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Assume E(g) =0 E(Y;) = By + B4
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Consider Y; to be a Bernulli random variable

PY;=1)=m
P(Y;=0)=1-m;
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V=B +PXi+e& Y, =0o0rT
Assume E(g) =0 E(Y;) = By + B4
Consider Y; to be a Bernulli random variable
PY;=1) =m

PY;=0)=1-m
EY)=1m+0-(1—m) =m

EY;) = Bo + B1X; = m;

Xel0] =O0M= W =8B Y712 Us 712 =&



EXLE 2HEE

OF
OF
10
il

L+0]

L+0]

OF
OF
10
il

L+0]

52
54
56
57
58
59
63

41

22

41

23

46

24
27
28
29
30
32
33
35

47

48

49

49

6/

50
51

71

77
81

51

51

40




0 6 606 606 6 o o

¢

O 06 06 66 G000 000 o

|
100




0 6 606 606 6 o6 o

¢

O 6000 000 o

'
:

|
100




EX|A

E| -'-‘ ‘-‘ 5|
A

Lto] 12 JAEL 5 b %
20 - 29 5 0 0
30 - 39 6 1 17
40 - 49 7 2 29
50 - 59 7 4 57
60 - 69 5 4 80
70 - 79 2 2 100
80 - 89 1 1 100
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(Probability that an observation x belongs to class 1)
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FIFAWORLD CUP

RUSSIA 2018.
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2018 FIFA WORLD CUP
June 14th — July 15th, 2018
Various Locations throughout Russia
OPENING | CURRENT OPENING | CURRENT
ODDS TO WIN: | _opbs obbs | ODDS TO WIN: ODDS ODDS
7/14/2014 | 2/12/2018 7/14/2014 | 2/12/2018
96101 GERMANY 51 4/1 96117 SWEDEN 80/1 100/1
96102 BRAZIL 8/1 5/1 96118 SERBIA 100/1 150/1
96103 FRANCE 10/1 11/2 |96119 SENEGAL 500/1 150/1
96104 SPAIN 8/1 13/2 |96120 EGYPT 500/1 200/1
96105 ARGENTINA 8/1 71 96121 ICELAND 1000/1 200/1
96106 BELGIUM 15/1 10/1 [96122 PERU 500/1 200/1
96107 ENGLAND 25/1 151 |96123 NIGERIA 150/1 200/1
96108 PORTUGAL 30/1 20/1 (96124 JAPAN 150/1 300/1
96109 URUGUAY 50/1 30/1 |96125 COSTA RICA 200/1 250/1
96110 COLOMBIA 20/1 40/1 (96126 AUSTRALIA 300/1 300/1
96111 RUSSIA 20/1 40/1 (96127 MOROCCO 500/1 500/1
96112 CROATIA 60/1 40/1 |96128 IRAN 2000/1 500/1
96113 POLAND 100/1 40/1 (96129 SOUTH KOREA| 200/1 500/1
96114 MEXICO 50/1 60/1 |96130 TUNISIA 500/1 1000/1
96115 DENMARK 100/1 100/1 |96131 PANAMA 1000/1 | 1000/1
96116 SWITZERLAND | 80/1 100/1 |96132 SAUDI ARABIA| 1000/1 | 1000/1




FIFAWORLD CUP

RUSSIA 2018.
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2018 FIFA WORLD CUP
June 14th — July 15th, 2018
Various Locations throughout Russia

OPENING | CURRENT OPENING | CURRENT
ODDS TO WIN: | _opbs obbs | ODDS TO WIN: ODDS ODDS

7/14/2014 | 2/12/2018 7/14/2014 | 2/12/2018
96101 GERMANY 5/1 4/1 96117 SWEDEN 80/1 100/1
96102 BRAZIL 8/1 5/1 96118 SERBIA 100/1 150/1
96103 FRANCE | 101 | 11/2 196119 SENEGAL 500/1 150/1
96104 SPAIN : 13/2 [96120 EGYPT 500/1 200/1
96105 ARGENTINA 8/1 71 96121 ICELAND 1000/1 200/1
96106 BELGIUM 15/1 10/1 [96122 PERU 500/1 200/1
96107 ENGLAND 25/1 15/1 |96123 NIGERIA 150/1 200/1
96108 PORTUGAL 30/1 20/1 (96124 JAPAN 150/1 300/1
96109 URUGUAY 50/1 30/1 |96125 COSTA RICA 200/1 250/1
96110 COLOMBIA 20/1 40/1 (96126 AUSTRALIA 300/1 300/1
96111 RUSSIA 20/1 40/1 (96127 MOROCCO 500/1 500/1
96112 CROATIA 60/1 40/1 (96128 IRAN 2000/1 500/1
96113 POLAND 100/1 40/1 (96129 SOUTH KOREA| 200/1 500/1
96114 MEXICO 50/1 60/1 (96130 TUNISIA 500/1 1000/1
96115 DENMARK 100/1 100/1 |96131 PANAMA 1000/1 | 1000/1
96116 SWITZERLAND | 80/1 100/1 |96132 SAUDI ARABIA| 1000/1 | 1000/1
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2018 FIFA WORLD CUP
June 14th — July 15th, 2018
Various Locations throughout Russia
OPENING | CURRENT OPENING CURRENT
ODDS TO WIN: | _opbs obbs | ODDS TO WIN: ODDS ODDS
7/14/2014 | 2/12/2018 7/14/2014 | 2/12/2018

96101 GERMANY 51 4/1 |96117 SWEDEN 80/1 100/1
96102 BRAZIL 8/1 5/1 (96118 SERBIA 100/1 150/1
96103 FRANCE | 101 | 11/2 96119 SENEGAL 500/1 150/1
96104 SPAIN : 13/2 [96120 EGYPT 500/1 200/1
96105 ARGENTINA 81 7/1 |96121 ICELAND 10001 | 2001
96106 BELGIUM 15/1 10/1 |96122 PERU 500/1 200/1
96107 ENGLAND 25/1 15/1 |96123 NIGERIA 150/1 200/1
96108 PORTUGAL 301 20/1 |96124 JAPAN 150/1 3001
96109 URUGUAY 50/1 30/1 |96125 COSTA RICA 200/1 250/1
96110 COLOMBIA 20/1 40/1 |96126 AUSTRALIA 300/1 3001
96111 RUSSIA 20/1 40/1 961 27 MOROCCO 500/1 500/1
96112 CROATIA 60/1 40/1
96113 POLAND 100/1 40/1
96114 MEXICO 50/1 60/1 961 30 TUNISIA 50011 | 1000/1
96115 DENMARK 100/1 100/1 |96131 PANAMA 1000/1 | 1000/1
96116 SWITZERLAND | 80/1 100/1 |96132 SAUDI ARABIA| 1000/1 | 1000/1
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1

(X = x)= 14+ e~ (BotB1x) O=mnX=x) =1
Odds = —&*=%)
T 1-7m(X=x)

Odds : @5 00 £ =& OiH| @3 10 £ =&

(The ratio of the probability of belonging to class 1 to the probability of belonging to
class 0)
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1

(X = x)= 14+ e~ (BotB1x) O=mnX=x) =1
Odds = —&*=%)
T 1-7m(X=x)

Odds : @5 00 £ =& OiH| @3 10 £ =&

(The ratio of the probability of belonging to class 1 to the probability of belonging to
class 0)

(X = x) >

log(0dds) = log <1 — (X = x)
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Odds = —&*=%)
T 1-7m(X=x)

Odds : @5 00 £ =& OiH| @3 10 £ =&

(The ratio of the probability of belonging to class 1 to the probability of belonging to
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X =x —(Bot+
( ) ~ log 1 + e-BoT B0
1 + e~ (BoTB1x)

log(0dds) = log(
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T 1-7m(X=x)

Odds : @5 00 £ =& OiH| @3 10 £ =&

(The ratio of the probability of belonging to class 1 to the probability of belonging to
class 0)

(X = x) )

log(0dds) = log <1 — (X = x)

= log : = fo+hrx

. Logit Transform (2% Bi2h
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log(Odds)

m(X) — 0,log(0dds) —» —oo
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m(x)
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m(X) — 1,log(0dds) —» o
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1
+ e_(ﬁ0+ﬁlx1+ﬁzxz +"'+:Bpxp)

m(X) = -

0dds = &= o Bo+Brx1+Bzxa++Bpxy
1-n(X=x)



1

T[(X) — 1+ e_(ﬁ0+ﬁlx1+,329€2+---+Bpxp)
0dds = &= o Bo+Brx1+Bzxa++Bpxy
1-n(X=x)

log(0dds) = log (-

—TL'(X)) = ﬁO + ﬁlxl + ﬁzxz + -+ ﬁpxp
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« X0 &&= =HY (Maximum Likelihood Estimation)
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« ZX|AE | BE BtE: X LE FHE (Maximum Likelihood Estimation)

o

Pyi=1) =m

fiy) = m(x)”t (1 —m(x)) ™7, =12,,n P(y;=0)=1-m

L= |fo0 =] [reoe @ - mey
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« ZX|AE | BE BtE: X LE FHE (Maximum Likelihood Estimation)

o

Pyi=1) =m

fiy) = m(x)”t (1 —m(x)) ™7, =12,,n P(y;=0)=1-m

L= |fo0 =] [reoe @ - mey
InL =1In nn(xi)Yi (1- n(xl-))l‘yl]
i w(x;) 1Vi
=In[T; |72 + £iIn(1 - 7(x))

m(x;)
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« ZX|AE | BE BtE: X LE FHE (Maximum Likelihood Estimation)

o

Pyi=1) =m

fiy) = m(x)”t (1 —m(x)) ™7, =12,,n P(y;=0)=1-m

L= |fo0 =] [reoe @ - mey

InL =In nn(xi)yi (1-— ﬂ(xi))l_yi]
. ,_ i n(xl-) Vi
—InT], L " ] + Y In(1 = 7(x))

m(x;)

= Yoyin [222-| 4+ 3 In(1 - (x))

m(x;)
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P(y; =1) =m;

fiy) = m(x)”t (1 —m(x)) ™7, =12,,n P(y;=0)=1-m

L= |fo0 =] [reoe @ - mey

InL =In nn(xi)yi (1-— ﬂ(xi))l_yi]
. ,_ i n(xl-) Vi
—InT], L " ] + Y In(1 = 7(x))

m(x;)

= Yoyin [222-| 4+ 3 In(1 - (x))

m(x;)

= 2iYi(Bo+P1x1 + Baxz + -+ Bpxp) + X In(1+ eBot Bix1+Baxo+

£ ™Y (Maximum Likelihood Estimation)

+Bpxp)
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« EX|AE | 2H Skt X = SHY (Maximum Likelihood Estimation)

InL = ¥,;y;(Bo+L1x1 + Boxy + -+ + :Bpxp) + Y In(1+ eﬁo+ﬁlx1+ﬁzxz+...+ﬁpxp)

 23-2 =%t (log likelihood function)?t £|CH7} &|&= Ti2t0jH g 278

« 2-2E%3= (log likelihood function)= If2tO|E S Of CHe H[MEHO|E2
M| 22 20| HAIX QI S| 7F EXHSLA| 2= (No closed-form solution exists)

- lterative reweight least square, Conjugate gradient, Newton's method &2
=X =Mt @a2|E5S 0|85t0 S & T
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Cross entropy: &= ZH&E® % (p(x), q(x))2| X0
Cross entropy = —Yp(x) logq(x)
Cross entropy: 2| log likelihood function2| 7|CHZf

Log likelihood functiong Z[CH = |8 &2 p(x)2f LrEf0[EH 7 F=0f
=8 22X g2 2ES A0

Cross entropyE Z[4 = 18 ZX p(0)2 28 2 q(x)2 X0|E

Log likelihood functiong Z[CH = cross entropys &[4
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fX) =Py + Ex1+,§;x2+"'+:§;xp

Qe BTt 1Y S7hE O Z o) B

+ (2) ZEAAE 2HEE

log(0dds) = By + Bix1 + Bpxy + -+ + B;xp
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« A H|&: Odds Ratio
0dds(x1+1,xyn) _ POt Bt vy g
Odds(xllxzj...,xn) eﬁo+31x1+,82x2+---+ﬁpxp
o LIMX| eHr= 25 D-™7AZ] ZEH0M oF HE=E 152 S7HARZ2 I
H3ISH= Oddse| H|&

e S| ATt U > HBIEE ST HIEE > 1)

LBl AT 8% > HMBEE U4 (0< HESE < 1)



fX) =

1 + e‘(ﬁﬁh*‘ﬁ\zxz*‘““"ﬁl\lez)

Constant term -13.20165825 2.46772742 0.00000009

Age -0.04453737 0.09096102 0.62439483 0.95643985
Experience 0.05657264 0.09005365 0.5298661 1.05820346
Income 0.0657607 0.00422134 0 1.06797111
Family 0.57155931 0.10119002 0.00000002 1.77102649
CCAvg 0.18724874 0.06153848 0.00234395 1.20592725
Mortgage 0.00175308 0.00080375 0.02917421 1.00175464
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Input variables
Constant term
Age
Experience
Income

Family

CCAvg

1 | L

ZX|AE SR - AT} U YA
=& oietol e 4!
7F 15HE I 210=9| RstE

d&2Ed A, 0|8 85 =& 2| &
Coefficent Std. Error m
-13.20165825 2.46772742 0.00000009 *
-0.04453737 0.09096102 0.62439483 0.95643985
0.05657264 0.09005365 0.5298661 1.05820346
0.0657607 0.00422134 0 1.06797111
0.57155931 0.10119002 0.00000002 1.77102649
0.18724874 | 0.06153848  0.00234395  1.20592725
0.00175308 0.00080375 0.02917421 1.00175464

Mortgage
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+ Std. Error (=8 Lft0|H 2| T H X}

. 3 MRI0|EQ M (RUFH)S FHY O AL

Input variables Coefficent Std. Error p-value m
*

Constant term -13.20165825 2.46772742 0.00000009

Age -0.04453737 0.09096102 0.62439483 0.95643985
Experience 0.05657264 0.09005365 0.5298661 1.05820346
Income 0.0657607 0.00422134 0 1.06797111
Family 0.57155931 0.10119002 0.00000002 1.77102649
CCAvg 0.18724874 0.06153848 0.00234395 1.20592725
Mortgage 0.00175308 0.00080375 0.02917421 1.00175464
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. p—value

- OliE B SARHLCZE Fo|O0|THK] (& = K&

- Sl ﬂfEPDIH L0l 02X & ZE SAHA A7)
Constant term -13.20165825 246772742 0.00000009 *
Age -0.04453737 0.09096102 0.62439483 0.95643985
Experience 0.05657264 0.09005365 0.5298661 1.05820346
Income 0.0657607 0.00422134 0 1.06797111
Family 0.57155931 0.10119002 0.00000002 1.77102649
CCAvg 0.18724874 0.06153848 0.00234395 1.20592725
Mortgage 0.00175308 0.00080375 0.02917421 1.00175464



ZEXLEH 2FHEE - £

« Odds (Odds Ratio)

- LIHX| 8= B OZA[Z] ZENO|A oF =5 1512 S7MA = M
H25= Odds(ds=E)2| Hl=

 Experience = 1.058 -> 830 14 O HoW = =&

Constant term -13.20165825 246772742 0.00000009

Age -0.04453737 0.09096102 0.62439483 0.95643985
Experience 0.05657264 0.09005365 0.5298661 1.05820346
Income 0.0657607 0.00422134 0 1.06797111
Family 0.57155931 0.10119002 0.00000002 1.77102649
CCAvg 0.18724874 0.06153848 0.00234395 1.20592725
Mortgage 0.00175308 0.00080375 0.02917421 1.00175464
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» AKX G2 270 B3 (K91 -> 0, X[F2 -> 1)

Socioeconomic City Disease
Status Sector Status
Xy X, Xs X, X

OO U1l M W N =

98

33
35
6
60
18
26
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OO O O O O o

- = O O O O

S - = O O O
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1
f(.X') o 1 + e—(—2.31+0.03X1+0.41X2—O.31X3+1.57X4)

Age Socioeconomic City Disease
Status Sector Status
X1 X2 X3 Xy Xs

1 33 0 0 0 0
2 35 0 0 0 0
3 6 0 0 0 0
4 60 0 0 1 0
5 18 0 1 1 1
6 26 0 1 0 0

98 35 0 0 0 T
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f(.X') o 1 + e—(—2.31+0.03X1+0.41X2—O.31X3+1.57X4)

Age Socioeconomic City Disease
Status Sector Status
X1 X2 X3 Xy Xs

1 33 0 0 0 0
2 35 0 0 0 0
3 6 0 0 0 0
4 60 0 0 1 0
5 18 0 1 1 1
6 26 0 1 0 0
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Age Socioeconomic City Disease
Status Sector Status
X1 X2 X3 Xy Xs

1 33 0 0 0 0
2 35 0 0 0 0
3 6 0 0 0 0
4 60 0 0 1 0
5 18 0 1 1 1
6 26 0 1 0 0
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EXLE 2[HEE oA

Regression Coefficient Odds Ratio

B 1.030
B2 1.505
B3 0.737
Pa 4.829

* B,9| odds ratio = 1.030 -> LIO|7} 14 Z7t5tH AHE A2 2& 1.034H] 7t
. 8,2| odds ratio = 4.829 -> HZFX|H0| 20|H X HE sHE 4829Hf =7}
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