
Appendix A

R Code

getwd ( )
setwd ( ”C: /Users /Lara/Documents/Unif /M mo i r e / Donn e s /Dataset ” )
data2<−read . t ab l e ( ”Normalized data . txt ” , header = TRUE, f i l l =

TRUE, dec=” , ” )
attach ( data2 )

l i b r a r y ( s u r v i v a l )
l i b r a r y ( n l opt r )
l i b r a r y ( numDeriv )
l i b r a r y (MASS)
l i b r a r y ( pander )
l i b r a r y ( pbivnorm )
l i b r a r y ( robustHD )
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A.1 Common Functions

## LIST OF COMMON FUNCTIONS ##

s l o g = func t i on (y ) ## Log−t rans fo rmat ion
{

sy = (y>0)∗y+(y<=0)∗1 # sy>0
return ( l og ( sy ) )

}

YJtrans = func t i on (y , theta ) # Yeo−Johnson t rans fo rmat ion
{

sg = y>=0
i f ( theta==0) {temp = s l o g (y+1)∗ sg+(1−sg ) ∗ (0.5−0.5 ∗ (y−1)ˆ2) }
i f ( theta==2) {temp = sg ∗ (−0.5+0.5∗ ( y+1)ˆ2)−s l o g (−y+1)∗(1− sg )
}
i f ( ( theta !=0) & ( theta !=2) ) {temp =

sg ∗ ( spower (y+1, theta )−1)/ theta+(1−sg ) ∗(1−spower(−y+1,2−
theta ) ) /(2− theta ) }

re turn ( temp)
}

DYJtrans = func t i on (y , theta ) # Der iva t i ve o f Yeo−Johnson
t rans fo rmat ion

{
sg = y>=0
temp = spower (y+1, theta −1)∗ sg+spower(−y+1,1− theta ) ∗(1− sg )
re turn ( temp)

}

IYJtrans = func t i on (y , theta ) # Inve r s e o f Yeo−Johnson
t rans fo rmat ion

{
sg = y>=0
i f ( theta==0) {temp =(exp (y )−1)∗ sg+(1−sg ) ∗(1−spower(−2∗y
+1 ,0.5) ) }

i f ( theta==2) {temp = sg ∗(−1+spower (2 ∗y+1 ,0.5) )+(1−exp(−y ) ) ∗
(1− sg ) }
i f ( ( theta !=0) & ( theta !=2) ) {temp =

sg ∗ ( spower ( abs ( theta ) ∗y+1,1/ theta )−1)+(1−sg ) ∗(1−spower
(1−(2− theta ) ∗y , 1 /(2− theta )
) ) }
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re turn ( temp)
}

##Like l i hood s

LikI = func t i on ( par ,Y, Delta ,M) { #Independence model assumption
k = nco l (M)
beta = par [ 1 : 9 ] #demand
eta = par [ 1 0 : 1 8 ] #supply
sigma1 = par [ k+1]
sigma2 = par [ k+2]
a lp1 = par [ k+3]
transY = YJtrans (Y, a lp1 )
DtransY = DYJtrans (Y, a lp1 )
z1 = ( transY−(M[ , 1 : 9 ]%∗%beta ) ) / sigma1
z2 = ( transY−(M[ , 1 0 : 1 8 ]%∗%eta ) ) / sigma2
tot =((1/ sigma1 ) ∗dnorm( z1 ) ∗(1−pnorm( z2 ) ) ) ˆDelta ∗ ( (1 / sigma2 ) ∗
dnorm( z2 ) ∗(1−pnorm( z1 ) ) ) ˆ(1−Delta ) ∗DtransY

p1 = pmax( tot , 1 e−100)
Logn = sum( log ( p1 ) ) ;
r e turn (−Logn )

}

spower = func t i on (y ,pw)
{

sy = (y>0)∗y+(y<=0)∗1 ## sy>0
return ( syˆpw)

}

LikF = func t i on ( par ,Y, Delta ,M) { #Joint model with dependent
censo r ing

k = nco l (M)
beta = par [ 1 : 9 ] #demand
eta = par [ 1 0 : 1 8 ] #supply
sigma1 = par [ k+1]
sigma2 = par [ k+2]
rho = par [ k+3]
a lp1 = par [ k+4]
transY = YJtrans (Y, a lp1 )
DtransY = DYJtrans (Y, a lp1 )
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z1 = ( transY−(M[ , 1 : 9 ]%∗%beta ) ) / sigma1
z2 =((1−rho∗ sigma2/sigma1 ) ∗ transY−(M[ , 1 0 : 1 8 ]%∗%eta−rho∗ (
sigma2/sigma1 ) ∗M[ , 1 : 9 ]%∗%beta ) ) / ( sigma2∗(1−rho ˆ2) ˆ0 . 5 )

z3 = ( transY−(M[ , 1 0 : 1 8 ]%∗%eta ) ) / sigma2
z4 =((1−rho∗ sigma1/sigma2 ) ∗ transY−(M[ , 1 : 9 ]%∗%beta−rho∗ ( sigma1
/sigma2 ) ∗M[ , 1 0 : 1 8 ]%∗%eta ) ) / ( sigma1∗(1−rho ˆ2) ˆ0 . 5 )

to t =((1/ sigma1 ) ∗dnorm( z1 ) ∗(1−pnorm( z2 ) ) ) ˆDelta ∗ ( (1 / sigma2 ) ∗
dnorm( z3 ) ∗(1−pnorm( z4 ) ) ) ˆ(1−Delta ) ∗DtransY

p1 = pmax( tot , 1 e−100)
Logn = sum( log ( p1 ) ) ;
r e turn (−Logn )

}

lden I = func t i on ( par ,Y, Delta ,M) { #To c a l c u l a t e the func t i on at
f i x e d parameter va lue s f o r independence model

k = nco l (M)
beta = par [ 1 : 9 ] #demand
eta = par [ 1 0 : 1 8 ] #supply
sigma1 = par [ k+1]
sigma2 = par [ k+2]
a lp1 = par [ k+3]
transY = YJtrans (Y, a lp1 )
DtransY = DYJtrans (Y, a lp1 )
z1 = ( transY−(M[ , 1 : 9 ]%∗%beta ) ) / sigma1
z2 = ( transY−(M[ , 1 0 : 1 8 ]%∗%eta ) ) / sigma2
tot =

((1 / sigma1 ) ∗dnorm( z1 ) ∗(1−pnorm( z2 ) ) ) ˆDelta ∗ ( (1 / sigma2 ) ∗
dnorm( z2 ) ∗(1−pnorm( z1 ) ) ) ˆ
(1−Delta ) ∗DtransY

return (sum( log ( to t ) ) )
}

lden D = func t i on ( par ,Y, Delta ,M) { #To c a l c u l a t e the func t i on at
f i x e d parameter va lue s f o r dependence model

k = nco l (M)
beta = par [ 1 : 9 ] #demand
eta = par [ 1 0 : 1 8 ] #supply
sigma1 = par [ k+1]
sigma2 = par [ k+2]
rho = par [ k+3]
a lp1 = par [ k+4]
transY = YJtrans (Y, a lp1 )
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DtransY = DYJtrans (Y, a lp1 )

z1 = ( transY−(M[ , 1 : 9 ]%∗%beta ) ) / sigma1
z2 =((1−rho∗ sigma2/sigma1 ) ∗ transY−(M[ , 1 0 : 1 8 ]%∗%eta−rho∗ (
sigma2/sigma1 ) ∗M[ , 1 : 9 ]%∗%beta ) ) / ( sigma2∗(1−rho ˆ2) ˆ0 . 5 )

z3 = ( transY−(M[ , 1 0 : 1 8 ]%∗%eta ) ) / sigma2
z4 =((1−rho∗ sigma1/sigma2 ) ∗ transY−(M[ , 1 : 9 ]%∗%beta−rho∗ ( sigma1
/sigma2 ) ∗M[ , 1 0 : 1 8 ]%∗%eta ) ) / ( sigma1∗(1−rho ˆ2) ˆ0 . 5 )

to t =((1/ sigma1 ) ∗dnorm( z1 ) ∗(1−pnorm( z2 ) ) ) ˆDelta ∗ ( (1 / sigma2 ) ∗
dnorm( z3 ) ∗(1−pnorm( z4 ) ) ) ˆ(1−Delta ) ∗DtransY

return (sum( log ( to t ) ) )
}

CondD = func t i on ( par ,Y,M) { #Condi t iona l D i s t i bu t i on o f D given
X f o r dependence model

k = nco l (M)
beta = par [ 1 : 9 ] #demand
eta = par [ 1 0 : 1 8 ] #supply
sigma1 = par [ k+1]
sigma2 = par [ k+2]
rho = par [ k+3]
a lp1 = par [ k+4]
transY = YJtrans (Y, a lp1 )
z1 = ( transY−(M[ , 1 : 9 ]%∗%beta ) ) / sigma1
Dist=pnorm( z1 )
re turn ( Dist )

}

CondS = func t i on ( par ,Y,M) { #Condi t iona l D i s t i bu t i on o f S g iven
X f o r dependence model

k = nco l (M)
beta = par [ 1 : 9 ] #demand
eta = par [ 1 0 : 1 8 ] #supply
sigma1 = par [ k+1]
sigma2 = par [ k+2]
rho = par [ k+3]
a lp1 = par [ k+4]
transY = YJtrans (Y, a lp1 )
z1 = ( transY−(M[ , 1 0 : 1 8 ]%∗%eta ) ) / sigma2
Dist=pnorm( z1 )
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re turn ( Dist )
}
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A.2 Independent Model

## ESTIMATION INDEPENDENT MODEL ##

TransS 1YJ = YJtrans ( as . vec to r ( s l o g ( data2$TransS 1) ) , 1 . 5 )
data=cbind ( data2 , TransS 1YJ)

#Matrix o f c o va r i a t e s
M=as . matrix ( cbind ( rep (1 , nrow ( data ) ) , data$ I n f l rate , data$DPrice ,

data$TransS 1YJ , data$NH, data$CC, data$IR , data$HI , data$HINC,
rep (1 , nrow ( data ) ) , data$HIT 1 , data$ I n f l rateT 1 , data$DPriceT
1 , data$TransS 1YJ , data$IRT 1 , data$BankT 1 , data$NC, data$DLCT
1) ) # 16 c ova r i a t e s . #8 demand , 8 supply

dataD=data [ data$Censor==0,] # Matrix f o r event t imes = demand<
supply

dataS=data [ data$Censor==1,] # Matrix f o r censored t imes =
supply<demand

Ylog=as . vec to r ( s l o g ( data$Trans ) ) # Log t rans fo rmat ion o f ”
s u r v i v a l time” (=number o f t r an sa c t i on )

Delta=as . vec to r ( data$Event ) # Event i nd i c a t o r = demand<supply
(1 in the colomn )

#Surv D = lm(Trans˜ I n f l r a t e+DPrice+TransS 1+NH+CC+IR+HI+HINC,
data=dataD ) #Parameters i n i t i a t i o n

#Surv S = lm(Trans˜HIT 1+ I n f l rateT 1+DPriceT 1+TransS 1+IRT 1+
BankT 1+NC+DLCT 1 , data=dataS )

surv D=survreg ( Surv (Trans , Event ) ˜ I n f l r a t e+DPrice+TransS 1YJ+NH
+CC+IR+HI+HINC, data=data ) #Parameters i n i t i a t i o n

surv S=survreg ( Surv (Trans , Censor ) ˜HIT 1+ I n f l rateT 1+DPriceT 1+
TransS 1YJ+IRT 1+BankT 1+NC+DLCT 1 , data=data )

i n i t beta=surv D$ c o e f f i c i e n t s #i n i t i a l va lue s
i n i t eta=surv S$ c o e f f i c i e n t s #i n i t i a l va lue s

#summary( Surv D)
#summary( Surv S)

#i n i t sigma1=c (26 . 4 7 ) #standard dev i a t i on
#i n i t sigma2=c (25 . 0 8 ) #standard devat ion
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i n i t sigma1=surv D$ s c a l e #standard dev i a t i on
i n i t sigma2=surv S$ s c a l e #standard devat ion
i n i t a lp1=c ( 0 . 5 , 1 , 1 . 5 )

e s t imate s ind=matrix ( nco l=length ( i n i t a lp1 ) , nrow=23) #
S e n s i t i v i t y

f o r ( i in 1 : l ength ( i n i t a lp1 ) ) {
par=c ( i n i t beta , i n i t eta , i n i t sigma1 , i n i t sigma2 , i n i t a lp1 [ i
] )

# L ike l ihood maximisation
r e s=n lopt r ( x0=par , eva l f=LikI ,M=M,Y=Ylog , Delta=Delta , lb=c(−
In f ,− In f ,− In f ,− In f ,− In f ,− In f ,− In f ,− In f ,− In f ,− In f ,− In f ,− In f ,−
In f ,− In f ,− In f ,− In f ,− In f ,− In f , 1 e−05 ,1e−5 ,0) , ub=c ( Inf , In f , In f ,
In f , In f , In f , In f , In f , In f , In f , In f , In f , In f , In f , In f , In f , In f , In f ,
In f , In f , 2 ) , eva l g ineq=NULL, opts = l i s t ( a lgor i thm =”NLOPT LN
BOBYQA” , ” f t o l abs”=1.0e−30,”maxeval”=100000 ,” x t o l abs”=rep
( 1 . 0 e−30) ) )

LiK ind=lden I ( r e s $ so lu t i on , Ylog , Delta ,M)
e s t imate s ind [ , i ]=c ( i n i t a lp1 [ i ] , r e s $ so lu t i on , LiK ind )
rownames ( e s t imate s ind )=c ( ” i n i t a lp1 ” , ” beta i n t ” , ” beta I n f l
r a t e ” , ” beta DPrice” , ” beta TransQ−1” ,

” beta NH” , ”beta CC” , ” beta IR” , ”
beta HI” , ” beta HINC” , ” eta i n t ” ,

” eta HIT−1” , ” eta I n f l rateT−1” , ”
eta DPriceT−1” ,

” eta TransQ−1” , ” eta IRT−1” , ” eta
BankT−1” ,

” eta NC” , ” eta DLCT−1” ,
” sigma1” , ” sigma2” ,
” a lp1 ” , ” logL ik ” )

}
pander ( e s t imate s ind , capt ion=”Est imates under independence

model f o r d i f f e r e n t i n i t i a l theta va lue s ” )
H ind = hes s i an ( LikI , e s t imate s ind [ c ( 2 : 2 2 ) , 1 ] ,Y=Ylog , Delta=

Delta ,M=M, method=”Richardson” ,method . args=l i s t ( eps=1e−4, d
=0.01 , z e r . t o l=sq r t ( . Machine$double . eps /7e−7) , r=6,v=2, show
. d e t a i l s=FALSE) )

H ind=ginv (H ind , t o l = sq r t ( . Machine$double . eps ) ) #Variance −
Covariance matrix

se ind=sq r t ( diag (H ind ) )
W ind=as . vec to r ( e s t imate s ind [ c ( 2 : 2 2 ) , 1 ] ) ˆ2/ ( se ind ) ˆ2
P va l ind=round ( pch i sq (W ind , df=1, lower . t a i l=FALSE) ,5 ) # Wald

t e s t P−value
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p va l ind r e s=cbind ( e s t imate s ind [ c ( 2 : 2 2 ) , 1 ] , s e ind ,P va l ind )
colnames (p va l ind r e s )=c ( ”Estimate ” , ”Standard Error ” , ”P−value ”

)
pander (p va l ind res , capt ion=”Wald t e s t ” )
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A.3 Dependent Model

A.3.1 Wald Test

## ESTIMATION DEPENDENT MODEL ##

#Trans Q (number o f t r an s a c t i on s during the semester ) i s my Y
va r i ab l e . Also inc luded as c ova r i a t e in t−1 ( time s e r i e s :
a u t o r e g r e s s i v e model ) . Therefore , I YJ−transformed i t a l s o .

TransS 1YJ = YJtrans ( as . vec to r ( s l o g ( data2$TransS 1) ) , 1 . 5 )
data=cbind ( data2 , TransS 1YJ)

#Matrix o f c o va r i a t e s
M=as . matrix ( cbind ( rep (1 , nrow ( data ) ) , data$ I n f l rate , data$DPrice ,

data$TransS 1YJ , data$NH, data$CC, data$IR , data$HI , data$HINC,
rep (1 , nrow ( data ) ) , data$HIT 1 , data$ I n f l rateT 1 , data$DPriceT
1 , data$TransS 1YJ , data$IRT 1 , data$BankT 1 , data$NC, data$DLCT
1) ) # 16 c ova r i a t e s . #8 demand , 8 supply

dataD=data [ data$Censor==0,] # Matrix f o r event t imes = demand<
supply

dataS=data [ data$Censor==1,] # Matrix f o r censored t imes =
supply<demand

Ylog=as . vec to r ( s l o g ( data$Trans ) ) # Log t rans fo rmat ion o f ”
s u r v i v a l time” (=number o f t r an sa c t i on )

Delta=as . vec to r ( data$Event ) # Event i nd i c a t o r = demand<supply
(1 in the colomn )

#Surv D = lm(Trans˜ I n f l r a t e+DPrice+TransS 1+NH+CC+IR+HI+HINC,
data=dataD ) #Parameters i n i t i a t i o n

#Surv S = lm(Trans˜HIT 1+ I n f l rateT 1+DPriceT 1+TransS 1+IRT 1+
BankT 1+NC+DLCT 1 , data=dataS )

surv D=survreg ( Surv (Trans , Event ) ˜ I n f l r a t e+DPrice+TransS 1YJ+NH
+CC+IR+HI+HINC, data=data ) #Parameters i n i t i a t i o n

surv S=survreg ( Surv (Trans , Censor ) ˜HIT 1+ I n f l rateT 1+DPriceT 1+
TransS 1YJ+IRT 1+BankT 1+NC+DLCT 1 , data=data )

i n i t beta=surv D$ c o e f f i c i e n t s #i n i t i a l va lue s
i n i t eta=surv S$ c o e f f i c i e n t s #i n i t i a l va lue s

#summary( Surv D)
#summary( Surv S)
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#i n i t sigma1=c (26 . 4 7 ) #standard dev i a t i on
#i n i t sigma2=c (25 . 0 8 ) #standard devat ion
i n i t sigma1=surv D$ s c a l e #standard dev i a t i on
i n i t sigma2=surv S$ s c a l e #standard devat ion

alp1 va lue s=c ( 0 . 5 , 1 , 1 . 5 ) #S e n s i t i v i t y ( s t a b i l i t y o f the
parameters ) #the theta o f the YJ : must be between 0 and 2 .

rho va lue s=c ( −0 .9 , −0 .5 ,0 ,0 .5 ,0 .9 ) #c o r r e l a t i o n between D and S
es t imate s=matrix ( nco l=length ( rho va lue s ) , nrow=23) #23 rows f o r

the 23 parameters ( s ee ”rownames” below )
colnames ( e s t imate s )=rho va lue s
rownames ( e s t imate s )=c ( ”beta i n t ” , ” beta I n f l r a t e ” , ” beta DPrice”

, ” beta TransQ−1” ,
” beta NH” , ”beta CC” , ” beta IR” , ” beta HI” , ”

beta HINC” , ” eta i n t ” ,
” eta HIT−1” , ” eta I n f l rateT−1” , ” eta

DPriceT−1” ,
” eta TransQ−1” , ” eta IRT−1” , ” eta BankT−1” ,
” eta NC” , ” eta DLCT−1” ,
” sigma1” , ” sigma2” , ” rho” ,
” a lp1 ” , ” logL ik ” )

e s t imate s dep=l i s t ( a lp1=matrix ( nco l=length ( rho va lue s ) , nrow=23)
, a lp2=matrix ( nco l=length ( rho va lue s ) , nrow=23) , a lp3=matrix (
nco l=length ( rho va lue s ) , nrow=23) )
#es t imate s Dep = es t imate s o f the params o f the dependent
model

lb = c ( rep(− In f , dim(M) [ 2 ] ) ,1 e−05 ,1e−5 ,−1 ,0) ;
ub = c ( rep ( Inf , dim(M) [2 ]+2) , 1 , 2 )

# n lopt r a lgor i thm

#we t e s t f o r each value o f a lp1 and rho
f o r ( j in 1 : l ength ( a lp1 va lue s ) ) {

f o r ( i in 1 : l ength ( rho va lue s ) ) {
i n i t a lp1=alp1 va lue s [ j ]
i n i t rho=rho va lue s [ i ]
par = c ( i n i t beta , i n i t eta , i n i t sigma1 , i n i t sigma2 , i n i t rho
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, i n i t a lp1 )

#n lopt r = to opt imize with the L ike l i hood Fctn

r e s = n lopt r ( x0 = par , eva l f = LikF ,M=M,Y=Ylog , Delta=Delta ,
lb = lb , ub = ub , eva l g ineq=NULL, opts = l i s t ( a lgor i thm =”

NLOPT LN BOBYQA” , ” f t o l abs”=1.0e−30,”maxeval”=100000 ,” x t o l
abs”=rep ( 1 . 0 e−30) ) )

Lik dep=lden D( r e s $ so lu t i on , Ylog , Delta ,M)
e s t imate s [ , i ]=c ( r e s $ so lu t i on , Lik dep )
#es t imate s : l i s t c r ea ted above : r e s u l t s f o r each value o f i
#pr in t ( Lik dep )

}

e s t imate s dep [ [ j ] ]= e s t imate s
#es t imate s dep : l i s t c r ea ted above : r e s u l t s f o r each value o f

i and J
}

e s t imate s dep
par e s t=es t imate s dep [ [ 3 ] ] [ c ( 1 : 2 2 ) , 2 ]

H dep=hes s i an (LikF , par est ,Y=Ylog , Delta=Delta ,M=M, method=”
Richardson” ,method . args=l i s t ( eps=1e−4, d=0.01 , z e r . t o l=sq r t
( . Machine$double . eps /7e−7) , r=6, v=2,show . d e t a i l s=FALSE) )

#var iance−covar matrix
H dep= ginv (H dep , t o l = sq r t ( . Machine$double . eps ) ) #inv e r s e (

F i sher i n f matrix )
se dep=sq r t ( diag (H dep ) )
W dep=as . vec to r ( par e s t ) ˆ2/ ( se dep ) ˆ2
P va l dep=round ( pch i sq (W dep , df=1, lower . t a i l=FALSE) ,5 )
p va l dep r e s=cbind ( par est , se dep ,P va l dep )
colnames (p va l dep r e s )=c ( ”Estimate ” , ”Standard Error ” , ”P−value ”

)
pander (p va l dep res , capt ion=”Wald t e s t ” )

# nlminb algor i thm
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#we t e s t f o r each value o f a lp1 and rho

f o r ( j in 1 : l ength ( a lp1 va lue s ) ) {
f o r ( i in 1 : l ength ( rho va lue s ) ) {

i n i t a lp1=alp1 va lue s [ j ]
i n i t rho=rho va lue s [ i ]
par = c ( i n i t beta , i n i t eta , i n i t sigma1 , i n i t sigma2 , i n i t rho

, i n i t a lp1 )

#n lopt r = to opt imize with the L ike l i hood Fctn

r e s = nlminb ( s t a r t = par , LikF ,M = M,Y = Ylog , Delta = Delta ,
lower = lb , upper = ub , c on t r o l = l i s t ( eva l .max=300 , i t e r .max
=200) )

Lik dep=lden D( r e s $par , Ylog , Delta ,M)
e s t imate s [ , i ]=c ( r e s $par , Lik dep )
#es t imate s : l i s t c r ea ted above : r e s u l t s f o r each value o f i
#pr in t ( Lik dep )

}

e s t imate s dep [ [ j ] ]= e s t imate s
#es t imate s dep : l i s t c r ea ted above : r e s u l t s f o r each value o f

i and J
}
#

par e s t=es t imate s dep [ [ 3 ] ] [ c ( 1 : 2 2 ) , 2 ]
H dep=hes s i an (LikF , par est ,Y=Ylog , Delta=Delta ,M=M, method=”

Richardson” ,method . args=l i s t ( eps=1e−4, d=0.01 , z e r . t o l=sq r t
( . Machine$double . eps /7e−7) , r=6, v=2,show . d e t a i l s=FALSE) )

#var iance−covar matrix
H dep= ginv (H dep , t o l = sq r t ( . Machine$double . eps ) ) #inv e r s e (

F i sher i n f matrix )
se dep=sq r t ( diag (H dep ) )
W dep=as . vec to r ( par e s t ) ˆ2/ ( se dep ) ˆ2
P va l dep=round ( pch i sq (W dep , df=1, lower . t a i l=FALSE) ,5 )
p va l dep r e s=cbind ( par est , se dep ,P va l dep )
colnames (p va l dep r e s )=c ( ”Estimate ” , ”Standard Error ” , ”P−value ”

)
pander (p va l dep res , capt ion=”Wald t e s t ” )
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A.3.2 Survival Curves

## SURVIVAL CURVES ##

Ylog data=as . vec to r ( s l o g ( data$Trans ) )
M data=as . matrix ( cbind ( rep (1 , nrow ( data ) ) , data$ I n f l rate , data$

DPrice , data$TransS 1YJ , data$NH, data$CC, data$IR , data$HI , data$
HINC, rep (1 , nrow ( data ) ) , data$HIT 1 , data$ I n f l rateT 1 , data$
DPriceT 1 , data$TransS 1YJ , data$IRT 1 , data$BankT 1 , data$NC,
data$DLCT 1) ) # 16 c ova r i a t e s . #8 demand , 8 supply

D=CondD( par est , Ylog ,M data )
P=CondS( par est , Ylog ,M data )
p l o t ( s o r t (1−D[ data$Event==1] , de c r ea s ing=T) ˜ s o r t ( exp (Ylog data [

data$Event==1]) , d e c r ea s ing = T) , type=” l ” , xlab=”Observed
Quantity” , ylab=”Frequency” , yl im=c (0 , 1 ) , xl im=c (1000 ,16) )

par (new=T)
p lo t ( s o r t (1−P[ data$Event==0] , de c r ea s ing=T) ˜ s o r t ( exp (Ylog data [

data$Event==0]) , d e c r ea s ing = T) , type=” l ” , xlab=”Observed
Quantity” , ylab=”Frequency” , c o l=” red ” , ylim=c (0 , 1 ) , xl im=c
(1000 ,16) )

A.3.3 PP Plot

## PP PLOT (= Goodness o f f i t p l o t ) ##

par1 = par e s t [ 1 : 9 ] #va r i a b l e s Demand
s1 = par e s t [ 1 9 ] #sigma1
s2 = par e s t [ 2 0 ] #sigma2
rho1 = par e s t [ 2 1 ] #rho
par2 = par e s t [ 1 0 : 1 8 ] #va r i a b l e s Supply
Ylog=as . vec to r ( s l o g ( data$Trans ) ) #log s u r v i v a l t r an s a c t i on s
z = YJtrans (Ylog , par e s t [ 2 2 ] ) #12 = alp1
h i s t ( z )
#loop , c a l c u l a t e s the d i s t r i b u t i o n o f transformed minimum under

assumed model .
n = length ( z )
Ocdf = rep (0 , n)
M D=as . matrix ( cbind ( rep (1 , nrow (dataD ) ) , dataD$ I n f l rate , dataD$

DPrice , dataD$TransS 1 , dataD$NH, dataD$CC, dataD$IR , dataD$HI ,
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dataD$HINC) )
M S=as . matrix ( cbind ( rep (1 , nrow ( dataS ) ) , dataS$HIT 1 , dataS$ I n f l

rateT 1 , dataS$DPriceT 1 , dataS$TransS 1 , dataS$IRT 1 , dataS$
BankT 1 , dataS$NC, dataS$DLCT 1) )

f o r ( i in 1 : n ) {
ob = z [ i ]
T1 = (ob−M[ , 1 : 9 ]%∗%par1 ) / s1
T2 = (ob−M[ , 1 0 : 1 8 ]%∗%par2 ) / s2
X = cbind (T1 ,T2)
Ocdf [ i ] = sum(pnorm(T1)+pnorm(T2)−pbivnorm (X, rho=rho1 ) ) /n

}
ord = rank ( z , t i e s . method = ” f i r s t ” )
Ecf = ( ord−1)/n
dd = cbind (Ocdf , Ecf , z )
#PPplot
s o r t dd=dd [ order (dd [ , 3 ] ) , ]
p l o t ( s o r t dd [ , 1 ] , s o r t dd [ , 2 ] , x lab=”Assumed Cumulative

d i s t r i b u t i o n func t i on ” , ylab=”Empir ica l Cumulative
d i s t r i b u t i o n func t i on ” , main=”PP Plot ” )

ab l i n e ( a=0,b=1, c o l=” red ” )

A.3.4 Goodness of Fit Test

## GOODNESS−OF−FIT TEST ##

#Observed Cramer−von−Mise
Ocf = Ocdf [ order (Ocdf ) ]
Ecf=Ecf [ order ( Ecf ) ]
w = rep (0 , n)
w[ 1 ] = Ocf [ 1 ]
w [ 2 : n ] = Ocf [ 2 : n]−Ocf [ 1 : ( n−1) ]
OCVM = sum( ( Ecf−Ocf ) ˆ2∗w) ∗n
#GoF
GofTest = func t i on (n , nsim , par ) {
CVM = rep (0 , nsim )
CVMb. s t a r = rep (0 , nsim )
count1 = 0
count2 = 0
f o r ( j in 1 : nsim ) {
M 0 =as . matrix ( cbind ( s l o g ( data$Trans ) , data$Event , rep (1 , nrow
( data ) ) , data$ I n f l rate , data$DPrice , data$TransS 1 , data$NH,
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data$CC, data$IR , data$HI , data$HINC, rep (1 , nrow ( data ) ) , data$HIT
1 , data$ I n f l rateT 1 , data$DPriceT 1 , data$TransS 1 , data$IRT

1 , data$BankT 1 , data$NC, data$DLCT 1) )
sample=sample ( ( nrow (M 0) ) ,n , r ep l a c e=T) #boots t rap

e ch an t i l l o n with replacement
datab = M 0 [ sample , ] # data matrix
Y = datab [ , 1 ]
Delta = datab [ , 2 ]
M = datab [ , 3 : 2 0 ]
W = M
k = nco l (M)
u1 = k+1;u2 = k+3

# dependent Censoring model
lb = c ( rep(− In f , k ) ,1 e−02 ,1e−02 ,−1 ,0)
ub = c ( rep ( Inf , ( k+2) ) , 1 , 2 )
i n i t = par

parhat = n lopt r ( x0=in i t , eva l f=LikF ,Y=Y, Delta=Delta ,M=M, lb=lb ,
ub=ub , eva l g ineq=NULL, opts = l i s t ( a lgor i thm = ”NLOPT LN
BOBYQA” , ” f t o l abs”=1.0e−30,”maxeval”=100000 ,” x t o l abs”=rep
( 1 . 0 e−30) ) ) $ s o l u t i o n

Z0 = YJtrans (Y, parhat [ ( k+4) ] )
# Di s t r i bu t i on under model
OCd = rep (0 , n)
f o r ( i in 1 : n ) {

ob = Z0 [ i ]
T1 = (ob−M[ , 1 : 9 ]%∗%parhat [ 1 : 9 ] ) / parhat [ ( k+1) ]
T2 = (ob−W[ , 1 0 : 1 8 ]%∗% parhat [ 1 0 : k ] ) / parhat [ ( k+2) ]
X = cbind (T1 ,T2)
OCd[ i ] = sum(pnorm(T1)+pnorm(T2)−pbivnorm (X, rho= parhat [ ( k+3)
] ) ) /n

#d i s t r i b u t i o n under f i t t e d model
}
ord = 1 : n
Ecf = ( ord−1)/n # Emprical d i s t r i b u t i o n
# Compute t e s t d i s t r i b u t i o n
OCf = OCd[ order (OCd) ]
w = rep (0 , n)
w[ 1 ] = OCf [ 1 ]
w [ 2 : n ] = OCf [ 2 : n]−OCf [ 1 : ( n−1) ]
CVM[ j ] = sum( ( Ecf−OCf) ˆ2∗w) ∗n # Cramer−Von−Mises
count1 = quan t i l e (CVM, prob=0.9)
count2 = quan t i l e (CVM, prob=0.95)
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}
re turn ( l i s t ( count=c ( count1 , count2 ) ,CVM) )

}
n = 4422
i s e ed =212367
nsim=200
GOF=GofTest (n , nsim , par e s t )
p va l=1−(sum(GOF[ [ 2 ] ] <OCVM)/nsim )
names (GOF$count )=c ( ”Q90” , ”Q95” )
names (p va l )=”P value ”
names (OCVM)=”Observed Cramer−von−Mise”
pander ( c (GOF$count ,OCVM, p va l ) )
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