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Instructions. 
1. Any student caught with mobile phones on during the exam will be considered under the 
cheating rules of the University. 
2. If you need to leave the room, please do so before the exam starts. Nobody will be allowed 
to leave the room once the exam starts. 
3. Only materials provided by the instructor can be present on the table during the exam. 
4. Do not spend too much time on any one question. If a question seems too difficult, leave it 
and go on. 
5. Use the blank portions of each page for your work. Extra blank pages can be provided if 
necessary. If you use an extra page, indicate clearly what problem you are working on. 
6. Only answers supported by work will be considered. Unsupported guesses will not be 
graded. 
7. While every attempt is made to avoid defective questions, sometimes they do occur. In the 
rare event that you believe a question is defective, the instructor cannot give you any 
guidance beyond these instructions. 
8. Mobile calculators, I-pad, or communicable devices are disallowed. Use regular scientific 
calculators, financial calculators, or SOA approved calculators only. Write important steps to 
arrive at the solution of the exam problems. 
 
The test is 110 minutes, GOOD LUCK, and you may begin now! 
 
 
Question Total Marks Marks Obtained Comments 
1-10 5   
11-15 5   

PART B 
1 2.5   
2 2.5   
Total 15   

 
  



Extra blank page 
  



PART A 
 

1. In a discrete-time Markov chain, which of the following best describes the memoryless 
property? 

A) The process can only move to adjacent states in the next time step 
B) The probability of moving to the next state depends on the entire history of past states 
C) The probability of moving to the next state depends only on the current state 
D) The process must eventually return to its starting state 
E) The transition probabilities must be the same for all states. 

 

2. Markov chain has transition probability matrix 𝑷, with states 1, 2, ….. If State 2 is an 
absorbing state, which of the following must be true? 

A) The second column of 𝑷 has all entries equal to 0 
B) The second row of 𝑷 has 𝑝!! = 1 and all other entries in that row equal to 0 
C) The second row of 𝑷 has all entries equal to 0 
D) The second column of 𝑷 has 𝑝!! = 1 and all other entries in that column equal to 0 
E) State 2 cannot communicate with any other state, but can be left with probability 1. 

 

3. A non-homogeneous discrete-time Markov chain is characterized by: 

A) The transition probability matrix 𝑷 is the same for every time interval 
B) The state space changes over time 
C) The transition probability matrix may differ for each time interval, denoted 𝑷(#) 
D) The process has no absorbing states 
E) The number of states increases with time. 

 

4. A two-state homogeneous Markov chain has transition probability matrix: 

𝑷 = %0.3 0.7
0.4 0.6, 

If the process is in State 0 at time 0, what is the probability that it is in State 0 at time 2? 

A) 0.09 
B) 0.21 
C) 0.28 
D) 0.37 
E) 0.49. 

 

  



5. In the two-state continuous-time Markov survival model (State 0 = Alive, State 1 = Dead), 
which of the following statements about the probability %𝑝&'' is correct? 

A) %𝑝&'' represents the probability of leaving State 0 by time 𝑡 
B) %𝑝&'' represents the probability of being in State 0 at time 𝑡  
C) %𝑝&'' represents the probability of being in State 1 at time 𝑡 
D) %𝑝&'' represents the probability of transitioning from State 0 to State 1 within time 𝑡 
E) %𝑝&'' is always equal to %𝑞&. 

 

6. In the previous question, the Kolmogorov forward equation for %𝑝&'' is: 

𝑑
𝑑𝑡 %𝑝&'' = − %𝑝&'' ⋅ 𝜇&(%') 	

Why does this equation contain no positive term representing probability flowing back into 
State 0? 

A) Because the force of mortality 𝜇&(%')  is constant 
B) Because State 1 is absorbing, so the force of transition from State 1 to State 0 is zero 
C) Because the process is homogeneous 
D) Because %𝑝&'' is always equal to 1 
E) Because the model has only one state. 

 

7. In a multiple-decrement model, which of the following correctly distinguishes 
the dependent probability 𝑞&

(*) from the independent probability 𝑞&
+(*)? 

A) 𝑞&
(*) is always greater than 𝑞&

+(*) 
B) 𝑞&

(*) is the probability of decrement from Cause 𝑗 in the presence of other causes, 
while 𝑞&

+(*) is the probability if Cause 𝑗 were the only decrement operating 
C) 𝑞&

+(*) is the probability of decrement from Cause 𝑗 in the presence of other causes, 
while 𝑞&

(*) is the probability if Cause 𝑗 were the only decrement operating 
D) 𝑞&

(*) and 𝑞&
+(*) are always equal 

E) 𝑞&
(*) applies only to continuous models, while 𝑞&

+(*) applies only to discrete models. 

 

8. Which of the following is an example of a competing risks scenario in actuarial science?  

A) A pension plan where a member may retire, die, or leave for another job, but only one of 
these events will occur  
B) A policyholder simultaneously holding multiple insurance policies  
C) A medical plan that provides coverage for two different treatments 
D) All of the above. 
E) None of the above. 
  



9. In a discrete-time Markov chain with state space {1,2,3, … ,𝑚}, let 

𝜋, = (𝜋),, 𝜋!,, … , 𝜋-,). Which of the statements is correct? 

A. 𝜋,	is the transition matrix at time 𝑛, and 𝜋/,is the probability of moving from state 𝑖	to 
state 𝑛. 

B. 𝜋,	is the distribution of first passage times, and 𝜋/,	is the probability that the process first 
enters state 𝑖at time 𝑛. 

C. 𝜋,	is the vector of state-specific expected rewards at time 𝑛, and 𝜋/,	gives the expected 
reward of being in state 𝑖at time 𝑛. 

D. 𝜋,	is the state probability vector at time 𝑛, and 𝜋/,	is the probability that the chain is in 
state 𝑖 at time 𝑛. 
E. 𝜋,	is the vector of stationary probabilities, and 𝜋/,is the long-run proportion of transitions 
into state 𝑖over all time. 

 

10. A certain animal species can be classified as thriving (State 0), endangered (State 1), or 
extinct (State 2). Movement among states is governed by a non-homogeneous Markov 
process defined by the following transition probability matrices: 

 
If the species is thriving at time n, is it possible for it to be extinct at time n +1? 
 
A. Yes  
B. No  
C. Not enough information to decide  
D. It’s confusing 
E. None of the above. 
 
  



Show workings for Questions 11 – 15 
 
11. A discrete-time Markov process has only two states, denoted as State 0 and State 1. A 
person is age x at time 0, and is located in State 0. We are given the age-specific one-year 
transition probability values  

 
Find the value of Pr [X3 = 0 | X1 = 0]. 
A. 0.6333  
B. 0.2500  
C. 0.3333  
D. 0.3145  
E. 0.7500 
 
 
 
 
 
12.  

 
 
 
 
 
13. Given the following probabilities of decrement. Assume an initial group (called the radix 
of the table) of size 1000. Calculate the probability that a person in the group at age 46 will 
leave between ages 48 and 49. 

 
A. 0.0110 
B. 0.6204  
C. 0.6979 
D. 0.0201 
E. 0.0898 



 
 
 
 
 
14. In Question 13, calculate . 
A. 0.0110 
B. 0.6204  
C. 0.6979 
D. 0.0201 
E. 0.0898 
 
 
 
 
 
 
 
 
 
 
15. In Question 13, calculate . 
A. 0.0110  
B. 0.6204  
C. 0.6979  
D. 0.0201 
E. 0.0898 
 
 
  



PART B 
1.  

 
A. Calculate the six missing probability values for the table. 
B. Find the marginal probabilities   

 
  
  



2. 

 
  



  



  



 


