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# K 42 % % (Maximum Likelihood Estimate, MLE)

" WMERX, X ., X, BRI SR HEE)
=N
 BERFEEMBES> M, HEMBESGEEE
Zl%f(—fﬁﬁjﬂ f(x, B)
« DR LB) = [z, f(xi,B)
o S BRI E: LLB) = In[[TE, f(xi,B)] = Ziey In[f (x;, B)]
« RAURMIHE: B = argmax[LL(B)]
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* If x4, X5, ..., X,, follow the same distribution

* Probability density function:
f(x) =(0+1)x?,0<x<1;
f(x) =0, otherwise.
+ L(6) =TT, [(B+1) x,° = (6 + D"(ITL1 x)°
* LLB)=nIn(6+ 1) +06);,In(x;)
* To maximize LL(B), let d[LL(B)]/dO = n/(6+1) +
i=11n(x;) =0
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* If X4, X,, ..., X, follow Poisson distribution
Probability

P(x) = exp(-A)-A¥/x!, x is non-negative integer.

LL(A) = Xi=q [

To maximize LL(A), let d[LL(A)]/dA =-n+ (1/

A) - Z?=1 x; =0
X — Z?=1 Xi

function:

x;In(A) — In(x; )]

An + Yo [xIn(d) — In(x; )]

n



MLE#| 3 ( £ 4 7 X )

®

f Xy, X,, ..., X, follow Weibull distribution

Probability density function: f(x) = k-x*1-exp(-x¥)

(k) = [Ti=q [kex; “*exp(-x;*)]

LL(K) =X q[In(k) + (k — 1) In(x;) — x;¥]

=nn(k) + (k—1) Z?:ﬂl’l(xi) — ?=1 X"
* To maximize LL(k), let d[LL(k)]/dk = n/k +

?:1ln(xi) - ?zl ln(xi)xi"=0

 There is no closed form for k
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= 47k (Newton’s method)
> VI &i%
» 4 HiVE (Quasi-Newton methods)
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4 & i (Newton’s method)
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# 4 # & (Quasi-Newton methods)
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* Broyden-Fletcher—-Goldfarb—Shanno

(BFGS) ;%I?i%
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= (x) = [f(x + h) - f(x - h)]/(2h)
= £7(x) = [f(x-h) + f(x+h) - 2f(x)]/(h*h)
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» —F¥: (Consistency)
> YHEEAREN D +00, > f
» %4 (Efficiency)
> ETA K mA T B s/ PR E
» WHEIESH (Asymptotic Normality)
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# A LB 284z
= UISRELIES (Likelihood ratio index)
,02<0)=1—LL('B )

,02<C> —1— LL(B)
LL(0) LL(c)

WA LS (Adjusted likelihood ratio index)
LA -K g prcer=1- LLOIK
LL(0) LL(c)

LL(0): BLEYTE S Hbt (5% Btk KSR E

» LL(c): BEARUE E S HE X Btk KRR E
LL(f3) : R SR B3 BObR R MR

= Kt VR HHSHBEE

adj.p*(0)=1-




= Alogit# & ¢ MLE
 IRMABEPHE—/BENES, EREFNA

HIEEZEXMEEFEREY;(i=1, 2, ... n)
» fR#E —Jtlogiti By .

exp(X;f) P(y,=0)= 1
1+exp(X,[) 1+ exp(X,5)
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Observation Auto Time Transit Time Chosen Alternative Numeric Code
Number
1 52.9 4.4 Transit 1
2 4.1 28.5 Transit 1
R) 4.1 86.9 Auto 0
4 56.2 31.6 Transit 1
5 51.8 20.2 Transit 1
6 0.2 91.2 Auto 0
7 27.6 79.7 Auto 0
8 89.9 2.2 Transit 1
9 41.5 24.5 Transit 1
10 95.0 43.5 Transit 1
11 99.1 8.4 Transit 1
12 18.5 84.0 Auto 0
13 82.0 38.0 Auto 0
14 8.6 1.6 Transit 1
15 225 74.1 Auto 0
16 514 83.8 Auto 0
17 81.0 19.2 Transit 1
18 51.0 85.0 Auto 0
19 62.2 90.1 Auto 0
20 95.1 22.2 Transit 1
21 41.6 91.5 Auto 0
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SPSS i fitlogistics [A] 15 1%
R B4 T+ D e
—JclogitiEAy:

Vauto = Bauto + B¥Time, ;.
Viransit = B*Timensi
%t Mz i logistic [B] H R Y .
B*(Time
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auto Bauto auto

_ Tlmetransit)

REIH ‘B Z#F%E
“ AutoChoice ” F1 i 7] 2
“TimeDiff”

*data_2

Rf*H_} %EH(_} MEN) RO ¥®mO) SHE) BEFEM BRfNG) ERER

‘1 TT_DIFF

= 0 = ~ &

LAl 5

48 50
D AutoTime TransitTime TransitChoice

1 _ 1.00 5290 4.40 1.00
2 2.00 410 28.50 1.00
3 _ 3.00 410 86.90 00
4 4.00 56.20 31.60 1.00
5 5.00 51.80 20.20 1.00
6 6.00 20 91.20 200
7 7.00 27.60 79.70 200
8 8.00 89.90 220 1.00
9 9.00 41.50 24 50 1.00
10 10.00 95.00 4350 1.00
11 11.00 99.10 5.40 1.00
12 12.00 18.50 84.00 .00
13 13.00 82.00 35.00 .00
14 14.00 8.60 1.60 1.00
15 15.00 22 50 7410 .00
16 16.00 51.40 83.80 .00
17 17.00 81.00 19.20 1.00
18 18.00 51.00 85.00 .00
19 19.00 6220 90.10 .00
20 20.00 9510 2220 1.00
21 21.00 41.60 91.50 .00
22
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A= H E%i k=
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| D H AutoTime H
1 1.00 52.90
2 2.00 4.10
3 3.00 410
4 4.00 56.20
5 5.00 5180
6 6.00 20
7 7.00 2760
8 8.00 89.90
9 9.00 4150
10 10.00 95.00
1 11.00 99.10
12 12.00 18.50
13 13.00 82.00
14 14.00 8.60
15 15.00 2250
16 16.00 5140
17 17.00 81.00
18 18.00 51.00
19 19.00 62.20
20 20.00 95.10
21 21.00 4160
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— 2XLL(ﬂ) Cox&SnellR | Nagelkerke R
2 42 A % ﬁ
12.332° 549 733
a. [ S SL i FRCEE AT 001 - Billib itk

-;r- o e ML

(T2 6 §h &% 1
MLE (A2 035 /wrmf;;ﬁ%wmﬂa
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S.E, Wals df 510, Exp (B)
HA® TimeDif - 053 02 6.620 1 010 48
o -238 780 100 1 752 189
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42 5 e g2t F A 6 X AR R4

DRI ERE
> 2X(LLy - LLg) ~ Chi2(DF)
> LLy: AL AR W S BT Btk KRR 1E
> LLg: S22 5B RS i 15 Bk KRB
> DF: BNMREZ M SHBEE

= FEARBH .
> LL(B) = -12.332/2 = -6.166

LL(0) = 21*In(0.5) = -14.556

LL(c) = 10*In(0.4762) + 11*In(1-0.4762) = -14.532

DF(0) = 2, DF(c) = 1

Chi2-Test(0) = 2*(-6.166 + 14.556) = 16.780 > 5.99 (&% 5 %)

Chi2-Test(c) = 2*(-6.166 + 14.532) = 16.732 > 3.84 (R EZ)
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S HB iy D)

o LT e
adj p(0) =1 LLéfgo‘)K adj p*(c) =1~ LLL(f()C) K
= FEAH
P (0)=1- _‘12156666 ~0576 PO)=1- __12.1563650.576
adj.p’(0)=1- —6.166-2 _ 0439 adj.p’(c)=1- —0.160-1 _ 0.507

—14.566 —14.532
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Variable Variable Name Coefficient Asymptotic t-statistic
Estimate Std Error
1 Auto Constant -0.2375 0.7505 -0.32
2 Travel Time -0.0531 0.0206 -2.57

Summary Statistics
Number of Observations=21
Number of Cases=21
L(0)=-14.556
L(c)=-14.532

L(B) = —6.166

—2[L(0) - L(B)] = 16.780

—2[L(c) = L(B)] =16.732
p’=0.576
p? =0.439
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