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Questions [45%] ,
Please answer the following questions briefly and justify your answer. -

1. [18%] System and Theory of Constraint (TOC): (a) What is the definition of the system and its
related components? (b) What is the production system and its related component? (c) What's
TOC? How to define and identify bottleneck? (d) What is Drum-Buffer-Rope (DBR)? Give an
example to describe how the DBR works. (e) Explain briefly the advantages and disadvantages
of using buffers. (f) When increasing the size of buffer, what's the expected result and how does
it affect the key performance indices (KPIs)? ‘

2. [12%] Productivity and Benchmarking: (a) What is the definition of productivity? (b) How to drive
productivity? List three approaches. (c) What is benchmarking and what is the steps for
benchmarking? (d) How to drive the bottleneck machine by benchmarking approach?

3. [15%] Manufacturing ‘Executive Syste‘m (MES) and Scheduling: (a) What is manufacturing
executive system (MES)? Why do we need MES? (b) What is the production activities control
(PAC)? (c) What is the relationship between MES and PAC? (d) How does the MES support the

- rolling scheduling? (e) Please give three KPIs and their definitions for evaluating the performance
of ihe production scheduling.

Numerical Problem and Analysis [55%)]
Please answer the following numerical questions and show all your work in detail.

| 4. [18%] Production Machine and Little’s Law ,
NCKU company produces New Year gifts, which require machining on a driller machine. The
operation route is a streamline through two operations (A and B). Assume the NCKU company will
be operating 5 days per week, 16 hours per day. The driller machine requires tool changes and
preventive maintenance after every 500 gifts production' and each tool change takes 30 minutes.
The information of operations is shown as follows.
Operation | Standard processing time | Efficiency | Reliability | Scrap (defect rate)
A 3 min 90% 95% 2%
B 6 min 95% 80% 5%

-(a) [2%] Please draw the manufacturing route.
(b) [10%] How many number of machines required for operation A and B, respectively, for |
producing 3000 gifts per week?
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(c) [2%] Based on the answer from (b), which operation is the bottleneck?
(d) [4%] Based on the answer from (b) and Little's Law, what is the production cycle time when
keeping the WIP (work-in-process) level equal to 100?

5. [13%] Job Assignment Problem

In NCKU, one professor would like to assign the research projects to his/her lab graduate students;
that is, n students should be assigned to n projects. Let i = {1,2,...,n} represent an index of |
studentand j = {1,2,...,,n} be an index of projects. (;; is the cost of assigning student i to handle
project j. Let x;; be the “binary” decision variable, where x;; = 1 if student i is assigned to project
Jj; otherwise x;; = 0. Now, there are 5 students should be assigned to 5 projects. The cost matrix is
'shown as following table. The cost presents the hour-spent to finish the project, and the “M”
represents a very large positive number which indicates that the student cannot support the project
due to the lack of the corresponding skill.

Research Project
1 2 3 4 5

1114 11 23 30 19
2 115 14 17 22 M
Student 3 |4 1 M 12 7
4
5

19 10 20 24 12
31 256 35 37 29

(a) [5%] Give a linear programming formulation for assignment problem by introducing the
appropriate notations and decision variables.

(b) [6%] Find the optimal solution of assignment by Hungarian method and show the optimal
solutions with minimal total cost. ' '

(c) [3%] What's the basic idea or principle to use the Hungarian method?

6. [16%] Quality Assurance and Control Chart :

NCKU semiconductor manufacturing company produces 8-inch wafers. The quality inspection
process involves selecting wafers at random and counting the number of defects on each wafer. The
last 20 wafers (i.e. samples) with sample size n=250 examined revealed the following numbers of
defects: '
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1 3 11 4

2 3 12 6

3 5 13 4

4 5 14 6

5 9 15 8

6 1 16 4

7 4 17 7

8 2 18 5

9 6 19 5

10 4 20 2

(a) [3%] What is an estimate of the centerline proportion defective?

(b) [6%] Compute the upper control limit (UCL) and lower control limit (LCL) with the 2-sigma
(standard deviation) for p-chart. ,

(c) [4%] What are the Type-l error and Type-ll error in quality control? Describe and explain it.

(d) [3%] What's the expected result on Type-I error and Type-Il error when increasing standard
deviation from 2-sigma to 3-sigma? '

7. [8%] Inventory Management

NCKU fast-food restaurant sells hamburger. The weekly demand for hamburger is normally
distributed with a mean of 3,000 and a standard deviation of 600. The replenishment lead-time is two
weeks. Assume that the demand is independent from one week to the next. Evaluate the service
level from a policy of ordering 9,000 hamburgers when there are 5,000 hamburgers in inventory
(See appendix for reference).
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