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Group summary stafistics
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MNMumber of groups = 158
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StdDev = 0009498903 UCL = 12 04465 MNumber violating runs = 1
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Group summary stafistics

xbar.one Chart
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SGroup
MNMumber of groups = 156
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StdDev = 0003375284 UCL = 12.02596 MNMumber violating runs = O
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xbar.one Chart
for x
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Process Capability Analysis
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library(qcc)

> data<- read.csv("E:/newliq.csv",header=T,sep=",",dec=".")

\4

attach(data)
> my.qcc <- qcc(y, type="xbar.one", std.dev = "SD")

> process.capability(my.qcc,spec.limits=c(0.63,0.77))

Process Capability Analysis

Call:

process.capability(object = my.qcc, spec.limits = c(0.63, 0.77))

0.7

Number of obs 150 Target

0.63

Center 0.6999 LSL
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StdDev = 0.01285 USL = 0.77
Capability indices:

Value 2.5Y% 97.5Y
Cp 1.816 1.610 2.022
Cp_1 1.813 1.634 1.991

Cp_u 1.820 1.641 1.999

Cp_k 1.813 1.600 2.025
Cpm 1.816 1.611 2.021

Exp<LSL 0% Obs<LSL 0%
Exp>USL 0% Obs>USL 0%

el (b 7 4 Y asan F.F) U 4 gy e Olygmns L)LY

> data<- read.csv("E:/crystal.csv",header=T,sep=",",dec=".")
> x <- data$x

> USL <- 0.77

> LSL <- 0.63

>T <= 0.70

> Cpm <- function(x,i){

+ se <- sd(x[il)

+ mu <- mean(x[i])

+

(USL-LSL) / (6*sqrt (se” 2+ (mu-T) ~2))
+ }

library(boot)

\4

> obj <- boot(data = x, statistic = Cpm, R = 1000)

> obj

ORDINARY NONPARAMETRIC BOOTSTRAP



Call:

boot(data = x, statistic = Cpm, R = 1000)

Bootstrap Statistics :
original bias std. error
tlx 1.819275 0.01120153 0.09081367
> print(boot.ci(obj,type=c("basic","norm","perc","bca")))
BOOTSTRAP CONFIDENCE INTERVAL CALCULATIONS

Based on 1000 bootstrap replicates

CALL:

boot.ci(boot.out = obj, type = c("basic", "norm", "perc", "bca"))
Intervals:

Level Normal Basic

95% (1.630, 1.986 ) (1.626, 1.975)

Level Percentile BCa

95% (1.664, 2.012 ) (1.634, 1.988)
Calculations and Intervals on Original Scale
> boot.t.ci <-

+ function(x,B=1000,R=1000,level=0.95,statistic){

+ x <- as.matrix(x); n <- nrow(x)
+ stat <- numeric(B); se <- numeric(B)
+

+ Dboot.se <- function(x,R,f){

+ x <- as.matrix(x); m <- nrow(x)

+ th <- replicate(R,expr={

+ i <- sample(l:m,size=m,replace=T)
+ f(x[i, 1)

+ b

+ return(sd(th))
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+ for(b in 1:B){

+ j <- sample(l:n,size=n,replace=T)

+ y <= x[j, ]

+ stat[b] <- statistic(y)

+ se[b] <- boot.se(y,R=R,f=statistic)
+ }

+ stat0 <- statistic(x)
+ t.stats <- (stat-stat0)/se
+ se0 <- sd(stat)
+ alpha <- 1 - level
+ Qt <- quantile(t.stats,c(alpha/2,1-alpha/2),type=1)
+ names(Qt) <- rev(names(Qt))
+ CI <- rev(stat0 - Qt * se0)
+ }
> ci <- boot.t.ci(x,statistic=Cpm,B=1000,R=1000)
> print(ci)
2.5% 97.5%
1.655839 1.972162

> library(qcc)

/ |/ __/ __l Quality Control Charts and

| (I | (] (__ Statistical Process Control

| | version 2.7
Type 'citation("qcc")' for citing this R package in publications.
Warning message:
package ‘qcc’ was built under R version 3.4.3
> data<- read.csv("E:/data6.csv",header=T,sep=",",dec=".")
> attach(data)

The following object is masked _by_ .GlobalEnv:



> my.qcc <- qcc(x, type="xbar.one", std.dev = "SD")

> process.capability(my.qcc,spec.limits=c(11.95,12.05))

Process Capability Analysis

Call:

process.capability(object = my.qcc, spec.limits = c(11.95, 12.05))

Number of obs = 154 Target = 12
Center = 12.02 LSL = 11.95
StdDev = 0.002192 USL = 12.05

Capability indices:

Value 2.5%  97.5%

Cp 7.603 6.7516 8.454

Cp_1 10.055 9.1081 11.001

Cp_u 5.152 4.6653 5.638

Cp_k 5.152 4.5721 5.731

Cpm 1.024 0.8636 1.185

Exp<LSL 0% Obs<LSL 0Y%

Exp>USL 0% Obs>USL 0%

ZC;*u‘bks CJﬁﬁcp £% dxao 4gJaje)A ¢bbglﬁu$ ALY

> data<- read.csv("E:/data6.csv",header=T,sep=",",dec=".")

> x <- data$x

>m<-1

> u0 <- 12.05

> ul <- 12.025
> 10 <- 11.95

> 11 <- 11.975

> sl <- 0.025
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>

su <- 0.025

T <- 12

se <- sd(x)

mu <- mean(x)

h <- (ul-11)+((su+sl)*sqrt(pi/ (4*(m+1))))

g <- ((ul+l1)+(su-sl)*sqrt(pi/(4x(m+1))))/2
CpkE <- (h-2*abs(mu-g))/(6*se)

CpkE

[1] 3.738544

>

>

data<- read.csv("E:/data6.csv" ,header=T,sep=",",dec=".")
x <- data$x

m<-1

u0 <- 12.05

ul <- 12.025

10 <- 11.95

11 <= 11.975

sl <- 0.025

su <- 0.025

T <- 12

se <- sd(x)

mu <- mean(x)

s <- runif(n=154,0,0.001)
sd <- var(s)

v <- var(x)

se <- sqrt(v+sd/(m+1))

h <- (ul-11)+((sut+sl)*sqrt(pi/ (4*x(m+1))))

g <= ((ui+l1)+(su-sl)*sqrt(pi/ (4*x(m+1))))/2
CpkE <- (h-2*abs(mu-g))/(6*se)
CpkE

[1] 3.723198
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> data<- read.csv("E:/data6.csv" ,header=T,sep=",",dec=".")
> x <- data$x

> USL <- 12.05000

> LSL <- 11.95000

> T <= 12.00000

> Cp <- function(x,i){

+ se <- sd(x[il)

+ mu <- mean(x[i])

+

(USL-LSL) / (6*se)
+ }
library(boot)

\2

> obj <- boot(data = x, statistic = Cp, R = 1000)
> obj
ORDINARY NONPARAMETRIC BOOTSTRAP
Call:
boot(data = x, statistic = Cp, R = 1000)
Bootstrap Statistics :
original bias std. error
tlx 7.6156573 0.1535323  0.8049394
> print(boot.ci(obj,type=c("basic","norm","perc","bca")))
BOOTSTRAP CONFIDENCE INTERVAL CALCULATIONS

Based on 1000 bootstrap replicates

CALL :

boot.ci(boot.out = obj, type = c("basic", "norm", "perc", "bca"))
Intervals :

Level Normal Basic

95% ( 5.884, 9.040 ) ( 5.772, 8.820 )

Level Percentile BCa
95% ( 6.411, 9.459 ) ( 6.071, 9.210)
Calculations and Intervals on Original Scale

Some BCa intervals may be unstable
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+

\4

boot.t.ci <-
function(x,B=1000,R=1000,1level=0.95,statistic){
X <- as.matrix(x); n <- nrow(x)
stat <- numeric(B); se <- numeric(B)
boot.se <- function(x,R,f){
x <- as.matrix(x); m <- nrow(x)
th <- replicate(R,expr={
i <- sample(l:m,size=m,replace=T)
f(x[i, 1
b
return(sd(th))
}
for(b in 1:B){
j <- sample(l:n,size=n,replace=T)
y <= x[j, ]
stat[b] <- statistic(y)
se[b] <- boot.se(y,R=R,f=statistic)
}
stat0 <- statistic(x)
t.stats <- (stat-stat0)/se
se0 <- sd(stat)
alpha <- 1 - level
Qt <- quantile(t.stats,c(alpha/2,1-alpha/2),type=1)
names (Qt) <- rev(names(Qt))
CI <- rev(stat0 - Qt * se0)
}
ci <- boot.t.ci(x,statistic=Cp,B=1000,R=1000)
print(ci)
2.5% 97.5%
.662029 9.099468

data<- read.csv("E:/data6.csv",header=T,sep=",",dec=".")

x <- data$x



> ul <- 12.025

> u0 <- 12.05

> 10 <- 11.95

> 11 <- 11.975

>m<-1

> T <= 12.00000

> M <- 12.00000

> h <= ((m+1)*(ul-11)+(u0-10))/ (m+2)

> g <= ((@+1)*(ul+11)+(u0+10))/ (2% (m+2))
> CpkL <- function(x,i){

+ se <- sd(x[il)

+ mu <- mean(x[i])

+ (h-2*abs (mu-g) )/ (6*se)

+ }

> library(boot)

> CPKL <- boot(data = x, statistic = CpkL, R = 1000)

> CPKL

ORDINARY NONPARAMETRIC BOOTSTRAP

Call:

boot(data = x, statistic = CpkL, R = 1000)

Bootstrap Statistics :
original bias std. error
tlx 2.62163 0.04625424  0.2830524
> print(boot.ci(CPKL,type=c("basic","norm","perc","bca")))
BOOTSTRAP CONFIDENCE INTERVAL CALCULATIONS

Based on 1000 bootstrap replicates

CALL :

boot.ci(boot.out = CPKL, type = c("basic", "norm", "perc", "bca"))



R, swgs aolip Slygiws AY

Intervals :
Level Normal Basic

95% ( 2.021, 3.130) (1.938, 3.049 )

Level Percentile BCa

95% ( 2.195, 3.305) ( 2.081, 3.204 )
Calculations and Intervals on Original Scale
Some BCa intervals may be unstable

> boot.t.ci <-

+ function(x,B=1000,R=1000,level=0.95,statistic){
+ X <- as.matrix(x); n <- nrow(x)

+ stat <- numeric(B); se <- numeric(B)

+

+ boot.se <- function(x,R,f){

+ x <- as.matrix(x); m <- nrow(x)
+ th <- replicate(R,expr={

+ i <- sample(l:m,size=m,replace=T)
+ f&xMi, D

+ b

+ return(sd(th))

+ }

+ for(b in 1:B){

+ j <- sample(l:n,size=n,replace=T)

+ y <= x[j, ]

+ stat[b] <- statistic(y)

+ se[b] <- boot.se(y,R=R,f=statistic)
+ }

+ stat0 <- statistic(x)

+ t.stats <- (stat-stat0)/se

+ se0 <- sd(stat)

+ alpha <- 1 - level

+ Qt <- quantile(t.stats,c(alpha/2,1-alpha/2),type=1)

+ names(Qt) <- rev(names(Qt))



+ CI <- rev(statO0 - Qt * se0)
+ }
> CPKLT <- boot.t.ci(x,statistic=CpkL,B=1000,R=1000)
> CPKLT
2.5% 97.5%
1.963094 3.139942

el b 7y s Vo dorbn a4 bogs e Oljgmns VA

> data<- read.csv("E:/data6.csv",header=T,sep=",",dec=".")
> x <- data$x

> ul <- 12.025

> 11 <- 11.975

> sl <- 0.025

> su <- 0.025

>m<-1

> T <= 12.00000

> M <- 12.00000

> h <= (ul-11)+((su+sl)*sqrt(pi/ (4*(m+1))))

> g <= ((ul+l1)+(su-sl)*sqrt(pi/ (4*(m+1))))/2
> CpmkE <- function(x,i){

+ se <- sd(x[i])

+ mu <- mean(x[i])

+ (h-2*abs (mu-g) )/ (6*sqrt (se”2+(mu-T) "2))

+

> library(boot)

> CPMKE <- boot(data = x, statistic = CpmkE, R = 1000)
> CPMKE

ORDINARY NONPARAMETRIC BOOTSTRAP

Call:

boot(data = x, statistic = CpmkE, R = 1000)
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Bootstrap Statistics :
original bias std. error
t1x 0.5029099 0.0006033845 0.009048238
> print(boot.ci(CPMKE,type=c("basic","norm","perc","bca")))
BOOTSTRAP CONFIDENCE INTERVAL CALCULATIONS

Based on 1000 bootstrap replicates

CALL :

boot.ci(boot.out = CPMKE, type = c("basic", "norm", "perc", "bca"))

Intervals :
Level Normal Basic

95% ( 0.4846, 0.5200 ) ( 0.4833, 0.5200 )

Level Percentile BCa

95% ( 0.4858, 0.5225 ) ( 0.4850, 0.5205 )
Calculations and Intervals on Original Scale

> Dboot.t.ci <-

+ function(x,B=1000,R=1000,level=0.95,statistic){

+ x <- as.matrix(x); n <- nrow(x)
+ stat <- numeric(B); se <- numeric(B)
+

+ boot.se <- function(x,R,f){

+ x <- as.matrix(x); m <- nrow(x)

+ th <- replicate(R,expr={

+ i <- sample(l:m,size=m,replace=T)
+ f(x[i, 1)

+ b

+ return(sd(th))

+ }

+ for(b in 1:B){
+ j <- sample(l:n,size=n,replace=T)

+ y <= x[j, ]
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stat[b] <- statistic(y)
se[b] <- boot.se(y,R=R,f=statistic)
}
stat0 <- statistic(x)
t.stats <- (stat-stat0O)/se
se0 <- sd(stat)
alpha <- 1 - level
Qt <- quantile(t.stats,c(alpha/2,1-alpha/2),type=1)
names (Qt) <- rev(names(Qt))
CI <- rev(stat0 - Qt * se0)
}
CPMKET <- boot.t.ci(x,statistic=CpmkE,B=1000,R=1000)
print (CPMKET)
2.5% 97.5%
.4841186 0.5195065
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Aabstract

Process capability indices are used to determine whether a production process is capable of
producing items within specification tolerance. they are very useful statistical tools to summarize
process dispersion and location by using process capability analysis. However, there are some
limitations which prevent a deep and flexible analysis shuch as the crisp definition of quality and
precise definition of data. in this thesis, a flexible generation of PClIs is proposed which is able
to measure the process capability based on fuzzy quality and fuzzy data. Therefore, introducing
and considering fuzzy specification limits can minimize the number of non-conform items and so
decrease the product costs. The major motivation for introducing two special kinds of linear and
exponential fuzzy specification limits, and also considering two special kinds of triangular fuzzy
number and normal fuzzy number, is obtaining some fast computing formulas for the estimations
of the process capability indices. In this thesis several approaches to obtaining approximate con-
fidence intervals for the PClIs in a bootstrap. the methods include the standard normal bootstrap
confidence interval, "the basic bootstrap confidence interval”, ’the percentile bootstrap confidence
interval, “the bootstrap t confidence interval” and the bootstrap bias corrected acceleration”. A
practical example is presented to show the performance of proposed indices and bootstrap confi-
dence interval of them.
keywords: Process capability index; Fuzzy quality; triangular and normal fuzzy number; arith-

metic operations; Bootstrap confidence interval.
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