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1. read example 4.3 and reproduce Fig 4.10 and 4.11 

(detailed calculations must be shown) 

(a) Fig 4.10 

 

 

 

 

 

 

 

 

 

 

 

 

 

I download the package (boot) for the channing house data .  

The picture is where I separated the data into two group (male),(female) , and then 

draw the number of risk 𝑌𝑖 , but with the same time 𝑡𝑖
∗ .  

 

The plot shows the number of individuals at risk as a function of the age at which 

individuals die for both males and females .  

We can notice that the number at risk initially increases as more individuals enter 

into the study cohort and that this number decreases for later ages as individuals die 

or are censored .  



 

 

 (b)Fig 4.11 

 

The picture in the left is I separated the 

data into four group (entry time>=68 & 

male) , (entry time>=68 & female) , (entry 

time>=80 & male),(entry time>=80 & 

female) , and then draw the survival 

function , that is what we called the 

conditional survival function.  

We can also use the package ‘survival’ to 

draw the conditional survival function 

plot .  

 

 

The plot shows the estimated probability of surviving beyond age t , given survival to 

68 or 80 years for both males and females .  

 

Where  

𝑌𝑖 = 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑢𝑏𝑗𝑒𝑐𝑡𝑠 𝑎𝑡 𝑟𝑖𝑠𝑘 , 𝑖 = 1, … ,4 

𝑑𝑖 = 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑎𝑡ℎ , 𝑖 = 1, … ,4 

𝑆(𝑡𝑖
∗)̂ = ∏(1 −

𝑑𝑖

𝑌𝑖
)

𝑖

𝑗=1

, 𝑖 = 1, … ,4 



 

 

 
  



2. Exercise 4.7 

Consider a hypothetical study of the mortality experience of diabetics .  

Thirty diabetics subjects are recruited at a clinic and followed until death or the end 

of the study . The subject’s age at entry the study and their age at the end of study or 

death are given in the below . Of interest is estimating the survival curve for a 60- or 

for 70-year-old diabetic . 

(a)(b)(c) data is left truncated                                                                  

I use R to separate the data into two 

group (exit age>=60) and (exit age >=70) 

, then calculate survival function at the 

left table .  

Where  

𝑌𝑖 = 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑢𝑏𝑗𝑒𝑐𝑡𝑠 𝑎𝑡 𝑟𝑖𝑠𝑘 

𝑑𝑖 = 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑎𝑡ℎ 

S(t𝑖
∗)̂ = ∏(1 −

𝑑𝑖

𝑌𝑖
)

𝑖

𝑗=1

 

 

 

 

 

 

 

(d) data is right censored 

 

𝑌𝑖 = 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑢𝑏𝑗𝑒𝑐𝑡𝑠 𝑎𝑡 𝑟𝑖𝑠𝑘 

𝑑𝑖 = 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑎𝑡ℎ 

S(t𝑖
∗)̂ = ∏(1 −

𝑑𝑖

𝑌𝑖
)

𝑖

𝑗=1

 

But the data is not truncated anymore , 

we treated as censored data . The result 

showed at left table .  

 

 

 

 

 



3. Exercise 4.8 

The problem to compute the conditional survival function given that the patient 

entered the hospital at age at least 30. 

(a) Plot the number at risk , 𝑌𝑖 ,as a function of age .  

The table is as below : 

 

Where  

𝑒𝑥𝑖𝑡 𝑡𝑖𝑚𝑒 = 𝑒𝑛𝑡𝑟𝑦 𝑡𝑖𝑚𝑒 +

𝑡𝑖𝑚𝑒 𝑜𝑓 𝑓𝑜𝑙𝑙𝑜𝑤 − 𝑢𝑝(𝑒𝑥𝑖𝑡_𝑒𝑛𝑡𝑟𝑦)  

 

Then I use R to calculate 𝑌𝑖 and 𝑡𝑖
∗ 

to draw the risk and age plot as left side .  

 

 

We can notice that the number at risk initially increases as more individuals enter 

into the study cohort and that this number decreases for later ages as individuals die 

or are censored . 

  



(b)Estimate the conditional survival function for a psychiatric patient who has 

survived to age 30 without entering a psychiatric hospital .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑌𝑖 = 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑢𝑏𝑗𝑒𝑐𝑡𝑠 𝑎𝑡 𝑟𝑖𝑠𝑘 

𝑑𝑖 = 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑎𝑡ℎ 

S(t𝑖
∗)̂ = ∏(1 −

𝑑𝑖

𝑌𝑖
)

𝑖

𝑗=1

 

Because we consider the time as both enter time and entry time , where the enter 

time need to >=30 , so the time is from 30-76 , but the exit time means the patient is 

dead or leave the experiment , so we consider enter>=30 , cens=1 , the first event 

occurred at time=61 . That is why survival function before time 59 is all 1 .  

  



4. Estimate P𝑗̂ and plot S(t)̂  

(process of convergence must be shown) 

 

 

 

 

 

 

 

 

 

Step 1.I set 𝑃1 = 0.5 , 𝑃2 = 0.5 , 𝑃3 = 0.5 , 𝑃4 = 0.5 

Step 2.d1 =
𝑃1

𝑃1+𝑃2
 , d2 =

𝑃2

𝑃1+𝑃2
+

𝑃2

𝑃2+𝑃3
 , d3 =

𝑃3

𝑃2+𝑃3
+

𝑃3

𝑃3+𝑃4
 , d4 =

𝑃3

𝑃3+𝑃4
 

Step 3.𝑌𝑗 = ∑ d𝑘
𝑚
𝑘=𝑗  

Step 4.Ŝ(t) = ∏ (1 −
𝑑𝑖

𝑌𝑖
)𝑖

𝑗=1  , 𝑃𝑗̂ = Ŝ(τ𝑗−1) − Ŝ(τ𝑗) 

→ go to step 1 with 𝑃𝑗 = 𝑃𝑗̂ 

The P𝑗̂ I estimate and survival plot showed above , we can see when J become 

bigger the value of 𝑃𝑖 , 𝑖 = 1, … ,4 seemed would converge , and when j=18 ,  

𝑚𝑖𝑛
𝑗

|𝑃𝐽̂ − 𝑃𝐽| = 0.00008457994 < 0.0001 

 

 

 



<code> 

##1. 

##(a) 

library(boot) 

data=channing 

 

data_m=data[data$sex=="Male",] 

data_f=data[data$sex=="Female",] 

 

t=unique(sort(c(data$exit,data$entry))) 

length(t) 

 

y1=1:315 #number of unique death times 

for(i in 1:315)  

{ 

  y1[i]=length(data_m$entry[data_m$entry<=t[i]&t[i]<=data_m$exit]) 

} 

y1 

 

y2=1:315 #number of unique death times 

for(i in 1:315)  

{ 

  y2[i]=length(data_f$entry[data_f$entry<=t[i]&t[i]<=data_f$exit]) 

} 

y2 

 

plot(t,y1,type='s',xlim=c(750,1200),ylim=c(0,170),xlab='Age in 

Months',ylab='Number At Risk') 

par(new=T) 

plot(t,y2,type='s',xlim=c(750,1200),ylim=c(0,170),lty=2,xlab='Age in 

Months',ylab='Number At Risk') 

 

##(b) 

library(boot) 

data=channing 

data$entry=floor(data$entry/12) 

data$exit=floor(data$exit/12) 

data$time=data$exit-data$entry 



data_m=data[data$sex=="Male",] 

data_f=data[data$sex=="Female",] 

 

data_m_68=data_m[data_m$entry>=68,] 

data_m_80=data_m[data_m$entry>=80,] 

data_f_68=data_f[data_f$entry>=68,] 

data_f_80=data_f[data_f$entry>=80,] 

 

t1=unique(sort(data_m_68$exit)) 

t2=unique(sort(data_m_80$exit)) 

t3=unique(sort(data_f_68$exit)) 

t4=unique(sort(data_f_80$exit)) 

 

 

y1=1:25 #number of unique death times 

for(i in 1:25)  

{ 

  y1[i]=length(data_m_68$entry[data_m_68$entry<=t1[i]&t1[i]<=data_m_68$exit]) 

} 

y1 

 

d1=1:25 

for(i in 1:25)  

{ 

d1[i]=sum(data_m_68$exit==t1[i]&data_m_68$cens==1) 

} 

d1 

 

dy1=d1/y1 

minus_dy1=1-d1/y1 

s_t1=cumprod(minus_dy1) 

 

y2=1:15 #number of unique death times 

for(i in 1:15)  

{ 

  y2[i]=length(data_m_80$entry[data_m_80$entry<=t2[i]&t2[i]<=data_m_80$exit]) 

} 

y2 



 

d2=1:15 

for(i in 1:15)  

{ 

  d2[i]=sum(data_m_80$exit==t2[i]&data_m_80$cens==1) 

} 

d2 

 

dy2=d2/y2 

minus_dy2=1-d2/y2 

s_t2=cumprod(minus_dy2) 

 

y3=1:33 #number of unique death times 

for(i in 1:33)  

{ 

  y3[i]=length(data_f_68$entry[data_f_68$entry<=t3[i]&t3[i]<=data_f_68$exit]) 

} 

y3 

 

d3=1:33 

for(i in 1:33)  

{ 

  d3[i]=sum(data_f_68$exit==t3[i]&data_f_68$cens==1) 

} 

d3 

 

dy3=d3/y3 

minus_dy3=1-d3/y3 

s_t3=cumprod(minus_dy3) 

 

y4=1:21 #number of unique death times 

for(i in 1:21)  

{ 

  y4[i]=length(data_f_80$entry[data_f_80$entry<=t4[i]&t4[i]<=data_f_80$exit]) 

} 

y4 

 

d4=1:21 



for(i in 1:21)  

{ 

  d4[i]=sum(data_f_80$exit==t4[i]&data_f_80$cens==1) 

} 

d4 

 

dy4=d4/y4 

minus_dy4=1-d4/y4 

s_t4=cumprod(minus_dy4) 

 

y1 

d1 

y2 

d2 

y3 

d3 

y4 

d4 

s_t1 

s_t2 

s_t3 

s_t4 

 

 

plot(t1,s_t1,xlim=c(70,100),ylim=c(0,1),lty=2,type='s',xlab='Age',ylab='Estimated 

Conditional Survival Probability') 

par(new=T) 

plot(t2,s_t2,xlim=c(70,100),ylim=c(0,1),lty=3,type='s',xlab='Age',ylab='Estimated 

Conditional Survival Probability') 

par(new=T) 

plot(t3,s_t3,xlim=c(70,100),ylim=c(0,1),lty=1,type='s',xlab='Age',ylab='Estimated 

Conditional Survival Probability') 

par(new=T) 

plot(t4,s_t4,xlim=c(70,100),ylim=c(0,1),lty=5,type='s',xlab='Age',ylab='Estimated 

Conditional Survival Probability') 

 

##using survival package 

library(survival) 



km2_1=survfit(Surv(data_m_68$entry,data_m_68$exit,data_m_68$cens)~1,type="k

aplan-meier") 

km2_2=survfit(Surv(data_m_80$entry,data_m_80$exit,data_m_80$cens)~1,type="k

aplan-meier") 

km2_3=survfit(Surv(data_f_68$entry,data_f_68$exit,data_f_68$cens)~1,type="kapla

n-meier") 

km2_4=survfit(Surv(data_f_80$entry,data_f_80$exit,data_f_80$cens)~1,type="kapla

n-meier") 

 

plot(km2_1,xlim=c(70,100),xlab="Age",ylab="Probability of survival") 

par(new=T) 

plot(km2_2,xlim=c(70,100),xlab="Age",ylab="Probability of survival") 

par(new=T) 

plot(km2_3,xlim=c(70,100),xlab="Age",ylab="Probability of survival") 

par(new=T) 

plot(km2_4,xlim=c(70,100),xlab="Age",ylab="Probability of survival") 

 

##2. 

entry=c(58,58,59,60,60,61,61,62,62,62,63,63,64,66,66,67,67,67,68,69,69,69,70,70,7

0,71,72,72,73,73) 

exit=c(60,63,69,62,65,72,69,73,66,65,68,74,71,68,69,70,77,69,72,79,72,70,76,71,78,

79,76,73,80,74) 

cens=c(1,1,0,1,1,0,0,0,1,1,1,0,1,1,1,1,1,1,1,0,1,1,0,1,0,0,1,1,0,1) 

data=cbind(entry,exit,cens) 

data=data.frame(data) 

 

time=unique(sort(c(entry,exit))) 

data_60=data[data$exit>=60,] 

data_70=data[data$exit>=70,] 

 

y=1:22 #number of unique death times 

for(i in 1:22)  

{ 

  y[i]=length(entry[entry<=time[i]&time[i]<=exit]) 

} 

y 

 

d1=1:22 



for(i in 1:22)  

{ 

  d1[i]=sum(data_60$exit==time[i]&data_60$cens==1) 

} 

d1 

 

dy1=d1/y 

minus_dy1=1-d1/y 

s_t1=cumprod(minus_dy1) 

s_t1 

 

d2=1:22 

for(i in 1:22)  

{ 

  d2[i]=sum(data_70$exit==time[i]&data_70$cens==1) 

} 

d2 

 

dy2=d2/y 

minus_dy2=1-d2/y 

s_t2=cumprod(minus_dy2) 

s_t2 

 

## 

entry=c(58,58,59,60,60,61,61,62,62,62,63,63,64,66,66,67,67,67,68,69,69,69,70,70,7

0,71,72,72,73,73) 

exit=c(60,63,69,62,65,72,69,73,66,65,68,74,71,68,69,70,77,69,72,79,72,70,76,71,78,

79,76,73,80,74) 

cens=c(1,1,0,1,1,0,0,0,1,1,1,0,1,1,1,1,1,1,1,0,1,1,0,1,0,0,1,1,0,1) 

data=cbind(entry,exit,cens) 

data=data.frame(data) 

 

time=unique(sort(c(entry,exit))) 

data_60=data[data$exit>=60,] 

data_70=data[data$exit>=70,] 

 

y=1:22 #number of unique death times 

for(i in 1:22)  



{ 

  y[i]=length(entry[time[i]<=exit]) 

} 

y 

 

 

d1=1:22 

for(i in 1:22)  

{ 

  d1[i]=sum(data_60$exit==time[i]&data_60$cens==1) 

} 

d1 

 

dy1=d1/y 

minus_dy1=1-d1/y 

s_t1=cumprod(minus_dy1) 

s_t1 

 

d2=1:22 

for(i in 1:22)  

{ 

  d2[i]=sum(data_70$exit==time[i]&data_70$cens==1) 

} 

d2 

 

dy2=d2/y 

minus_dy2=1-d2/y 

s_t2=cumprod(minus_dy2) 

s_t2 

 

##3. 

##(a) 

gender=c('Female','Female','Female','Female','Male','Male', 

         'Female','Female','Female','Female','Female', 

         'Male','Male','Female','Female','Male','Male','Male', 

         'Female','Female','Female','Male','Male','Male', 

         'Female','Male') 

entry=c(51,58,55,28,21,19,25,48,47,25,31,24, 



        25,30,33,36,30,41,43,45,35,29,35,32,36,32) 

exit_entry=c(1,1,2,22,30,28,32,11,14,36,31,33,33, 

             37,35,25,31,22,26,24,35,34,30,35,40,39) 

cens=c(0,0,0,0,1,0,0,0,0,1,1,1,1,1,1,0,1,0,0,0,1,1,1,0,0,1) 

exit=entry+exit_entry 

 

data=cbind(gender,entry,exit,cens) 

data=data.frame(data) 

 

t=unique(sort(c(entry,exit))) 

length(t) 

 

y=1:34 #number of unique death times 

for(i in 1:34)  

{ 

  y[i]=length(data$entry[entry<=t[i]&t[i]<=exit]) 

} 

Y 

 

plot(t,y,type='s',xlab='Age',ylab='Number At Risk(Yi)') 

 

##(b) 

 

gender=c('Female','Female','Female','Female','Male','Male', 

         'Female','Female','Female','Female','Female', 

         'Male','Male','Female','Female','Male','Male','Male', 

         'Female','Female','Female','Male','Male','Male', 

         'Female','Male') 

entry=c(51,58,55,28,21,19,25,48,47,25,31,24, 

        25,30,33,36,30,41,43,45,35,29,35,32,36,32) 

exit_entry=c(1,1,2,22,30,28,32,11,14,36,31,33,33, 

             37,35,25,31,22,26,24,35,34,30,35,40,39) 

cens=c(0,0,0,0,1,0,0,0,0,1,1,1,1,1,1,0,1,0,0,0,1,1,1,0,0,1) 

exit=entry+exit_entry 

 

data2=data[entry>=30,] 

entry=data2$entry 

exit=data2$exit 



cens=data2$cens 

entry=as.vector(entry) 

exit=as.vector(exit) 

cens=as.vector(cens) 

 

t=unique(sort(c(entry,exit))) 

length(t) 

 

y=1:27 #number of unique death times 

for(i in 1:27)  

{ 

  y[i]=length(entry[entry<=t[i]&t[i]<=exit]) 

} 

y 

 

d=1:27 

for(i in 1:27)  

{ 

  d[i]=sum(exit==t[i]&cens==1) 

} 

d 

 

dy=d/y 

minus_dy=1-dy 

s_t=cumprod(minus_dy) 

s_t 

 

plot(t,s_t,type='s',xlab="Age",ylab="Probability of survival|>=age 30") 

 

##4. 

 

p1=0.25 

p2=0.25 

p3=0.25 

p4=0.25 

 

data=matrix(c(1,0,0,1,1,0,0,1,1,0,0,1),ncol=4,nrow=3) 

data2=matrix(c(p1,p1,p1,p2,p2,p2,p3,p3,p3,p4,p4,p4),ncol=4,nrow=3) 



colnames(data)=c('(0,t1)','(t1,t2)','(t2,t3)','(t3,t4)') 

rownames(data)=c('aij','a2j','a3j') 

 

data*data2 

 

## 

p=rep(0.25,4) 

pj=matrix(,nrow=50,ncol=4) 

 

y=c() 

 

 

for(j in 1:50) 

{ 

 

d[1]=p[1]/(p[1]+p[2]) 

d[2]=p[2]/(p[1]+p[2])+p[2]/(p[2]+p[3]) 

d[3]=p[3]/(p[2]+p[3])+p[3]/(p[3]+p[4]) 

d[4]=p[4]/(p[3]+p[4]) 

 

y[4]=d[4] 

y[3]=d[3]+d[4] 

y[2]=d[2]+d[3]+d[4] 

y[1]=d[1]+d[2]+d[3]+d[4] 

 

s_t=cumprod(1-d/y) 

 

 

p[1]=1-s_t[1] 

p[2]=s_t[1]-s_t[2] 

p[3]=s_t[2]-s_t[3] 

p[4]=s_t[3]-s_t[4] 

 

 

pj[j,1]=p[1] 

pj[j,2]=p[2] 

pj[j,3]=p[3] 

pj[j,4]=p[4] 



 

} 

 

colnames(pj)=c('p1','p2','p3','p4') 

pj 

time=c(3,6,9,12) 

plot(time,s_t,type="s",ylab='survival function where data is (0,6] (3,9] (6,12]') 

pj[17,]-pj[16,] 

pj[18,]-pj[17,] 

 


