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Abstract

A skill-rating system is a system that evaluates players’ skills and predict the
winning probability based on competition records and relevant information. Take
Association of Tennis Professionals as an example. Player’s performance is often
affected by the surfaces. In recent years, some researchers have proposed models that
take surfaces into consideration for tennis singles. Research results show that models
incorporating surfaces can more accurately predict the probability of winning. The
present thesis aims to extend this model to tennis doubles matches. The experimental
results show that the inclusion of surfaces in doubles matches can improve the

accuracy of prediction.

Keyword: skill-rating system, professional tennis doubles, surfaces
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w3 ¥ Li=s k43 Elo rating system(Elo, 1978) ~ Glicko rating sys-
tem(Glickman, 1999) % > a4 k5 d 7 TR S FHFLAF 4 0 &

-

K

R R AT 0L B e it S ehFT T o R B R IR LD

e
P BERRESL R I FEALE R I FHR T F A XIEE A
#~ %% Ingram (2021) S# F > (TFFR L RIRE$7 1 > B3 hFF R
FHSFESRRELR - A%~ %4 Weng and Lin (2011) 7 3 > T4 #
S e w SRR 2 v FRCA Tl 0 AR AT S e n R R A 0 e

M FESE TR RN E T ARE R EDL o

DOI:10.6814/NCCU202101154



ﬁ.:ii‘%k?éﬁ
fie ¥+t # (Paired comparison) £ L= $ 0 @ 3 Lfl‘*éiﬁ B 2 et
@,;#{ag%a@ﬁw%’#Q%ﬁ@ﬁ%\ﬁﬁwﬁioﬁﬁm
fe # vt 3] 3 Thurstone-Mosteller #-3] (Thurstone, 1927) £ Bradley-
Terry #-%] (Bradley and Terry, 1952) » @ Elo 34 5 g2 Glicko 34
eyt L s w i iR AR AP AT - F € 4 8- A o 424~ > Elo
A AT ABET AL F o KFEREL SRS ks JE A
oA R o Ao IR F X o Glicko 3®4 kAL EN pg FfbF L o 3
o R FE L A F R R E RER %%ﬁm? Ao AEENE

Bradley-Terry #-3] ~ Elo #4 & 527 Glicko 4 & st o
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2.2 Elo
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new loser rating = old loser rating — k * (1 — P(win))
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Bl4.1.15 304 > ¥ REF S F AT - F %50 tourney id ~ v F 35
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22 4 7 winner2 name ~ % — = f > 4 % loser]l name ~ % = = f 4
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4 tourney_id ¢ surface ¢ tourney_date 4 winneri_name ¢ winnerZ_name $ loseri_name ¢ loser2_name ¢ score ¢
12560 2010-339 Hard 2010-01-03 Lukas Dlouhy Leander Paes Carsten Ball Sam Querrey 7-56-3
12561 2010-339 Hard 2010-01-03 Jeremy Chardy Marc Gicguel Julian Knowle Robert Lindstedt 3-67-610-4
12562 2010-339 Hard 2010-01-03 Michael Liodra Andy Ram Peter Luczak  Joseph Sirianni 3-5 6-4 10-7
12563 2010-339 Hard 2010-01-03 Marcelo Melo Bruno Soares Ross Hutchins Jordan Kerr 6-2 5-4
12564 2010-339 Hard 2010-01-03 Tomas Berdych  Radek Stepanek Thomaz Bellucci Paul Hanley 6-16-4

B 4.1.1: ATP fiw-384 1t ok

BEFFFT AT A R OB E ATP £ F i FAAE
ATP # % i¢iw F 1000 + f7 % 7% ~ ATP & % & % 500 % 7| % % ~ ATP
£ F 250 K FEER A E - B ATIFAL SR FE T H DR
IR G AIFERI BERE BN B LR F AT - B b
do D ATP & f i JaE g 0 3 R B RRPCH poig s A 0 FERE R
%&T—%’w%im*ﬁﬁéﬁﬁ’ﬁﬁﬁﬂ?é#ﬁ%’%iﬁﬁﬂ
Fenkimo REASFHRLY LEEDH 6 0t F oS LoRF R FEI R
Btz Benfl 4 ZREREZ R < o
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IR AT EE

APEARH A FET 0 LERE RS EORRERE] £ 27 F
SRR AT 0 HIEER S T BORERID A RAL S -

(2011) en % w5 R 2§ 4 L AT 02 FERIRFEL I FRor oA FH
Al - A S EE BAAK T BER (optimize) 772 5N 0 3 A fE

ki
¢ SRR T EHCA ATERI A FF L AR .

&% 3.2 & ¢ Bradley-Terry Model(Full-pair) 73] % & 3% %4~ 4> %83
51’?" 9}%?{‘?’ 4 g *%‘ks’ g Rk o) "L%“ LIS 1hasl 8
FIFIF k2 oy, 0 5 5 21 & ¢ hRBK T AT MFTRE
fij A7 e EK 5 1500 0 - F P 2 FaRdl R R #5900 42 B
% % 0.0001 » %% Weng and Lin (2011) gk T Hey, HE G 1 )
FAPRBE o, RIEET S NEFRL .

A 7 %4 Glickman (1999) 42 # & - i* = * %F (cross-entropy) =173 ;%
BERL S RRF S - EAs R VL g X Sl Bl R
R R FERREVR O BNEF DA FER S PR R
oF  RIFRIFFARN LT FLF S o F - H F Y hL FheT

“‘W

\\\?{r

[\]

-k

A

dig = _Siqlog(piq> - (1 — Siq)ZOQ(l — piq) (5.1.1)

A %

Ho s &R iFBLF g F % oy FERF I FFLERY ¢

BRI eni 5 o
e,ui/ciq

Piqg = e,uz’/ciq + @l"q/ciq
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2 2 210.5
Cig = (0] +0q+25 )
2 2 2
O-Z - ijlgm

PESBR]d F B F Y h R W R lA ko T E Sdy o TS Y
Hepr il s i (negative loglikelihood) » ¢+ P i 6 "TF* - 5 F ¥ 7 4
gwn P K%J’lﬁ’ A T € I A LL%m‘J’%" A # oo TG
“ P RSB 4 o7 cA 0 s AR F 4 % d Nelder and Mead (1965) #4&
41 Nelder-Mead » /2 » Eau B F4& | B2 T HF #hlimo I ey

A

—\

Bk oy 7 Flio g mi® o W ol —const 0 Hd R FE) 2 B e
BRI E S 3550 AR L AT 4 hT ol r2 {ATHLY 4 %
B R iCAAE ) BB iR ens SN a0 B3] o) BE L 175

d % 33 & (337) NT AR L BR FRNES P ARG ER T
e Sl Y SFER Y g R T AR EE S S F
FEL A LFEFIER S R B ol B LT Fap bl Gl pro o pos &
pr3 > AL THE Y SFER A g KBS 15000 - F YA T gl
RRPE R FFELI LI EFET S R B AL SR T
40 B TR B p1o N poz B prg 0 PIB MR 0D U R B R o

ﬁ“}i%f’- 3 NI B LR E - Hul % L= R I diqk 4o

digk = —8iqelog(Digr) — (1 = Sigr)log(1 — pigr) (5.1.2)

B sigpn 27 % I FES ¢l aFE Fa B opg BEF 0 FFIL
BRIk FRCE g BRI o

etik/Ck

Digk = ehik/Ck + ehak/Ck
o = (oF + oF + 262)°°
wh = g — H(116)J (120)
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B = Pt F R OFRF AR AP RSE YL Ny YL
# e in e (negative loglikelihood) » ¢+ P e g "EF* - F 5 F 4 7
FREZINEE FFFF A OAFEIINALD L Fehka § TR
B0 AR EHS O RFR LT SR A FLOT 4 § RIIRE N
o RFFEHR BB PR S L IR T L P RSk
S P12 pos B opis ks o i & % d Nelder and Mead (1965) #73& ) en
Nelder-Mead = j2 » it 45 3| (0%,05,0%,p12,013,023) T & » 3 & LR FE 7|
B] o

% 511 EL A e 34 R il Gk

Uzlay O—;rass U}QLm«d Pclay—grass  Pclay—hard  Pgrass—hard
41.00 250.37 29.79 0.57 0.92 0.88

#5112 E£ a2 et ahf 4 RO L SN Hilk 58
Nelder-Mead = j# > #-i#& Xd;y, i& B-| 0 (01,03,05,p12,013:023) £ & o o o
%?%’wwﬁﬁﬁﬁﬁ’@%éﬁi&w%%a%ﬁﬁ?4iiéﬁﬂ
ﬁ%’&ﬂwgyﬁﬁﬁ?4ﬁgi e B 0 B8 g R ogdp gt B

PR R ERE < o ARy LR TR R ¢ FL X D
AR R BETRE S G oA ke o B0 o AREOTE W B s FRRE S
Mo B RPEE > EREIFELF S DPE ot L B Y D
G S N R T i S S

BRGER Y o BA WD R R R PSR Y o T R E R
EHEFHERIFAOR S DT DR R HIRLY R PR 4 A
TEREGFLHR A > DR FORLF AR KA TR RHELR AR

BAWERI GG 0 K20 IR A RKGIER S f D o
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5.2 &P

2ORAG RN AR AP RS RY AR R
Fy A gtk 4 5 BRAR (Accuracy) & mean log-likelihood &
fadpthy THAGERER - 7 L SERAUFR FREEFTEF
%%wm,y§&&%§ﬁ$ﬁﬁmw%%%ﬁwm,ﬂ%*ﬂm}ﬁ
B FRmARARE 0 M ARG IRl 4 o B AP mean
log-likelihood iE B i 7 i WAIfeif By e > HeiE4xx &
ARG o

5.3 HAFERB*
5.3.1 Fwu SR F

FAAPRY 32 LS HIFR FR R ERY FFRA S
RSB IFE R 4 o AP RRIR R MO L RF 4 L R e R
“FEE TN ED3 e W53 1z LIND A - Ht kR e en g
AR BV AR AR NF KON R 4 o 7 T i L gt R SRR

& 3 2R y K 7 ;_,}.,L%ka;ms"’J NPT R EeE A s PR 4

=N

@ﬁﬂ%ﬁﬁ%@’@&@?%’ﬂ%’mé'%aﬁﬁm’ﬁa*f

™

= HAGERIE R AR e B53 1t XML A T 4 L pEaE S

F

Blo 49 25 2 u R A Reng 4 < pcrind 4 B R 4 ]
Fen® 4 o d BT S SEFS ET 0T 4 LR 0 T F A8 i
EEROE RIE S s H PRy S L S S AR LA N
R4 LB AP O RERTERD F RS
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Team Rating The difference between both team rating
correct
—Faise
True
200

= 150 I|

5

3

(5} II

20850 20975 30000 3025 30050 30075 30100 30125 0 2 4 6 8 00 12 14
Winner's team rating

Bl 531 flzd&Et - # % 3.2 §HECARERE H F Y E A TR

B Al A orde d B SER R 0 SRS 32 Fin
WA LR A A4 »FE T L 2R E - FouL %E’v’ﬂﬁlir‘;;&i’%r‘;ﬁv
L

A4 F PR TSRS32 B5.3.2d F AT A RE A FHE G
d

)

v

DR AR T A ERREF A AT d 22 2 4G
BEHE T BHEREF A AT feR R4 2 B 4 R A
FPOARRIE R 4 A RIERIRLRE R 4 0 BRI A F 0 SR
g A NIRRT RR e 4 o d 53260 LIV S, 7 ot %i};% L@

G ffd By R S o A RAa T HAERY Fe Rk AL
o d B5.3.2h LT Avo A FHEE LR FERREEFS

B4 F AR —F"J‘J.—Jé :’:ﬁg& EER A A ik L Jgﬂaﬁ » R4 R \1”5 TE IR
e %%% RO Nl 3 W %5‘“ LR B APERAYH B R S R

? 4 miﬁﬁg#ﬁi% ’ LF" }’%' ﬂﬂj:lf\‘g) 1.1 = :' Ugrass F]g &’F‘ v clay?o-f%ard
J\ 3 ] ’I) o
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Clay Rating
120
3030
100
3020
=3 80
£
]
£ 3010 5
8 2 60
2 o
o3
g
~ 3000
40
2990 20
0
2990 3000 3010 3020 3030
Winner's team rating
Grass Rating
3080 . Sy 60
. . .
3060 50
.
<
. 3040 40
&5 .
g
E 3020 & §
L
» : 3
5 .
g .
— 3000
° 20
2980
10
2960 .
0

2980 3000 3020 3040 3060 3080
Winner's team rating

30

The difference between both team rating on Clay.

correct
mmm False
| e True
| | I
I N ——
0 40

Rating

The difference between both team rating on Grass

correct
. False
[ True
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3020

3010

Loser's team rating

8
8

2990

Bl 5.3.2:

SNy S A 111

Hard Rating

3000 3010 3020 3030
Winner's team rating

Count

175

150

=)
S

~
a

@
S

N
a

0

The difference between both team rating on Hard

0

5 10

15

20
Rating

25

ERIFFREDL O F A RN AR
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Y

FEITR

= 4

o

30
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¥

correct
mmm False
e True

35 40
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5.3.3 FRY

#5315 HAl AR B R St wRREY 0 TR A PERR
£ mean log-likelihood > &% /A > & @ 3 > A4 »F T FRE
Frepfcd) (3.2 &) SRR 0.6359 B2 e » Bk TP 8B #ick { ATORCA
(3.3 8) B FE R 0.6328 » 05 B30 A e » BH TP B ok [ APl
A e rr & 0.6317 > & mean log-likelihood = & @ 3 » A4e » H T ¥
% B B { A70H0A) ¢0 mean log-likelihood i#-0.6393 £24c » 3 T2 2
# A { ATe0icA] 0 mean log-likelihood :£-0.6692 » % 1% M3t K 4e » g F
WP B HcA L F7eicd] 60 mean log-likelihood i#£-0.6392 » B4 A 3 > A
Bt F e o e r S TN R B AT T R HCR IR 4 .

# 531 WBlFEE R o GRS A 4

Model Accuracy Mean log-likelihood
AAv M Bk T E R A { ATORCE 0.6317 -0.6392
At Frp TR R Bl R 0.6359 -0.6393
dv ~ Bk ‘?%m 2R B A T Frenficd) 0.6328 -0.6692
32

DOI:10.6814/NCCU202101154



oo 2 ok ayp
5 E Swmpa

Sy ‘§

4
)

AT FRERRF LB A AR eI E S gt
S AL & il SN S E TR s F e SRS =
A PeniB AR o FEd YT A B A Sl B A E U e
TR R B R AR E AR 4 SRR PR

A7 3 #-Weng and Lin (2011) e % ew] § ff B c3Ea 2 28 % 50 ATP
FrEagE AR R r e TRE S P TS AR TR
B Fr o w5 0.6359 ¥ 0.6328 » mean log-likelihood % %] % -0.6393 #7-
0.6692 o B& R 4v » Hr-d TR A| R R T AV P47 > BT EEL R
BicE A B2 B B ab Bl > AMEER it S E i
10 4 BRI AN E R X g AR R B —‘F,ki%fl
SEEETER SN

BARAFy J38F LR T > B-Ba T AFTVURER
Eh o H W @R F oo AR S G 0 Glickman et al. (2018) % 41 *
Elo ~ Glicko % 3%A k53 % F /)t sh chgt 2 » 4 5 )5 ¥pesk 5 i

-

FAER o ch o T A SR X R X 12§ ) P R
TR R S B WAIE Y BN L JEE
SRk gt ¥ oo

*2 R A & § % 4 Ingram (2021) ri®;x > H P &7 mean log-
likelihood I A % g sdfsefe s » A kv g * AIC & BIC # i &
BRl o gt AT EIRY BEE D RSB (A E R S R
BEELATORE] > BmAR T F AT BSEE 2 REET (AT - 2
RART UAY gHE 2 RREE{ATORAEFAY -
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