TN Bre SR R S B 156 00 A AT RIE R o 228 1 SN A it A EL
e SR R R AR DU LD, 0 I AR SN 5095 FU A H S Bl R ) 155 DA R A2 o

4.4 INgE

REITEENA T LA RS, DL AE SR B TRAL B 7V AR R PR AT A
15 2 BN BB R WZRR . RERR I MERRE AT SE 00 . TOUBESR th ) S0 25
RO, BT & RAWAER G AL A 1077 R0 T 75.84%F0 . Xt Fi
DUz WRTTIR, 53 B B2 PT DAFIEIN LB DR 3870 SERm K A2 R RZ RS Dt o AL A7 LU i 4
Tz BB SE BRAE LI A PZ BT DL o 3 B2 TN £E i i DL BRI R vh 0 i R0, G
T AE TG AR £ 75 T8 o L% TR R ) 57325 T LR AR O 1 A 305 SE s 2 2 R R 4 195
B, X AR TR SR I
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SR A EEPRROR H S IR RS

FHE #XERKIEENBRITIERS

N T TR NATTEEARE AL FTRRAIZ 4R, DL BIoo [ s R A BN 0 1) N o = 2L fige [ b
R o FATTBTHSEIN T — N AT RALE B 2R [RITEC RIS B 3042 BOn) 5o K 3T R fige 15 D8 1Y
REG, KRR NENEM . [FIN 1% 5 G018 AR ROk L3 s BB, AT L
N FTERRRE AL SRR IR, i — 224,

5.1 RGuM A AHESL

GRG AN HFERE, ATLAE PC. Mac FIR Bl & AN [H] ¥ 46 b7 (A
FH P AT DA S [ b o 30 U 28 W 5 > AR R AL EE3E . RGESCHF EAR AN EL 382K
o A AT LGRSO L A (W U SRR R s e B, I [ LR B B

RYCRAZ M MVC (model-view-controller) ZEEs, 4l 5.1 Fias, A7

WA R AT R, #HI#8 (controller) 1#IT Ajax post 77 VA HAUE il (model) iff

SRS S S 80 2 P 0 et S A L A i 0 s B 3 3 e BT A S AL P Cview) o
[ 4
Y

|

Browser

._[ Controller ]-—[ Router ]

I

5.1 MVC &G4

[
g

J i S A P S AR 8 S R IS SR R U 554 mh s IS R ST I A SO R
IELBREE, AR i B i) SR Ak 2, SRS HT B json M S EHE Bl A . A
RYGR 5T Node.js FPUHE T AR HESE express.js o 12 4242 HLRE ] 1) S5t web B FH R,
Al B A SR KRB B A (npm) , AT SE A m RO AR 3 T 7 B SE ST I R G
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R 3 {4 ] HTML/CSS J% JavaScript 45, HTML/CSS HEZ2 K] Bootstrap 4 #4545
AL AT R 20 . AR5, P DAPRIE AR ot A B 2 6. 20 D0 N8 s O o . 5
Bit. JavaScript HEGER FH 22 HUT jQuery FIRFAR SR, [FIRS 348 TR 24 H s goiid
API J5EIHEL. [FIR A D3.js MEZLRE @ BRAE R AT, D3js /& — AT web At
JavaScript FIARAGIR, 5K IR AT REAL LA PT LUKE B 2 A S e Bt o

52 RS ESAES

R bR RAS R DA R T HAB LR SRR (A U, R [l & AT 1+ 70 duade, 5 L o )
LEBR Rt E S T8 . — N BRRH R U R SE R R SR S A e 1) AREB AN E
MIAFE B AR U RE . AE1S 7 RERSAE G MRS B AR E B R 2) FEhE
i RS AERA LTI LR e S n] RE AT D9 S L JRRL s 3) LETIN A HERRIN 75 2240 S R
fRE, JFRENSAE S 2R Bl & EREEX — BB AMAR L 4) T R AR RO AR
[N SRAF A UEAE B, TR LR B 5 2500, BEEEX, AR EIE Bt —
MR AR =R IRAVGH TR UOEBE AR AT AT %, X —Fd, A
S EARG I RGBSR T T 5 &

52.1 REREFERIT

5.2 s, RP#EANRSGE, AT O 2 FALRI LIRS R aE B AR EL 38
A EARSERUR AT DAL PR AR B R (K LEBE ST, ST 3 3 75 ZEE B R
g m G BIRN AT, BAWEX R, PR 7 SEARRE SN, En L
o T PR B RV SR R U A, R] DLl S, (R SR RO R
o
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SR A EEPRROR H S IR RS

~

LEXH

EECLEY
f##ggﬁﬂﬁ%

EEF @
ﬁﬁ#ﬂ/ kﬂi!f!ﬁ

WRIEIS B EIEERE
e &5

K52 RGuitet

5.2.2 BiimESFIMES

WRYE R GRAE BT, RG] Aoy N A% DU el 3 5 3 5 i B L 3R el
JBORMAE U PR FEE 7 PN 7 T, 3% 02 i i i o B B X PR o i o A FH P X AR e e
ELWLRYIRRAZ PRI i S (4 il S 45 JE 9 B

5.2.2.1 EEZFE[EIHK

B E F AT S A, T ARG AR RO FEEUMORE AT f B AR BT LA
i R PR ST B P R o FEBLSE R RRCRE SR 2 R IR T R, BT DR B
THIETT o AR S 42 LE A e v R RRRE R RN, RS AR B K 58 LA HE 455 10
bL], 7 25 IS JRRRE R LB — 3 & PR FERRORE SR 00 2 1R I 4 Do oK WA B
AR AL S, $2I0—E R EeBl. dnl&l 5.3 P eI, JBRRE [R1BCH T ) 22 ()45 2 1 & BEAN
L.

IR FEIEICEAT RIS, — 52 2 — ol SRS AR B BEE X A 0] & R EAT » Bk TR
ITH R AR A BTAZAL . SRR ROR I 5 AR id T &3k, B 2R
T R AZ Bl R MBI o WA RS T AN R A B A, 5 BRI G A 1815 B FH (0 e 1]
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ARSI T E BB WA B HIRUO2 LR B, B DA 2 — AR i i A=
JIASEFH P AEAN TR (4 [e 45 Ta] )4 o

Fhe
[ N Ime s J
oy oy
1.37:1
e Fe
o % % Y
AREhE = =
H:W=1.27: 1
e J e
............................................... Hjﬁﬁ@i‘?!ﬁ
1:1.96
B 111 Fhe >
H:W=1: 1

K53 RS et

5222 fRiRER

R Ui R 5 LA U FRHR TG MR F IR I 8] £, A RO N N AR U T ) . FETE
AN EFEMETHPUE, o DL R U e 5 i B T RO R 558, B F o
T S BB AL T A ], R A U 18 S 9 e BT RSO T A, AR
2 AR R IR B HmSE e P LART AT D SRR 3 5O T AR ) 4 i 30, 28
Je P AR ST S S R SRRy e 2, MRUCVRIRSIAR R, Ji R A
S IRRF [ T30 D ] BT 5 1552 PRROHRF A 15215 o
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SR A EEPRROR H S IR RS

FEAR BSAPRE DP VR IS A 75 0 T 0 XS TSP P 8] s XA 0 P8 2 SR A ol -1 B
THEID IR, Wi P RS . X B R B R 20 A SR D B e,
RN GTINR

N T BRI RS, AT DORE AR SO PR B B OMIR AR, (HR R E
TER ML A SRR D o PR AR — g FETE R 2P, A 2R AR s T Al %
A RS BENT — Al &, B 2R RIBEAT T RE At A AR i Ul 75 3 S5 4T
BRI, P ARG 2 I U T ) B L .

523 RiRES IS

i 2 AR RS I S T 7 AR A AL B, RT BL O B SRR TR A U PP R
FERPRIX SR A 22 i, 75 0 SO o B SRR BEAT SRR AR B o 2 Rl b 3 [l O
A AR RO 2E R Ul P B IR

EU AR [l X B 1 A s DU 2 48 2 AR B S Be s 1 T B 2 2 4,

FO )5 RS S AT AL B . R DL R BB A TR T A L,
TR S N A HT S ide U1RZPZ R BRERE TS DL, BR 3R TR AP IKRL, EF
FENFT H B rp 3 21 75 20 BORE AR AR SR i

X U PR RO AL B A SO T, R ARG RO E BRI 1 Jax e
[BUBCACE AT AL B, JEI AR = =R R T XA WA R St MRS T, AR
P BT AT R A Be o VRS SR i bl A A 2, R SN0 At e ik
JROSCAKIHG o B 2% RS EL AR (SR A U VP IR Bdia 3T A% [] i o

53 REFLESUMAPNESFMES

BRI T ARG TOR, MRE TSR R SEIL A St it Zhsg . #Eskbrit
RAIER] TR A
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5.3.1 EEFEEIM A EAYSEHL

H1 T EE SR RO — DB, FEn L mT Blod s ff i s B LU SR BE L . i DAFE T
FIE R IR e, SR I R R L RS TR AR SR AR N R R e,
B EAR RS s EE)E T — RS REEA et ah. WA ZER LA RE)EA mfE
B, ARIGEBAT ST RIS IR RIS

TR 8] (75 2T AR Bl & i SRR R K 8] . A settimeout FIJ5VA
ZHEANBIE RIS R IY . BN i X A SR, B e H 25 Do T M P sk
IRE T B BT MR S K AL B, IR A O3 e e, R R
JEARIGERM. PR EN AR, e L, BT E L5 A, M
FHMFE 0.5 8. HTRMFEE 1R, M settimeout FFEBNEAIN IR E R 1.1 #.
R DL 2 1A, 11 BRI aRE s . RIS J7 i m] DUESC Y 2. 6 AV 34T
BANTFREE. ARG 3 8, Frels ARG 3.1 B JEiiT. HXF ik
A LUK B0 Ja) FH I () KRR o

R LEBR [RUBCRIIN To) 22 HES I, ARGE I 8] RN RN [l R Al LA S 18 S 5%
W E I IR E R, TR A VAR S, P A B 30T R e it
AT ElE. FrBRN IR AR WO R, AR “Bux+afE+ 7 o XFERTEL
FEH G VPRI, 08 [l & T A B

5.4 RGRERGERR

I BT IR, BATHIE 1 FEARRRAS B Sh AR U PP IR FR S8 I BT AT AR D R R S B
N7 EEMARIEAN R IFeIE RS, RIS R . BATH BT 1 ATw GUIL
NNV NE S (AR PR C R SETE AN SO S PUR £
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