@ii%ﬁ%i‘ﬁi’?%%ﬁ%%

-

£ R

BEEEE

101 B o4 5 om |FATHE

2 o 3 B

BEECEMRAAELI(T )

#+ B

(G g

2 & F =B

AR THEAE LR EMR

There are 5 Questions in this examination paper.  Points allocated to parts are shown there.
Show your steps and argument for all parts.

Note that there is a Chinese version of Question 5 in the Appendix.

#1. Problem P:

max 10x+ 15y + 16z,
st 6x+ 8y+9z <21

Apply the following constraints to Problem P independently. Find the values of the variables
and objective function at maximum,

(a). (Spoints) x20,y20,z>0.

(b). (Spoints) x20,y<0,z>0.

(c). (5points) x=0.

#2(a). (15 points) Solve Problem P in Question #1 by dynamic programming if x, y, z €
{0,1,2,...}.

(b). (5 points) Solve Problem P in Question #1 ifx, y,z € {1,2, ...}.

#3. Solve the following minimization problems. Find the values of the variables and the
objective function at minimum.

(a). (5 points) Minimize [y -~ (x — 2)"]%

(b). (5 points) Minimize [y - (x — 2)2]2 subject tox +y 2 4.

(¢). (5points) Minimize [y — (x — 2)*]* + [z = (x — 4)]? subject to 5x +y + z > 20.
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#4. The feasible set of a linear program is
shown in the left-hand-side diagram, with
constraints:
D

x +ty £ 6 y

x +y £ 14,

% +y <26, 1

x,y20. Ot— x w

The (x, y) co-ordinates of vertices O, 4, B, C, and D, the corner points of the feasible set,
are (0, 0), (13, 0), (12, 2), (4, 10), and (0, 6), respectively. In addition, vertex E is an
interior feasible point of co-ordinates (6, 6).

Let s1, 52, and 53 be the slack variables of the first three constraints, and s, and s, be the

surplus vatiables for the non-negativity constraints for the x-axle and y-axle, respectively. By

definition,
=X ty +8 = 6,
x +y + 8 = 14,
2x + y + 53 = 26,
x ' — Sx = 0,

y -5 = 0
(a). (5 points) Find the values of (x, y, s1, 52, 53, $x, 5) for vertices O, C, and E.
(b). Suppose that the objective function is to maximize x+py, where p is a constant.
(i). (5 points) Find the range of values of p that makes vertex C'a maximum point.

(ii). (5 points) Find the range of values of p that makes vertices B and C maximum

points.
(c). Suppose that the objective function is to maximize 2y-x.

(i). (S points) What is the effect on the maximum value of the objective function if the

third constraint is changed to 2x + y <25?

(ii). (5 points) What is the effect on the maximum value of the objective function if the
first constraint is changed to -x +y < 5?
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#5. The streets of a city run both east-west

0, 6) (6,6)

and north-south as shown in the left-hand-side
diagram. Each segment of a street is of 1 km ) C

long. Consequently, the four corners of the city
are labeled as co-ordinates (0, 0), (0, 6), (6, 0),
and (6, 6), and the five retail outlets of a chain

store at locations 4 to E of the city have
co-ordinates (2, 1), (5, 2), (4, 5), (1, 4), and (0, 2), B
respectively.

To move within the city one needs to
Y ©,0) ©,0)

move along the street segments. As a result,
the shortest distance between locations 4 and B is of 4 km; the shortest distance between

locations 4 and Eis of 3 km. Other distances can be found in the similar way.

The chain store is going to set up a depot to support the operations of the five retail outlets.

Every day goods will be sent from the depot to_the retail outlets. The objective is to find a

location that minimizes the total distance from the depot to the retail outlets. It is possible to
set up the depot at any location along the street segments, not necessarily at a junction of
streets.

(a). First consider a simplified problem. Suppose that a depot is set up on or between

locations B and E.

(i). (5 points) Find an optimal location of the depot to minimize its tota] distance from
the depot to locations B and E.

(i)). (5 points) Now suppose that every day the number of visits from the depot to outlet
at B is twice as much as to outlet at E. Find an optimal location of the depot to
minimize its total traveling distance for serving the retail outlets at locations B and E.

(b). (5 points) Now suppose that every day there is one visit from the depot to each of the
five retail outlets. From part (a) or otherwise, find an optimal location of the depot to

minimize the total daily travel distance from the depot to the five outlets.

(¢).. (10 points)
A, Atruck is sent from location A4 to visit each of the other retail outlets once before returning

Irrespective of your answer to (b), assume that the depot is set up at location

to location 4. Formulate an optimization problem to find a shortest-path route for the truck.

Solving the problem is not required.

- THEEND —
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