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Abstract

n

A transportation system can be modeled as a network. For a route in the network, there could be
problems that cause that particular route to be temporally unoperational. The effect of this unoperation
could effect a local decision to select another route to transport, or global causes the entire network to be
malfunction all together. Therefore, unreliability of the network affects the suppliers and the customers
both.

The performance of an unreliable network is usually measured through the reliability value of the
network. Naturally, a network with a higher reliability value is considered a better network. Many studies
have evaluated the reliability of the unreliable network in many aspects and under various constraints.
The network reliability alone, however, may not be a good measure to determine if that is a good network
due to the lack of the transportation cost consideration. Hence, this research proposes a network evaluation
methodology that considers both the reliability of the network and its transportation cost simultaneously.
The methodology calculates the expected value of the reliability and its associated costs, and yields a
Reliability Cost Index (RCI). The RCI value is obtained in two different ways in this research: 1) exact
calculation, and 2) Monte Carlo simulation. The exact calculation gives the exact value of RCI, but the
calculation is rather tedious. Monte Carlo simulation yields an approximated value of RCI, but the method
can be easily coded and performed on a computer. Our test results show that the time required for the
exact calculation method to obtain the value of the RCI depends upon the size of the network, whereas the
time needed for Monte Carlo simulation to calculate RCI depends on the varience of the costs in the
network.

This research applies the RCI methodology in a bagged cement transportation network in the
north-east region of Thailand. This particular transportation network comprises of 2 modes of
transportation: truck and train. Both modes are outsourced. The unreliability of this network is introduced
by the uncertain decision of the truck service providers on whether to transport the bagged cement for the
company or not, based on the current transportation conditions.

To calculate RCI, we first need to estimate the probability of being able to use each of the edges
in the network. In the transportation network example above, an edge represents a transportation service
provider. Thus, the probability that any of the edges is usable depends on the probability that the
corresponding transpiration service provider will accept to transport or not. The edges in the network can

be divided into 3 groups. The first group represents the train connecting the plant in Saraburi province to
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the company’s warehouse in Ubonrajchathani province. The second group represents the truck service
providers transporting between the same plant and warehouse. The last group represents the truck service
providers who transport the cement from the plant directly to the customers. The probability of the edge
representing the train is determined from the past transportation records. The probabilities of the edges
representing the truck service providers are evaluated from a questionnaire.

From the first round of interview, we found that factors that influence the decision of the truck
service providers. These factors are transportation service price, oil price, contractual agreement, back
hauling, and transportation season. Using these factors, the truck service providers were asked to answer
the questionnaire simulating various transportation conditions. The truck service providers might answer
“accept or not accept” in each of the set of the conditions.

The probabilities of the edges are then modeled from the data obtained from the answers above.
Since the data are dichotomous, they are not suitable for a linear regression model. A logistic regression
offers better probability estimates of these edges.

With the probabilities and transportation cost data ready, the reliability and the RCI can now be
calculated. Considering the reliability of the network alone may lead the company to offer a high
transportation price to the service provider and yet not reflecting the cost of not being able to transport in
the network at all. The consequences of the mismatch between the increases in the transportation price and
the network reliability are likely to lead to unnecessary high transportation cost to the company.

When analyzing the same network with RCI, the results showed that there was a certain
transportation price that considers tradeoffs between the increase in the reliability and the expected cost of
the entire network. Any transportation prices that are higher than this particular price will unnecessary
increase the network reliability, whereas if the transportation prices are lower than this price the expected

cost of the network will be greatly incluenced by the unreliability of the network.
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R=YPr(X;))-> Y Pr(X;nX;)+> > DPr(X;nX;NnXp)-.. (2.4)

i=1 i=1 j=i+l i=1 j=i+lk=j+1

Tasfi  Pr(X,) = ﬁPr(xie -1

-1

° ¢ A4 o \
a= Nuumareunanualuszuulassine

Y
n = fulnudamninavvalussuulaseine
A4 4 aao 4. A g A 4 & gy v ~

Xjp = A0WVOIMAUTONN e Tudibiawnd i wzliauiu 1 Wwemareuiulganlduazil

[~ 4 4 3 1

Aty o Wemadweniiu luausaldaula

Pr(x;, =1) = anuzduimadoun e luiitifanni i azannsaldauld

A o A 70 Y o A A o o ' A A
wethaums 2.4) ldsegndlsiuaumsi 2.1) Wweshmsdnamminnuityeoves

@

[l @ [ A &£ aaa 9 Aq Y o I [y ~
5211 1AT9Ne6198199 1 FaiuHTanm 4 win a2 ldaumsnlFlumsannailudiaumsi 2.5)

R = Pr(X|)+Pr(X,)+Pr(X53)+Pr(Xy)—Pr(X; nX,)—Pr(X; N X3)-Pr(X;nXy)
—Pr(Xy M X3)—Pr(X, M Xy)—Pr(X3nXy)+Pr(X|n X, NX3)
+Pr(X1 N Xy N Xy)+Pr( XN X3 N Xy)+Pr( Xy nX3nXy)
—-Pr(XinX,nX3nXy) (2.5)

Iﬂﬂﬁ Xl = {al,az},Xz = {a5,a6} ,X3 = {al,a3,a6}!,m$ X4 = {612,04,a5} LasnINY
1 I 1 d o o 1 Y 1 A @ Ui 1 1
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‘I/]NL"T‘;E]M mwmhfuzlﬂuﬁmu%emmmmﬁnm”lﬁ
a 0.8
a, 0.8
as 0.9
ay 0.9
as 0.8
ag 0.8

o 1 ] IS 1 o A Yo dy
wazasamuIammanuunzsuveswaaznal lugumsi (2.5) llﬂﬂ\iu

Pr(X) = Pr(x; =1)xPr(x, =1) = 0.8x0.8 = 0.64

Pr(X,) = Pr(xs =1)xPr(xg =1) = 0.8x0.8 = 0.64

Pr(X3) = Pr(x) =1)xPr(x3 =1)xPr(xg =1) = 0.8x0.9x0.8 = 0.576

Pr(X4) = Pr(xy; =1)xPr(xgy =1)xPr(x5 =1) = 0.8x0.9x0.8 = 0.576

Pr(X; mX,) = Pr(x; =1)xPr(xy =1)xPr(x5 =1)x Pr(xg =1)

0.8x0.8x0.8x0.8 = 0.4096

Pr(X| nX3) = Pr(x; =1)xPr(x, =1)xPr(x3 =1)xPr(xq =1)

Pr(X; N X4) = Pr(1,1,0,L1,0) = Pr(x; = 1)x Pr(xy = 1)x Pr(x; =1)x Pr(xs =1)

0.8x0.8x0.9%x0.8 = 0.4608

= 0.8x0.8x0.9x0.8 = 0.4608

Pr(X2 ﬂX3)

Pr(1,0,1,0,1,1) = Pr(x; =1) xPr(x3 =1)xPr(x5 =1)x Pr(xg =1)

= 0.8x0.9x0.8x0.8 = 0.4608

Pr(X, mXy) = Pr(xy =1)xPr(xy =1)xPr(xs =1)xPr(xq =1)

= 0.8x0.9x0.8x0.8 = 0.4608

Pr(X3 mXy4) = Pr(x; =1)xPr(xy =1)xPr(x3 =1)xPr(x4 =1)xPr(x5 =1)x Pr(xg =1)
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= 0.8x0.8x0.9x0.9x0.8 x0.8 = 0.331776

Pr(X; N Xy N X3) = Pr(LLLO,L1)

Pr(x; =) xPr(xy =1)xPr(x3 =1)xPr(x5 =) x Pr(xg =1)

0.8x0.8x0.9%x0.8 x0.8 = 0.36864
Pr(X; n X3 nXy4) = Pr(x; =1)xPr(xy =1)xPr(x4 =1)xPr(x5 =1)xPr(xg =1)

0.8x0.8x0.9x0.8 x0.8 = 0.36864

Pr(X; mn Xy, nXy) = Pr(x) =1)xPr(xy; =1)x Pr(x3 =1)xPr(x5 =1)xPr(x5 =1)x Pr(xg =1)

0.8x0.8x0.9x0.9x0.8 x0.8 = 0.331776

Pr(X, N X3nXy4) = Pr(x) =1)xPr(xy =1)xPr(x3 =1)xPr(x4 =1)xPr(x5 =1)xPr(xg =1)
= 0.8x0.8x0.9%0.9x0.8 x0.8 = 0.331776
Pr(X1 Xy N X3nXy) = Pr(x) =1)xPr(xy =1)xPr(x3 =1) xPr(xy =1)xPr(x5 =1)x Pr(xg =1)

= 0.8x0.8x0.9x0.9%x0.8 x0.8 = 0.331776

o 1 ] 1< 1 7A o o { 1
haanuiezdiuveaudazwaind s ldunundu T luaunsn 2.5) az'lan

R = 0.64+0.64+0.576 +0.576 — 0.4096 — 0.4608 — 0.4608 — 0.4608 — 0.4608 — 0.331776

+0.36864 + 0.331776 + 0.36864 + 0.331776 — 0.331776 .
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Lﬂmmazwwmﬂ a‘ﬁmiaﬂmuwauiumimmma‘ﬁwmﬂan Sum of Disjoint Product 9y

9

= v A
J1YaTIDYAAIU

2.1.1.2 M31% Sum of Disjoint Products

A @ 1 o 2K g ] I 9 .
NNANMSTN 2.4 wazdreenalumsannaguiumsnszaeanuiiosiiulaeld nclusive-

. . . c?j 1 am @ 1 3 ax 4 o 4 ] I
Exclusive Principle Hunu3133msaenarniuisasutneen iesansruiuvesnaianuiiviy

v v Y
govazuslasu lawswanvesdtiianmntiodluszuuTasie annamsi s lae
a I3 o 9
aouN a3 N lden
Abraham (1979) 1erueldnsznieaumsi (2.2) Tasleglugdues Sum of Disjoint Products
HazTinIednuINIEINITAINa VIR MY Locks (1982) IdinausisnmsniGenil ALR
. . o A [ 1 I~ .

(Abraham-Locks-Revised), Wilson (1990) 1119% ALR uwWau1aeilid ALW (Abraham-Locks-Wilson)

1 an A A o 094} I [ o A I Yo o ..
Tﬂmmam‘ﬁwmmwmumu L‘]J'L!fﬂiﬂmmgi’Jll‘W%uiﬁlllW@slﬂllﬂﬂWH’Ju‘W%MﬂI'ﬁN Sum of Disjoint

9 Lﬁ' 1 ] < ad a’/} 9 9 ldt; ax d! =

Products Hﬂﬂi’lf!ﬂll@lf]ﬂN"liﬂﬁuJ ABMINUADIUUAMAUNUITIUNIINITUDY  Abraham IV
= 4 dy
3190 DYAANU

J Il A =) v W 1 = @
Disjoint Products Aomsuanwativeusalioglumeoni lifimsdouiuiu wu winfiwads

A 1 1 [ Y 1 A g
uﬁm‘lugﬂm 240 1AZABIMIHIAIUBY P(A U B) A1l P(A)+ P(B) upazinulu
Pr(A4) + Pr(B — A) a3l 2.49 #392i50nwasiuaana1231 Sum of Disjoint Product 1taz9InAyAdIA

o <3|
Yoz aIangitly

Pr(A U B) Pr(A) +Pr(B — A)

Pr(A)+Pr(BNA') = Pr(4)+Pr(A'NB) (2.6)

3 1 2.7 Disjoint Product
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@ :/I A o A 79 9 o A
ANUUUDUINAVDITUNITN  (2.6) ll']ﬂizfqlﬂﬁclslfﬂﬂﬁllﬂ'ﬁﬂ (2.2) AWTONTLINYANY

Unseielugzives Sum of Disjoint Products @ity daaumsi 2.7)

R =Pr(X,)+Pr(X) " Pr(X,)+Pr(X;) " Pr(X5) " Pr(X3)

+Pr(X]) NPr(Xy) NPr(X3) NPr(Xy). 2.7)

Y 1
nimiuihmsulasaums 2.7) Teglugives Boolean 1o 1¥ngues Boolean lumsfiuin

o @

4
[ [ o
Tagsmua lddadnualiiaail

{ o [ 4
M137199 2.2 dydnbalued Boolean

Set Boolean
U +
[ X
Pr(X;) Xj
Pr(X}) X;
Pr(x; =1) X
Pr(xij =0) X;

diomeuauns (2.7) Tnailuziues Boolean a2 Idaumsiilu

R = Xl +X]X2 +XIX2X3 +X]X2X3X4 (2.8)

Tas Pr(X;) wie X, fAeauhnuduiliswnsaldouiiidianm X; 18 Fawnse

Aaa o

o ] & Aa A A = ] 0 14 A 9
ﬂ1u’3ﬂ!‘01ﬂﬂ’ﬂllu1%$!,ﬂu°lﬂ111/]1\1&%@111@1/”\1L%@N‘ViuﬂluﬂunaWTﬂ Xi “l,llﬁﬁﬂ‘iﬂ“ﬂ]ﬂullﬂ !,Lﬁglllﬂl"]f

Y ] 1< AA o ] I @
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Pr(X;) = X; = X, + X Xg + X XX¢ + X XXXy +oon (2.9)

A 4 An o A 1<
Taoh x,,x,,%,,%,,... tnumasoyluiiddawnm X; Alaomeidu 1

o A o o 1 ] I 1 o A 9
wingluaumsi 2.9) vuihmsannamamanuiaziiuvewaaznniluaumsa 2.8) 14

v

A
NAANDAD

X1 = X1X3

el

1 X2 = (X] +X1X2)X5Xg = X|X5X6 T X1X2X5Xg

el
ol

1 X5 X3 = (X1 +X1X2)(X5 + X5X6)X[X3Xe = X|XX3X5Xg

ol
ol

1 X X3 Xy = (X +X1X2)(Xs + X5X6)(X] +X1X3 + X1X3X6)XpXg4X5 = XXX 4X5X6

e Tlunua luaums 2.8) a2 1dn

R = X1X2 +X1X5X6 +X1i2X5X6 +X1§2X3§5X6 +i1X2X4X5§6
= 0.8x0.8+0.2x0.8x0.8 +0.8x0.2x0.8x0.8+ 0.8x0.2x09x0.2x0.8
+0.2x0.8x09%x0.8x0.2 = 0.91648.

a < 1 ) o o [
IAITMIVBY Sum of Disjoint Products Haaalrifiudn $1uuma lumsfmuinsziosni
) . . .. R 3 A 1 Ao 5 Aq ¥
73519 Inclusion-Exclusion Principle tfing14 lsnauiiioszuy Inseinelisiuiuunniy na1nlylums
o <3 9 2K A Yo an 1 [ I~ [l
Aurafznnmudly  Balgiraueds lumsdszanamanuinstluvesszuy Insane Taens
1 ) 9
° ¢ . . \ ' ' ' o
$100u1Qn15al (Simulation) FFIwaAAMEBzANUgRINBIZUDIATelvalngiu Az

nanluiateda l

miﬂmﬁuﬁunumﬁwaaszuumwumﬁﬁmm% uivan 20



3%

4|d
b=
n

NenuATURNY I

a o d
2.1.2 ﬂ1§ﬂ§$m‘uiﬂﬂﬂ1ﬁ‘iﬂﬁi’]ﬂ!ﬂﬁ]ﬂ1§ﬂ!

EJ
Av A

an o EL I o 4 a o
’J‘ﬁﬂ'lii]Wa’ENL‘H&i}ﬂﬁﬂ!GllNTLl’Ji]EJ‘HGlslﬂ‘ﬁﬂﬁi]1a®ﬂlﬁﬂﬂ1imuﬂﬂlﬁ)u@ﬂﬁi’ﬁ (Monte Carlo

§ o a J 1 T o { o a a
Simulation) °§QE]”IﬂEJT‘l]ill,ﬂillﬂ’e)NW’JME]'iﬁlufﬂi’QZJNTL!LL‘]J°IJiﬂa’ENﬁﬂ”lﬁ’ﬂ\in]ﬁﬂiiiﬁl@\ﬁ%ﬁ‘]J‘Uﬂiﬂ Tag

'
[ J =<

1 0911 o 2; q’/} [ ] I P 1
ﬂ13quuuﬁ]3gﬂﬂi$ﬂ1“ﬁ1ﬁﬁ18(’] ﬂﬁ\ﬁ]uﬂ'NﬂWﬂ’J"lll‘Hﬁ]glﬂu"llﬂ\1LW@!ﬂWimﬁﬁu1ﬂQl{l}WQﬂ1ﬂ1ﬂu\1
as o o a o dyd o G Y 1 1 =
’Jﬁfﬂﬁi]']ﬁﬂ\?lﬁﬂﬂ?ﬁmllﬂﬂll@uﬁﬂ1iTﬁullﬂ1§u1"lﬂﬂ5Zfalﬂﬁﬂlﬂfsluﬂ']u@n\?“] WINVWBYBU MIANYIAINUY

@ a o a 4

T (Sensitivity) V9952 UUANNaANBVBITLUUNNARYT (Marseguerra, et al., 2005) N15UATITH

a o 1o
Tasaasa (Papadrakakis (182 Lagaros, 2002) MINATIZHANNSDUVDINTUHST I (Zhao, et al., 2006)
wazmstsedivanssouzveaszun IWihd1da (Billinton 1@ Tang, 2004; Zhaohong 18 Xifan, 2002)
I

Hudu

a A A 9 o 4 a 4 A ) awv d"

ﬂ1§ﬂ§$L3JUﬂ'J']1Ju'IL°]5’0ﬂ’EJ"UENi%U‘]Jﬂ'JEJﬂ'Iii]1af‘J\H'ﬁ@Jfnimllﬂﬂﬂ@uﬂﬂ’]ijaﬂiﬂfﬁluﬂ1u3%flu

9 ’q Y 1 d' ] 1 o & o ] ]
llﬂﬂizEJﬂﬂi%QluﬂWiquﬁﬂ”lu%51]'0\11/]1\11“]5@NNWUﬂ”quuﬁ'Jmﬂl'ﬁuQ@l’ﬂuGK'N [0,1] Iﬂﬂ'ﬁﬂﬁﬂfﬂiﬂi%ﬂ?ﬂ

a J . . . . o w { o ] < { 4 c?/l
uUVgUWOsN  (Uniform  Distribution) wdnhdaain1a limesufuanuiegdlunmadeniveg

v
ISRl

annsaianld andulddesnimndmuall p vaasimadenamsaiianla ualuma

£

]
v o A 1

Y 9 1 1 1 A os/’ 1 o 9y o d'
naufudmnguldninnim p uaaeimadewivldansahau’la dwaadlugili 2.8

a

S
N ——

1
— AN J
Vgl Y~
o 9 1 o 9
Mau'la Tiansiauld

37 2.8 FWMsquasueMIMauveIRazNuFoN

L1}

v 1 [ 4
waanniy  himsdszitiusz oy Taes i Taeno s annNavesan Uz YN TN INATY
Y 1 1
nmsguiaiue  iedadudszuvamnsaiian idamtonlvnieli winszuulasheanse

wou s Tda T Idee Inaweungmsaiidu 1 uaz winldewsadenToaldilu o Mimstiuiinaudy

v Y

Y o o o o KR o A o Y ~ o o 4
l1'«] MYy ﬂ'i\1LLﬂ%‘,‘]Ju‘V]ﬂﬁ]"I'Ll’J‘I,!L‘I’i@]ﬂ"lim‘ﬂ'i3‘1J‘]Jﬁ"llﬂ'iﬂ‘ﬂ"l\i"lullﬂlﬂiﬂﬂmﬂﬂﬂ‘ijiﬂu’llu!,ﬁﬁ]ﬂTiﬂ!

v v [ i1 v
Wnuaiimsguieduimanuin¥eiovetszuy  HagienInisnmsiaeurgmIsinuuyeud

4

J 1A o Tw 1 o ' J o 1< 3 1 = A a va
miTa"lmmim‘ﬁumLu%mmmaumiqumqmimmmmmizﬂumw"lm ummm@ﬂam

o 1 o P 9 ~ d‘ [ 1 d‘ Y1 Y 1 d! [ os/’
Tﬂﬂ‘m"lﬂmmummmm@;mimﬂqmmmmwawfnz’mmmmaw"lﬂgmnﬂﬂﬂmwm aatiulums

= £
ATUU N
o A
JU

4 v v 1
Hasungmsal lunudteiiziimsgudnunsziimanuinsedovesszuugingan
& a o o JY A a J Y
Juaoulumsilsziiulagerdenmsiraoungmasaidreisuouams ladwnsoagl1a

miﬂszLﬁuﬁu“qumﬁmmizuumswuz&aﬁﬁmm"hjLmuau 21



NenuATURNY I

\

A

W

4|
2

4
@

=
YUADUN 1

yod
YUADUN 4

TUADUN 5

F v
JUADUN 6

° A oA o A ' ° &£ ° o

nMrvua =1 Iﬂﬂ‘ﬂ tﬂammslumiqu mMriua NS wmummumﬂummqmmx
o 1 £ g [

NUUARAT & mrﬂum Tolerance

1 [ a o 1 o [ J d'

’Q(NGI’JLWU U %1ﬂmilmﬂLLNLL‘U‘]JQ‘L!WEI?MGI,WB’N [0,1] mmmmazmqmaﬂmmu

Tasene

]
S 1

=1 =1 @ Y 1 A o ] I = 1 A
LﬂﬁﬂumaumquﬂmmLmazmqwauﬂummuwznJu P NUAASNTNUYONIS

ansaiaula

A Y !

o [ X § { "
M U < p swualdmvesaoiuzmadsoud e #lannmsguiianiui(z, =1)

D.

o J 4 § 1 v
U > p fwualdmvesaniuzmaisoni e 1ldninmsduiiauiuo(z, = 0)
4 o [l 4 P p 2,} v
Werhmsguanuzauasunnmadeus: lAnnnes aouzveungnIniagan ¢
I
Lﬂu Z[ = (Ztl,Zt2,...,Zte,...,Zta)
pt o A 2 .
Tagh a=numarennaivaluseuyInssue
A oy ¢ A dvy 9 A &
1305200 AT AeaDIUzVeIINNEIMuFoN Z, Nldnnduaoui 2 1
o Y A [l
szyvansaiaulansela
Y o Jq Y
fszvvannsamhauldldaauzvesszuy N(Z,)=1
tszunldamnsahnuldlfaougvesssuy N(Z,) =0
A

Mmssramanuiyedevetszu InsaigTasmanSsuionimumgnmsain

o Yo o ugj o’/} = =) Y
§$UUﬁ13J1§ﬂ‘1/]']\1Tl«!hlﬂﬂ]Jﬁ]WH’Juﬂi\Wl\WiﬂJﬂcluﬂﬁqu‘*]Nﬁ'lllﬁi]ﬂ]ﬂﬂﬁllﬂ?illmﬂu

_ t
N, ! Y N(Zj)- (2.10)

{ o 3 :J; { o 1 t4
TasN m = UIUATIIRUANTIINIqUIigNTal

Yy 9
o

fidiuaouil 1-4 sund1 > NS 3o [N, - N,y |< & Taviga

9 H
Taodunoulumssiaeungmssiannsoagdlddagali 2.9

miﬂmﬁuﬁm}umﬁwaaszuumwudaﬁﬁmm% uivan 22

n



NenuATURNY I

W

= n :!
Start
Y
t=1
y
e=1 Wl
Y
> quAau U
No
Yes
e=e+] v
Z, =1 Z,=0
t=t+1
A
|
y
Calculate ]Vt
No
d‘ o 4 z§ a 1 ] I a o
11]1’] 2.9 LLN’L!ﬂTWLLﬁﬂQﬂﬁiﬂﬁﬂ\?mﬁ]ﬂﬁmLWﬂﬂiZLN‘u‘ﬁWﬂ'ﬂ’NiJuﬁ]zLﬂ‘L!LLU‘UiJfJUWﬂﬁIﬁ
miﬂszLﬁuﬁunumﬁmmizuumswudaﬁﬁmm"hiLniuau 23



3%

4|d
b=
n

NenuATURNY I

@ 1 a A A [ 9 ag 9 Y @ [l
aegramslsziiuanuinsenovesszu Insaied1e35matedu TasorfoszuuInseie
o 1 ~ A A o 1 1w 1 o o A 3 al Y &
areg19i 1 Tugli 2.3 Wehimsgqumduay 6 mdmsumagoniia 1-6 auydan laidhu 0.21, 0.35,
o w A o = =~ @ 1 g A A '
0.76, 0.95, 0.67 uaz 0.02 mwday WohmsuSeudeutuanuiniulumsimugouuaazn
A ° 9 A VA A ~ ~ A a Ay ] Y
Wowzihawldanmsed 2.1 sgwunimadend 4 samadoufedn liaunsaldaulalums
1 e’Jl =2 kY J [ o 1 e’Jl ~ I A o a
quasasn lannmesanuzdmsumsgquasan 1 (z=1) 1w Z; =(1,1,1,0,1,1) Werhwniasan
1 ' Y
udmun szuu Inssiieaenanansoionloaga S uaz T Taaegdi 2.10 aniuez Idm N(Z)) =1
[ k4 [ 1 4 2
vazilehimsgulunsan 2 (7 =2) Feauydld Z, = (1,0,1,0,1,0) dzwunlumsguaseil szuy b
] v 9 v
awnsoouTesya S uag T ladegii 2.11 duinegldam N(Z,) = 0% msguliiFes wagtiuiin

HA A13199 2.3 LEAIRID01HAYDINTFUNANITA

v v
v A

311 2.10 d0112v031A59918AI08199INMT FUATIN |

as y

Y
v A

JUN 2.11 4011z v941AT9918A7981991NNM I FUATIN 2

U

A o PR [ U oA A 1 A
Lll’t’)l!1Nﬁ%Wﬂﬁm‘jN‘ﬂ"lﬂiﬂﬂ1u’3m'ﬂ1ﬂ1ﬂDWMHWL%ﬂﬂﬂﬂJﬂQiZMDIﬂi\1‘1]18@]1%?[1”]15‘Vl (2.10) v%

Y 1 d' 1Y d' d! 1 1 1 d‘ A A "9 d! 4' 1 1
llﬂwasummmaa ﬂ\ig‘ﬂ‘ﬂ 2.12 NI wu N AANUUUFDADILTUQLUIFAIN I UIUNDHIUNITHY

U
Y

4 ;’f J 1 = 1 a2 Y
mg}mimﬂixmm 3,000-4,000 A3 Iﬂﬂﬁ?ﬂ?iﬂ@'lu%s‘luﬂaEJiﬂﬂﬂi'W\lGl,uf’]f'Nullﬂ‘]Jiﬁﬂm 0.9132 uay

A

A ) ~ Ay Y o o 1 A Ao Y ad o Y
mmﬂiaumaumﬂmmmimammqmimﬂ‘nmmmumfanaﬂﬂmam”lm1m‘ﬁmmmiﬂﬂmmm

TiwanlndiReariu

miﬂmﬁuﬁm}umﬁwaaszuumswumﬁﬁmm% uivan 24



\

A

W

4|
2

NenuATURNY I

n

{ @ Il o J ] @ Il { o 4
A15190 2.3 ﬁ’J’E)EJNNaﬂTi%1ﬁ’ENm1ﬂfﬂimﬂlﬂﬁi%ﬂﬂiﬂiﬂ“lﬂﬁl@nﬂﬂNﬁ 1 gfaamimamm@;mimgmu

a o
YOUANIT 1

Fd ]
asanlumsqu (7) AN AIUY A0 MUZVOITZUY N9 N(Z,)

1 (1,1,1,0,1,1) Mmaw'la 1

2 1,0,1,0,1,0 Tienunsaianld 0

1,0,0,0,0,1 Tienmnsaiiauld 0

0,0,0,0,1,1 a1 1

0,1,1,0,1,1 auld 1

0,1,1,1,0,1 lienunsaniauld 0

( )
( )
( )
5 (1,0,1,0,0,1) Mald |
( )
( )
( )

0,1,1,1,1,0 wauld 1

3999 (1,1,0,1,0,1) Mauld |
4000 (1,0,0,L,1,1) maw'la 1
1
0.95- ,
0.91 ,
=
a
o
2
0.85} ,
0.8} ,
0.75 ‘ ‘ ‘
0 1000 2000 3000 4000
Replicaton

d' U ] A A T q/ 1 cs' "9 an o
?jﬂ‘lﬂ 2.12 HAv0IAIA N UNTDD0v0952 VU 1ATIU18AI0819% 1 91nMsUT2UMA8ITNMTIIa09

4 a J
l‘l’i(ﬂﬂﬁﬂlllﬂﬂﬂ@ﬂ@lﬂﬁiﬁ

miﬂmﬁuﬁunumﬁwaaszuumwumﬁﬁmm% uivan 25



3%

4|d
b=
n

NenuATURNY I

= an a ] d' A ] 3 axy ¥ 1 o
1MsanEIs lumsdsaiuanuiidedovesszuuiasaiens 2 35 lauamsmui
° t4 a o 2 1o & Y] ' ' I A
TagasaazmItiaounamssiuuyeuans latiu  wunsuiluazdesnsumanuigiuin
A 1 ] 9 Y & ax a 1 1 I dy
wouse  Tuszvulasaviszenmsoldauldnen 935 lumsisaiumannuingdluiisg
1 [} { ) L [} 4 a I'd o w 1
uanag ldauTassneth ldsegndld wu masenlumstnsizdszy lihidszunumeds
1 9 9 v 1 A I 9 Y A [ QBJI I 1
uaaziduuazezl¥snnaiuvesnarnaneadsansa ldnu ldmsuiunaaua Wuaanu
] zﬁ A 1 9 3 I 9 1 Aav dy d' 9 1
uredovesasauauiiueg Wudy ualuandsel magonszldunugduuulumsvuds (Modes)
¥30019MU0DNAVUAN (Transportation Service Providers) AR I10NLUANAINNY (A192NA1510A21000

[ $ [ I~ H 4 3 [ I {
ao l)luumd 4) Tasanuegdluimasenawnsoldan @iy wwvuedennuiegiluiduuds

=1

FY [ 1A 9 k) ugxl d! a [ z:'d 1 v Aa 1% A 1o =Y 9
um%ﬁumumﬁuﬂﬂmaumqum “]Nil‘l/ia18%.15]i]fJ‘VlllNﬁ@lE]ﬂ131§]ﬂﬁ‘1«!1i}iﬂﬁiﬂuluiﬂﬂluﬁﬂﬁuﬂ1 N

Q)

o 9 a 9 @ 3 =2 o 9 Aan a 1 2 Ay 1T a9 o
‘Vlﬂ‘l”i‘]J’izmublﬂmﬂ @Nu1!%Q%Wlﬂuﬁﬁ)\ﬂﬂ‘ﬁfni‘lJ‘i$LiJ‘LJ‘I’Hﬂ’J]iJU"IﬂSLﬂuT]@ﬂJuﬁﬂﬁuﬂW%Glﬂaﬂill“lm

Y av dyd Y A Aa U a d a A a 1
UA Iﬂﬂiumu’mﬂumﬂﬂi%mﬂuﬂ‘ﬂﬁEJﬂ’NﬂWi’JLﬂinWﬂ”liﬂﬂﬂﬂﬂiﬁﬂﬁﬁﬂ Tumsisefiuanuning

Y
Wil daliseszvealuiadoda lu

d
2.2 MIIAsIzrimsonasaladann (Logistic Regression Analysis)

a

Tuihyfumswensal Iddunionumlumsiseandeg  Tasdshdenlsiunnigais
= IA a P2 a g i . i £ & ax
nilumsneInsaine MIAAIILHNI0AD0BIFUTY (Linear Regression Analysis) FuTluITNIINIG
aad v o J @ ' 1 % o a
anan i lumsAnianuduiusvesdauls 2 ngu ngunilifedu1sodse (Independent Variables)
5 I Y a a @ a <
FaoruiludaulsiBe/Sunar (Quantitative Variables) #30@111/5159nan N (Qualitative Variables) n'la

A @

J 5 . : < o a a ' o’/} 1o {
uazdnnquuilsAe @amlsan (Dependent Variables) FedouiludamlsidatSunaumniv uailymin

k4

< a o A Y A o <3| @ a = @ '
nuluanuduss niulnareflymndwlsamudludunlsdnann (5193 aSangas, 2547) 1wy

v A

P o ¢ o 3 \ " A
Hymmeanmsunnd dymmidiaumans vazlgmmaasygmans Wuau Jyniaee waii 1ni
o 3w a {1 ag ' . . '
audsamiludulsFeguamatiaiinduly1dies 2 A1 (Dichotomous Dependent Variables) 15

a a " Aa o [l v A [l I [ qg./l
manalsa (fa-luna) wamsaeudnuvias (18-11418) msdaduls ¢don-luden) udu daiuda
] § Y] o 4 ] o a a 4 a
Tummnzaunvzuaainnuduiusveadlsmutazauilsdasearensinszinmsonavedaudy
4 o 1S 1 ° ] a a
wesnndwdsawiianiinllidifies 2 dilddeya luiimsuenuvawuulndaswmudoauud
A o A 9 o q ¥ A Ay g 1a Ay =
Wugimn llvesaumsaaoeeFadu wazilianuaaiamaeun 1a Lilimsuanuauuln@die 3
o a3 9 ya a A am & Aa Yo A a J a A
utudsalsIsmsuasigrouuny  Tagdsmsuiandenlenune  MsasIzHnsoanss lavdan
(Logistic Regression Analysis)
a o 9 a Aa A o dg’ 1 o ]
mynsiz lagldaumsoanssTavadnianudaguinyuluaamsane Tuilvgiu wu u
a 4! @ 1A = 9 t% Yy ~ 1 A ] 1 o
wmsgsnedain iidlaweseazBeavesdeyanazinIddoyaiiosnounlanie lilys  winshins

ponuuuaeunmiie liiumssumunazieaedliimaey Tasldaeudissdn lause lilsazsin i

vy a A Yy o A =
llmlmg,mmﬂmmwﬂizmw 2 ﬂTﬂﬁ@ﬂﬂﬁ@ﬁﬂﬂﬂiyﬂ?‘ﬂﬁumﬂﬁﬂh?

miﬂmﬁuﬁm}umﬁwaaszuumswumﬁﬁmm% uivan 26



»

:\

8
-]
n

NenuATURNY I

lumsinszmsonaseiiodunlsay ¥ Imsuanuaeuuy Beroulli; Y ~b(1,7z(x)) lag

x AonauUeIdIIBATY X = (x1,Xp,...%,,) ¢ ¥ Hauilull1éde 1 unu “liuSedsiiaule

A [} A Q' d' 1 [ A

w30 0 unu “lilsuseden luaule” dwaasluaums fe
1 feanminaiu 7(x

Y = { &) @.11)

0 Zeprwhewsly 1-7(x)

maldiuuumsoassaraudulumsnensaimaves ¥ o ldanuduiussening x uay ¥ il
Y = EY|x) =7n(x)= Bo+Pix1 + Paxy +.ct By (2.12)

A 1 4 4 o @ a 5 1 [ Y ]
Tao  E(Y|x) uNUAMEINIBIveY Y iledruadulioasy x aezlinuminuanuiiig
I~ y o o a
Wy 7z(x) et muaainilsodse x
I @ a A
X2 X0 e Xy, MIUAM5DATEN 1,2,...,m

4
Bos s B udulseanimsoanes

% @ a ] [ o (A ¢ g 1
dodesdszmsvtiavesdnudadune luensvlsziuldhaes  EQY|x)  @ulud
4 I~ 1 1 I A o o a s 1 1
wensaives ¥ wazdumanuihsduileofmuadnsdase x ) wlifiegsznin o uaz 1 mse
Y

o w 1

a ] a o ] o w 1 @ a
Tagilndave lifidedriavesmmsiines By, By, 8, ‘azlhilivesiaveuasivesdunlsdase
v o & & o a < 1o & o ]
X1 X300 X,y AU TR 1) E(Y | x) amnsaidudousseles dldldduiludesiisedsznin o
oz 1 faneasluglin 2.13
[ 1 =3 [l d' 9 o a 9 1 d'
NngnanIna113 imunzauiagldawuuFadulumsnensaimves ¥ uazanmsi
1 o & 1 ] I £ 9 a 1 1 ao dyd A F) o
amensaniumanuihziudedediaegiznin 0 waz 1 lunuideiivudenldileidunsuan
] I J ] J
199A2 &N (Cumulative Distribution Function) ¥e3anmiiagiluumunsizliniegszyang o uaz 1 Tag
S { A o o % [y s a
Heassumsuenuasazaunionldnuunnilensunisie  HadFumsunuasazauvosmsianiaslal
2 .. . . . @ 1 v o ' = 1 I
afn (Logistic Distribution) M31ziinvzwunylunuanuduiussenin z(x) wag x J3diadu

1du TR S (Sigmoidal Curve) 130 S-Curve 9311 2.14

miﬂmﬁuﬁm}umﬁwaaszuumwudaﬁﬁmm% uivan 27



3%

NenuATURNY I 20>
(%)
A
1 b o--00-000 00 ess 00
0 >
X
3171 2.13 msszanmmdoya Dichotomous Dependent Variables 838113 nAn0eiFudy
()
A
1 oe0 00
0 > x
gﬂ“ﬁ 2.14 miﬂnmmm%ya Dichotomous Dependent Variables arodulfe s
Taoilsddumsuanuasazanvesnmsuanuas ladadn J3duuudail
1 exp(h(x
2(x) = E(Y|x) = - p(i(x)) (2.13)
I+exp(=h(x))  1+exp(h(x))
Tawf h(x) WuilsnduFaduves xp,x,,...,x, 1HufAD
h(x) =x'B = Bo+pix)+Paxy +...t BuXy, (2.14)

!

{ J @ a
Taon  x' UNUNNABTURIA M TDATE (X, X7 ,..., X))

miﬂmﬁuﬁm}umﬁwaaszuumwudaﬁﬁmm% uivan 28



3%

NenuATURNY I

2pe
B ununnaesvesdulsed@ns (By. B, Bars Bn)'
mzaziis laduuumsannes Tadaan (Logistic Regression Model) AiD
exp(x’f)
r(x) = ———=—
1+ exp(x'f)
exp(Bo + bix1 + Poxy + oot LX) 2.15)

a 1+ CXp(ﬂo +ﬂ1x1 +ﬂ2)€2 +...+ﬂmxm)

& & a P ' v & 2y o ' ~ s
LAZIUBDITN ﬁo,ﬂl,..,ﬁm lﬂuw’lﬁ’lulﬁﬂi‘ﬂllllﬂi’lﬂﬂ'] ﬂQuuﬂ\1@]@\Tﬂ’lﬂ'ﬁﬂigl”mﬂ'lw'ﬁ'lulmﬂj

1 d’ld! o Y A
matl gz lvanlszanaues z(x) Ao

Ax) = exp(fo + fix1 + PoXp + - PBrnXim)
L+exp(By + fix) + Poxy + o4 BrXy)

(2.16)

Tagn  2(x) unuanlszanmued z(x)

a s o I o o o 7 v o o
aluﬂ'li')!ﬂ§1$1’iﬂ'liﬂﬂﬂf)ﬂﬁ?ﬁi]‘ﬂigﬁiﬂﬁﬁ'lﬂiy 2 ﬂﬁQﬂigﬁQﬂ ﬁ@ ﬂ'liﬁﬂ‘]%l'lﬂ'ﬂllﬁllwu‘ﬁ

1 @ 1 Y 1w a v @ SN W A
seraNds 2 LY U],ﬂll,ﬂ awdsoasznuaulsan uazmsnensalmaudsmuinauls uenain

@

J o ;w = = = A a g a 4 a Aa o 9
mqﬂszmﬂwaﬂuuﬂﬂwmiﬁﬂmmwaﬂsz‘nm‘wummmﬂ Gluﬂﬁ’Jlﬂﬂ%ﬁﬂﬁﬂﬂﬂﬂﬂiaﬁ]ﬁﬁﬂiJﬂGl“I)'
o ' ' . ¢ 3 o ' ' 3 A N I o
fa31auANAe (Odd Ratio: OR) cd]ﬁuJuaﬁiwmuﬂ'mJmﬂzgﬂuﬁﬂzmmmmsmﬁﬁu% (m(x)) N

=

1 2 A 1 a A 2 o W Yo J
ﬂﬁ?ﬂuWﬂ%lﬂuﬂﬂ%UlNLﬂﬂl‘ﬁﬂﬂ1§m‘ﬂﬁu1ﬂ 1—72'({) Tmmmammaummﬁuwuﬁ‘lﬂmu

OR = % 2.17)

v & Y 5 ! o= = 1 | a zg '
ANUU 971 OR = 3 SUANUHUIYN LWC‘!ﬂWiﬂ!‘ﬂﬁuGl’l]iJﬂ'J']ﬂJU'ﬁ]glﬂuslUﬂ'lﬁlﬂﬂﬂJu RIYIREIGN
1 I 1 a s A 1 [ 1 1 ] I
ﬂ’ﬂlliﬂiﬂ;‘ilﬂuiuﬂ'l'illiJlﬂﬂlﬂﬂﬂ”limﬂﬁuiﬂ N301IA1INN oaTIdINTEHINANuzulums

a A @ 1Ta s A g
amamssinaulanums binamamssinauleliauiu 31

[ ' 1 1< A § o [ a
nndandmanuiziuluaunmsi 2.16)  Weinsdegllaeaensssuma  (Natural
exp(x'f)

—_— ‘nglg{’h
1+exp(x'B)

Logarithm: In ) tragunua z(x) =

miﬂmﬁuﬁunumﬁwaaszuumwumﬁﬁmm% uivan 29



3%

4|
2

NenuATURNY I

n

In(OR) = ln(%)

exp(x’f)
I+ exp(x')
N eelp)
1+exp(x'f)
exp(xf)  1+exp(x )
1+exp(x'B) * 1

= In(exp(x' £))

= ﬂo +,le1 +ﬂ2)€2 +...+ ﬂmxm (218)

=1n

{ ! . : < @ a a &
TagaziFondumsi (2.18) 11 “Log Odds Ratio” Faneiluduylavaandngiluuumii
~ 1 a . = "9 Q‘ U @ a dgl 1
Fon11 gUuupTada (Logit Form) naziianuvmendunumvesdiuilsoasslen x; du 1 wide
[ 1 [ v 4 1 1
Wz x; ouq ash aglda In(OR) wwdu B; 1o B;>0 nivanas £ 1o f;<0 uanai1 OR

]
S

wildsunlall #idlean x; asulasly 1 wmiievaziin x; duq A

2 a a d a A
Tumsulannuminevesduilse@nimsannesueanisAnzinsaanes ladaan azinw
Y
1 o a J a U a J a o
HANANAUMIARTIZHMIDADRILIUIFUdUNaIAD  Tumsanszimsaaneenuuuduin - oz
@ a ' IS { @ { o
wilannumnevesdulszanimioanes 4 141 ifluvwevesmsuaounlasvesdulsaniiod
a A ] 1 @ a a 4
wlsdase x; waeull 1 wiie wamswlannuninevesduilsz@nimsoansslumsinsizinig
a A 1 { o o 1 '
aanee ladadanszulannuvueinivvmnamsnlasundasesdlsawlugldasidiuudude

wedmlsoase x; waenl 1 wie

N Y o

23 M dumeaniaunuiga

Q Q

v E4
A o

TumsAunudumenitidununioszeznemiigadl 9219 Dijkstra’s Algorithm lumsAum
4  ama o o o ° 4 { o
iosnnidluisnaenag ldnulaenall  Taslinanmsaesiimsidenmason (Edge) Nhlddunu
A ogzl 1 Q' 9 =4 A 3 = c'y d' 9 A 1 @ zﬁ
FLOLNUKITONAAUWAYAITY S AuduDIalatemaFeiug Uadiigahuseuseiuniuion

a ' =2 Ao Y £ ugz’ [ z:y
59FY ﬁ]uﬂ’31%$ﬂ\1ﬂﬂﬂﬁ1ﬂ T ‘VIﬂTH‘L!ﬂ"l’J SFANVUADUAIU

os/‘ A o 4 | v o os: 1
YUABUN 1 ﬂ’lﬁuﬂqlﬁ U L']_IUL@ﬂﬂWﬁll‘V‘W]‘ﬁLLWHL"HW"U@QTU@WQWN@iUﬁ%UUIﬂiQm’]ﬂ
I~ A I { ] 1 IS J
W w dusavesyaisudu ' Huwavesgad lildeglu w uaz p Wunnmes

v 3
uaasmldiiensoszoznedaagaisy s ludsgaluwa w’

miﬂmﬁuﬁm}umﬁwaaszuumwudaﬁﬁmm% uivan 30



3%

NenuATURNY I

203

3 d' a 1 d‘ 9 d' 1 ’ Y o 9 qs}/
TUADUN 2 wnsana p Adesngainunngalaluwa ' udwimsdeyaiuoenain we

w' i lalusa W ounu
o A o o o A \
TuUnoUN 3 Mariuaoud 2 Tsunitegwuyatlare T
os/l d' a 1 d‘ 9 d' té 9 ti 1 Lﬁyd
TUAOUN 4 W5 p  NUpENgANINANALINYIMAFIN AT MaFemHaItlun1g

4 dagy Ao A
IFONNNAUNUNAINGA

a

AnsanmednszuyIasiediednaegl 2,15 Teedmualidaiavang  uaasdunu

) o 9 A 3
mmumﬂwmmmuuq

8 D 20

v
o

1 2.15 szuuTnsaiededlumsdumdunudiga aeld Dijkstra’s Algorithm

dumeuiil U - {AB.C.D.E}
={A} W'={B,C,D,E}

Funoud 2 magounn w1 W' flog 3 ma Sdunuile pap=11, pac=17 1102 pap= 8

duihe D udhlu w g8 7 = (A, D}, W= (B,C, E}

Funoui 2 mageunin w TS fleg 3 ma fdunuite pap=11, pac=17 8% PApE -
28 dattuihe By lu wagld w - {A,D,B}, W'={C,E}

Funoud 2 magounn W TS fieg 3 ma Sdunuie pac=17. papc=16 1% PADE =
28 datiughe c wshlu w18 w — {A,D,B,C}, W'={E}

Funoud 2 magounn w ludaw' Ted 2 me TRuNUAD papep =26 182 pApE = 28

@

fariude Euninlu w 22ld W ={A,D,B,C,E}, W'=¢
o A P

a J 1 a0 A [ 3 Y 9 d’dy o A Y A
NITUIAT o WU paARcE UMANGAND 26 muuﬂz"lmw EUNNNUAUN umwaﬂ”lmmmumm

q

mulua A = B =2 C =2 E adeu

miﬂszLﬁuﬁu“qumﬁmmizuumswudaﬁﬁmm"ﬁiLniuau 31



3%

8
-]
n

NenuATURNY I

2.4 agy)

TumsdszdivaussauzvesszuuIasaeniany lumduen  Suaniimsiszdiuanny
A A £ A VoA A A v & AnA an °
UUFeDoVeITz VY ¥ lumsdsuluanuin@wenstansausady 2 35a0 Imsmuia lagase
Aad o 4 A o o AAa v @ ..
uaziitmeunamsanl  Tagdtmsmuan Taeaselduanmsvesiidanmsamny Sum of Disjoint
=& Add" Y A 9 =) (] o 9 o 1 as o 4
Product  #35HIRANgndoaalinnuginndudonulumsdnne  dadsmsdasanamsaiuuy
A < < ' VA A ] v ) Ay o A '
wouamsla iWumsdssmamanuinredovesssuutazldmsaunudunaniaunuaigas
9 Lé ad o 1 [ [ Y LY o z:y a ] d‘ A
Ao F5aena higeendudeumnumssiuialaoass  wennnilumsdszduaimniniens
[l o & 9 o a 1 [ I~ A A 1 d’ o 2
voeszuu Insavredutudeinnmsdsziuamanuinzdunmayeuusazmayouaininiinnu'lé

d! awv z:y 9 S a 4 a a
9 lunudtet lemsnensalaums inszinsoanos ladgan

miﬂmﬁuﬁm}umﬁwaaszuumwudaﬁﬁmm% uivan 32



\

t'__d

¥

X

NenuATURNY I

4|a

m
3

n

UNN 3

A Y a
ﬂ1§ﬂ§$!3~l‘l~!ﬂ‘l—!1’!1&!ﬂﬂﬂ

TumsdszdivanssauzveaszuuIassnenianu lumivusuinezamumanuluyens

|l o Ay Y 1 9 A 1 a 1 oA A = T = le; T
‘llfN535‘]J‘]JIﬂi\ﬁﬂﬂﬂ\i‘ﬂllﬂﬂaTJll’Jﬂleﬂﬂ 2 Lmﬂ”liW%WimWﬂWﬂ’Nlluﬂflff)ﬂf)LWENE)EJNLﬂEJ’Jqu)”I%h],lJ

= d’ 9 [] =) a d? 9 o’j 1 z:'d ] d‘ A
Weane 11900 lums 15z un Tnsan1esUauNUNAIUAIe AeiUse UL Inseuenia U LYo

q

Yy KX 9

" W a9y 9 A v 9 ] dy ] (] -
sinuenidunulumsldszuuiaeiunld ssdunulumsldszunlasaietinen 2 dw diwuh

% I 1 U 1 1 1 % I $ ]
niladualdnelumsladumeamsvuaanie dndruniaiumannmsn luauseldszuy

o qyd o @ an o Y A a 9y
i]EJuﬁN‘VﬂﬂﬁW@l"LH’J‘ﬁﬂﬁﬂﬁ!’)ﬂmu‘ﬂu%lﬂﬂiﬂﬂﬂﬁi"lﬁgﬂﬂ

q

[l AA o 1 A 7 osj
mewmmmimuaﬂﬂ PNUUITU

Y

d' A '
unl‘llﬂﬁﬂ” (Expected Cost) TﬂﬂuWHﬁ’]uu’m’]ﬂﬂ’ﬁﬁ]ﬂ’]

9

=)

3
Taseneniany e udausonil “@

o &£ a 9 [ ] | [ A v c?/’
1A (Expected Value) qmm@mﬂwaimmEN@1uuu@,mﬂummuﬁmﬂuimmazﬂim aatiulums

v v Y 1 1 H
UsgiiummdunumasiisglFnugwvesmsdseiumanuinyenesalanan Bud luunn - 2

=

E4
nanfelumsdsyiivdunumastiizuiaily 2 33ms @ewazdealuiade 3.0) 1dud (1) ms

o =& ] Yaa o ' ° A o P2 ]
Mun Tagassdaazdodsiitamnmninlumsdanma uay  (2)  AsmIasurgnyal lagld

]
=)

o o t4 a o 1 @ 1 o A a’q’u’
waﬂmimmmimammqmimuuumummﬂammumi?{uwmﬁfunummﬁqﬂmmm@mmuuq
1 a9y A 9 =S d' 1 Y = Y o an o’j 1Y 1 [ 1
Taguaaz 2 5NY0AazUoIFNUANAIINY ﬁNUlﬂVﬂﬂﬁ‘ﬂﬂﬁ@U?‘ﬁﬂ\i 2 AUszUY IRsIvIgRI0dNHaY
o ' A o = = A A o an o = o 9 (Y
@79619 1NBNINSANEINNUTEANTAMNUDINT 2 ITMTALEALTI8T2DIA 1UTITD 3.2 uanmﬂu"lﬂ

) o 1 79 Y Y A o o ] ] A ] ] d‘ 9
u”ll,a'u’ﬂﬁ’l’E)EJNﬂTi‘l]i%Qﬂ@]Glslfﬁ'Ll1/!1!m?51EJﬂ‘]Jﬁ’J’E)EJNi$1J°U1ﬂ3\1slﬂfmllﬂ’ﬂllIIliJLLMlJ@HLW’E)GlGIf{luﬂﬁ

UsgneumsinsanySudyeszuulasaineiany limiveuluiade 3.3

3.1 mslsziiuauniuaae

iuﬂﬁﬂﬁzgﬁuﬁunumﬁﬂ (Expected Cost) 'mmiaﬁwmm'lﬁ'ﬂmwa@meumﬁunu (C;)uay

Yo

] Id A a @ 1 § 3 Y
anwinziuivzinadunuaina1n (Pr(C;) ) Fudewduaums lagail

m
E(Cost) =).C;Pr(C;) (3.1)
i-1
Taef E(Cost) = Adunumie
P Aa 2 < .
C; = Aunuihadunmmgmsal i laq
Pr(C;) = anwdnzilufifadunu ¢

miﬂmﬁuﬁm}umﬁwaaszuumswumﬁﬁmm% uivan 33



3%

8
-]
n

NenuATURNY I

A

Y
umamsaiidiu ) Idianue luszuy Tasee

3
[

A A ) ' o A ) A aa Axy o
mﬂmau"lsusummimaﬂi%gﬁuwwqa1%zw1mimaﬂ%mumq (HIDUUNANIN)  NUAUNUMN
Y

D.

~ ' ' A Y 9 Axy o A Yy A Y Ny o &
Wq@ﬂﬂulﬁu@ ‘VTWﬂllilﬁ'mﬁflLﬁﬂﬂclﬂﬂﬁu‘ﬂN‘VliJ@I‘L!1’]lmTVIE‘I@ulﬂi‘l$Lﬁ'ﬁ]ﬂi‘]ﬂﬁuﬂﬁﬂuﬁunuﬁnﬂu

a

T
o ~

drvudaldunu sndrediasu anszunTasenelugl 2.3 Tassmualiduaazmageniialdiioas

A o Y Y 1 1A Y YA 1 "o
M1 19N 3.1 uazmwmﬂwmnumﬂmi"lummiamﬁum"lﬂummmu 100

A 1 <3| 9 A ] o oA
AT N 3.1 ﬂ'J]iJuWﬂgﬁJ’L!LmﬁG’Iuﬂu‘ll’EN‘Vl'NHf’f)lliui%UUTﬂﬁ\ﬂl']EJGU’EN@]'JﬂfJ']\WI 1

maden | arminsiuimadenaunsamend Aunumslddunia
a 0.8 10
a, 0.8 25
a3 0.9 10
ay 0.9 20
as 0.8 30
a 0.3 25

v A o

o { o 4
Tunmssnadunumasauaunsn G.1) awsan1dlaemsuanuanamsal Wuden
s - v o & 2 ad 2 o
msuvnusamgmsainszuy Inssneiu il idnmuaduaadluased 32 Gelinedudwon o4
k4 & & & o 6 o o g
WMAMIB (INNIMUA 6 MuFoN MuFonaz 2 dorug whny 2° =64mgmsal) waseniuiing
o U ] < 1 J ) ] 1< ' A @ 4
fAuammanuiziluvewdazmamsal lasmsihanuiziiluvewaazmadouingui 1
I ] 1< { [l a o 1 g o Aa
WuanminziufszuuTaswiesznadnuzadinaniu Az tIMINTUIAIUZVOITZ U
' [ 1 1 L Ao A I ' ] 1A 0
Tassedananhdaunulumsvuasidmgadumla drszuuliaunsovudedud1dlin
9 ' 1 a8 9 9 I Y Y ' o o
Aunuanms iawsodadui ldundudunulumsldszouTasane wawniurinaswmves

' I Y Y = Yo A
ﬂ’NiJU”IEDSiLﬂulLﬁ3%1!7!146110\1LTTG]'ﬂﬁml’ﬁaWu“VNWiJW]Nﬁ”IiJ”IiﬂﬁEﬂWah],ﬂﬂ\mﬁNﬂ 33

miﬂmﬁuﬁunumﬁwaaszuumwumﬁﬁmm% uivan 34



NenuATURNY I

A

an2
M1397 3.2 msmuamannuiziutazdunuuewdaziignsal
N Pr(a;) | Pr(ap) | Pr(asy) | Pr(ay) | Pr(as) | Pr(ag) Ay Aunu
1 0.8 0.8 0.9 0.9 0.8 0.8 0.331776 35
2 0.8 0.8 0.9 0.9 0.8 0.2 0.082944 35
3 0.8 0.8 0.9 0.9 0.2 0.8 0.082944 35
4 0.8 0.8 0.9 0.9 0.2 0.2 0.020736 35
5 0.8 0.8 0.9 0.1 0.8 0.8 0.036864 35
6 0.8 0.8 0.9 0.1 0.8 0.2 0.009216 35
7 0.8 0.8 0.9 0.1 0.2 0.8 0.009216 35
8 0.8 0.8 0.9 0.1 0.2 0.2 0.002304 35
9 0.8 0.8 0.1 0.9 0.8 0.8 0.036864 35
10 0.8 0.8 0.1 0.9 0.8 0.2 0.009216 35
11 0.8 0.8 0.1 0.9 0.2 0.8 0.009216 35
12 0.8 0.8 0.1 0.9 0.2 0.2 0.002304 35
13 0.8 0.8 0.1 0.1 0.8 0.8 0.004096 35
14 0.8 0.8 0.1 0.1 0.8 0.2 0.001024 35
15 0.8 0.8 0.1 0.1 0.2 0.8 0.001024 35
16 0.8 0.8 0.1 0.1 0.2 0.2 0.000256 35
17 0.8 0.2 0.9 0.9 0.8 0.8 0.082944 55
18 0.8 0.2 0.9 0.9 0.8 0.2 0.020736 100
19 0.8 0.2 0.9 0.9 0.2 0.8 0.020736 55
20 0.8 0.2 0.9 0.9 0.2 0.2 0.005184 100
21 0.8 0.2 0.9 0.1 0.8 0.8 0.009216 55
22 0.8 0.2 0.9 0.1 0.8 0.2 0.002304 100
23 0.8 0.2 0.9 0.1 0.2 0.8 0.002304 55
24 0.8 0.2 0.9 0.1 0.2 0.2 0.000576 100
25 0.8 0.2 0.1 0.9 0.8 0.8 0.009216 45
26 0.8 0.2 0.1 0.9 0.8 0.2 0.002304 100
27 0.8 0.2 0.1 0.9 0.2 0.8 0.002304 100
28 0.8 0.2 0.1 0.9 0.2 0.2 0.000576 100
29 0.8 0.2 0.1 0.1 0.8 0.8 0.001024 45
30 0.8 0.2 0.1 0.1 0.8 0.2 0.000256 100
31 0.8 0.2 0.1 0.1 0.2 0.8 0.000256 100
32 0.8 0.2 0.1 0.1 0.2 0.2 0.000064 100
33 0.2 0.8 0.9 0.9 0.8 0.8 0.082944 45
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IR 3.2 misnnammanuizdiuasdunuusaudazivgmsal (fe)
N Pr(a;) | Pr(ap) | Pr(asy) | Pr(ay) | Pr(as) | Pr(ag) Ay Aunu
34 0.2 0.8 0.9 0.9 0.8 0.2 0.020736 75
35 0.2 0.8 0.9 0.9 0.2 0.8 0.020736 100
36 0.2 0.8 0.9 0.9 0.2 0.2 0.005184 100
37 0.2 0.8 0.9 0.1 0.8 0.8 0.009216 45
38 0.2 0.8 0.9 0.1 0.8 0.2 0.002304 100
39 0.2 0.8 0.9 0.1 0.2 0.8 0.002304 100
40 0.2 0.8 0.9 0.1 0.2 0.2 0.000576 100
41 0.2 0.8 0.1 0.9 0.8 0.8 0.009216 45
42 0.2 0.8 0.1 0.9 0.8 0.2 0.002304 75
43 0.2 0.8 0.1 0.9 0.2 0.8 0.002304 100
44 0.2 0.8 0.1 0.9 0.2 0.2 0.000576 100
45 0.2 0.8 0.1 0.1 0.8 0.8 0.001024 45
46 0.2 0.8 0.1 0.1 0.8 0.2 0.000256 100
47 0.2 0.8 0.1 0.1 0.2 0.8 0.000256 100
48 0.2 0.8 0.1 0.1 0.2 0.2 0.000064 100
49 0.2 0.2 0.9 0.9 0.8 0.8 0.020736 45
50 0.2 0.2 0.9 0.9 0.8 0.2 0.005184 100
51 0.2 0.2 0.9 0.9 0.2 0.8 0.005184 100
52 0.2 0.2 0.9 0.9 0.2 0.2 0.001296 100
53 0.2 0.2 0.9 0.1 0.8 0.8 0.002304 45
54 0.2 0.2 0.9 0.1 0.8 0.2 0.000576 100
55 0.2 0.2 0.9 0.1 0.2 0.8 0.000576 100
56 0.2 0.2 0.9 0.1 0.2 0.2 0.000144 100
57 0.2 0.2 0.1 0.9 0.8 0.8 0.002304 45
58 0.2 0.2 0.1 0.9 0.8 0.2 0.000576 100
59 0.2 0.2 0.1 0.9 0.2 0.8 0.000576 100
60 0.2 0.2 0.1 0.9 0.2 0.2 0.000144 100
61 0.2 0.2 0.1 0.1 0.8 0.8 0.000256 45
62 0.2 0.2 0.1 0.1 0.8 0.2 0.000064 100
63 0.2 0.2 0.1 0.1 0.2 0.8 0.000064 100
64 0.2 0.2 0.1 0.1 0.2 0.2 0.000016 100
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Binary Logistic Regression:
Link Function: Logit

Response Information

Variable Value Count
Result 1 98 (Event)
0 94
Total 192

Logistic Regression Table

95% CI
Predictor Coef  SE Coef Z P OddsRatio Lower Upper
Constant -8.4036  5.31595 -1.67 0.094
Price 32,5125  6.08196 5.35 0 1.32E+14  8.77E+08  1.98E+19
Oil -1.09083 0.290131  -3.76 0 0.34 0.19 0.59
Contact 2.87332  0.826933 3.47 0.001 17.7 3.5 89.49
Back haul 6.92365  1.41801 4.88 0 1016.03 63.08  16366.03
Peak -2.09168 0.760286  -2.75 0.006 0.12 0.03 0.55
Log-Likelihood =-32.014
Test that all slopes are zero: =202.056  DF =5 P-Value = 0.0000
Goodness-of-Fit Tests
Method Chi-Square DF P
Pearson 29.7529 90 1.000
Deviance 25.2126 90 1.000
Hosmer-Lemeshow 1.5147 8 0.992
Measures of Association:
(Between the Response Variable and Predicted Probabilities)
Pairs Number Percent Summary Measures
Concordant 9041 98.1 Somers' D 0.97
Discordant 151 1.6 Goodman-Kruskal Gamma 0.97
Ties 20 0.2 Kendall's Tau-a 0.48
Total 9212 100
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Binary Logistic Regression:
Link Function: Logit
Response Information
Variable Value Count
Result 1 97 (Event)
0 127

Total 224

Logistic Regression Table
95% CI

Predictor Coef  SE Coef 4 P OddsRatio Lower Upper
Constant -45.5173  13.7073  -3.32 0.001
Price 42.9343  10.6095 4.05 0.000 443E+18  4.12E+09 4.75E+27
Oil -0.458958 0.260945  -1.76 0.079 0.63 0.38 1.05
Contact 8.31504  2.13165 39 0.000 4084.87 62.62 266485.33
Back haul 17.3999 425776  4.09 0.000 36032180.9 8558.71 1.51695E+11
Peak -3.47698  1.18529  -2.93 0.003 0.03 0 0.32
Log-Likelihood =-29.121
Test that all slopes are zero: =262.499, DF =5 P-Value = 0.0000

Goodness-of-Fit Tests

Method

Pearson

Deviance
Hosmer-Lemeshow

Measures of Association:
(Between the Response Variable and Predicted Probabilities)

Chi-Square
22.8872
13.5022

0.8061

Pairs Number

Concordant 12235
Discordant 73
Ties 11
Total 12319

Percent
99.3
0.6
0.1
100

DF P
106 1.000
106 1.000

8 0.999

Summary Measures

Somers' D 0.99
Goodman-Kruskal Gamma 0.99
Kendall's Tau-a 0.49
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exp(—8.4036 +32.5125x; —1.0908x, +2.8733x3 + 6.9236x4 —2.0917x5)
1+ exp(—8.4036 +32.5125x; —1.0908x, + 2.8733x3 +6.9236x4 —2.0917x5)
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