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Final Exam (100 points) 
 
Instruction: This take-home and open-book/textbook exam accounts for 50 percent of the 
final grade. Download the template file and then write down your answers there. Try to write 
your own sentences as opposed to those copied from textbooks or papers. Be concise and hit 
the highlight. Submit your answer to kucc625@iuj.ac.jp by 17:00 on Wednesday, June 9.  
 
Caution: (1) You may NOT communicate (including written, verbal, gestural, and other 
forms of communication) with anyone else other than the instructor about this exam. (2) DO 
NOT ASK your classmates to show their work. DO NOT SHOW your work to other 
classmates. (3) When coping or paraphrasing some parts of a book, paper, report, or Internet 
resources, you MUST cite the source or give credit to authors in order to avoid plagiarism. 
In-text citation is sufficient if sources are listed in the syllabus; otherwise, you must provide 
the sources in the reference section. The failure to comply with these rules will be considered 
academic dishonesty and misconduct. I trust each of you implicitly, but you should be aware 
of IUJ’s policy on plagiarism and cheating. The penalties include sanctions from immediate F 
in this course and up to expulsion from the university.  
 
 
Question 1. The following is a sensitivity report that Excel Solver produced. This is a 
product mix LP that maximizes the performance of an organization.  
       

    Final Reduced Objective Allowable Allowable 

Cell Name Value Cost Coefficient Increase Decrease 

$C$13 X1 25 0 100 40 30 

$D$13 X2 0 -50 80 5 20 

$E$13 X3 20 0 90 25 1E+30 

$F$13 X4 15 0 30 60 1E+30 

       

    Final Shadow Constraint Allowable Allowable 

Cell Name Value Price R.H. Side Increase Decrease 

$G$8 Constraints 1 600 3.3 600 850 50 

$G$9 Constraints 2 500 50 500 10 85 

$G$10 Constraints 3 150 -17 150 50 150 

 
1.1 (15 points) Repot optimal solution and the value of objective function. Show your 

calculation clearly. Ignore unit and scale issue.  
 
1.2  (10 points) Interpret the meaning of the non-zero reduced cost in the Sensitivity Report 

substantively. Do not simply report a number.  
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1.3 (15 points) Based on this LP result, your boss is considering three strategies to improve 
performance of your organization. (1) increase resources available in constraint 1 (RHS) 
by 200 units, (2) increase the number of machines in constraint 2 from 500 to 515, and (3) 
decrease the emission limit level in constraint 3 (RHS) by 40 units. Assuming that all 
three strategies incur the same cost. If you cannot predict the consequences of a strategy, 
you must say, “I don’t know.” Which strategy (choose only one) would you like to 
recommend?  

 
 
Question 2. Imagine a multiple server queueing system (M/M/s/FCFS/∞/∞) whose mean 
arrival rate (λ) is 45 per hour and mean service rate (µ) is 25 per hour. The opportunity cost 
of a client is $20 per hour and the unit cost of a servant (server) is $100 per hour. Use 4 digits 
below the decimal point to avoid rounding error. 
 

S ρ L Lq W Wq Service Cost Waiting Cost Total Cost 
2 .9000 9.4737 7.6737 .2105   189.4740  
3     .5321 .0518     
4     .1051 .0423     
5     .0227 .0405 .0005 500   

 
2.1 (20 points) Look at 11.9 (pp. 485-488). Fill out the blank cells (shaded areas) in the 

above table. Calculate ρ (utilization factor), L, Lq, W (waiting time in the system), and Wq 
(waiting time in the queue). Show your calculation clearly in proper mathematical 
expression (do not simply report answers!). You need to use Little’s formula. Then 
calculate the expected service cost (SC), expected waiting cost (WC), and expected total 
cost (TC=SC+WC) as shown in Figure 11.17 on page 488.  
 

2.2 (20 points) According to your boss, (1) a utilization factor must be smaller than .8 and (2) 
the average waiting time in the system should be shorter than 3 minutes (NOT hours). 
Determine the optimal number of servers that satisfies both conditions. Write a paragraph 
(policy argument) and explain your reasoning to your boss.   
 

2.3 (20 points) The “first-come, first-served” is not the only queue discipline. It is not 
difficulty to observe priority queues in the public sector. Suppose the immigration office 
provides a special treatment of immigration (service) to BTS (a famous pop group) who 
arrives at an international airport of your home country; BTS members will not stand in a 
long waiting line for passport control! Explain the rationales of or reasons for such 
treatment. Do you think that this treatment is unfair and discriminates against ordinary 
citizens? Can this priority queueing scheme improve efficiency and performance of the 
immigration service? Why and why not?  

 
 
End of the final exam.  
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Question 1. 1. The optimal solution is 25 for Xl, 0 for X2, 20 for X3, and 15 for X4. That is, 

the organization must produce 25 unit of Xl, 0 unit ofX2, 20 unit ofX3, and 15 unit ofX4 in 

order to maximize the profit. 

The value of objective function: 

= 100 Xl + 80 X2 + 90 X3 + 30 M 

= 100*25 + 80*0 + 90*20 + 30* 15 

= 2500 + 0 + 1800 + 450 

= 4750. 


2. The reduced cost for X2 is -50. We can make some interpretations regarding this 
value. The first interpretation is that the objective coefficient ofX2 must be increased by at 
least 50 if we want to have an optimal solution in which we produce at least one unit of X2, It 
means that if the objective coefficient ofX2 change to 130 (80 +50), we will find a new 
optimal solution in which the final value of X2 is not zero. The second interpretation is that if 
we force to produce 1 unit ofX2, the optimal value will decrease by 50. 

3. Strategy 1. Adding 200 more resource in constraint 1 will change the constraint / 
from 600 to 800. This change is within the RHS range [550, 1450], therefore the shadow 
price is valid. The increase will increase the optimal value by 660 (200*3.3). 

Strategy 2. Increasing the number of machines 2 from 500 to 515 will make the 
shadow price NOT valid since it goes beyond the range ofRHS [415, 510]. Adding 10 more 
machine will increase the optimal value by 500 (50*10), but we do not know what will J' 

happen if we increase the machine by 15 because we do not know the shadow price for the 
next five additional machine (11 to 15). It is possible that the optimal value will increase, 
decrease, or remain the same; depend upon the value of shadow price. 

Strategy 3. Decrease emission by 40 unit will change the value of constraint 3 from 
150 to 110. This change is within allowable range of RHS [ 0, 200] and will keep the shadow ) 
price valid. This decrease will increase the optimal value by 680 (40 * 17). 

Conclusion. I oon't know which option to lecommend because cannot determine the 

impact ef strateg)1 2. 6,0 k'b "'- '?l ,-' j/" d~ 
~ .1) '" r~CcJ~ , . 

Question 2. 

Table Summary 


s P L Lq W Wq Service Waiting Total 
Cost Cost Cost 

2 .9000 9.4737 7.6737 .2105 .1705 200 189.4740 389.4740 
3 .6000 2.3321 .5321 .0518 '.0118 300 46.6420 346.6420 
4 .4500 1.9051 .1051 .0423 .,.0023 4GO 38.1020 438.1020 
5 .3600 1.8227 .0227 .0405 .0005 500 36.4540 536.4540 

Q2.1. Server: 2 
Wq= (Lq/A) = 7.6737/45 = .1705 
SC = 2 x $100 = $200 
TC = $200 + $189.4740 = $389.4740 

Server: 3 
p = A/SJl = 45/3x25 = .6000 
L = (Lq + A/Jl)= (.5321 + (45/25) = 2.3321 
Wq = (Lq/A) = .5321/45 = .0118 
SC = 3 x $100 = $300 
WC = 2.3321 x $20 = $46.6420 
TC = $300 + $46.6420 
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Server: 4 
p = )JSIl = 45/4x25 = .4500 
L = (Lq + )J1l) = (.1051 + (45/25) = 1.9051 
Wq =(Lq/A) = .1051145 = .0023 
SC == 4 x $100 = $400 
WC = 1.9051 x 20:= $38.1020 
TC = $400 + $38.1020:::: 438.1020 

Server: 5 
p = )JSIl =45/5x25 = .3600 
L = (Lq + )J1l) = (.0227 + (45/25) == 1.8227 
WC = 1.8227 x $20 == $36.4540 
TC = $500 + $36.4540 == $536.4540 

Q2.2. Server = 2. With 2 servers, the utilization factor is .9, therefore does not satisfy the boss. 

Server =::: 3. Three servers will provide utilization factor of .6, which is satisfy the requirement. 

However, the waiting time in the system will be 3.108 minutes (.0518 x 60). This situation 

does not satisfy the boss 

Server = 4. Under four servers, the utilization factor is .45, which is satisfy the requirement. 

Moreover, the waiting time in the system will be 2.538 minutes (.0423 x 60), which is satisfy 

the requirement too. 

Server == 5. With five servers, the utilization factor is .36 and the waiting time in the system is 

2.4 minutes (.0405 x 60). This situation will satisfy the boss. ~ 

Recommendation. Using 4 or 5 servers will satisfy the boss. However, 4-server is te:~ ~ 
recommended since it provides much more efficiency without significantly sacrifice the '\ {.-{.(./,.SIJ}-/F. 
effectiveness. The waiting time by using four-server is 2.538 minutes, compare to 2.4 1 
minutes those of five-server. This difference (0.138 minutes =8.28 second) is minor and not 
significant. However, by using 4-server (instead of 5-server), the total cost that is saved is 
accounted for $98.352 (536.4540-438.1020) per hour! In a year, we can save $204,572 
($98.352 x 8 hours x 5 days x 52 weeks). Therefore, the optimal number of servers is 4. 

Q2.3. There are some reasons why implementing such a priority is acceptable. Firstly, 
opportunity cost. The opportunity cost of BTS is very huge compare to ordinary citizens, so 
that ifBTS members have to wait in the immigration along with ordinary citizens, they will 
sacrifice much amount of dollar. Once the waiting cost significantly increase, the total cost 
will increase accordingly_ Therefore, prioritizing them is justifiable in order to minimize total 
cost (improve efficiency). The next reasons are security and safety. It is more likely that the 
presence of the BTS members will distract ordinary citizens, or even immigration officers. 
There will be many people who ask to the BTS members to get photograph or signature, or 
even some people will pinch BTS member' face. This will lead to chaotic situation in the 
queue. The chaotic situation will endanger BTS members and ordinary citizens. Moreover, it 
will prolong the overall waiting time, therefore, the loss of efficiency. Accordingly, providing 
priority queueing is NOT discrimination, because with such a priority, overall citizens will 
achieve better efficiency. As long as the number of priorities is not significant compare to 
ordinary citizens, applying priority queueing will improve the performance of immigration 
significantly. The waiting time of ordinary citizens will be affected, of course, but the effect 
is very tiny and not significant. In conclusion, giving queue priority for BTS members will 
improve the overall efficiency and performance ofthe immigration. 

End of exam 
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