
 

2023 Advanced Manufacturing & Industrial AI Qualify Exam 
 

• The examination will be four hours long.  

• There will be six questions in all. Students must select 4 out of 6 questions to answer.  

• The exam is open book and open notes. The students can bring any relevant written 

materials.  

• No laptop, tablet, and internet access are allowed.  

• Calculator is allowed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Problem 1 (ISyE 510) 

A manufacturing cell has four departments, labeled as A, B, C, D respectively. Four products 

will be produced by this cell. The daily production rate is given by Table 1. These four 

departments will be located at four locations, labeled as 1, 2, 3, 4. The distances among these 

locations are given by Table 2.  

Table 1. Production sequence and daily rate 

Product type Processing sequence Daily production 

1 C B D A 150 

2 D B 200 

3 D C A 250 

4 D B A C B 300 

 

Table 2. Distance among locations 

 1 2 3 4 

1 - 80 10 30 

2 50 - 20 70 

3 90 60 - 40 

4 75 60 45 - 

 

Please answer the following questions: 

(a) If we put A, B, C, D at locations 1, 2, 3, 4, respectively, what is the overall material 

handling cost? 

(b) What is the material handling cost if we switch the location of department A and D? 

(c) If we put department D at location 2, what is the possible minimum material handling 

cost for the materials flow-in and flow-out of D? 

(d) Given the following matrix, use Hungarian method to find four numbers whose 

summation is minimized while each one uniquely occupy one row and one column of the 

matrix. Please note that this matrix is not related with the problem (a)~(c). 

 

92 80 53 60 

63 44 55 54 

88 98 28 84 

64 10 37 15 

 

  



Problem 2 (ISyE 512) 

A beautiful machine came to a bad end on April 20, 2023, when SpaceX's 40-story tall Starship rocket 

consumed itself in an orange and white fireball just four minutes after launch and 39 km (24 mi.) above 

the Gulf of Mexico off the coast of Texas. 

5 out of 33 Raptor rocket engines failed during the launch, leading to this catastrophic failure.  

    
Fig. 1 (left-right): 1st Generation Starship, Raptor Rocket Engines, Engine Failures, Explosion  

As a quality engineer, you are assigned to look into the 2nd generation starship (total 33 engines).  

(1) Suppose the failure of an engine occurs at random, following a Poisson distribution with parameter 

𝜆 = 0.04, what is the probability that the 2nd generation Starship will have two or more failed engines 

in the next launch?  

(2) In the production of 2nd generation engines, two inspectors sampled 10 engines. They use the same 

gauge to measure the diameter of engines three times each. The USL and LSL are given as 5.0  1.0 

inch. The averages and ranges of the measurements on each engine are given below (units are in 

inches). The total observed variance (
total) is 0.56-inch. What’s the estimated variability of engines? 

What’s the estimated gauge? Can you assess the capability of the measurement system?  

(3) Finally, you are asked to establish a control chart for the overall engine production process. This 

production process continuously manufactures engines. Assuming the inspection unit is one engine, 

and a common chart for nonconformities is to be used. As a preliminary data, 9 nonconformities were 

counted when inspecting 300 engines. Can you establish a two-sigma control limits? Can you find out 

𝛼 error for the control chart? Can you find the 𝛽 error for the chart with two-sigma control limits if 

the average number of defects is actually one (i.e., c=1)?  

Sampled Engine 

Number 

Inspector 1 Inspector 2  

x  R x  R   

1 14.9/3 0.1 14.9/3 0.3   

2 15.5/3 0.1 15.3/3 0.0   

3 15.3/3 0.3 15.7/3 0.3   

4 15.0/3 0.2 14.9/3 0.3   

5 14.5/3 0.1 14.5/3 0.1   

6 15.2/3 0.2 15.2/3 0.2   

7 15.3/3 0.0 15.1/3 0.1   

8 15.1/3 0.3 15.1/3 0.5   

9 15.1/3 0.1 14.8/3 0.3   

10 14.2/3 0.3 14.1/3 0.2   

Average 15.01/3 0.17 14.96/3 0.23   

  



Problem 3 (ISyE 605) 

Part A.  

Consider 4 jobs J1, J2, J3, and J4 received at day 0 on the production calendar. Each of these 

jobs needs two steps to be finished. Two workstations A and B are used to handle these two 

steps, respectively. The processing time for each of these two steps are listed below: 

Jobs J1 J2 J3 J4 

Step 1 

processing time 

(day) at 

workstation A 

4 7 3 15 

Step 2 

processing time 

(day) at 

workstation B 

11 7 9 8 

 

Assume the job sequences are the same on A and B in the following problems. 

(1) If the processing sequence of these jobs is J1 -> J2 -> J3 -> J4, what is the makespan of 

these four jobs? 

(2) What is the mean flow time of these jobs in (1)? 

(3) If we only consider Step 1 and ignore Step 2, then what is the optimal processing 

sequence to minimize the mean flow time of the jobs passing Step 1? 

(4) If we consider both Step 1 and Step2, please find the optimal processing sequence that 

minimize the makespan of these 4 jobs. 

  

Part B. 

If we have 10 control points, labeled as P0 to P9, then  

(1) What are the non-periodic knot values for the 2nd order B-spline curve?  

(2) Find the blending function for control point P5, i.e., if the curve is expressed as 


=

=
9

0

2, )()(
i

ii uNu Pr , then find N5,2(u). 

 

  



Problem 4 (ISyE 641) 

The table below shows the average number of jobs per week that flow between different 

work areas within a manufacturing facility.  The facility produces a wide variety of parts 

from sheet metal and plate metal.  The flow is from the work area indicated by the row 

and to the work area indicated by the column. 

 

  A B C D E F G H I 

A Laser 1 -- 0 0 0 185 0 15 37 0 

B Laser 2 0 -- 0 0 90 55 18 24 3 

C Turret Punch Press 0 0 -- 0 15 79 12 36 7 

D Water Jet 0 0 0 -- 28 68 7 16 4 

E Fab Cell 1 0 0 0 0 -- 0 26 204 45 

F Fab Cell 2 0 0 0 0 0 -- 118 145 23 

G Painting 0 0 0 0 0 0 -- 0 138 

H Welding 0 0 0 0 0 0 0 -- 301 

I Packing & Shipping 0 0 0 0 0 0 0 0 -- 

 

a) Propose a POLCA production control system for this facility.  How many loops will 

there be, and what are the loops?   

 

b) Do you think POLCA seems logical for this scenario?  Explain why or why not.   

 

c) What are the next steps that need to be accomplished if the company moves 

forward with POLCA? 

 

  



Problem 5 (ISyE624) 

A discrete time Markov chain Xn, n ≥ 0 with the state space {1, 2, 3, 4, 5, 6} has 

the following transition diagram: 

 

 

Transition probabilities are given in the diagram next to corresponding 
transition. (E.g. p(4, 3) = 1/3, p(4, 4) = 2/3.) 

 

(a) Find the recurrent and transient states of the Markov chain. (Make sure 

to provide justification!) 

 

 

(b) Show that lim⁡
𝑛→∞

𝑃(𝑋𝑛 = 3 ∣∣ 𝑋0 = 4 ) exists and find its value. 

 

(c) Suppose X0 = 2. What is the long-term fraction of time that Xn spends in 
the set {1, 2, 3}?
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Problem 6 (ISYE 645) 

Suppose that in the newsvendor problem, the demand per period, 𝐷, has a Poisson distribution with 

mean 𝜆. Let 𝐹(⋅) and 𝑓(⋅) be the CDF and PMF of demand distribution. Specifically, we have 𝑓(𝑘) =

𝜆𝑘𝑒−𝜆/𝑘!. Note that ℎ is the unit holding (or overage) cost, 𝑝 represents the unit stockout (or underage) 

cost. The total cost is given by 

𝑔(𝑆) = 𝔼𝑑[ℎ𝐼(𝑆, 𝑑) + 𝑝𝐵(𝑆, 𝑑)], 

where 𝐼(𝑆, 𝑑) = [𝑆 − 𝑑]+ and 𝐵(𝑆, 𝑑) = [𝑑 − 𝑆]+ are the leftover and shortage, respectively. Suppose 

further that there exists an optimal base-stock level 𝑆∗ such that 𝐹⁡(𝑆∗) ⁡= ⁡𝑝/(ℎ⁡ + ⁡𝑝).  

 

Question: Prove that 

𝑔(𝑆∗) ⁡= ⁡ (ℎ⁡ + ⁡𝑝)𝑓(𝑆∗)𝜆 

 

[A derivative table is attached in case.] 
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