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library (MASS)
library(Matrix)
library(abind)
library(e1071)
library(earth)

#---making training & test & dim & threshold data sets

#generate sigma0 and other sigma--—-——-

p=10

n=12

mu=rep(0,p)

sO=matrix(rep(0.5,p*p),c(p,p))
colnames(s0)=c("x1","x2","x3","x4","x5","x6","x7","x8","x9","x10")
rownames (s0)=c("x1",6"x2","x3","x4" , "xb", "x6" , "x7","x8","x9","x10")
diag(s0)=c(rep(1,p))

s0

sigmal=1.1x*s0

sigma2=1.125%s0

sigma3=1.15%s0

sigmad4=1.175%s0

Yo
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#simulate data from multivariate normal distribution
set.seed (1)

options(max.print=1000000000)
in.control=replicate(3000,mvrnorm(n, mu, s0))

out.control=replicate(3000,mvrnorm(n, mu, sigmad))

set.seed(2)
modelindex=sample(3000,500,replace=F)
modell=in.controll[, ,modelindex]
in.control=in.control[, ,-modelindex]
model2=out.control[, ,modelindex]
out.control=out.control[, ,-modelindex]

model . set=abind(modell,model?2)

set.seed(12)

trainindex=sample (2500,500,replace=F)

trainl=in.control[, ,trainindex]

in.control=in.controll[,,-trainindex]

train2=out.control[, ,trainindex]

out.control=out.controll[,,-trainindex]
fazl.set=abind(trainl,train2)
#---- making--test set 1--———---——----——-——-
set.seed(13)
testindex=sample(2000,200,replace=F)
testl=in.control[, ,testindex]
in.control=in.control[, ,-testindex]
test2=out.control[, ,testindex]
out.control=out.control[,,-testindex]
test.setl=abind(testl,test2)
#---- making--test set 2---——---------——————-
set.seed(14)
testindex=sample(1800,200,replace=F)

testl=in.control[,,testindex]
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in.control=in.control[,,-testindex]
test2=out.control[, ,testindex]
out.control=out.controll[,,-testindex]
test.set2=abind(testl,test2)

#-——- making--test set 3---—""--"-"—"""""""""-"--
set.seed(15)
testindex=sample(1600,200,replace=F)
testl=in.control[, ,testindex]
in.control=in.control[,,-testindex]
test2=out.control[, ,testindex]
out.control=out.control[,,-testindex]
test.set3=abind(testl,test2)

#---- making--test set 4----—-----"-""""""""""--
set.seed(16)
testindex=sample(1400,200,replace=F)
testl=in.control[, ,testindex]
in.control=in.control[, ,-testindex]
test2=out.control[, ,testindex]
out.control=out.control[,,-testindex]
test.setd4=abind(testl,test2)

#-——— making--test setb-----——77--——----""""-—-
set.seed(17)
testindex=sample(1200,200,replace=F)
testl=in.control[, ,testindex]
in.control=in.control[,,-testindex]
test2=out.control[, ,testindex]
out.control=out.control[,,-testindex]
test.setb=abind(testl,test2)

#---- making--test set 6-——---"-""""""——————-
set.seed(35)
testindex=sample(1000,200,replace=F)
testl=in.control[, ,testindex]
in.control=in.control[,,-testindex]

test2=out.control[, ,testindex]
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out.control=out.control[, ,-testindex]

test.set6=abind(testl,test2)

#---- making--test set 7--———-----———-———————-

set.seed(19)
testindex=sample(800,200,replace=F)
testl=in.control[, ,testindex]
in.control=in.control[,,-testindex]
test2=out.control[, ,testindex]
out.control=out.controll[,,-testindex]

test.set7=abind(testl,test2)

#---- making--test set 8----—1-"---"-"""""-""""---

set.seed(37)
testindex=sample (600,200, replace=F)
testl=in.control[, ,testindex]
in.control=in.control[, ,-testindex]
test2=out.control[, ,testindex]
out.control=out.control[,,-testindex]

test.set8=abind(testl,test2)

#---- making--test set 9--—--------—---——————-

set.seed(38)
testindex=sample(400,200,replace=F)
testl=in.control[, ,testindex]
in.control=in.control[, ,-testindex]
test2=out.control[, ,testindex]
out.control=out.control[,,-testindex]

test.set9=abind(testl,test2)

#-——- making--test set 10--———"—"""""""""——-
test.set10=abind(in.control,out.control)

#--auxiliary(dim) sets for MARS & Logistic models--

set.seed(10)

in.dim=replicate(200,mvrnorm(n, mu, s0))

out.dim=replicate(200,mvrnorm(n, mu, sigma4))

dim.set=abind(in.dim,out.dim)
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#compute covariance matrix when the undrlying process in control
#for training data set

covmatO=array (rep(0,50000) ,c(p,p,500))

for(i in 1:500){

covmatO[,,i]l=var(model.set[, ,i])
}
##compute covariance matrix for all time
covmat=array (rep(0,100000),c(p,p,1000))
for(i in 1:1000){

covmatl[,,i]l=var(model.set[,,i])
}
m=(p* (p+1)/2)+1
z.model=array(rep(0,1000%*m),c(1000,m))
for(i in 1:1000){

1=1

for(u in 1:p){

for(o in u:p){
z.model [i,1]=covmat[u,0,1i]

1=1+1

}
z.model [i, ((p*(p+1)/2))+1]=det(covmat[,,i])

#adding response variable in matrix z.model
y0.model=rep(-1,500)

y1.model=rep(1,500)

y .model=append (y0.model,yl.model)
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#z.model .training variables with T obesrvation
z.model=cbind(z.model,y.model)
colnames(z.model)=
c("z1","z2", 73", NZ4" NZE" NZE" ZT", "Z8", "Z9", "Z10",
"Z11","Z12","Z13","Z14" "Z15","Z16","Z17","Z18", "Z19" ,"Z20"
nZ21", 722", "723", "Z24"  "Z25"  "Z26" , "Z27", "Z28", "Z29" , "Z30" ,
"zZ31","z32","Z233","7234" ,"Z35","236" ,"Z37","Z238" ,"Z39","Z40",
"Z41" , "Z42" [ "Z43" ,"Z44" | "Z45" ,"Z46" ,"Z47" ,"Z48" ,"Z49" ,"Z50" ,
"Zb1","Zs2","Z53" ,"Z64" ,"Z55" ,"Z56","y .model")
= choosing importance variables with mars model----
z.mars=z.model [, 2]
z.mars=cbind(z.mars,z.model[,8])
z.mars=cbind(z.mars,z.model[,15])
z.mars=cbind(z.mars,z.model[,24])
z.mars=cbind(z.mars,z.model[,25])
z.mars=cbind(z.mars,z.model[,35])
z.mars=cbind(z.mars,z.model[,38])
z.mars=cbind(z.mars,z.model[,55])
z.mars=cbind(z.mars,z.model[,57])

colnames(z.mars)=c("22","Z8","215",”224",“225","235","238",”255”,"y")

# data for fazl part----———--------"-"-""""--———————— =

#compute covariance matrix when the undrlying process in control
#for threshold data set

covmatO=array(rep(0,50000),c(p,p,500))

for(i in 1:500){

covmatO[,,i]=var(fazl.set[,,i])
}
##compute covariance matrix for all time
covmat=array (rep(0,100000),c(p,p,1000))
for(i in 1:1000){



AN SVM Jsa s\l g5ludg

ACG

covmat [, ,il=var(fazl.set[,,i])
}
m=(p* (p+1)/2)+1
z.fazl=array(rep(0,1000*m),c(1000,m))
for(i in 1:1000){

1=1

for(u in 1:p){

for(o in u:p){
z.fazl[i,1l]=covmat[u,o0,i]

1=1+1

}
z.faz1[i, ((px(p+1)/2))+1]=det(covmat[,,i])

#adding response variable in matrix z.fazl

y0.fazl=rep(-1,500)

yl.fazl=rep(1,500)

y.fazl=append(y0.fazl,yl.fazl)

#z.fazl.training variables with T obesrvation

z.fazl=cbind(z.fazl,y.fazl)

colnames(z.fazl)=

c("z1m","zZ2","Z3","Z4" ,"Z5" ,"Z6" ,"Z7" ,"Z8" ,"Z9" ,"Z10",

"Zi1","z12","z13","Z214" ,"Z15" ,"Z16" ,"Z17" ,"Z18" ,"Z219" ,"Z20",
NZ21","Z22", 723", "Z24" 725", "Z26" , "Z2T", 728", "Z29" , "Z30"
"z31","Z32","Z33","234","Z35","Z36", "Z37","Z38", "Z39", "Z40"
"Z41","ZA2","Z43","Z44" "ZAB" , "Z46","Z4T","Z48","Z49","Z50"
"Z51","Z52","Z53", "Z54" , "Z55" ,"Z56" , "y . fazl")

= choosing importance variables with mars model----

z.threshold=z.faz1[,2]

z.threshold=cbind(z.threshold,z.faz1[,8])

z.threshold=cbind(z.threshold,z.faz1[,15])

z.threshold=cbind(z.threshold,z.faz1[,24])

z.threshold=cbind(z.threshold,z.faz1[,25])



z.threshold=cbind(z.threshold,z.faz1[,35])
z.threshold=cbind(z.threshold,z.faz1[,38])
z.threshold=cbind(z.threshold,z.faz1[,55])
z.threshold=cbind(z.threshold,z.faz1[,57])
colnames(z.threshold)=c("Z2","Z8" ,"Z15","Z24" ,"Z25",
"Z35","Z38","Z55", "y")

new.var=rbind(z.mars,z.threshold)

u=11
m=12
a=2e-5
b=2e15
d=2e-15
e=2e-13

ps.train=array(0,c(m,u))
ps.threshold=array(0,c(m,u))
c=rep(0,m)
c[1]=2e-7
gama=rep (0,u)
gama[1]=2e-17
for(i in 2:m){
#cli]l=a+((b-a)/m)*i
c[1]=100*c[i-1]
for(j in 2:w{
#gama [j]=d+((e-d) /u)*j
gama [j]=100*gama[j-1]
svm.fit=svm(new.var[1:1000,-10] ,new.var[1:1000,10] ,kernel="r",
type="C-classification",gamma=gamalj],cost=c[i])
svm.pred=predict (svm.fit)
ps.train[i, jl=mean(svm.pred==new.var[1:1000,10])
svm.pred=predict (svm.fit,new.var[1001:nrow(new.var),-10])
ps.threshold[i, j]l=mean(svm.pred==new.var[1001:nrow(new.var),10])

j=i+t
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i=i+l

ATR.obtim=1list(ps.train,ps.threshold)

write.table(AIR.obtim, file=paste("E:/obtim MARS+SVM(sigmal).csv")
, append = FALSE, quote = TRUE, sep =" ",
eol = "\n", na = "NA", dec = ".", row.names =FALSE,
col.names = TRUE, gmethod = c("escape", "double"),

fileEncoding = "")
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#compute covariance matrix when the undrlying process in control
#for training data set

covmatO=array(rep(0,50000),c(p,p,500))

for(i in 1:500){

covmatO[, ,i]=var(model.set[,,i])
}
##compute covariance matrix for all time
covmat=array (rep(0,100000) ,c(p,p,1000))
for(i in 1:1000){

covmat [, ,i]l=var(model.set[,,i])
}
m=(p*(p+1)/2)+1
z.model=array(rep(0,1000%*m),c(1000,m))
for(i in 1:1000){

1=1



for(u in 1:p){
for(o in u:p){
z.model[i,1]=covmat[u,o0,1i]

1=1+1

+
z.model [i, ((p*(p+1)/2))+1]=det(covmat[,,i])

#adding response variable in matrix z.model

y0.model=rep(-1,500)

y1.model=rep(1,500)

y .model=append(y0.model,yl.model)

#z.model.training variables with T obesrvation

z.model=cbind(z.model,y.model)

colnames (z.model)=

c("z1","z2", "Z3" "Z4" NZE" NZE" , "ZT", "Z8", "Z9", "Z10"

"Z11","Z12","Z13","Z14","Z15","Z16", "Z17", "Z18", "Z19", "Z20"
NZ21","Z22", 1723, 724" 725", "Z26", "Z2T", "Z28", "Z29" , "Z30"
"z31","Z32","Z33","234","2Z35","Z36" , "Z37", "Z38", "Z39", "Z40"
NZ41", 742", "Z43", 744", "Z4E"  "Z46" , "ZAT" , "Z48" , "Z49" , "Z50"
"Zbi","Zs2","Z53" ,"Z564" ,"Z55" ,"Z56" ,"y .model")

e choosing importance variables with mars model----

z.mars=z.model [, 2]

z.mars=cbind(z.mars,z.model[,8])

z.mars=cbind(z.mars,z.model[,15])

z.mars=cbind(z.mars,z.model[,24])

z.mars=cbind(z.mars,z.model[,25])

z.mars=cbind(z.mars,z.model[,35])

z.mars=cbind(z.mars,z.model[,38])

z.mars=cbind(z.mars,z.model[,55])

z.mars=cbind(z.mars,z.model[,57])

colnames(z.mars)=c("Z2","Z8","Z15" ,"Z24" ,"7Z25",

"z35","Z38","Z55","y")
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# data for threshold determination-—————-——--——-——--—-

#compute covariance matrix when the undrlying process in control

#for threshold data set
covmatO=array (rep(0,50000),c(p,p,500))
for(i in 1:500){

covmatOl[,,i]l=var(fazl.set[,,i])
}
##compute covariance matrix for all time
covmat=array (rep(0,100000),c(p,p,1000))
for(i in 1:1000){

covmat [, ,il=var(fazl.set[,,i])
}
m=(p*(p+1)/2)+1
z.fazl=array(rep(0,1000%*m),c(1000,m))
for(i in 1:1000){

1=1

for(u in 1:p){

for(o in u:p){
z.faz1[i,1]l=covmat[u,0,i]

1=1+1

}
z.faz1[i, ((px(p+1)/2))+1]=det (covmat[,,i])

#adding response variable in matrix z.fazl
y0.fazl=rep(-1,500)

y1.fazl=rep(1,500)
y.fazl=append(y0.fazl,yl.fazl)

#z.fazl.training variables with T obesrvation



z.fazl=cbind(z.fazl,y.fazl)
colnames(z.fazl)=
c("z1","Z2","Z3", "Z4", "Z5", "Z6" , "ZT", "Z8","Z9" , "Z10"

"Z11","Z12","Z13","Z14" "Z15", "Z16","Z17","Z18", "Z19","Z20"
NZ21","Z22", 723", 724" 725", "Z26","Z2T", "Z28", "Z29" ,"Z30"
"Z31","Z32","733", 734", "Z35","Z36" ,"Z37","Z38" ,"Z39" , "Z40"
"Z41" ,"Z42" | "Z43" ,"Z44" | "Z45" ,"Z46" ,"Z47" ,"Z48" ,"Z249" ,"Z50" ,
"Zbi","Zs2","Z53" ,"Z64" ,"Z65" ,"Z56" "y .fazl")

- choosing importance variables with mars model----

z.threshold=z.faz1[,2]

z.threshold=cbind(z.threshold,z.faz1[,8])

z.threshold=cbind(z.threshold,z.faz1[,15])

z.threshold=cbind(z.threshold,z.faz1[,24])

z.threshold=cbind(z.threshold,z.faz1[,25])

z.threshold=cbind(z.threshold,z.faz1[,35])

z.threshold=cbind(z.threshold,z.faz1[,38])

z.threshold=cbind(z.threshold,z.faz1[,55])

z.threshold=cbind(z.threshold,z.faz1[,57])

colnames(z.threshold)=c("Z2","Z8","Z15","Z24" ,"Z25",

"z35","Z38","255","y")

- SVM modeling with training set and threshold data set--

# threshold determination-----——-—-—--——--—-

z.new=rbind(z.mars,z.threshold)

#svm parameters all set---————--—------————-

svm.fit=svm(z.new[1:1000,-9],z.new[1:1000,9] ,kernel="r",
type="C-classification",gamma=2e-05, cost=2e+5)

svm.predl=predict(svm.fit)

ps.train=mean(svm.predi==z.new[1:1000,9])

# use svm model that estimated parameters in fazl

svm.pred2=predict(svm.fit,z.new[1001:nrow(z.new) ,-9])

ps.test=mean(svm.pred2==z.new[1001:nrow(z.new),9])

ps=ps.test

astane4=1000
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svm.pred=svm.pred2
v=as.integer (svm.pred==1)
probb=rep(0, (astane4))
n_s=floor (1000*ps)
thre=pbinom(n_s, 1000, ps)
ns=rep(0, (astane4))
ns[1]=v[astane4]
probb[1]=pbinom(ns[1],1,ps)
sample.number=rep(1, (astane4))
for(i in 2:(astane4)){

n=i

sample.number [i]=i

ns[i]=v[astane4+1-i]+ns[i-1]

probb[i]=pbinom(ns[i],n,ps)

#which(probb>=max (probb))

backward.number=rep (0, (astane4))

probb2=rep(0, (astane4))

ns2=rep(0, (astane4))

for(i in 1:(astaned)){
backward.number [astane4+1-i]=i
probb2[astaned4+1-i]=probb[i]
ns2[astaned4+1-i]=ns[i]

3

svm.mars=1ist(sample.number,backward.number,v,ns2,probb2,thre)

names (svm.mars)=c("sample number","backward number","SVM output"

,"Cumulative sum of 1(ns)",

"cumulative probability(P)","Threshold")

write.table(svm.mars, file=paste("E:/1000 modeled&1000 test.csv")

, append = FALSE, quote = TRUE, sep = " ",

eol = "\n", na = "NA", dec = ".",

row.names =FALSE,



col.names = TRUE, gmethod = c("escape", "double"),

fileEncoding = "")
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#compute covariance matrix when the undrlying process in control
#for modeling data set

covmatO=array (rep(0,50000) ,c(p,p,500))

for(i in 1:500){

covmatO[,,i]=var(model.set[,,i])
}
##compute covariance matrix for all time
covmat=array (rep(0,100000),c(p,p,1000))
for(i in 1:1000){

covmat [, ,il=var(model.set[,,i])
}
m=(p* (p+1)/2)+1
z.model=array(rep(0,1000%m),c(1000,m))
for(i in 1:1000){

1=1

for(u in 1:p){

for(o in u:p){
z.model[i,1]=covmat[u,o0,i]

1=1+1

+
z.model [i, ((p*(p+1)/2))+1]=det(covmat[,,i])



#adding response variable in matrix z.model

y0.model=rep(-1,500)

y1.model=rep(1,500)

y .model=append(y0.model,yl.model)

#z.model.training variables with T obesrvation

z.model=cbind(z.model,y.model)

colnames(z.model)=

c("z1","z2", "Z3", "Z4" NZE" NZ6"  "ZT", "Z8", "Z9", "Z10"

"Z11","Z12", "Z13","Z14"  "Z15" V716", "Z17","Z18","Z19" , "Z20"
NZ21","Z22", 723", "Z24" 725", "Z26" ,"Z2T", 728", "Z29" , "Z30"
"Z31","7232","Z33","Z234" ,"Z35" ,"Z236" ,"Z37" ,"Z38" ,"Z239","Z40",
"Z41","Z42" ,"Z43" ,"Z44" \"ZAK" ,"Z46" ,"Z4T" " Z48" ,"Z49" ,"Z50",
"Zbi","Zs2","Z53" ,"Z54" ,"Z65" ,"Z56" ,"y .model")

- choosing importance variables with mars model----

z.mars=z.model [, 2]

z.mars=cbind(z.mars,z.model[,8])

z.mars=cbind(z.mars,z.model[,15])

z.mars=cbind(z.mars,z.model[,24])

z.mars=cbind(z.mars,z.model[,25])

z.mars=cbind(z.mars,z.model[,35])

z.mars=cbind(z.mars,z.model[,38])

z.mars=cbind(z.mars,z.model[,55])

z.mars=cbind(z.mars,z.model[,57])

colnames(z.mars)=c("Z2","Z8","Z15"  "Z24" ,"Z25" ,"Z35","Z38" ,"Z65" ,"y")

# data for test part----------------------- - - - - - — ———-———-

#compute covariance matrix when the undrlying process in control
#(for test data set)

covmatO=array(rep(0,20000),c(p,p,200))

for(i in 1:200){

covmatO[,,i]l=var(test.set5[,,i])

3

##compute covariance matrix for all time
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covmat=array (rep(0,40000),c(p,p,400))
for(i in 1:400){

covmatl[,,i]l=var(test.setb[,,1i])
}
m=(p* (p+1)/2)+1
z.test=array(rep(0,400%*m) ,c(400,m))
for(i in 1:400){

1=1

for(u in 1:p){

for(o in u:p){
z.test[i,1l]=covmat[u,o0,i]

1=1+1

by

z.test[i, ((px(p+1)/2))+1]=det(covmat[,,i])

#adding response variable in matrix z.test

yO.test=rep(-1,200)
yl.test=rep(1,200)
y.test=append(y0.test,yl.test)
#z.test variables with T obesrvation
z.test=cbind(z.test,y.test)

colnames(z.test)=

C(”Zl” "22H HZBH HZ4H HZ5N HZG" HZ?H HZSH HZgN HZlOH

"le","212","213","214","215","216","217","218","219","220",
“221",“222”,"223”,"224”,"225",”226",”227",”228“,"229","230",
H231H HZ32” HZ33H HZ34" HZBS" HZBGH HZ37H "238H HZ39H "Z4OH
HZ41H’HZ42H’HZ43H’HZ44”’"Z45H,HZ46H’”Z47H’HZ48N’HZ49",HZ5OH,

"7 , n7gon , n753n , n754" , n"7Z5E" , "7Z5E" , ”y.test")

# compute bl and b2 for generalize sample variance chart (SPC)

zarbl=1



for(q in 1:p){
zarbl=(n-q) *zarb1l
}
b1=(1/(n-1) "p)*zarbl
zarb2=1
for(w in 1:p){
zarb2=(n-w+2) *zarb2
}
b2=(1/(n-1) " (2%p) ) *zarbl* (zarb2-zarbl)

det.s0=rep(0,200)
for(i in 1:200){

det.sO[i]=det (covmatO[,,i])
}
det.s=rep(0,400)
for(i in 1:400){

det.s[il=det(covmat[, ,i])
}
cl=det (s0)*bl
lcl=det (s0)*(b1-(3*sqrt(b2)))
ucl=det (s0)*(b1+3*sqrt(b2))
det.s
plot(det.s,type="b",xlab="Subgroups")
abline(a = ucl, b = 0, h =ucl ,

coef = NULL, untf = FALSE)
abline(a = cl, b = 0, h =cl ,
coef = NULL, untf = FALSE)

which(det.s>ucl)
astane.test=which(det.s>ucl)
astane.test2=which(astane.test>200)
astane.test3=min(astane.test2)
astane.test4=min(astane.test[astane.test3] :astane.test[length(astane.test)])
z.test=z.test[1: (astane.test4),]

ey choosing importance variables with mars model----



z.mars.test=z.test[,2]
z.mars.test=cbind(z.mars.test,z.test[,8])
z.mars.test=cbind(z.mars.test,z.test[,15])
z.mars.test=cbind(z.mars.test,z.test[,24])
z.mars.test=cbind(z.mars.test,z.test[,25])
z.mars.test=cbind(z.mars.test,z.test[,35])
z.mars.test=cbind(z.mars.test,z.test[,38])
z.mars.test=cbind(z.mars.test,z.test[,55])
z.mars.test=cbind(z.mars.test,z.test[,57])
colnames(z.mars.test)=c("Z2","Z8","Z15","Z24" ,"Z25",
"Z35" ,"Z38","Z55","y")
#-——SVM modeling with training data set and test set———-
# making table and detecting change point-----—-—-----—----
z.new=rbind(z.mars,z.mars.test)
#svm parameters all set--————---"""""-""—-
svm.fit=svm(z.new[1:1000,-9] ,z.new[1:1000,9] ,kernel="r",
type="C-classification", gamma=2e-05,cost=2e+5)
svm.predl=predict(svm.fit)
ps.train=mean(svm.predl==z.new[1:1000,9])
# use svm model that estimated parameters in fazl
svm.pred2=predict(svm.fit,z.new[1002:nrow(z.new)-1,-9])
ps.test=mean(svm.pred2==z.new[1002:nrow(z.new)-1,9])
ps=ps.test
astaned4=astane.test4
svm.pred=svm.pred2
v=as.integer(svm.pred==1)
probb=rep(0, (astane4-1))
nA=rep(0, (astane4-1))
nA[1]=v[astaned-1]
probb[1]=pbinom(nA[1],1,ps)
sample.number=rep(1, (astane4-1))
for(i in 2:(astane4-1)){
n=i

sample.number [i]=i



nA[i]=v[astane4-i]+nA[i-1]

probb[i]=pbinom(nA[i],n,ps)

#which(probb>=max (probb))

backward.number=rep(0, (astane4-1))

probb2=rep(0, (astane4-1))

nA2=rep(0, (astane4-1))

for(i in 1:(astane4-1)){
backward.number [astane4-i]=i
probb2[astaned4-i]=probb[i]
nA2[astane4-i]=nA[i]

svm.mars=1ist (sample.number,backward.number,v,nA2,probb2)
names (svm.mars)=c("sample number","backward number","SVM output"

,"Cumulative sum of 1(nA)","cumulative probability(P)")

write.table(svm.mars, file=paste("E:/(test setb5+mars).csv")
, append = FALSE, quote = TRUE, sep = " ",
eol = "\n", na = "NA", dec = ".", row.names =FALSE,
col.names = TRUE, gmethod = c("escape", "double"),

fileEncoding = "")
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Abstract

Effective detection of change point is one of the important issues that researchers, in the
field of quality control, are dealing with. Most of these studies have been done by maxi-
mum likelihood estimation (MLE) or machine learning (ML) methods. Deficiency of MLE
method is that, the distribution of the underlying process must be known, whereas it is not
so in practice. Also, deficiency of ML method is that, when we have more input variables,
computational cost is too much. In this study, we use a two-stage hybrid scheme to detect
the change point of a multivariate process. In the first stage, statistical models are used to
reduce the dimension of variable space, and in the second stage, a ML method is used to
provide a basis for detection of change point. The statistical models are logistic regression
(LR) and multivariate adaptive regression spline (MARS). These two methods provide a
reduced set of inputs for ML method of support vector machine (SVM). Thereafter, an
effective approach is used on the SVM output to detect the change point. Our achieve-
ments show that the hybrid scheme has much better performance than the case where the
SVM is applied on the whole set of variables.

Keywords: Change point, Multivariate process, Logistic regression, MARS, SVM, Qual-

ity control.
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