Appendix 1: R-code for method of profiling:

#Example: PHQ-9 data:

FHAFHHEH S H A

id = ¢(1,2,3,4,5,6,7,8,9,10)

TP = ¢(121,4,18,24,86,33,14,4,43,27)

FN<-c (42,2,12,6,89,3,5,3,7,4)
FP<-c(220,2,29,26,59,13,38,2,90,21)

TN<-c (2259,145,121,301,1117,47,222, 95,1392, 94)

na<-TP+FN

nb<-TN+FP

mydata = data.frame (cbind(id, na,TP,nb, TN, FN, FP))

names (mydata) = C("id"( "naﬂ, "TPH, "nbﬂ, "TNH, "FNH, "FPH)

k=nrow (mydata)
Sen<-TP/na

for (i in 1:k){if(na[i]l==0) Sen[i]<-0}
Spe<-TN/nb
for (i in 1:k){if(nb[i]==0) Spel[i]<-0}

mydata$Sen <-Sen
mydata$Spe <-Spe

library (cubature)

dbivlognorm <- function (pa,pb,alpha, beta, sig2a, sig2b, rho) {

(2*pi*sqgrt (sig2a*sig2b* (1-rho”2)) * (pa* (1-pa) *pb* (1-pb) ) )~ (-1) *exp (-1/ (2* (1-
rho”2)) *

((glogis (pa)-alpha)~2/sig2a + (glogis (pb)-beta)"2/sig2b - (2*rho* (qlogis (pa)-
alpha) * (qlogis (pb) -beta)) /sqgrt (sig2a*sig2b)))
}

integrand <- function(p,ya,na,yb,nb,alpha, beta, sig2a, sig2b, rho) {
pa = p[l]
pb = p[2]
dbinom(ya, size=na, prob=pa)*dbinom(yb, size=nb,

prob=pb) *dbivlognorm(pa, pb,alpha,beta, sig2a, sig2b, rho)

}

f4<-function (rho) {

int <- rep(NA, length=k)

for(i in 1:k){

int[i] <- adaptIntegrate(integrand, lowerLimit = c(0, 0), upperlLimit = c(1,

1) ,ya=mydata$TP[i],na=mydata$nal[i], yb=mydata$STN[i], nb=mydata$nb[i],
alpha=alpha.ini, beta=beta.ini, sig2a=sig2a.ini, sig2b=sig2b.ini, rho)$integral

}

return (sum(log(int)))

}

r.log.Sen <- range (glogis(Sen), finite = TRUE)
r.log.Spe <- range (glogis(Spe), finite = TRUE)
logit.Sen.var <- 1/ (na*Sen* (1-Sen))
r.log.Sen.var <- range (logit.Sen.var, finite = TRUE)
logit.Spe.var <- 1/ (nb*Spe* (1-Spe))
r.log.Spe.var <- range(logit.Spe.var, finite = TRUE)
x1l <- seqg(r.log.Sen[l],r.log.Sen[2], length.out = 5)
x2 <- seqg(r.log.Spell],r.log.Spe[2], length.out = 5)
x3 <- seqg(r.log.Sen.var[l], r.log.Sen.var[2], length.out =
x4 <- seqg(r.log.Spe.var([l], r.log.Spe.var[2], length.out
alpha.beta.sig2a.sig2b <- expand.grid(xl,x2,x3,x4)
alpha.beta.sig2a.sig2b <- as.matrix(alpha.beta.sig2a.sig2b)
log.lik <- NULL
for (i in l:dim(alpha.beta.sig2a.sig2b) [1
alpha.ini=alpha.beta.sig2a.sig2b[i,][1
beta.ini=alpha.beta.sig2a.sig2b[i,]1[2]
[3
[4

I
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) {

sig2a.ini=alpha.beta.sig2a.sig2b[i,]
sig2b.ini=alpha.beta.sig2a.sig2b[i, ]
log.lik <- c(log.lik, £f4(0))

]
]



}

alpha.ini <- alpha.beta.sig2a.sig2b[which.max (log.lik),][1]
beta.ini <- alpha.beta.sig2a.sig2b[which.max(log.lik),][2]
sig2a.ini <- alpha.beta.sig2a.sig2b[which.max(log.1lik),][3]
sig2b.ini <- alpha.beta.sig2a.sig2b[which.max(log.1lik),][4]
cor.Se.Sp<-cor (Sen, Spe, method = c("pearson"))
mle.rho <- function(f4, rho0=0, N=20, tol=1E-5) {
h <= 0.0000001
i <= 1; rhol <- rhoO
p4 <- numeric (N)
while (i<=N) {
if (rho0 <= -1 | rho0O >= 1) {
p4[i] <- cor.Se.Sp
i<- i+ 1
break
}
fh <- f4 (rhoO+h)
f0 <- f4(rho0)
fhm <- f4 (rho0O - h)
fd <- (fh-f0)/h
sd <- (fh-2*f0+ fhm)/h"2
if (sd == | sd == -Inf | fd == -Inf | (fd/sd)==-Inf | (fd/sd)==Inf
| is.na (fd)==TRUE | is.na (sd)==TRUE) {
p4[il=cor.Se.Sp
i<- i+ 1
break
}
rhol <- (rhoO - (fd/sd))

p4[i] <- rhol
i<-1+1
if (abs(rhol-rho0O) < tol) break
rho0 <- rhol
}
return (p4[1:(i-1)1])
}

p4 <- mle.rho(f4)
rho.est<-p4[length(p4) ]
rho.est

f2<-function(sig2a) {
int <- rep(NA, length=k)
for(i in 1:k){
int[i] <- adaptIntegrate(integrand, lowerLimit = c(0, 0), upperlLimit = c(1,
1) ,ya=mydata$TP[i],na=mydata$nal[i], yb=mydata$TN[i], nb=mydata$nb[i],
alpha=alpha.ini, beta=beta.ini, sig2a, sig2b=sig2b.ini, rho=rho.est)$integral
}
return (sum(log(int)))
}
x1 <- seqg(r.log.Sen[l],r.log.Sen[2], length.out = 10)
x2 <- seqg(r.log.Spell],r.log.Spe[2], length.out 10)
x4 <- seqg(r.log.Spe.var([l], r.log.Spe.var[2], length.out = 10)
alpha.beta.sig2b <- expand.grid(xl,x2,x4)
alpha.beta.sig2b <- as.matrix (alpha.beta.sig2b)
log.lik <- NULL
for (i in l:dim(alpha.beta.sig2b) [1]
alpha.ini=alpha.beta.sig2b[i,][1]
beta.ini=alpha.beta.sig2b[i,][2]
sig2b.ini=alpha.beta.sig2b[i, ] [3]
log.lik <- c(log.lik, f2(sig2a.ini))

) {

}
alpha.ini <- alpha.beta.sig2b[which.max(log.lik),]
[

beta.ini <- alpha.beta.sig2b[which.max (log.lik),]
sig2b.ini <- alpha.beta.sig2b[which.max(log.lik),]

[11]
2]
[31]

mle.sig2a <- function(f2, sig2al0=sig2a.ini, N=20, tol=1E-5) {



h <= 0.0000001
i <- 1; sig2al <- sig2a0
P2 <- numeric (N)
while (i<=N) {
if(sig2al0 <= 0) {
p2[i] <- sig2a.ini
i<- i+ 1
break
}
fh <- £2(sig2a0+h)
f0 <- f2(sig2a0)
fhm <- £2(sig2a0 - h)
fd <- (fh-f0)/h
sd <- (fh-2*f0+ fhm)/h"2

if(sd == 0 | sd == -Inf | fd == -Inf | (fd/sd)==-Inf | (fd/sd)==Inf
| is.na(fd)==TRUE | is.na(sd)==TRUE) {
p2[il=sig2a.ini
i<—- 1+ 1
break
}
sig2al <- (sig2a0 - (fd/sd))

p2[i] <- sig2al
i<-1i+1
if (abs(sig2al-sig2al) < tol) break
sig2al <- sig2al
}
return(p2[1:(i-1)1])
}

p2 <- mle.sig2a(f2)
sig2a.est<-p2[length(p2)]
sig2a.est

f3<-function (sig2b) {
int <- rep(NA, length=k)
for(i in 1:k){
int[i] <- adaptIntegrate(integrand, lowerLimit = c(0, 0), upperLimit = c(1,
1) ,ya=mydata$TP[i],na=mydata$nal[i], yb=mydata$TN[i], nb=mydata$nb[i],
alpha=alpha.ini, beta=beta.ini, sig2a=sigl2a.est, sig2b, rho=rho.est)$integral
}
return (sum(log (int)))
}
x1l <- seq(r.log.Sen[l],r.log.Sen[2], length.out =
x2 <- seqg(r.log.Spe[l],r.log.Spe[2], length.out = 10)
alpha.beta <- expand.grid(xl,x2)
alpha.beta <- as.matrix(alpha.beta)
log.lik <- NULL
for (i in l:dim(alpha.beta) [
alpha.ini=alpha.betali, ][
beta.ini=alpha.betali,][2
log.lik <- c(log.lik, £f3(sig2b.ini))
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}
alpha.ini <- alpha.beta[which.max (log.lik),]1[1]

beta.ini <- alpha.beta[which.max (log.1lik),]1[2]

mle.sig2b <- function(f3, sig2b0O=sig2b.ini, N=20, tol=1E-5) {
h <= 0.0000001
i <= 1; sig2bl <- sig2b0
p3 <- numeric (N)
while (i<=N) {
if(sig2b0 <= 0) {
p3[i] <- sig2b.ini
i<- 1 + 1
break
}
fh <- £3(sig2b0+h)
f0 <- £3(s1ig2b0)
fhm <- £3(sig2b0 - h)



fd <- (fh-£0)/h
(

sd <- (fh-2*f0+ fhm)/h"2
if(sd == 0 | sd == -Inf | fd == -Inf | (fd/sd)==-Inf | (fd/sd)==Inf
| is.na (fd)==TRUE | is.na(sd)==TRUE) {

p3[il=sig2b.ini
i<-1i + 1
break
}
sig2bl <- (sig2b0 - (fd/sd))
p3[1] <- sig2bl
i<-1+1
if (abs(sig2bl-sig2b0) < tol) break
sig2b0 <- sig2bl
}
return (p3[1:(i-1)1])
}

p3 <- mle.sig2b (£3)
sig2b.est<-p3[length(p3)]
sig2b.est

f<-function (alpha) {

int <- rep(NA, length=k)

for(i in 1:k){

int[i] <- adaptIntegrate(integrand, lowerLimit = c(0, 0), upperLimit = c(1,

1) ,ya=mydata$TP[i],na=mydata$nal[i], yb=mydata$TN[i],nb=mydata$nb[i], alpha,
beta=beta.ini, sig2a=sig2a.est, sig2b=sig2b.est, rho=rho.est)$integral

}

return (sum(log(int)))

}

mle.alpha <- function(f, alphal=alpha.ini, N=20, tol=1E-5) {
h <- 0.0000001
i <- 1; alphal <- alphaO
p <- numeric (N)
while (i<=N) {
fh <- f (alphaO+h)
f0 <- f(alphaO)
fhm <- f(alpha0 - h)
fd <- (fh-£f0)/h
sd <- (fh-2*f0+ fhm)/h"2

if(sd == 0 | sd == -Inf | fd == -Inf | (fd/sd)==-Inf | (fd/sd)==Inf

| is.na (fd)==TRUE | is.na (sd)==TRUE) {
plil=alpha.ini
i<- 1 + 1
break
}
alphal <- (alpha0 - (fd/sd))
pli] <- alphal
i<-1i+1
if (abs(alphal-alphaO) < tol) break
alpha0 <- alphal
}
return(p[l:(i-1)1])
}
p <- mle.alpha (f)
alpha.est<-p[length(p)]
alpha.est

fl<-function (beta) {

int <- rep(NA, length=k)

for(i in 1:k){

int[i] <- adaptIntegrate(integrand, lowerLimit = c(0, 0), upperLimit = c(1,

1) ,ya=mydata$TP[i],na=mydata$nal[i], yb=mydata$TN[i], nb=mydata$nb[i],
alpha=alpha.est, beta, sig2a=sig2a.est, sig2b=sig2b.est, rho=rho.est)$integral

}

return (sum(log(int)))

}



mle.beta <- function(fl, betalO=beta.ini, N=20, tol=1E-5) {
h <= 0.0000001
i <= 1; betal <- betal
pl <- numeric (N)
while (i<=N) {
fh <- f1 (betal+h)
f0 <- f1l (betal)
fhm <- £1 (betal - h)
fd <- (fh-f0)/h
sd <- (fh-2*f0+ fhm)/h"2

if(sd == | sd == -Inf | fd == -Inf | (fd/sd)==-Inf | (fd/sd)==Inf

| is.na (fd)==TRUE | is.na(sd)==TRUE) {
plli]l=beta.ini
i<—- 1 + 1
break
}
betal <- (betal - (£d/sd))
pl[i] <- betal
i<-1+1
if (abs(betal-betal) < tol) break
betal <- betal
}
return (pl([l:(i-1)1])
}
pl <- mle.beta(fl)
beta.est<-pl[length(pl)]
beta.est

i<-1

N<-10000

tolerance <- 0.001

est <- rbind(numeric (N),numeric (N),numeric (N),numeric (N),numeric (N))
count <- 0

while (i<=N) {
if (count > 0) tolerance <- 0.00001
f4<-function (rho) {
int <- rep(NA, length=k)
for(i in 1:k){
int[i] <- adaptIntegrate(integrand, lowerLimit = c(0, 0), upperLimit = c(1,
1) ,ya=mydata$TP[i],na=mydata$nali], yb=mydata$TN[i], nb=mydata$nb[i],
alpha=alpha.est, beta=beta.est, sigl2a=sigl2a.est, sig2b=sig2b.est, rho)S$integral
}
return (sum(log (int)))
}
mle.rho <- function(f4, rhoO=rho.est, N=20, tol=tolerance) {
h <- 0.0000001
i <= 1; rhol <- rhoO
p4 <- numeric (N)
while (i<=N) {
if (rho0 <= -1 | rhoO >= 1) {
p4[i] <- rho.est
i<- i+ 1
break
}
fh <- f4 (rhoO+h)
f0 <- f4(rho0)
fhm <- f4 (rho0O - h)
fd <- (fh-f0)/h
sd <- (fh-2*f0+ fhm)/h"2
if(sd == 0 | sd == -Inf | fd == -Inf | (fd/sd)==-Inf |
(fd/sd)==Inf | is.na(fd)==TRUE | is.na(sd)==TRUE) {
p4[il=rho.est
i<- i+ 1
break
}
rhol <- (rho0 - (f£fd/sd))



}

return(p4([1l:

}

p4[i] <- rhol
i<-1i+1

p4 <- mle.rho(f4)
rho.estl<-p4[length(p4)]

f2<-function(sig2a) {

int <- rep(NA,

for(i in 1:k) {

if (abs(rhol-rho0O) < tol) break
rho0 <- rhol
(i-1)1)
length=k)
int[i] <- adaptIntegrate(integrand, lowerLimit =

c (0,

0), upperlLimit = c(1,

1) ,ya=mydata$TP[i],na=mydata$nali], yb=mydata$TN[i],nb=mydata$nb[i],

alpha=alpha.est, beta=beta.est,

}

sig2a, sig2b=sig2b.est,

return (sum(log (int)))

}

mle.sig2a <- function (f2,

sig2al=sig2a.est, N=20,

h <- 0.0000001

i <-1;

sig2al <- sig2a0

p2 <- numeric (N)

while

(fd/sd)==Inf

}

return (p2[1:

}

is.na (fd)==TRUE |

(1<=N) {

if (sig2a0 <= 0) {
p2[i] <- sig2a.est
i<- i+ 1
break
}
fh <- f2(sig2a0+h)
f0 <- £2(sig2a0)
fhm <- £2(sig2a0 - h)
fd <- (fh-f0)/h
sd <- (fh-2*f0+
if (sd == | sd

fhm) /h*2
-Inf | fd == -Inf |
is.na (sd)==TRUE) {
p2[il=sig2a.est
i<- 1 + 1
break
}
sig2al <- (sig2a0 -
p2[i] <- sig2al
i<-1+1
if (abs(sig2al-sig2a0)
sig2al0 <- sig2al

(fd/sd))
break

< tol)

(1-1)1)

p2 <- mle.sig2a(f2)
sig2a.estl<-p2[length(p2)]

f3<-function(sig2b) {

int <- rep(NA,

length=k)

for(i in 1:k) {

int[i] <- adaptIntegrate(integrand,

lowerLimit =

tol=

c (0,

rho=rho.estl) $integral

tolerance) {

(fd/sd)==-Inf |

0), upperLimit = c(1,

1) ,ya=mydata$TP[i],na=mydata$nal[i], yb=mydata$TN[i], nb=mydata$nb[i],

alpha=alpha.est, beta=beta.est,

}

sig2a=sig2a.estl,

return (sum(log(int)))

}

mle.sig2b <- function (£3,

sig2b0=sig2b.est, N=20,

h <- 0.0000001

i <-1;

sig2bl <- sig2b0

p3 <- numeric (N)

while

(i<=N) {
if(sig2b0 <= 0) {
p3[i] <- sig2b.est
i<- 1 + 1

sig2b,

rho=rho.estl) $integral

tol=tolerance) {



break
}
fh <- £3(sig2b0+h)
f0 <- £3(sig2b0)
fhm <- £3(sig2b0 - h)

fd <- (fh-f0)/h
sd <- (fh-2*f0+ fhm)/h"2
if (sd == | sd == -Inf | fd == -Inf | (fd/sd)==-Inf |
(fd/sd)==Inf | is.na(fd)==TRUE | is.na(sd)==TRUE) {
p3[il=sig2b.est
i<- i+ 1
break
}
sig2bl <- (sig2b0 - (fd/sd))
p3[1i] <- sig2bl
i<-1+1
if (abs(sig2bl-sig2b0) < tol) break
sig2b0 <- sig2bl
}
return (p3[1:(i-1)1])
}
p3 <- mle.sig2b (£3)
sig2b.estl<-p3[length(p3)]
f<-function (alpha) {
int <- rep(NA, length=k)
for(i in 1:k){
int[i] <- adaptIntegrate(integrand, lowerLimit = c(0, 0), upperLimit = c(1,
1) ,ya=mydata$TP[i],na=mydata$nali], yb=mydata$TN[i],nb=mydata$nb[i], alpha,
beta=beta.est, sigla=sig2a.estl, sig2b=sig2b.estl, rho=rho.estl)S$integral
}
return (sum(log (int)))
}
mle.alpha <- function(f, alphalO=alpha.est, N=20, tol=tolerance) {
h <- 0.0000001
i <- 1; alphal <- alphaO
p <- numeric (N)
while (i<=N) {
fh <- f(alphaO+h)
f0 <- f(alphaO)
fhm <- f(alpha0 - h)
fd <- (fh-£f0)/h
sd <- (fh-2*f0+ fhm)/h"2
if(sd == 0 | sd == -Inf | fd == -Inf | (fd/sd)==-Inf |
(fd/sd)==Inf | is.na(fd)==TRUE | is.na(sd)==TRUE) {
plil=alpha.est
i<- 1+ 1
break
}
alphal <- (alpha0O - (fd/sd))
pli] <- alphal
i<-1i+1
if (abs(alphal-alphaO) < tol) break
alpha0 <- alphal
}
return(p[l: (i-1)1])
}
p <- mle.alpha (f)
alpha.estl<-p[length(p) ]
fl<-function (beta) {
int <- rep(NA, length=k)
for(i in 1:k){
int[i] <- adaptIntegrate(integrand, lowerLimit = c(0, 0), upperlLimit = c(1,

1) ,ya=mydata$TP[i],na=mydata$nali], yb=mydata$TN[i], nb=mydata$nb[i],

alpha=alpha.estl,
}

return (sum(log(int)))

beta, sig2a=sig

2a.estl,

sig2b=sig2b.estl,

rho=rho.estl) $integral



}
mle.beta <- function(fl, betalO=beta.est, N=20, tol=tolerance) {

h <= 0.0000001
i <= 1; betal <- betal
pl <- numeric (N)
while (i<=N) {
fh <- f1 (betal+h)
f0 <- f1l (betal)
fhm <- f£1 (betal0 - h)
fd <- (fh-f0)/h
sd <- (fh-2*f0+ fhm)/h"2

if (sd == | sd == -Inf | fd == -Inf | (fd/sd)==-Inf |
(fd/sd)==Inf | is.na(fd)==TRUE | is.na(sd)==TRUE) {
pl[i]=beta.est
i<—- 1 + 1
break
}
betal <- (betal - (fd/sd))

pl[i] <- betal
i<-1+1
if (abs (betal-betal) < tol) break
betal <- betal
}
return (pl([l:(i-1)1])
}
pl <- mle.beta(fl)
beta.estl<-pl[length(pl) ]
est[,1] <- rbind(alpha.estl, beta.estl, sig2a.estl, sig2b.estl, rho.estl)
i<-1i+1
if (abs(alpha.estl-alpha.est) < tolerance && abs (beta.estl-beta.est) < tolerance
&& abs(sig2a.estl-sig2a.est) < tolerance && abs(sig2b.estl-sig2b.est) < tolerance
&& abs(rho.estl-rho.est) < tolerance) break
alpha.est <- alpha.estl; beta.est<-beta.estl; sig2a.est<-sig2a.estl; sig2b.est<-
sig2b.estl; rho.est<-rho.estl
count <-1
}
est[,1:(i-1)]
profile.est<-est[, (i-1)]
profile.est



Appendix 2: R-code for OFIRIV

#Example: PHQ-9 data:

iFas LSS E LS

id = ¢(1,2,3,4,5,6,7,8,9,10)

TP = c(121,4,18,24,86,33,14,4,43,27)

FN<-c (42,2,12,6,89,3,5,3,7,4)

FP<-c (220,2,29,26,59,13,38,2,90,21)

TN<-c (2259,145,121,301,1117,47,222,95,1392,94)

na<-TP+FN

nb<-TN+FP

mydata = data.frame (cbind(id, na,TP,nb, TN, FN, FP))

names (mydata) = c("id", "na", "TP", "nb", "TN", "FEN", "FP")

k=nrow (mydata)

Sen<-TP/na

for (i in 1:k){if(na[i]==0) Sen[i]<-0}
Spe<-TN/nb

for (i in 1:k){if(nb[i]==0) Spe[i]<-0}
mydata$Sen <-Sen

mydata$Spe <-Spe

library (cubature)

dbivlognorm <- function (pa,pb,alpha, beta, sig2a, sig2b, rho) {

(2*pi*sqgrt (sig2a*sig2b* (1-rho”2)) * (pa* (1-pa) *pb* (1-pb) ) ) ~ (-1) *exp (-1/ (2* (1-
rho”2)) *

((glogis (pa)-alpha)~2/sig2a + (glogis(pb)-beta)”2/sig2b - (2*rho* (qlogis (pa)-
alpha) * (qlogis (pb) -beta) ) /sqrt (sig2a*sig2b)))
}

integrand <- function (p,ya,na,yb,nb,alpha, beta, sig2a, sig2b, rho) {
pa = p[l]
pb = p[2]
dbinom(ya, size=na, prob=pa)*dbinom(yb, size=nb,

prob=pb) *dbivlognorm (pa, pb,alpha,beta, sig2a, sig2b, rho)

}

f4<-function (rho) {

int <- rep(NA, length=k)

for(i in 1:k){

int[i] <- adaptIntegrate(integrand, lowerLimit = c(0, 0), upperLimit = c(1,

1) ,ya=mydata$TP[i],na=mydata$nali], yb=mydata$TN[i], nb=mydata$nb[i],
alpha=alpha.ini, beta=beta.ini, sig2a=sig2a.ini, sig2b=sig2b.ini, rho)$integral

}

return (sum(log (int)))

}

r.log.Sen <- range(glogis(Sen), finite = TRUE)
r.log.Spe <- range (glogis(Spe), finite = TRUE)
logit.Sen.var <- 1/ (na*Sen* (1-Sen))
r.log.Sen.var <- range(logit.Sen.var, finite = TRUE)
logit.Spe.var <- 1/ (nb*Spe* (1-Spe))
r.log.Spe.var <- range(logit.Spe.var, finite = TRUE)
x1 <- seqg(r.log.Sen[l],r.log.Sen[2], length.out = 5)
x2 <- seqg(r.log.Spell],r.log.Spe[2], length.out = 5)
x3 <- seqg(r.log.Sen.var([l], r.log.Sen.var[2], length.out = 5)
x4 <- seqg(r.log.Spe.var([l], r.log.Spe.var[2], length.out =
alpha.beta.sig2a.sig2b <- expand.grid(xl,x2,x3,x4)
alpha.beta.sig2a.sig2b <- as.matrix(alpha.beta.sig2a.sig2b)
log.lik <- NULL
for (i in l:dim(alpha.beta.sig2a.sig2b) [1
alpha.ini=alpha.beta.sig2a.sig2b[i,][1
beta.ini=alpha.beta.sig2a.sig2b[i, ] [2]
[3
[4

|
l

sig2a.ini=alpha.beta.sig2a.sig2b[i,]
sig2b.ini=alpha.beta.sig2a.sig2b[i,]
log.lik <- c(log.lik, £4(0))



alpha.ini <- alpha.beta.sig2a.sig2b[which.max (log.lik),
beta.ini <- alpha.beta.sig2a.sig2b[which.max(log.1lik), ]
sig2a.ini <- alpha.beta.sig2a.sig2b[which.max(log.1lik),
sig2b.ini <- alpha.beta.sig2a.sig2b[which.max(log.1lik),
cor.Se.Sp<-cor (Sen, Spe, method = c("pearson"))

]
[
]
]

mle.rho <- function(f4, rho0=0, N=20, tol=1E-5) {
h <= 0.0000001
i <= 1; rhol <- rhoO
p4 <- numeric (N)
while (i<=N) {
if (rho0 <= -1 | rhoO >= 1) {
p4[i] <- cor.Se.Sp
i<—- 1 + 1
break
}
fh <- f4 (rhoO+h)
f0 <- f4(rho0)
fhm <- f4 (rho0O - h)
fd <- (fh-f0)/h
sd <- (fh-2*f0+ fhm)/h"2
if (sd == | sd == -Inf | fd == -Inf | (fd/sd)==-Inf | (fd/sd)==Inf
| is.na (fd)==TRUE | is.na (sd)==TRUE) {
p4[i]=cor.Se.Sp
i<- 1+ 1
break
}
rhol <- (rho0 - (£d/sd))
p4[i] <- rhol
i<-1i+1
if (abs(rhol-rho0) < tol) break
rho0 <- rhol
}
return(p4[1l:(i-1)1])
}

p4 <- mle.rho(f4)
rho.est<-p4[length (p4) ]
rho.est

f2<-function(sig2a) {
int <- rep(NA, length=k)
for(i in 1:k){
int[i] <- adaptIntegrate(integrand, lowerLimit = c(0, 0), upperLimit = c(1,
1) ,ya=mydata$TP[i],na=mydata$nali], yb=mydata$TN[i], nb=mydata$nb[i],
alpha=alpha.ini, beta=beta.ini, sig2a, sig2b=sig2b.ini, rho=rho.est)$integral
}
return (sum(log (int)))
}
x1l <- seqg(r.log.Sen[l],r.log.Sen[2], length.out = 10)
x2 <- seqg(r.log.Spe[l],r.log.Spe[2], length.out = 10)
x4 <- seqg(r.log.Spe.var[l], r.log.Spe.var[2], length.out = 10)
alpha.beta.sig2b <- expand.grid(xl,x2,x4)
alpha.beta.sig2b <- as.matrix (alpha.beta.sig2b)
log.lik <- NULL
for (i in l:dim(alpha.beta.sig2b) [1
alpha.ini=alpha.beta.sig2b[i,][1
beta.ini=alpha.beta.sig2b[i,]1[2]
sig2b.ini=alpha.beta.sig2b[i, ] [3]
log.lik <- c(log.lik, f2(sig2a.ini))

A
]

}
alpha.ini <- alpha.beta.sig2b[which.max(log.lik),]1[1]

beta.ini <- alpha.beta.sig2b[which.max (log.lik),][2]
sig2b.ini <- alpha.beta.sig2b[which.max (log.lik),][3]

mle.sig2a <- function(f2, sig2al=sig2a.ini, N=20, tol=1E-5) {
h <- 0.0000001



i <- 1; sig2al <- sig2a0
p2 <- numeric (N)
while (i<=N) {
if(sig2al0 <= 0) {
p2[i] <- sig2a.ini
i<-1i + 1
break
}
fh <- f2(sig2a0+h)
f0 <- £2(sig2a0)
fhm <- £2(sig2a0 - h)

fd <- (fh-f0)/h

sd <- (fh-2*f0+ fhm)/h"2

if(sd == 0 | sd == -Inf | fd == -Inf | (fd/sd)==-Inf | (fd/sd)==Inf
| is.na (fd)==TRUE | is.na(sd)==TRUE) {

p2[il=sig2a.ini
i<-1i + 1
break
}
sig2al <- (sig2a0 - (fd/sd))
p2[i] <- sig2al
i<-1+1
if (abs(sig2al-sig2al) < tol) break
sig2al0 <- sig2al
}
return (p2[1:(i-1)1])
}

p2 <- mle.sig2a(f2)
sig2a.est<-p2[length(p2)]
sig2a.est

f3<-function(sig2b) {

int <- rep(NA, length=k)

for(i in 1:k){

int[i] <- adaptIntegrate(integrand, lowerLimit = c(0, 0), upperLimit = c(1,

1) ,ya=mydata$TP[i],na=mydata$nali], yb=mydata$TN[i], nb=mydata$nb[i],
alpha=alpha.ini, beta=beta.ini, sig2a=sigl2a.est, sig2b, rho=rho.est)$integral

}

return (sum(log(int)))
}
x1 <- seqg(r.log.Sen[l],r.log.Sen[2], length.out = 10)
x2 <- seq(r.log.Spe[l],r.log.Spe[2], length.out
alpha.beta <- expand.grid(xl,x2)
alpha.beta <- as.matrix (alpha.beta)
log.lik <- NULL

Il
—
o

for (i in l:dim(alpha.beta) [1]) {
alpha.ini=alpha.betali, ][1]
beta.ini=alpha.betali,][2]
log.lik <- c(log.lik, £3(sig2b.ini))

}

alpha.ini <- alpha.beta[which.max (log.lik),][1]

beta.ini <- alpha.beta[which.max(log.1lik),]1[2]

mle.sig2b <- function(f3, sig2b0=sig2b.ini, N=20, tol=1E-5) {
h <- 0.0000001
i <= 1; sig2bl <- sig2bO0
p3 <- numeric (N)
while (i<=N) {
if (sig2b0 <= 0) {
p3[i] <- sig2b.ini
i<- 1 + 1
break
}
fh <- £3(sig2b0+h)
f0 <- £3(sig2b0)
fhm <- £3(sig2b0 - h)
fd <- (fh-f0)/h



sd <- (fh-2*f0+ fhm)/h"2
if(sd == 0 | sd == -Inf |
| is.na(fd)==TRUE | is.na(sd)==TRUE) {
p3[il=sig2b.ini
i<- i+ 1
break
}
sig2bl <- (sig2b0 -
p3[i] <- sig2bl
i<-1i+1
if (abs(sig2bl-sig2b0)
sig2b0 <- sig2bl

fd == -Inf |

(fd/sd))

< tol) break
}
return(p3[1: (i-1)1)

}

p3 <- mle.sig2b (£3)
sig2b.est<-p3[length (p3)]
sig2b.est

f<-function (alpha) {
int <- rep(NA, length=k)
for(i in 1:k) {
int[i] <- adaptIntegrate(integrand,

lowerLimit

beta=beta.ini, sig2a=sig2a.est, sig2b=sig2b.est,

}

return (sum(log (int)))

}

(fd/sd)

c (0,
1) ,ya=mydata$TP[i],na=mydata$nali], yb=mydata$TN[i], nb=mydata$nb[i],
rho=rho.est) $integral

-Inf | (fd/sd)==Inf

0), upperLimit c(1,

alpha,

mle.alpha <- function(f, alphalO=alpha.ini, N=20, tol=1E-5) {
h <= 0.0000001
i <- 1; alphal <- alphaO
p <- numeric (N)
while (i<=N) {
fh <- f(alphaO+h)
f0 <- f(alphaO)
fhm <- f(alpha0 - h)
fd <- (fh-£f0)/h
sd <- (fh-2*f0+ fhm)/h"2
if (sd == | sd == -Inf fd == -Inf | (fd/sd)==-Inf | (fd/sd)==Inf
| is.na(fd)==TRUE | is.na(sd)==TRUE) {
plil=alpha.ini
i<- i + 1
break
}
alphal <- (alphaO - (fd/sd))
pli] <- alphal
i<-1+1
if (abs(alphal-alphaO) < tol) break
alpha0 <- alphal
}
return(p[l: (1i-1)1)
}
p <- mle.alpha(f)
alpha.est<-p[length (p) ]
alpha.est
fl<-function (beta) {
int <- rep(NA, length=k)
for(i in 1:k){
int[i] <- adaptIntegrate(integrand, lowerLimit = c(0, 0), upperlLimit = c(1,

1), ya=mydata$TP[i],na=mydatas$nali], yb=mydata$TN[i], nb=mydata$nb[i],

alpha=alpha.est, beta, sig2a=sig2a.est, sig2b=sig2b.e

}

return (sum(log(int)))

}

st,

rho=rho.est) $integral



mle.beta <- function (fl, betal=beta.ini, N=20, tol=1E-5) {
h <= 0.0000001
i <= 1; betal <- betal
pl <- numeric(N)
while (i<=N) {
fh <- f1 (betal+h)
f0 <- f1 (betal)
fhm <- f1 (betal0 - h)
fd <- (fh-f0)/h
sd <- (fh-2*f0+ fhm)/h"2
if(sd == | sd == -Inf | fd == -Inf | (fd/sd)==-Inf | (fd/sd)==Inf
| is.na (fd)==TRUE | is.na(sd)==TRUE) {
pl[i]l=beta.ini
i<- i+ 1
break
}
betal <- (betal0 - (fd/sd))
pl[i] <- betal
i<-1i+1
if (abs (betal-betal) < tol) break
betal <- betal
}
return(pl[l:(i-1)1])
}
pl <- mle.beta(fl)
beta.est<-pl[length(pl)]
beta.est

theta.start = c(alpha.est, beta.est, sig2a.est, sig2b.est, rho.est)

y<-function (theta) {

alpha<- thetall]

beta<- thetal[2]

sig2a<- theta[3]

sig2b<- thetal4]

rho<- thetal[5]

int <- rep(NA, length=k)

for(i in 1:k){

int[i] <- adaptIntegrate(integrand, lowerLimit = c(0, 0), upperLimit = c(1,

1) ,ya=mydata$TP[i],na=mydata$nali], yb=mydata$TN[i],nb=mydata$nb[i], alpha, beta,
sig2a, sig2b, rho)$integral

}

return (sum(log (int)))

}

OFI <- function(mydata,y, thetal0 = theta.start, N=10000, tol=1E-5) {
i <= 1; thetal <- thetal
p <- rbind(numeric (N),numeric (N),numeric (N),numeric (N),numeric (N))
h <= 0.0000001
f<-function (alpha) {
int <- rep(NA, length=k)
for(i in 1:k){
int[i] <- adaptIntegrate(integrand, lowerLimit = c(0, 0), upperLimit =
c(l, 1),ya=mydata$TP[i],na=mydata$nali], yb=mydata$TN[i],nb=mydata$nb[i], alpha,
beta=thetal[2], sig2a=thetal[3], sig2b=thetal[4], rho=thetal[5])S$integral
}
return (sum(log(int)))
}
fl<-function (beta) {
int <- rep(NA, length=k)
for(i in 1:k){
int[i] <- adaptIntegrate(integrand, lowerLimit = c(0, 0), upperlLimit =
c(l, 1),ya=mydata$TP[i],na=mydata$nali], yb=mydata$TN[i],nb=mydata$nbl[i],
alpha=thetal[1l], beta, sig2a=theta0[3], sig2b=thetal[4], rho=thetalO[5])$integral
}
return (sum(log(int)))

}
f2<-function(sig2a) {



int <- rep(NA, length=k)
for(i in 1:k) {
int[i] <- adaptIntegrate(integrand, lowerLimit = c(0, 0), upperLimit =
c(l, 1),ya=mydata$TP[i],na=mydata$nali], yb=mydata$TN[i],nb=mydata$nb[i],
alpha=thetal[1l], beta=thetal[2], sig2a, sig2b=thetal[4], rho=thetalO[5])$integral
}
return (sum(log (int)))
}
f3<-function(sig2b) {
int <- rep(NA, length=k)
for(i in 1:k){
int[i] <- adaptIntegrate(integrand, lowerLimit = c(0, 0), upperLimit =
c(l, 1),ya=mydata$TP[i],na=mydata$nali], yb=mydata$TN[i],nb=mydata$nb[i],
alpha=thetal[1l], beta=thetal[2], sig2a=thetal[3], sig2b, rho=thetalO[5])$integral
}
return (sum(log (int)))
}
f4<-function (rho) {
int <- rep(NA, length=k)
for(i in 1:k){
int[i] <- adaptIntegrate(integrand, lowerLimit = c(0, 0), upperlLimit =
c(l, 1),ya=mydata$TP[i],na=mydata$nali], yb=mydata$STN[i],nb=mydata$nb[i],
alpha=thetal[1l], beta=thetal[2], sig2a=thetal[3], sig2b=thetal0([4], rho)$integral
}
return (sum(log(int)))
}
sd.alpha <- (y(c(thetaO[l]+h, thetaO[2],thetal0[3],thetal0[4],thetal[5]))-

2*y (thetal)+ y(c(thetaO[1l]-h, thetaO[2],thetal[3],thetal0[4],thetal([5])))/h"2
sd.beta <- (y(c(thetaO[l], thetalO[2]+h,thetal0[3],thetal[4],thetal[5]))-
2*y (thetal0)+ y(c(theta0[1l], thetal[2]-h,thetal0[3],thetal0[4],thetal0([5])))/h"2

sd.sig2a <- (y(c(thetaO[l], thetaO[2],thetal0[3]+h,thetal[4],thetal[5]))-
2*y (thetal)+ y(c(thetaO[1l], thetalO[2],thetalO[3]-h,thetal0[4],thetal[5])))/h"2
sd.sig2b <- (y(c(thetaO[l], thetaO[2],thetal0[3],thetal[4]+h,thetal[5]))-
2*y (thetal0)+ y(c(thetaO[1l], theta0[2],thetal0[3],thetal[4]-h,thetal0([5])))/h"2
sd.rho <- (y(c(thetaO[1l], thetalO[2],thetal0[3],thetal[4],thetal0[5]+h))~-
2*y (thetal0)+ y(c(thetaO[1l], theta0[2],thetal0[3],thetal[4],theta0[5]-h)))/h"2
sd.alpha.beta <- (y(c(thetaO[1l]+h,

thetaO[2]+h, thetaO[3],thetal0[4],thetal0[5]))-2*y(thetal) + y(c(thetalO[l]-h,
theta0[2]-h, theta0[3],thetal0[4],thetal0[5])))/(2*h"2) - ((sd.alpha + sd.beta)/2)
sd.alpha.sig2a <- (y(c(thetaO[1l]+h,
thetaO[2],theta0[3]+h,thetal0[4],thetal0[5]))-2*y(thetal) + y(c(thetalO[1l]-h,
thetal[2],theta0[3]-h,theta0[4],theta0[5])))/(2*h"2) - ((sd.alpha + sd.sig2a)/2)

sd.alpha.sig2b <- (y(c(thetalO[1l]+h,
theta0[2],theta0[3],thetal0[4]+h,thetal0[5]))-2*y(thetal) + y(c(thetaO[l]-h,
theta0[2],theta0[3],theta0[4]-h,theta0([5])))/(2*h"2) - ((sd.alpha + sd.sig2b)/2)

sd.alpha.rho <- (y(c(thetaO[1l]+h,
theta0[2],theta0[3],theta0[4],thetal0[5]+h))-2*y(thetal) + y(c(thetalO[l]-h,

theta0[2],theta0[3],theta0[4],theta0[5]-h)))/(2*h"2) - ((sd.alpha + sd.rho)/2)
sd.beta.sig2a <- (y(c(thetalO[1l],
theta0[2]+h,theta0[3]+h,thetal[4],thetal0[5]))-2*y(thetal) + y(c(thetalO[1l],

theta0[2]-h,theta0[3]-h,theta0[4],theta0[5])))/(2*h"2) - ((sd.beta + sd.sig2a)/2)
sd.beta.sig2b <- (y(c(thetalO[1l],
theta0[2]+h,theta0[3],thetal0[4]+h,thetal[5]))-2*y(thetal) + y(c(thetalO[l],
theta0[2]-h,theta0[3],theta0[4]-h,thetal0[5])))/(2*h"2) - ((sd.beta + sd.sig2b)/2)
sd.beta.rho <- (y(c(thetalO[1l],
theta0[2]+h,theta0[3],thetal[4],theta0[5]+h))-2*y(thetal) + y(c(thetalO[l],

theta0[2]-h,theta0[3],thetal0[4],theta0[5]-h)))/(2*h"2) - ((sd.beta + sd.rho)/2)
sd.sig2a.sig2b <- (y(c(thetalO[1l],

theta0[2],thetal0[3]+h,thetal0[4]+h,thetal[5]))-2*y(thetal) + y(c(thetalO[l],

theta0[2],theta0[3]-h,theta0[4]-h,theta0[5])))/(2*h"2) - ((sd.sig2a + sd.sig2b)/2)

sd.sig2a.rho <- (y(c(thetaO[1],
theta0[2],thetal0[3]+h,thetal[4],theta0[5]+h))-2*y(thetal) + y(c(thetalO[l],
theta0[2],theta0[3]-h,theta0[4],theta0[5]-h)))/(2*h"2) - ((sd.sig2a + sd.rho)/2)
sd.sig2b.rho <- (y(c(thetaO[1],
theta0[2],theta0[3],thetal0[4]+h, theta0[5]+h))-2*y(thetal) + y(c(thetalO[l],
theta0[2],theta0[3],thetal[4]-h,thetal[5]-h)))/(2*h"2) - ((sd.sig2b + sd.rho)/2)
hess<-matrix (c(sd.alpha, sd.alpha.beta, sd.alpha.sig2a, sd.alpha.sig2b,
sd.alpha.rho, sd.alpha.beta, sd.beta, sd.beta.sig2a, sd.beta.sig2b, sd.beta.rho,



sd.alpha.sig2a, sd.beta.sig2a, sd.sig2a, sd.sig2a.sig2b, sd.sig2a.rho,
sd.alpha.sig2b, sd.beta.sig2b, sd.sig2a.sig2b, sd.sig2b, sd.sig2b.rho,
sd.alpha.rho, sd.beta.rho, sd.sig2a.rho, sd.sig2b.rho, sd.rho),5,5)
hess.inv <- solve (hess)
while (i<=N) {

fd.alpha<-(f (thetaO[1]+h)-f (thetaO[1]))/h
fd.beta<- (fl (thetalO[2]+h)-f1l (theta0[2]))/h
fd.sig2a<-(f2 (theta0[3]+h)-f2 (theta0[3]))/h
fd.sig2b<—(f3(theta0[4]+h)—f3(theta0[4]))/
fd.rho<-(f4 (theta0[5]+h)-f4 (thetal0[5]))/h

if (is.na(fd.alpha)==TRUE | is.na(fd.beta)==TRUE |
is.na(fd.sig2a)==TRUE | is.na(fd.sig2b)==TRUE | is.na(fd.rho)==TRUE | fd.alpha== -
Inf | fd.beta== -Inf | fd.sig2a== -Inf | fd.sig2b== -Inf | fd.rho== -Inf |
fd.alpha== Inf | fd.beta== Inf | fd.sig2a== Inf | fd.sig2b== Inf | fd.rho== Inf) {
pl,1i] <- theta.start
i<- i + 1
break
}
score <- c(fd.alpha, fd.beta, fd.sig2a, fd.sig2b, fd.rho)

thetal <- thetal0 - hess.inv%*% score

if (thetal[3] <= 0) {thetal[3] = theta.start[3]}
if (thetal[4] <= 0) {thetal[4] = theta.start[4]}
if (thetal[5] <= -1 | thetal[5] >= 1) {thetal[5] =

theta.start[5]}

f (abs (thetal[l]-thetaO[1l]) > 0.5) {thetal[l]l=theta.start[1l]}
f (abs (thetal[2]-thetal0[2]) > 0.5) {thetal[2]=theta.start[2]}
f (abs (thetal[3]-thetaO[3]) > 0.5) {thetal[3]=theta.start([3]}
f (abs (thetal[4]-thetal0[4]) > 0.5) {thetal[4]l=theta.start[4]}
f (abs (thetal[5]-thetaO[5]) > 0.5) {thetal[5]=theta.start([5]}

pl,1] <- thetal
i<-1i+1
if (abs(thetal[l]l-thetalO[l]) < tol && abs(thetall[2]-thetal[2])
< tol && abs(thetal[3]-thetalO[3]) < tol && abs(thetal[4]-thetalO[4]) < tol &&
abs (thetal[5]-theta0[5]) < tol) break
if (any(duplicated(round(p[,1l:(i-1)], digits = 6), MARGIN =
2))==TRUE) break
theta0 <- thetal
}
return(pl,1:(i-1)1])
}
p <- OFI (mydata, V)

p
if (length(p)==5) {OFI.theta=p}
if (length (p)> ){OFI.theta =pl[,dim(p) [2]]}

OFI.theta



