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3.1 Bradley–Terry

Bradley–Terry [4]

[5].
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pimpmj

pjmpmi
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πi
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pij
pji

=
πi

πj
(i �= j)

⇐⇒ pij =
πi

πi + πj
(i �= j) (5)

BT πi i

3.2 1 :

Bradley–Terry

BT

BT

πi i
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πi i

BT

i di di
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BT i, j

k i, j

BT

BT
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i, j, k

πi · di =
pim
pmi

(i = 1, ...,m− 1), (6)

πm = 1 (7)

di i

(6) i, j (i �= j)

pij
pji

=
pimpmj

pjmpmi
=

pim

pmi
pjm

pmj

=
πi · di
πj · dj . (8)

pij
pji

=
πi · di
πj · dj (i �= j)

⇐⇒ pij =
πi · di

πi · di + πj · dj (i �= j) (9)

BT πi

i di πi

πi · di i

i

di = 1 (πi ) (10)

4.

4.1 1

m

πi di

πi di πi · di
2 1/2

i

i j nij

nij = nji i

j

Xij (i �= j; i, j = 1, ...,m) (11)

Xij +Xji = nij = nji (i �= j) (12)

Xij 2 B(nij , pij)

P{Xij = xij} =
nij !

xij !xji!
p
xij

ij p
xji

ji , (13)

(xij = 0, 1, ..., nij)

P {Xij = xij ; i �= j; i, j = 1, ...,m}
=

∏
i<j

(
nij !

xij !xji!
p
xij

ij p
xji

ji

)
. (14)

(9)

P {Xij = xij ; i �= j; i, j = 1, ...,m}
=

∏
i<j

(
nij !

xij !xji!

(πi · di)xij (πj · dj)xji

(πi · di + πj · dj)nij

)

=
∏
i<j

(
nij !

xij !xji!

1

(πi · di + πj · dj)nij

)

·
∏
i<j

π
xij

i π
xji

j ·
∏
i<j

d
xij

i d
xji

j

=
∏
i<j

(
nij !

xij !xji!

1

(πi · di + πj · dj)nij

)

·
m∏
i=1

(πidi)
ti (15)

ti =
∑
j �=i

xij (16)

Ti =
∑
j �=i

Xij (17)

L

L = const.×
∏
i<j

(πi · di + πj · dj)−nij

·
m∏
i=1

(πidi)
Ti (18)

l

l = logL

=
m∑
i=1

Ti(log πi + log di)

−
∑
i<j

nij log(πi · di + πj · dj) + const. (19)

4.2 π, d

π d π · d

4.2.1 d

1

l =

m∑
i=1

Ti log πi
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−
∑
i<j

nij log(πi · di + πj · dj) + const. (20)

l πi

4.2.2 π

1

l =
m∑
i=1

Ti log di

−
∑
i<j

nij log(πi · di + πj · dj) + const. (21)

l πi

5.

BT

100 π1 = 0.01, π2 = 0.02, ..., π100 =

1.00 d (9)

πi

π1 = 0.01, π2 = 0.02, ..., π100 = 1.00

R

πi

5.1 1

2

d

1 di

1,...,50 51,...,100

1 0.5 1.5

2 1.5 0.5

1000

d

1 1 2 2

πi 0 1 100

1, 2

(RMSE) 0.188, 0.186

3 1 πi 4 2 πi

πi

π1 = 0.01, π2 = 0.02, ..., π100 = 1.00 di

1, 2

d1 =, ...,= d100 = 1 100

RMSE

0.291, 0.296

4ⓒ 2017 Information Processing Society of Japan

情報処理学会研究報告 
IPSJ SIG Technical Report

Vol.2017-GI-37 No.1
2017/3/7



5 1 di 4 6 2 di

1, 2

di

2 di

1 2

d1, ..., d50 1.5 0.5

d51, ..., d100 0.5 1.5

1, 2 1000

7 3

1, 2

4-1, 4-2

π1 = 0.01, π2 = 0.02, ..., π100 = 1.00 di

RMSE 0.121,

0.124

8 4-1 di 9 4-2 di

6.

ATP Professional Tennis Tournament Data [6]

2014

2601

5 (3 ) 507

2094 3 (2 )

6.1

3

1 1

2

6 1

3 2 5

3

m

i Tim
*1

Tim = g + 6s+ 6f(m) · g(i,m). (22)

g i

s i

f(m)

3 f(m) = 2, 5

f(m) = 3 g(m, i) i

g(i,m) = 1

g(i,m) = 0

(12) 2

*1 1
1
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i, j m

nm

nm = Tim + Tjm. (23)

6.2 ATP π, d

ATP 9 *2

di = 1(∀i) BT

3 d = 1 ATP

π Pointi

Berdych T. 0.406150779 0.371382637

Cilic M. 0.668363304 0.414201183

Djokovic N. 0.985602553 0.656207367

Federer R. 1 0.620224719

Ferrer D. 0.334865512 0.323924731

Murray A. 0.483295134 0.361182519

Nishikori K. 0.750665581 0.545300593

Raonic M. 0.486701954 0.376126126

Wawrinka S. 0.743049506 0.589242054

ni i

Pointi =
Ti

ni
, (24)

Ti =
∑
m

Tim. (25)

Ti i Ti

1

Pointi

Federer R. πi

Pointi 9 2 Federer R.

hi Pointi

hi, Pointi −0.26

9 ( 187.7cm)

h̄ di

*2 8
Raonic 3

Ferrer 9

4 ATP hi Pointi

hi Pointi

Berdych T. 196 0.371382637

Cilic M. 198 0.414201183

Djokovic N. 188 0.656207367

Federer R. 185 0.620224719

Ferrer D. 175 0.323924731

Murray A. 190 0.361182519

Nishikori K. 178 0.545300593

Raonic M. 196 0.376126126

Wawrinka S. 183 0.589242054

di =
hi

h̄
. (26)

di πi

5 ATP hi πi

πi( ) πi( ) hi

Berdych T. 0.392665833 0.406150779 196

Cilic M. 0.647218616 0.668363304 198

Djokovic N. 0.994166618 0.985602553 188

Federer R. 1 1 185

Ferrer D. 0.357453095 0.334865512 175

Murray A. 0.482459687 0.483295134 190

Nishikori K. 0.778953632 0.750665581 178

Raonic M. 0.478190403 0.486701954 196

Wawrinka S. 0.749167658 0.743049506 183

(3) πi

Ferrer D. πi

Murray A.

Raonic M. πi Raonic M.

πi

(3) πi di

πi di

6 ATP di

di hi

Berdych T. 0.796531091 196

Cilic M. 1.023119294 198

Djokovic N. 1.205155714 188

Federer R. 1.238714567 185

Ferrer D. 0.805986763 175

Murray A. 0.913603719 190

Nishikori K. 1.044427105 178

Raonic M. 0.922513751 196

Wawrinka S. 1.049947995 183
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di, hi −0.11

πi πi

6.3 π, d

π, d

14

Ti, ni, Pointi hi, Pointi

0.12

ATP di = 1(∀i)
πi di

Pointi, πi

0.10

Pointi, di

0.11

ATP 9

”(MC)” ATP

πi ATP

ATP

di ATP

7 ATP

hi Pointi πi( ) πi(MC)

Berdych T. 196 0.633957553 0.880616038 0.406150779

Cilic M. 198 0.620127389 0.766509314 0.668363304

Djokovic N. 188 0.731825114 0.934043489 0.985602553

Federer R. 185 0.70692395 0.817853751 1

Ferrer D. 175 0.622790253 0.763402491 0.334865512

Murray A. 190 0.642268541 0.854982367 0.483295134

Nishikori K. 178 0.646428571 0.761805345 0.750665581

Raonic M. 196 0.616499736 0.872258337 0.486701954

Wawrinka S. 183 0.620597115 0.81192525 0.743049506

di( ) di(MC)

Berdych T. 1.8076729 0.796531091

Cilic M. 2.160893416 1.023119294

Djokovic N. 2.507295299 1.205155714

Federer R. 2.330586916 1.238714567

Ferrer D. 1.861269969 0.805986763

Murray A. 2.145548087 0.913603719

Nishikori K. 2.205395209 1.044427105

Raonic M. 1.615728231 0.922513751

Wawrinka S. 1.661621132 1.049947995

6.4 π, d

1

ATP

3

2 πi

(3)

πi di

1 100

8 ATP

dhard Pointhard

Berdych T. 0.768132181 0.445134576

Cilic M. 1.030431628 0.672527473

Djokovic N. 1.36158603 0.942771084

Federer R. 1.209112932 0.892638037

Ferrer D. 0.842305885 0.411134904

Murray A. 0.986751381 0.49471831

Nishikori K. 1.020100974 0.712034384

Raonic M. 0.852148688 0.515

Wawrinka S. 0.929430301 0.682326622

dclay Pointclay

Berdych T. 0 0

Cilic M. 0.198776799 0.175

Djokovic N. 0.468326094 0.640866873

Federer R. 1.301668358 0.542857143

Ferrer D. 0.866441948 0.289940828

Murray A. 0 0

Nishikori K. 0.876346903 0.753246753

Raonic M. 0.412096161 0.246753247

Wawrinka S. 2.569035229 0.803191489

dgrass Pointgrass

Berdych T. 0.656313239 0.222222222

Cilic M. 1.39779045 0.521212121

Djokovic N. 2.01923662 0.648241206

Federer R. 1.207928064 0.625827815

Ferrer D. 0 0

Murray A. 0 0

Nishikori K. 0.224614864 0.244094488

Raonic M. 0.755196154 0.482993197

Wawrinka S. 0.73892061 0.30952381

7.

Bradley–Terry
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8.

8.1 π, d

π, d

di = 1(∀i) πi di

πi, di πi

πi 1

di

π

d

8.2 di

(5), (6) di πi

di
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