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1. GHEA 20 9)
Solve the following linear programming (LP) problem and report your findings. For exam-
ple, if the problem has no feasible solution, report “the problem is infeasible;” on the other

hand, report an optimal solution if you can find one.

Note: You must show a detailed, step-by-step calculation process to receive full scores.

Minimize x; + 1.5x, + 2.5x5 + x4 + 1.5x5
subjectto 3x; + 3x, + 6x3 + 3%, + Y9x5 = 12
Xy — X3 + 1.5x3 + 0.5x4 + 0.5x5 > 1.5

X1, X2, X3, X4, X5 =0

2. (FHMEA 2 MFH# > 30 points)
The following is a simplex tableau for a minimization LP problem. As you know, such a

tableau is simply a convenient way to express (or to represent) a normal LP model.

Part 2.1 (15 points)
What is the normal LP model that is expressed by the above simplex tableau?
Note: You must answer the complete LP model to receive full scores.
(EBH EFREAETHLPER - R FE RSN T EYBREXRRA KX >
REA TH )
Part 2.2 (15 points)
Please determine the status of the LP model that you answered in Part 2.1 and also provide

sufficient reasons. For example, your answer may be that “the model can still be improved

to lower its objective value,” or “the model has reached optimality,” or “the model has no fea-
sible solutions,” or any other statuses. (8 F &)
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A typical international supply chain (ISC) consists of a number of suppliers, manufactu-
ing plants and distribution centers (DCs) which are located in different countries or even con-
tinents. To illustrate, the following figure shows an example of ISC which contains three
suppliers S1, S2 and S3 located in China, U.S.A. and Mexico, respectively; this ISC has three
manufacturing plants PL1, PL2 and PL3 located in Bangladesh, Mexico and Nicaragua, re-
spectively; also, this ISC has two DCs (DC1 and DC2) located in New York and Los Angeles,

respectively.

78000

located in China

located in New York

located in U.S.A.

located in Los Angeles

located in Mexico located in Nicaragua

The following describes a basic (simplest) way as to how such an ISC may operate to produce
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products and then distribute them.

® A number of raw materials are used to make products. For simplicity, we would assume
that all products are made with the same raw materials; furthermore, we would assume
that all suppliers can supply all raw materials. Of course, there is a maximum quantity
that each supplier j can supply each kind of raw material m, and we would denote such
a quantity as SC,,;. Also, there is a specific quantity that each kind of raw material m
must be used to make each unit of product i, and we would denote such a specific quantity
as Ry;.

®  For simplicity, assume that every manufacturing plant k can make every kind of product
i. Obviously, k hasamaximum capacity that it can produce [ and we would use “units
of finished i’s” ( | &% M &¥ &) to express this capacity (denoted as UCy,). Also,
k has a minimum quantity that it is obligated to produce i; this minimum quantity is de-
noted as LCyy.

® Inadditionto UC;, and LCj, every manufacturing plant k has a maximum total capac-
ity that it is allowed to use to make products and we would denote such a capacity as CP
(FAE TR =B E LIR).

®  When production processes are done, manufacturing plants will immediately transport fin-
ished products to DCs.  Again, for simplicity, we would assume that every manufacturing
plant k can transport every product { to every DC [, and we would not consider capac-

ities in these transportation activities.

(42 B 48 )
There are two key decisions to be made for the above ISC.
® the amount of each kind of raw material m to be purchased from each supplier j for
use of production at each manufacturing plant k (we would denote this decision variable
as Gmjx)

® the units of each product i to be made at each manufacturing plant k and then trans-

ported to each DC [ (we would denote this decision variable as Hyy;)

Note: When answering the following four questions (i.e., Parts 3.1 to 3.4), you MUST use and
only use those decision variables and parameters that are given in each question.  You will not

receive any points if your answer includes any extra decision variables, parameters, definitions,

assumptions, and so on.
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Part 3.1: supply limits (10 points)
For each supplier | to supply each kind of raw material m:
Please use Gpj and SCp; only to derive a constraint ensuring that j will stay within its

limits to supply m.

Part 3.2: production limits/obligations (10 points)
For every manufacturing plant k to make every kind of product i:
Please use Hjy;, LC;, and UC;, only to derive constraints ensuring that k will follow its

production limits as well as production obligations to produce i.

Part 3.3: plants’ maximum total capacities (10 points)

For every manufacturing plant k:

Please use Hj,; and CP, only to derive a constraint ensuring that k will make products ac-

cording to its maximum total capacity.

Part 3.4: raw material consumption (20 points)
For every manufacturing plant k to consume every kind of raw material m:

Please use Hy, Gmjx and Ry, to derive a constraint ensuring that the purchase of raw ma-
terial m and the following production and transportation of product i is well governed (or
controlled) by R,;.




