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SAMPLE QUESTIONS: MIDTERM #1 
 
 

1.  (Claims processing) Consider a system for processing auto-accident insurance claims that 
consists of an appraiser, a report collector, and an adjuster. Insurance claims arrive to the system 
one at a time, with the interarrival times i.i.d. as a random variable 1A . When a claim arrives, one 
copy is sent to the appraiser, who prepares an estimate of the repair cost for the car and sends it to 
the adjuster. Simultaneously, another copy is sent to the report collector, who obtains an accident 
report from the police and sends it to the adjuster. The adjuster looks at the repair estimate and 
the accident report, and then sends an insurance payment to the claimant. Each person in the 
system processes claims one at a time, in the order that the claims arrive to the system. Note that 
the adjuster will not start to process a claim until both an accident report and a repair estimate 
become available. Nobody is idle when they can be working. The successive times required to 
prepare repair estimates (resp., to obtain accident reports) are i.i.d. as a random variable 2A  
(resp., 3A ). The successive times required by the adjuster to process claims are i.i.d. as a random 
variable 4A . All processing times are mutually independent, and all distributions are continuous, 
so that events never occur simultaneously.  At time 0, a claim has just arrived to an empty system. 

Set ( )1 2( ) ( ), ( ), ( )=X t N t N t M t , where ( )M t  is the total number of claims in the system at time t, 

1( )N t  is the number of claims in the system at time t that do not yet have a repair estimate and 

2 ( )N t  is the number of claims in the system at time t that do not yet have an accident report. The 
figure below corresponds to the state ( ) (2,1,3)=X t : There are three claims in the system 
(numbered 3, 4, and 5), the appraiser is working on claim 4, the report collector is working on 
claim 5, and the adjuster is working on claim 3 (since both a repair estimate and accident report 
are available for this claim). 

 

                         
 

 

Define events as follows: 
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 "arrival of claim to the system"
 "completion of repair estimate for a claim"

e "completion of accident report for a claim"
e "completion of processing for a claim by adjuster"
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a) The process { }( ) : 0X t t ≥  can be specified as a GSMP. Give the definition of (i) the state space S, 
(ii) the active event-set mapping ( )E s , (iii) the speeds ( , )r s e , and (iv) the state-transition 

probability function   p(s ';s,e*) . [You do not need to specify the clock-setting distribution 
functions or initial distribution.] 

 
 
b) Suppose that the first few new clock readings for events 1 4e e−  are given in the following table: 

 
1C  2C  3C  4C  

4 2 3 4 
5 6 4 1 
7 3 8 2 
5 2 6 4 

 
Using these values, fill in the table below by doing a hand simulation of the GSMP from part (a). 
In the table, nζ denotes the time of the nth state transition, ( )nX ζ the state just after the nth state 
transition, ,n iC  the clock reading for event ie  just after the nth state transition, and *e the event 
that will trigger the next — i.e., the (n+1)st — state transition. (The first row has been filled in for 
you; the notation -- denotes an “empty” clock reading that corresponds to an event that is not 
currently active.) 

 
 
 

n nζ  ( )nX ζ  ,1nC  ,2nC  ,3nC  ,4nC  
*e  

0 0.0 (1,1,1) 4 2 3 -- 2e  

1 
 

       

2        

3        

4        

 
 

c) Suppose that we have run our simulation five times and obtained the following five observations 
of 100D , the average time to process the first 100 claims: 1.0, 3.0, 7.0, 5.0, 4.0. Use the procedure 
given in class to calculate the approximate number of simulation runs needed to estimate 100[ ]E D  
to within ±10% with 90% probability. (Use the same formula that you would use if the number of 
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pilot runs were much larger than 6, as would be the case in a real simulation.) [You do not need 
to numerically compute the final answer; just set up the final computation.] 

 
 

2. Random number generation and parameter estimation. Consider a random variable X whose cdf is 
given by  
 

                  1/

1/

0 if 0
( ) if 0

1 if 
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where  α > 0 and β >1 . 
 
a) Give an algorithm for generating a sample of X that only requires a single uniform random 

number. 
 

b) A friend gives you a copy of (the executable code of) their implementation of the algorithm from 
part (a). You run the algorithm, with  α = 2  and  β = 4 , a very large number of times (so that you 
have a very good estimate) and find that the average of the generated values is 0.16. Do you trust 
your friend’s implementation? Explain why or why not. 
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