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Abstract

This study aims to explore the problem of turning defeat into victory and
its extended application. According to the historical data of National Basketball
Association, the team that falls behind on the first three quarters of the game will
still have a chance to win. Gill (2000) assumes that the home team and away team
scores at the end of the third quarter and during the fourth quarter are normally
distributed. To give the formulas of the conditional probabilities of turning defeat
into victory, Gill (2000) further assumes that each of these two corresponding

conditional distributions follows a normal distribution.

In practice, the difference of scores during the fourth quarter depends not only
on which teams falls behind but also on the difference of scores of these two teams
at the end of the third quarter. Therefore, we extend Gill (2000) model to introduce
a bivariate normal distribution model. We then give turning defeat into probability
formulas by using this new model. Using NBA historical data, we compare our
bivariate normal model with Gill (2000) model and find that the bivariate normal

model is better than that of Gill (2000) .

This study also applies our bivariate normal model to analyze Taiwan sports
lottery. We calculate the expected profit of betting a team to decide whether to bet
on this team through Taiwan sports lottery. Although data may not fit the bivariate
normal model well and prediction is not accurate enough, we still suggest people

interested in gaming could bet on the teams having the expected profit at least 0.5
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NTD per 1 NTD wager. Under such circumstances, it is found that our average

profit per 1 NTD betting is still 0.1079 NTD on the away team.

Keywords: probability of turning defeat into victory, bivariate normal model,

sports lottery, National Basketball Association
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2. BRSBTS Z S FREAFAFRT 2 A EH IR RE S R -

(4

7o

Pr(X; + X, <0, X; <0)

1 -1
/ / (1 + p2) — (a+¢)z1 52 o exp(— 5 (z% + Z;))dZdel +
b+d

00 oo 1 1
/ /_#1 —az 5o exp(—- 5 (21 + 23))dzadz
S1 T

2

s1 1 —Z% .. .
N /_oo 7oz P(=) / ~(pu + Mb2)+-d(a +91 o exp(—2))dzadzn +

2

/sjoﬁeXp(_TZ%)/oo —az \/_exp( 2))dzydzy

= /_81 \/% exp(_TZ%)(l _ (I)(_(Ml S€ ,u;)_i_—d(a i c)zl ))le L

IV _Z% —1 — az
/81 V2 eXP(T)(l - (I)(T))dzl

m. 3.4. Qﬁl,l‘gﬁf%\ ?\!ii\; m. 3.5. Zl,ZQﬁi'Av\ ?F'/Pé
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Bofsda 0 iiﬁ’lﬁféa\;\l; ;‘I:fg-‘flj? fc i fren= 2 4 MA@ é—‘flj% BER
WAl B g2 5 > 1% python 3 — i@ 8 3-8 (i /2 B = 4255 0 AR it
python e N 78 > R R E E F o

2L A gk 2017-2018 % F2 FTHIEL B30 At B AR & 2017-
2018 FF ¢ > KEFFHREIX = (X1, Xy) ~ Na(u = 1.5966, 45 = 0.5376,0
178.3203, 03 = 59.0681, p = —0.2227) TS SRR Sl T A

fX1,X2 (xh xQ)

1 178.3203  —22.8582 21 — 1.5966
_exp (21 — 1.5966, x5 — 0.5376)

27TIE E ~22.8582  59.0681 Ty — 0.5376

178.3203 —22.8582

¥ —
—22.8582  59.0681
—0.1820 —0.9833 54.8368 0 —0.1820 —0.9833
—0.9833 0.1820 0 182.5516 —0.9833 0.1820
—0.1820 —0.9833 54.8368 0
£ I = ’ A =
—0.9833 0.1820 0 182.5516
“(qT-(-E; *%L‘Lg_ it %; » ¥ U %g 1 X1, T2 ’fr 21, %2 E’f’?&g ],’/A’A’QP—T :
21 0.1350 0 —0.1820 —0.9833 r1 — 1.5966
2o 0 0.0740 —0.9833 0.1820 x9 — 0.5376
21 —0.0246 —0.1328 T N 0.1106
2o —0.0728 0.0135 To 0.1090
1 —1.3479 —13.2855 21 N 1.5966
To —7.2815  2.4593 2o 0.5376
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IR S TS FR O ER SIAILE NOER S8 SUI SUE R

4T

PT(X1+X2 >0,X; >O)

0.1106  (—0.101521+0.1202 1 1
/ / —exp(— (27 + 23))dzodz; +

27 2
—0.797121+0.1971 4 1
— exp zy + 25))dzadzy
/0 A Lexp(S(:2 4 )
0.1106 2 ~0.101521+0.1202 2
1 —z1 / 1 1 —25
= ex ——exp(—=))dzodz +
A \/— p( ) - \/% p( 9 )) 20<1

0 1 _p2 [OTTaT009TL 2
——exp(—) / ——exp(—=))dzadzy
/0.1106 2 2 —0 V271

0.1106  { 2
= ——exp(——)P(—0.10152; + 0.1202)dz +
| el \ )iz

© ]
/ ——— exp(—1)B(—0.79712; + 0.1971)dz,
0.1106 V27 2

= 0.4641

= 201015z, +0.1202 (x, = 0)

_'xl + x2

(0.1106,0.1090)

X1=0'_

z; = —0.7971z; + 0.1971 (X, +x; = 0)

B. 3.6. z1, voff & T B B. 3.7. 21, 2o ff & T B
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2. FEAETHHET S FRRAAAATRT IR R RS RE 2
WARACT

PI'(Xl + X9 <0,X; < 0)

0.1106  poo 1 1
= / / —exp(— (27 + 23))dzodz; +
—c0 —0.797121+0.1971 27 2

/ / —exp(— (2] + 23))dzadz
0.1106 J~0.101521+0.1202 27 2

[ e [ L exp( )
= exp(—— eXp(—~))dzaz +
oo V21 2 —0.797121,40.1971 V2T 2

00 1 _Z2 o] 1 _Z2
/ L exp(ZA / L exp(T2))dzgde
0 —

1106 V2T 2 0.10152,+0.1202 V 2T 2

0.1106 1 22
= ——exp(—)(1 — ®(—0.79712; + 0.1971))dz; +
| e 1 )z

'] 1 _ 2
/ —exp(—L) (1 = B(—0.10152; + 0.1202))dz,
0.1106 V2T 2

= 0.3553

z, = —0.7971z, + 0.1971 (x, + x, = 0)

[

(0.1106,0.1090)

N
. 3.8. 21, o ff 4 T 28 . 3.9, 20, 2o A T
Pohab A BREAGE NG R S AL R G s S
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LA ARG B E o
0.4641+0.3553=0.8194 > @ ip #&

“ 2

oG T AR Tt SRR A g 2 S
2 4% 5 1-0.8194=0.1806 -

ST
R

&

WA R B8 5%

S IRRURE R =P CRVIEY: £ 8 S SRR 4
ﬂwwﬁiiﬁii‘%%%ﬁtuéﬁﬁﬁéwﬂi
~ARE RRETERIPEE > DERLT T

Ll‘fg‘[’l‘%’g/\ °

Sk R EEEN ¥ E
2 1.65 1 1.85 ) 35 5 N4

-t

R

BARIEE D ks (0 k kK& T
B ) 18 fndk i 2 — o
ey de PANEAE Rl

o B 2L
Vo 7n Pﬁpg

P k>0 A D TR k<0 A 3 BT
B EEAS L e FEAS L S

LXK

' X; U1 o poy1oy
X = ~ N (85 P B X+ X PRACH A e
X, pe ) \poror o3

X; + Xo ~ N(py + po, 05 + 05 + 2p010)

S ST

’ﬁx,?@‘“%g&ﬂ’.’%ﬁ = g»;}}i_li ’ HL%-"Ifk"/FBTLi_%‘L-EiL}f‘
TRIRE A 18

R F L A 2T L RT T X+ X#0 0 X 2k£0 ¥ 2k €Z 0 #F1d

AP ETH PR A ZRGAEBIE o T LA BB E A (k<0) & X E A (k>0) {8
IR F 2 - N P k&7
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P, = PI'(Xl +Xo+ k> 0) = PI'(Xl + X9 > —k‘)
—k—
=Pr(Z > i + 1)
Vi + 0%+ 2po09
1 (k= Gt )
\/a% + 03 4 2po109

Pg = PI'(Xl + X2 = 0)

o 0.5 — (p1 + pi2) _ & —0.5 — (1 + p12)
\Vo? + 0%+ 2p0109 Vo2 + 02+ 2poi09
P

! Jifk <0

1—P,
(5.1)

Pr=Pe r =0
1—-P, °

He X Xo A B 452 &2 52 8L L L o EHIRIFEAL S WIFBF 5

%T‘%%ékﬁglﬁﬁr%riﬁidﬁrizﬁﬂ—ﬂ*;ﬁ(in’E%?:Lﬁtﬂﬁiiﬁ.li’
AR R R ENEFFE L E o T AP TRpE EREJEGFLHEE

FAAGFENEGZHE B =LA RS xP -1
TEREEFIDTE =PI ERRST x(1-P) -1
£ RBERLA 2 B2 D E2RLTFHATZFIRL V- F 0 5 LK
EHWLPZEAEHENEFL DL ED AN F > PIERKALLIG > §EHETE

2P FEANABEAN LD FEY A F > MIERPFLE D FLHBE ERE
SIER T ER I ST Rt SN U - ¥
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v ¥
R 1;3..»\?5’ (11 NBA J)

5o & R BEE R A

A& P &% NBA ¥ 2006-2007 %zﬁi 2017-2018 & ?’eéi— 12 & "f}q‘fi - 4'1“"5{?’1
TR RGBT EFTRES a0 BB RS 01300 A E LTSN
1L P B E b A R ,J;,alr»uﬁemr xﬁ;%_ﬁ;ﬂ Wz gE AL L RT3 B

BEFEFTRFEFFORPIE 0 REF - 2 F &8 Gill (2000) HA] 2 v e
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.40 GRS 2 BIFRIFL 2R

# i Gill #3] - ¥ EREL | R
2006-2007 | 0.2072 (0.0166) | 0.1876 (0.0030) |  0.1906
2007-2008 | 0.1869 (0.0125) | 0.1776 (0.0032) |  0.1744
2008-2009 | 0.1962 (0.0119) | 0.1818 (0.0025) |  0.1843
2009-2010 | 0.1945 (0.0076) | 0.1767 (0.0102) |  0.1869
2010-2011 | 0.2002 (0.0087) | 0.1819 (0.0096) |  0.1915
2011-2012 | 0.1814 (0.0178) | 0.1716 (0.0080) |  0.1636
2012-2013 | 0.1919 (0.0179) | 0.1775 (0.0035) |  0.1740
2013-2014 | 0.1901 (0.0232) | 0.1738 (0.0069) |  0.1669
2014-2015 | 0.1896  (0.0259) | 0.1763 (0.0126) | 0.1637
2015-2016 | 0.1993 (0.0174) | 0.1811 (0.0008) |  0.1819
2016-2017 | 0.2011 (0.0190) | 0.1799 (0.0022) | ~ 0.1821
2017-2018 | 0.2015 (0.0226) | 0.1807 (0.0018) |  0.1789

DARRRIRA ZOERIEA )

\%i
il
=F

& 241577 0 RN TF”%IFD"% 7 2009-2010 ~ 2010-2011 & i g F 1 * Gill (2000) -3
WRAITFEERE s H %éf‘ ®* - A B € R * Gill (2000) $3] {
TR ERERE - B A 2006-2007 %ﬁmg FLA & - A iR 0 RIpRaE KR
AR o rm 2 GBS LE Sw & @ LL LAPM I G B3 {4 E IR
s o FR AP Ay - Rl - AR BRI RER CBFES DI RELE RS R
BETTOURFAPRILDES

@
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$- 8 EURASTERLEE

AE 2 B EDNBA T RIER 20172018 b (7 A K 2 5% o 7
FRIRFE £ 2017-2018 2 fr & W F AL (7 5 0 ulicdy > £ 1 r B B gl 232 B
HE (- HRPAETEEFDJELERIIRAL - BPAIFRAZ A 7 A
AEBFCAHER AR REFECENHPZET o FEET IR T EFRD
FIB (T HZTEEA) - T L ERA ] AFET R 2

(F Tl R) g Tk = L FEPR LS 2 P S e — A

PIQER 2
£.42 04 L E TAERIMA S 2 R FRATIDET
Rt %
= R EN; % 1

BT E o FREIEE F=o § ORI EE o F Rk

0 934 -0.0745 498 -0.1084 436 -0.0358
0.05 820 -0.0595 436 -0.0827 384 -0.0331
0.1 705 -0.0456 379 -0.0704 326 -0.0167
0.15 612 -0.0355 327 -0.0575 285 -0.0102
0.2 526 -0.0284 287 -0.0801 239 0.0337
0.25 442 -0.0180 252 -0.0635 190 0.0424
0.35 290 -0.0053 177 -0.0537 113 0.0704
0.4 232 -0.0213 145 -0.0628 87 0.0477
0.45 166 0.0286 107 -0.0266 59 0.1288
0.5 111 0.0009 73 -0.0548 38 0.1079

LR S AL N{]r B EEATEL L E TSNS T RS > kF
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F.4.4. F BT I0E 2 B

st > 1
"l‘F

B (% 4.3)

FORT g

* A E TR A ElR
ok -0.0107 -0.0721 0.1037
A 0.0353  0.0370 0.0480
B B -0.0892 -0.1534 0.0222
EEE SVARLS -0.0327 -0.0924 0.0761
Pk -0.0154 -0.0696 0.1023
NN PANLE S 0.0167 -0.0446 0.1365
B 0.0364 -0.0134 0.1838

2.45. BV EH Y EL 05 A2 0 BRI EEF95% S R T

F T o] 95% 3 iE &

2 A AR (-0.0245,0.0032)
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A2 ERIERIES F 2R RPLTIS

2. AL iE2 4 EFTRIERGEAS B2 R EHILTIEEA

YL %

= = A AR Al % I

By E F=s Il #x §ETHE{ B g T
0.0 932 -0.0668 491 -0.1138 441 -0.0145
0.05 836 -0.0775 442 -0.1149 394 -0.0354
0.1 727 -0.0548 388 -0.0915 339 -0.0128
0.15 633 -0.0422 342 -0.0779 291 -0.0002
0.2 542 -0.0601 293 -0.1046 249 -0.0078
0.25 462 -0.0642 256 -0.1055 206 -0.0129
0.3 388 -0.0711 224 -0.1033 164 -0.0271
0.35 317 -0.0402 187 -0.0853 130 0.0246
0.4 251 -0.0120 155 -0.0671 96 0.0771
0.45 184 -0.0139 122 -0.0156 62 -0.0105
0.5 123 0.0028 81 -0.0179 42 0.0429
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2.0A2. 0B 2 N ETOREIERIE A 2 F B P T I5E

ForH %

& gk b F A A B R A Fx Z 5

B Y E = FHETEES Fx FETEE] F FETEEL
0.0 932 -0.0837 488 -0.1265 444 -0.0367
0.05 838 -0.0671 436 -0.1110 402 -0.0194
0.1 740 -0.0648 391 -0.1175 349 -0.0057
0.15 638 -0.0641 339 -0.1119 299 -0.0099
0.2 558 -0.0875 301 -0.1347 257 -0.0323
0.25 473 -0.0868 267 -0.1300 206 -0.0308
0.3 402 -0.0432 235 -0.1013 167 0.0386
0.35 326 -0.0405 185 -0.1043 141 0.0433
04 265 -0.0513 161 -0.0693 104 -0.0236
0.45 198 -0.0235 126 -0.0905 72 0.0938
0.5 157 -0.0481 97 -0.1273 60 0.0800
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%.A3. 012 o TORIERIE A 2 F B P T I5E S

& Bt F A A

¥

F BNy F5

¥

EfHEE Hew FOET A Fx FRTEET Fx FRETEET

0.0 935 -0.0811 484 -0.1124 451 -0.0475
0.05 845 -0.0831 445 -0.1293 400 -0.0316
0.1 762 -0.0799 398 -0.1237 364 -0.0320
0.15 657 -0.0610 346 -0.1134 311 -0.0026
0.2 578 -0.0733 312 -0.1250 266 -0.0126
0.25 485 -0.0656 268 -0.1323 217 0.0168
0.3 407 -0.0205 228 -0.0886 179 0.0662
0.35 332 -0.0476 196 -0.1010 136 0.0294
0.4 272 -0.0377 163 -0.0816 109 0.0280
0.45 213 -0.0505 133 -0.0981 80 0.0288
0.5 161 -0.0168 101 -0.0569 60 0.0508
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2. A4 iR 2 EFTORIERIE A 2 F s T g

& Bt F A A

¥
¥

F BNy F5

EfHEE Hew FOET A Fx FRTEET Fx FRETEET

0.0 956 -0.0832 499 -0.1147 457 -0.0487
0.05 860 -0.0827 449 -0.1293 411 -0.0319
0.1 758 -0.0705 398 -0.1152 360 -0.0211
0.15 665 -0.0589 350 -0.1236 315 0.0130
0.2 561 -0.0540 298 -0.1243 263 0.0257
0.25 479 -0.0391 263 -0.1017 216 0.0370
0.3 404 -0.0561 229 -0.0921 175 -0.0089
0.35 350 -0.0307 200 -0.0485 150 -0.0070
0.4 295 -0.0588 167 -0.0614 128 -0.0555
0.45 225 -0.0713 131 -0.0729 94 -0.0691
0.5 173 -0.0353 107 -0.0785 66 0.0348
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2.AS. 0182 T E TORIERIE A B 2 F B P T I5E S

ForH %

& gk b F A A B R A Fx Z 5

B Y E = FHETEES Fx FETEE] F FETEEL
0.0 966 -0.0818 504 -0.1304 462 -0.0288
0.05 875 -0.0827 463 -0.1177 412 -0.0434
0.1 782 -0.0747 416 -0.1234 366 -0.0193
0.15 672 -0.0613 353 -0.1310 319 0.0158
0.2 570 -0.0475 307 -0.1101 263 0.0257
0.25 493 -0.0481 273 -0.0960 220 0.0114
0.3 422 -0.0714 236 -0.1123 186 -0.0196
0.35 352 -0.0663 195 -0.0792 157 -0.0503
04 289 -0.0642 163 -0.0721 126 -0.0540
0.45 231 -0.1264 132 -0.1208 99 -0.1338
0.5 183 -0.1270 110 -0.0723 73 -0.2096
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#.A6. 12w E FALIERIE A B2 7 BPIL T IEES

& Bt F A A

¥
¥

F BNy F5

EfHEE Hew FOET A Fx FRTEET Fx FRETEET

0.0 984 -0.0881 518 -0.1501 466 -0.0192
0.05 888 -0.0810 465 -0.1259 423 -0.0316
0.1 790 -0.0980 413 -0.1517 377 -0.0391
0.15 696 -0.0970 362 -0.1539 334 -0.0353
0.2 610 -0.0955 315 -0.1443 295 -0.0434
0.25 536 -0.0992 278 -0.1390 258 -0.0562
0.3 457 -0.0935 244 -0.1209 213 -0.0622
0.35 397 -0.0943 210 -0.0879 187 -0.1016
0.4 335 -0.0943 172 -0.0698 163 -0.1202
0.45 262 -0.0750 137 -0.0369 125 -0.1168
0.5 201 -0.0580 107 0.0173 94 -0.1436
34
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2.A7. B2 = & FORERIE A B 29 LT IEE A

FA %

=y F AL R R B3 Z I

BB FE ¥ FETIEE] F = RETEEL = FHETHEET
0.0 991 -0.1189 531 -0.1789 460 -0.0496
0.05 914 -0.1269 486 -0.1785 428 -0.0682
0.1 826 -0.1211 439 -0.1786 387 -0.0558
0.15 744 -0.1114 395 -0.1543 349 -0.0629
0.2 666 -0.1096 362 -0.1352 304 -0.0791
0.25 574 -0.1345 306 -0.1600 268 -0.1054
0.3 508 -0.1361 273 -0.1557 235 -0.1134
0.35 437 -0.1240 233 -0.1232 204 -0.1250
04 375 -0.1205 201 -0.1080 174 -0.1351
0.45 316 -0.1062 168 -0.0693 148 -0.1480
0.5 270 -0.0769 142 -0.0345 128 -0.1238
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%.A8. 112 - TORIERIE A 2 F B P T I5E S

ForH %

& gk b F A A B R A Fx Z 5

B Y E = FHETEES Fx FETEE] F FETEEL
0.0 1029 -0.1241 562 -0.1685 467 -0.0707
0.05 951 -0.1185 515 -0.1642 436 -0.0646
0.1 860 -0.1230 462 -0.1554 398 -0.0853
0.15 772 -0.1277 415 -0.1527 357 -0.0986
0.2 692 -0.1434 376 -0.1773 316 -0.1030
0.25 644 -0.1504 353 -0.1688 291 -0.1280
0.3 581 -0.1464 317 -0.1582 264 -0.1322
0.35 521 -0.1417 291 -0.1552 230 -0.1248
04 465 -0.1367 261 -0.1523 204 -0.1167
0.45 413 -0.1334 235 -0.1404 178 -0.1242
0.5 358 -0.1175 194 -0.1299 164 -0.1027
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45 B
A2 39 F5

fo & FhP NBA 7L

library (rvest)

library (plyr)

URL part <— c(”https://www. basketball—reference.com/boxscores/?month=",
"&day="",
"&year="")

path <—data.frame (DT = character () ,URL = character ())

for(y in 2017:2018)¢

for(m in 1:12){
for(d in 1:31){
path <— rbind(path,

data . frame (DT =paste(y,”
URL =paste (URL part[1],m,URL part[2],d,URL

EEEEEE) EEEIET)
)m) _ )dasep_ )3

part[3],y,sep="")))

H
DATA <— list ()
for(i in 1l:length(path[[1]])){
doc <— read html(as.character(path[[2]][1]))

37
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45

46

47

48

49

50

if ((length(doc %% html nodes(”.teams+, table”))) != 0){
DATA[[ as.character(path[[1]][1])]] < doc %% html nodes(”.teams+, table
”) %% html table ()
for(j in 1:length(DATA[[as.character(path[[1]][1])]]1)){
rownames (DATA[[ as.character (path [[1]][1])]]1[[j]1]) <— DATAJ] as .
character (path [[TT1[1 DI 1I0,1]
DATA[[ as.character(path[[1]][1])]11[[j]] < DATA[[as.character(path
(CYIICe DIT00 10, =11
DATA[[ as.character(path [[1]][1])]]1[[j]] < cbind (DATA[[as.character(
path [[1]11[1]1)]1]1[[j1],Total = c(sum(DATA[[as.character(path[[1]][1

DITCCI 10 ,1) , sum (DATA[[as . character (path [[T]1[1 DIII0I1102.1D)))

}
telse {

DATA[[ as.character(path[[1]][1])]] <—(paste(path[[1]][1],”Do.not. have.
any,data.”))

}
Sys.sleep (round(runif(l,min = 1 ,max = 5)))

MonthX <— data.frame(’1’ = character(),’2’ = character(),’ 3’ = character (),
>4’ = character (), 10T’ = character (), Total = character ())
datalist <— list ()
for(d in 1:31){
if(is.list (DATA[[ paste0 (72017 X ”,d)]])){
for(b in 1:length (DATA[[ paste0 (72017 X ”,d)]])){
datalist <— c(datalist ,DATA[[ paste0 (2017 X ”,d)]][b])

}
MonthX <— rbind. fill (datalist)

MonthX$teamname <— unlist(lapply(datalist , row.names))
MonthX <— MonthX[c(’teamname’ ,1,2,3,4,°10T",  Total’)]
write . csv(MonthX, ”MonthX —-2017.csv”)

PRBZE & S PR A2 A5

import pandas as pd
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22
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24

25

26

27

28

29

30

31

from wurllib.request

from urllib.request

from urllib.request

import quote
import urlopen

import Request

from bs4 import BeautifulSoup

import numpy as np

import time

URLError

from wurllib.error import HTTPError,

from datetime import date

from dateutil.rrule import rrule, DAILY
import time
import random
chaper_url _head = ’https://www.playsport.cc/predictgame.php?action=result&
allianceid=3&gametime="

headers = {’User—Agent’:’Mozilla/5.0 . (Windows NT.6.1; WOWH; .rv:23.0) ,Gecko
/20100101 ,Firefox/23.0 "}

DD = {}

a = date(2017, 10, 18)

b = date (2018, 4, 12)

for dt in rrule (DAILY, dtstart=a, until=b):

time . sleep (2+random.random ())

req = Request(url=chaper url head+dt.strftime ("%YaPod”), headers=
headers)
A = urlopen(req).read ()
data = pd.read html(str(BeautifulSoup(A,”lxml”).select(’.gamedata—
results ’)),encoding="utf—-8")[0]
if len(data.iloc[2,0]) != 5:
D = pd.DataFrame (columns=[” 4 #”, “Team”, " » ”])
for 1 in range(int((len(data)—2)/3)):
try
D = pd.concat([D,pd.DataFrame ([[ dt.strftime (7%YYafod”), data .
iloc[3+3*i,0].split()[0],data.iloc[2+3*i,3],data.iloc
[2+3*1,8]],[dt.strftime ("%YYafed” ), data.iloc[3+3*1,0].
split()[2],data.iloc[2+3*i,5],data.iloc[6+3%i,2]]],
columns=["p H 7, ”& #”, "Team”, "E » 7])], axis=0,
ignore_index=True)
except:
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32
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34

35

36
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38
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41
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44

45

k=0
DD[dt. strftime ("%YYabod”)] = D

Data coll 2017 2018[’B: ¥ ’]=np.nan

for 1

b

if Data coll 2017 2018.loc[i, " A '] is
Data coll 2017 2018 .loc[i, B F ] =

in range(len(Data_coll 2017 2018 .loc[:, B F"])):
not None:

Data coll 2017 2018 .loc[i, & &

“1.split ()[1]
for i in range(len(Data _coll 2017 2018 .loc[:,’ & A *])):
if Data coll 2017 2018 .loc[i,’3& » ] is not None:
Data coll 2017 2018 .loc[i, 2% # ] = Data _coll 2017 2018 .loc[i, & &
>1.split(O)[0][1:—1]
if i% 2 ==
Data_coll 2017 2018 .loc[i, 3 4 ’] = np.nan
1 425 R AR AR AR

import numpy as np
from scipy.linalg import
from scipy.stats import norm
import sympy
import sympy.stats

import scipy.integrate as integrate

import math
import matplotlib.pyplot as plt
import pandas as pd

get ipython (). magic(’ matplotlib.inline )

data = pd.read_excel (’2017—2018NBAF # . xlsx ”)
data = data.reset _index ()

data = data.dropna()[ data.Z != 0]

mu Z = (data[’Z’]).mean()

muW = (data[’W’]).mean()

var Z = (data[’Z’]).var()

40

fractional matrix power
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var W (data['W’ ]). var ()

data.loc[:,[’Z’, W ]].corr().loc[’Z",’W’]

cor

cov.ZW = cor*np.sqrt(var_Z)*np.sqrt(var W)
M np.array ([[var_Z, cov. ZW], [cov. ZW, var W]])

data_ mu = np.array ([[mu Z],[muW]])

def eigenvalue and eigenvector (M, data mu):

M eigva,M eigvt = np.linalg.eig(M)

M eigvt[:,[0, 1]]
M eigva[[0, 1]]

—M eigvt[:,[1, 0]]
M eigva[[l, 0]]

M eigva2 = np.diag(M_eigva)

D _half inverse = fractional matrix power (M eigva2,—0.5)

D half inverse dot M eigvt = np.dot(D half inverse ,M eigvt)

D half inverse dot neg data mu = np.dot(D_half inverse dot M eigvt,—
data _mu)

inverse _of D half inverse dot M eigvt = np.linalg.inv(
D half inverse dot M eigvt)

inverse_of D half inverse dot D half inverse dot M eigvt dot data mu
np.dot(inverse _of D half inverse dot M eigvt,—
D half inverse dot neg data mu)

return inverse_of D half inverse dot M eigvt,

inverse_of D half inverse dot D half inverse dot M eigvt dot data mu

def integral(inverse of D _ half inverse dot M eigvt,
inverse _of D half inverse dot D half inverse dot M eigvt dot data mu):

X,y = sympy.symbols(’x.y’)

A = sympy.Matrix(inverse _of D _ half inverse _dot M eigvt[[0],:])
B = sympy.Matrix(inverse _of D half inverse dot M eigvt[[1],:])
¢ = sympy. Matrix (

inverse_of D half inverse dot D half inverse dot M eigvt dot data mu

)
st = v = sympy.Matrix ([[x,y]]).T
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51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

def

cross = sympy.solve ([(A*st+c.row(0))[0] , (A*st+c.row(0))[0]—(—B*st—c.
row (1))[0]],[x,y1])

k=cross|[x]

Z plus W = sympy.solve ((A*st+c.row(0))[0] —(—B*st—c.row(1))[0],y)

f

g
h

soll

f

g
h

sol2
H

Z

Z plus W = sympy.solve ((A*st+c.row(0))[0] —=(—B*st—c.row(1))[0],y)

soll

f

g
h

sol2
A

return H,A

Pr hn(data):
PR Hn = list ()

= sympy.solve ((A*st+c.row (0))[0] ,y)

Z[0]

sympy . lambdify (x, f, “numpy”)

lambda x: 1/(np.sqrt(2*np.pi))*np.exp((—1*x**2)/2)*norm.cdf(g(x))
= integrate .quad(h, —math.inf k)

Z plus W[O0]

sympy . lambdify (x, f, “numpy”)

lambda x: 1/(np.sqrt(2*np.pi))*np.exp((—1*x**2)/2)*norm.cdf(g(x))
= integrate .quad (h,k,math. inf)

soll1[0]+so0l2[0]

sympy . solve ((A*st+tc.row (0))[0] ,y)

Z plus W[O0]

sympy . lambdify (x, f, “numpy”)

lambda x: 1/(np.sqrt(2*np.pi))*np.exp((—1*x**2)/2)*(1 —norm. cdf(g(x
)))

= integrate.quad(h, —math.inf k)

Z[0]

sympy . lambdify (x, f, “numpy”)

lambda x: 1/(np.sqrt(2*np.pi))*np.exp((—1*x**2)/2)*(1 —norm. cdf(g(x
)))

= integrate .quad(h,k,math.inf)

soll[0]+s0l2[0]
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87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

def

def

for n in list(range(l,int(max(data.Z)+1))):
A = norm.cdf((n + 0.5 — np.mean(data.Z))/np.std(data.Z))—norm.cdf
((n — 0.5 — np.mean(data.Z))/np.std(data.Z))
B =1 - norm.cdf((0.5 — np.mean(data.Z))/np.std(data.Z)) + norm.cdf
((—0.5 — np.mean(data.Z))/np.std(data.Z))
PR Hn.append(A / B)
A=20
for n in list(range(0,len(PR Hn))):
if (n+1) in list(data.Z):
A = A + PR Hn[n]
A
return PR _Hn
Pr_an(data):
PR An = list()
for n in list(range(l,int(—min(data.Z)+1))):
A = norm.cdf((—n + 0.5 — np.mean(data.Z))/np.std(data.Z))—norm.cdf
((=n — 0.5 — np.mean(data.Z))/np.std(data.Z))
B =1 - norm.cdf((0.5 — np.mean(data.Z))/np.std(data.Z)) + norm.cdf
((=0.5 — np.mean(data.Z))/np.std (data.Z))
PR _An.append(A / B)
B=20
for n in list(range(0,len(PR An))):
if n+tl in list(—data.Z):
B =B + PR An[n]
B
return PR _An
Pr_ hw(data ,PR Hn,PR An):
Pr HIHw = list ()
for n in list(range(l,int(max(data.Z)+1))):
if nin list(data.Z):
Pr HIHw.append ((1 — norm.cdf((—n — data[data.Z>0].W.mean()) /
data[data.Z>0].W.std ()))*PR Hn[n—1])
Pr Hw numerator = np.sum(Pr HIHw)
Pr AlAw = list ()
for n in list(range(l,int(—min(data.Z)+1))):
if n in list(—data.Z):
Pr AlAw.append ((norm.cdf((n — data[data.Z<0].W.mean()) / data]
data .Z<0].W.std ()))*PR _An[n—1])
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118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

Pr Aw_numerator = np.sum(Pr AlAw)

return (Pr_Aw_numerator+Pr_Hw_ numerator)

ml, m2 = ecigenvalue and eigenvector (M, data_mu)

H,A = integral (ml,m2)

PR Hn = Pr_hn(data)
PR _An = Pr_an(data)

data[data.Z+data .W>0][data .Z>0]

Home =len (data[data.Z+data . W>0][ data.Z>0])

Away =len(data[data.Z+data . W<0][ data.Z<0])

Total=Home+Away

> 1 afgﬁ

&
Rﬁ-

e
Jo

s

import numpy as np

from scipy.linalg import fractional matrix power

from scipy.stats import norm
import sympy

import sympy.stats

import scipy.integrate as integrate
import math

import matplotlib.pyplot as plt
import pandas as pd

get ipython (). magic(’ matplotlib.inline )

data = pd.read_excel ("iTXENBAF # .xlsx )
data = data.reset _index ()

new_data= pd.read excel(’new_data.xlsx’)

def prob(inA,inB,data,hometeam for point):

mergeB = [True if ((data.iloc[i,1] == inA) & (data.iloc[i+1,1] ==

inB) & (i%2==0))

44
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win_or lost = []

for

Different threshold = dict ()
for j in np.arange(.1,0.55,0.05):

or ((data.iloc[i,1] == inB) & (data.iloc[i—1,1] ==
inA) & (i%2!=0))
else False for i in range(0, len(data)—1)]

Home team data = data[0:len(data)—1][mergeB]

mu Z = (Home team data[’Z’]).mean()

muW = (Home team data[ W’ ]).mean()

var Z = (Home team data[’Z’]). var()

var W = (Home_ team_data[ 'W’]). var ()

cor = Home team data.loc[:,[’Z’,’W’]].corr().loc[’Z’,’"W’]
cov. ZW = cor*np.sqrt(var_Z)*np.sqrt(var W)

M

np.array ([[var_Z, cov ZW],
[cov ZW, var W]])
data_mu = np.array ([[mu Z],[mu W]])

Pl = l-norm.cdf((—hometeam for point—mu Z—mu W)/np.sqrt(M.sum()))
P2 = norm.cdf((0.5—mu Z—mu W)/np.sqrt (M.sum())) —norm. cdf((—0.5—mu Z—
mu W)/np.sqrt(M.sum()))

if hometeam for point <0:
hometeamwinpr=P1/(1 —P2)

else:
hometeamwinpr=(P1-P2)/(1 —P2)

return hometeamwinpr

i in range(int(len(new_data)/2)):

if (new_data.loc[1+2*i, Total’] + new_data.loc[1+2*i, & » ]) >
new _data.loc[0+2*i,  Total’]:
win_or_lost += [1]

else:

win_or_lost += [0]

pred = []

for i in range(int(len(new_data)/2)):
At=new_data.loc[0+2*i,  teamOme ]
Bt=new data.loc[1+2*i, teamOme "’ ]

hometeam for point = new_data.loc[1+2*i, & » ]

try :
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pr_homewin = prob(At,Bt,data,hometeam for point)
Away_expected =new_data.loc[0+2*i, B F *1*(1 —pr_homewin)—1
Home expected =new_data.loc[1+2*i,’ & & *]*pr_homewin—1

%
if (Home expected>Away_ expected) & (Home_ expected>j):

pred += [1]
elif (Away_expected>Home expected) & (Away expected>j):

pred += [0]
else:
pred += [np.nan]
except:

pred += [np.nan]

Z AN

g

If 3=t = len(np.array(pred)[pd.notnull (pred)])

e

I ¥ =% = len(np.array(pred)[np.array(pred)==1])

R

I# % =x = len(np.array(pred)[np.array(pred)==0])

merge 0 = []
for 1 in np.array(pred)==0:

merge 0 = merge 0 + [i, False]
odds to_away = new_data[merge 0].loc[:,”f F”].values
oppsite to _endorse = —(np.array(win_or lost)[np.array(pred)==0]—1)
LT HE =K = (odds to away@oppsite to endorse—% g # = )/ & If ¥ =

merge 1 = []
for 1 in np.array(pred)==1:
merge 1 = merge 1 + [False, i]
odds to_home = new_data[merge 1].loc[:,”F F”].values
oppsite to _endorse = (np.array(win_or lost)[np.array(pred)==1])

i fp T2 HE Al = (odds_to home@oppsite to endorse—i [f 3=t )/ i I} #F =

PAAEHRE R s (EHRTHIECENCERS AL T HE 2RI RS
)/ A OA AR R B

Different threshold[”Threshold.=.” + str(j)] = pd.DataFrame ([[ * » i %
=, A2 B E B A S, AT E g, E RS, R T

2 H = Al]],columns = [*7 A 1 EFfEFXC,0F L L ERE ZESC, LR
B, A B THmE g ,ERES,ERTHE 2 EA])
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27

end = .55
collection = pd.DataFrame(columns = [>% & i £ B 3F =, % A 2 £ I3 H &4,
AR HSC AR THEE RENC,CERESC,ERTEE ZEC]
for j in np.arange(0,end,.05):
collection = pd.concat([collection, Different threshold[” Threshold.=."
+ostr(j)I1])
index = [ str(j) for j in np.arange(0,end,.05)]

collection.index = index

P EHE SRS

import numpy as np

from scipy.linalg import fractional matrix power
from scipy.stats import norm

import sympy

import sympy.stats

import scipy.integrate as integrate

import math

import matplotlib.pyplot as plt

import pandas as pd

get ipython (). magic( matplotlib,inline *)

data = pd.read_excel (i - #NBAF # . xlsx’)
data = data.reset_index ()

LI =input(TEHF IR LA )
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AT H=input (CL R L)

merge = [True if ((data.iloc[i,1] == % #H 3% [}) & (data.iloc[i+1,1] ==
i FHE) & (1%2==0))
or ((data.iloc[i,l] == 4 ¥ zlI}) & (data.iloc[i—1,1] ==

EHHIE) & (1%2!=0))
or ((data.iloc[i,1] ==
EFHHIE) & (1%2==0))
or ((data.iloc[i,l] == % ¥ 3k1}) & (data.iloc[i—1,1] ==
i FHE) & (1%2!1=0))

=

H ki) & (data.iloc[i+1,1] ==

else False for i in range(0, len(data)—1)]
data[0:len(data)—1][merge]

mergeB = [True if ((data.iloc[i,l] == % #3f}) & (data.iloc[i+1,1] ==
A FHE) & (1%2==0))
or ((data.iloc[i,l] == 2 HF ) & (data.iloc[i—1,1] ==

LHHIE) & (1%2!1=0))
else False for i in range(0, len(data)—1)]
Home team data = data[0:len(data)—1][mergeB]

Home team data

mu_Z = (Home team_data[’Z’]).mean ()

muW = (Home team_ data[’W’]).mean()

var Z = (Home team data[’Z’]). var()

var W = (Home team_ data[ W’ ]). var ()

cor = Home team data.loc[:,[’Z",’W’]].corr().loc[’Z",’"W’]

cov.ZW = cor*np.sqrt(var_Z)*np.sqrt(var W)
M = np.array ([[var_ Z, cov. ZW], [cov ZW, var W]])
data mu = np.array ([[mu Z],[muW]])

def prob( % Hzk, 2 Sk ,data, 2 F I IFE® » 2 » ¥k):

mergeB = [True if ((data.iloc[i,1] == & #3r;) & (data.iloc[i
+1,1] == 2L ¥ HIE) & (1%2==0))
or ((data.iloc[i,1] == i ¥3kF}) & (data.iloc[i
—1,1] == & HHI}F) & (i%2!=0))

else False for i in range(0, len(data)—1)]
Home team data = data[0:len(data)—1][mergeB]

mu_Z = (Home team_data[’Z’]).mean()
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muW = (Home team data[ W’ ]).mean ()

var Z = (Home team data[’Z’]).var()
var W = (Home team data[ W’ ]). var ()
cor = Home team data.loc[:,[’Z’,’W’]].corr().loc[’Z’,’"W’]

cov ZW = cor*np.sqrt(var_Z)*np.sqrt(var W)
M = np.array ([[var_Z, cov ZW],
[cov ZW, var W]])
data_ mu = np.array ([[mu Z],[mu W]])
Pl = l-norm.cdf((— 2 #F 3 Fp & » 2 & #—mu Z—mu W)/np.sqrt M.sum ()))
P2 = norm.cdf((0.5—mu Z—u W)/np.sqrt (M.sum())) —norm. cdf((—0.5—mu Z—
mu W)/np.sqrt(M.sum()))

if 3Tk RS 2 A <0

hometeamwinpr=P1/(1 —P2)
else:

hometeamwinpr=(P1-P2)/(1 —P2)

return hometeamwinpr

3BTk A 2 A B=float(input (Vi F Ik EALA 2 A #K:”))

i a2 pEF=float(input( P& AL i 2 EF="))
LR B2 B F=float(input( 4L & I} 2 BB X="))

prob(E ¥ 3k Ff, 1 33k [f, data, 1 H3k FF R A 2 A k)
print(’ AL F IRk f B F=",prob( £ F K, L F ki, data, L FHFEELS 2 L BK))

Home expected =471 2 Jf 2 p& F *prob (£ F 2k I}, 2 F 2k I} ,data, 2 HFIf Fp R A 2 &
#)-1

print(’4 2 i ¥ ¥ E=",Home_expected)

Away expected =471 & Ff 2 BB F *(1—prob (2 F Ik I, 4 F 2k 1§ ,data, 3 33k 1 | 4 2
A 4)) -1

print (4L % ¥ ¥ E=",Away_expected)

if (((1—prob( & HF 3, Fskf,data, 2 FRIFEAL 2 2 B))*R L LR BRF

—1>0) and ((1—prob( & F 2z}, 2 HF 2k} ,data, 2 FIf FF B A 2 Av\ﬁﬂ:)) PLE R
2 B % —1<0.2)):
print(PF L E PR I F A < 0 ke FORE)

elif(((1—prob( % H 3,3 F o, data, i s HFEA 2 A H))*I LT 2 BF
—1>0.2) and ((1—prob( & # # F, i ¥ 7% I}, data, 2 3 3¢ F;éﬂéiln\ﬁi))*ﬂ'}i%
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89

90

91

92

93

2o BE 3 —1<0.5)):
print("ZRFL LR k'R P TRE)
clif(l—prob( & #H sk, L ki ,data, 2 IR R A 2 A #ic))* L % IF 2 B
—1>0.5:
print(PZRLAEF BB I B R&pFTREY)
else:

print(’sh vt 3 ERHLALT)

%]

b3
v

A
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