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1. MM dual simplex method &% LT P34
maximize Z£= - 2x; - 2x;
subject to 2+ x3 z6
u+ 2xn z6, xz0, i=12

4 X1,xs B slack variables, X Tableau 1 &

, Coefficient of*
. Basic Right
Variable| Eq. 7 % X x5 g Side
: o] v 2 2 o o 0
X3 {1) 0 -2 ~1 ] 0 -6
Xy (2) 0 -1 -2 0 1 -
& LUF 5 X 84 A 4% K AT & 18 42 (optimal solution) -
. Coefficient of: _
Basic Right
Variable! gq | 7 x x3 X3 T Side
z (0) 1 -
M| o
(2)
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2. & J§ vAF 3 5 40 1 M A (transportation problem):
Destination
1 2 3 4 Supply
T 10 2 20 1 15
Source 2 12 7 9 20 25
3 [ 4T a6 I8 10
Demand 5 15 20 T

4o transportation simplex method % 5 2| % & M B (the k-th iteration), & basic
variables & X1z, xy4, x21, X22, X23, X2 (2) £ B 112, 204, X210 X232, X33, Xag (D) By =0 F £
BB 24 dual variables m, v, i=2,3,7=1,2,3,4 - (c)£RLF F nonbasic variables
&) reduced cost A -
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1 2 3 . 4 u;
1 A= 2= hi3= X14= =0
2 X = = X33+ Aoy = “:; = B
3 Ay= A= A= X34 = y =
Vj vy = W= v = Vg =
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3. # & LUF &9 minimum cost flow problem:

[ b,=50] [by==70)

G\ Cap™ 5. 4y, =40 @ Coc=d Uyr=+m  Cge=3, Ugr =40

Cap=6,Up=MH Cop=3,Up="+w

Caa=1,Ugg=+m Crg=35,Ugg=+m

[ Erﬁ.@{{! : Cp = 5. gy, = 40 Coe=2 . Uge =+

[ b=-60]

Cy = cost per unit flow through arc i — j.

ny = arc capacity for arc i = j.

b; = net low generated at node £

xy = tlow through arc { — J.
(3-1) % & P HE &Y linear programming formulation. £ S RE T LU TEHEEL
B ERARTEE -

objective function

i" constraint on node A

constraint on node B

constraint on node C

constraint on node I |

constraint on node E

upper bounds for x;

(3-2) # Xac, Xpa» Xeps Xcg, B basic variables B xup= 40, xpc = xpe =10, (8) £ 8 x4, x50,
Xepy Xcp (B) 3K #% nonbasic variables & reduced costs Lp, Asr. hae. R RAES 3
FTEBEAABARTEE -
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4. FideH — £ % H 8 (software package) TAR L FH A L F &2 &
De<g z2=0
dyy dyy i i -HI | -fl |
o -‘f11 f-rn ':'{1.': . 22 z2=| 72
."'Fn’-ll '“rml o :II'I'JH_ L gm_ L :.rr_
(~o<dy<+4m, ‘w<g<4e0,i=1,2,...,m, j=1,2,...,n)

3R bt REGE F T B AT 0T s 44 40 3] M R (Linear Program)? o4 2 30 89 & 3E

By A -
maximize  CX
subject to Ax=h, x=10
’V‘JII dy oy | ER x
i it dap | fy X
A = .?I _...'-.' IE.III' i b - ..Z
Ht| E'IJ'E n'kh ] l‘?‘* J‘ .tk
(-om<ay<+em, ~w<h<+4oo, i=1,2, ...k j=1,2,...,h)
5%

5. How to analyze the output process of two M/M/1 queues in serious (Each
customer mus! first be scrved by the first queue and then served by the second
queue before leaving the system) on a FCFS basis with an arrival rate of A1 and
aservice ratc of 21 for the first queuc and a service rate of fr 2 for the sccond
quene?

18%

6. [l astore opens at 9:30 A M., lime 0 would be 9:30 and A(t) would be the number
of customers who armived between 9:30 and time L. Consider the following daia:

Customer Amival time  Departure from queue  Departure from system

1 Q:36 030 49-41)
2 09:37 Q-44) 9:44
3 Q.38 9.44 048
4 040 9:48 .52
3 9:45 9:52 9:56
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Let  A(t) = Cumulative arrivals from time 0 to time t
Dis(t) = Cumulative departures from the system from time 0 1o time t
Dq(t) = Cumulative departures from the queue from time 0 to time |
A-1{n) = ime of the nth arrival
[}y-1{n} = time of the nth departure from gqueue
Ds-1(n) = time of the nth departure from system
a = slart tme of mterval
b = end time ol interval
Lg(1) = number of customers in the queue at time t
Lqg = average qucue length (customers)
7 wy = standard deviation of time in queue

7 ws = standard deviation of time m svstem
7 1.4 = standard deviation of queue length
F 15 = standard deviation of customers in the syslem

- Ls = average number of customers in the system

Ls(t) = number of customers in the system at time |

(1} Find an expression for Lg(t), the number of costomers in the queuc at time 1,
and Ls(t), the number of customers in the system at time ¢

(2) Find an expression for Wq(n), time in queue, for nth customer to arrive, and
Ws(n), time in system, for nth customer to armive.

{3) Find an expression for Wyq, average waiting time in queue and calculate the

number for the above example. Find an expression for Ws, averapge waiting
time in system and calculate the number for the above example.

{4) Find an expression for (7 wg, the standard deviation of time in queue and plug
in the data of the exampic into the cxpression (You don’t need to calculate the
number.). Find an expression for F «s, the standard deviation of time in

system and plug in the data of the example into the expression { You don’t need
to calculate the number.).

{5) Find an expression for Lg and 7 14.

(0) Find an expression for Ls and 7 1=
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7. A cargo plane has three compartments for storing cargo: front, center, and back.
The compartments have capacity limits on both weight and space, as summarized

below;
Compartment | Weight Capacity {Tons) | Space Capacity (Cubic Feet)
Front 13 7,004}
Center 17 9,000
Back 10 l 5,000

Furthermore, the weight of the cargo In the respective compartments must be the
same proportion of that compartment’s weight capacity to maintain the balance of
the airplane.

The following four cargos have been offered for shipment on an upcoming
flight as space is available:

 Cargo | Weight (Tons) | Volume (Cubic Feet/'Ton) | Profit ($/Ton)
| 1 20 500 330
| 2 16 T00 400
3 24 600 360
4 13 400 290

Any portion of these cargos can be accepted. The objective is to determine how much

(if any) of each cargo should be accepted and how to distribute each among the

compartments to maximize the profit of the flight.

(1) Formulate the linear programming model for this problem.

(2) Try to set up an initial iteration of the simplex method for the problem, and then
carry out one iteration.

(3) Write a dual problem for Problem 1 and list three possible applications of the dual
problem.

12%

8. Four cargo ships will be used for shipping goods from one port to four other ports
(labeled 1,2,3,4). Any ship can be used for making any one of these four trips.
However, because of differences in the ships and carpos, the loading, transporting,
and unloading the goods for the different ship-port combinations varies considerably,
as shown in the following table:
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Port
1 2 3 4
I 5 4 6 7
2 6 6 T 5
Ship I 7 5 7T 6
4 5 4 6 6

The objective is to assign the ships to ports on a one-to-one basis in such a way to

minimize the total cost for all four shipments.

(1) Describe how this problem fits into the general format for the assignment
problem.

(2} Reformulate this problem as an equivalent transportation problem by constructing
the appropriate cost and requirements table.

(3) Use the northwest corner rule to obtain an initial basic feasible solution for the
problem as formulated in part (b).




