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Question 1 (10 points)

A product is assembled from three different parts. The
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parts are manufactured by two departments at different production rates as given
in the following table:
Production rate (units/hr) B

, Capacity : R,
Department (hr/week) Part 1 Part 2 “-Part 3 )

] 100 8 5 10._

2 80 6 12 /

o
The objective is to maximize the number of final assembled units that can be produced weekly.

Formulate the problem as LP model. Define clearly your decision variables! Do not solve!
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Question 2 (i6 points)
Min Z =X, +4X, + X,
S.t
2X,+3X,26
XI’ Xz, Xs 2 0,

Use-Simplex technique {(two phase) to solve the following L.P problem:

Mid fexrm

X +4X,42X,28 = X144 Xy 4 2xa — Xy + R

= X, 2 X, ——><5f-‘.r£1:
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Question 2 (16 points)

Use Simplex technique (two phase) to solve the following L.P problem:

Min Z =2X, +4X, + X, Ko+ 4 X2 +2%X3 = Xy +R =
st X, +4X, +2X,28 —P

g 3X,+2X, 26 > ZX, 4+ 2X2 e 4Ry =
Xy Xy X520,
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Q1 (15 points)
A manufacturer produces 3 models, 1, 2, and 3, of a certain product using raw materials A and B. The following
table gives the data for the problem:

Requirements per unit

Raw material Model 1 model 2 Model 3 Availability
A 2 3 5 4000
B 4 p’ 7 6000
Minimum demand 200 200 150
Price per unit ($) 30 20 50

The labor time per unit of model 1 is twice that of model 2 and three times that of model 3. The entire labor force

of the factory can produce the equivalent of 1500 units of model 1. Market requirements specify ratios 3:2:5 for the
production of the three respective models.
Formulate as L.P model. Do not solve! Define decision variables clearly!
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Q2 (16 points) Solve the following L.P problem using two phase method:
Max Z=2X +X,+ X,
X +2X,+4X, 220
Such that: 06X, +2X, +3X;<24
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_03 (9 points) Briefly define the following terms: 6\0\(0:‘7
1. A basic solution to a system of linear equations: /1 by
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Question 1 (10 points)
Four products are processed successively on two machines. The manufacturing times in hours per unit of each product are
tabulated for the two machines:

= Time per unit (hr)
Machine product 1 /product 2 | product 3+ product4 | Lo
1 2 X|l> ( 3 iz 4%y | 2% | UJ&/}W ]
2 3 x o2y 1 yaq N2 v/
;\/ . L Y21 1n /g W I 1R0

The total cost of producing one unit of each productM ed d1rect1y on the machine time. Assume that the cost per hour of
machine 1 and 2 is $10 and $15, respectively. The total hours budgeted for all the products on machines I and 2 are 500 and 380.

If the sales price per unit for products 1, 2, 3 and 4 are $65, $70, $55, and $45, formulate the problem as L.P model to maximize
total net profit. Do not solve! Define clearly your decision variables!
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Question 2 (15 points)

Use Simplex technique (Two phase) to solve the following L.P problem: & b g
Maximize Z = X, +3X, K e X3 -

gt 2K, +X,<5
2X,-4X,=10
X, 20, Xz is unrestricted in sign
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Question 3 (9 Points) o ! @ LSOS\’&M-—?)
Briefly define the following terms:

1. A basic solution to a system of linear equations: | o/ Vo dalile YoWe
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(b) 10.5 points

In reference to part (a),

1. The binding (active) constraints of the above problem are:

' a. Constraints (1) & (2).
\) (5 Constraints (2) & (3).
¢. Constraints (2) & (4).
d.  Constraints (3) & (4).
e. None of the above is correct.
2. The per unit worth of resource (1) is:
a. 0.6541
3 b. 0.4354
\J (® Zero.
d.  None of the above is correct, the answer is
3. The per unit worth of resource (2) is:

0.7852.
04516
Zero.

None of the above is correct, the answer is

(fill in)

0829 (fllin),

Page 3 of 4
Question 2 (15 points)
(a) 4 points Show graphically the feasible space of the following L.P:
MaxZ =3X, +7X%,
84 8X, +6.1, <48 - (1)
4X; +95, £36 .o, (2)
4X,-X,<4 &)
~X+X; 23 e @
KX =0
| 3
] X,
— | 1}
|
| N
\:\\
—
| \
‘ (6, 0) s ol Xl'
— , !
[ —4
A e | TSR I N— - ﬁ_A\'/ L‘\ o .
7 \LA)/ |
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Circle one and only one answer in the following multiple answers questions or fill in blanks:
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4. The per unit worth of resource (3) is:
a. 0.2354

b. 0.6250
c.  Zero.
(d.5 None of the above is correct, the answer is > 12.S (fill in).

5. Which of the following statements concerning the above problem is correct:
Resource (4) is abundant.

Constraint (4) is redundant.

Resource (1) is abundant.

Constraint (1) is redundant.

Of course none of the above is correct.

reSeul & () Yang r\’ ) A€ burdank
\,} 6. The coordinates of the optimal point is:
X, = (fill in)

@ orp

X, = lmBa2.4 (fillin)

\] 7. Thevalueof £ = 3\“4 fillin
opt

Question 3 (8 Points)
The following tableau represents a specific simplex iteration. All variables are nonnegative. The tableau is not optimal for a

maximization problem. By selecting the entering variable as the one that has the most promising variable that may improve the
value of the objective function conduct only one iteration.
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] The Jordan University
i Faculty of Engineering and Technology
| Department of Industrial Engineering

Operétions Research — 1 (0806353 - Mid-Term Exam
First Semester 2007/2008 2 Date: 12.11.2007

Course Instructors: Dr. Mohammad D. Al-Tahat. . Time: 1:15 Minutes
Eng. Ahmad Jaradat e, &
e

1. write your name and number in Arabic¢ Tanguage.
2, Pageg for this exam are 3 pages. : .
3. submitting a1l the questions pages of the exam 1is a must

Important Notes: ik 3 i &

L\ T L o s e

LA b :
on two_machines A and

(a) Two products are ‘manufactured W B. The time available on each
machine is 8 hours per day and may be mcreased by up to'4 hours of overiime if necessary, at an additional cost
of $10 per hour for machine A and $8 per hour for machine B. The table below gives the production rate on the
two machines as well as the profit per unit of the two products. Formulate as L.P model. (Define clearly your

decision variables!), Do not solve! e TE——

L oA " Production rate (hrs/unit)

Product1 Product2

Machine A 015 7 Tg@ 5 hee
Machine B 0.15 0.08 -
Profit $/Unit 100 75

(b) If the working time of one machine must not exceed that of the other machine by more thang 5 minutes,
show how this condition is reflected in your L.P model, [ ’

11
Solution: Ao
Define /X i s the number of daily manufactured units of praduct J~ on'machine. i - .
Objective function: Max Z = 100CX,; + X5 )+ 75(X, + X,,) —-10X7-8X} |
L - =
S.t ey ol ol o "{_?ﬁ }f")‘. v"'ﬂ;\
0.15X, +0.08X,, + X | — X" =38 2
N " i
\‘;’Y\b\/\“/;%"—./‘ b .
XH’XIZ ’XZI ? X?Z L X;’X: 20
| ®) y | O )
Jo.15x, +0.1x,, ~0.15.x,, -0.08x, <025 &
e A T TR R R
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far]
l (Guestion No. 2: Graphical Solution Method and Sensitivity Analysis (10 Points)
| {a) Solve the following L.P problem graphically:
f MaxZ=5X, +5X, Ly SRR
S.t e
ook Jl
4X, +9X, <36 R
~.8X +3X, <24
4X,-3X, <12 z
X x50
(b)
1. Determine the status of each resource
2. Determine the unit worth of each resource.
3. Based on the unit worth of each resource, which resource should be given priority for an increase in
level?
o 1% Point C is optimal
hHro| gk i
L ’ ?\ X, = .9_’ X, = 16 ]
. Z =25 ;. . . 223 —
SN WP S S -
) B E
4 )
DI
- .\ — Wi j
S Aj\ \/ \\
A B S}
7 N '
BN | /\/ \ Nl z=2s |
-4 /
/
(b)
1. Resource 1 and resource 2 are scarce resources while resource 3 isrgbgnﬁgpL
2. Ab =9%8-36 =36;)and the corresponding AZ =5x8-25=15._then per unit worth for resource 1 -
is: L g :-._-i, Ab, =9x8-24 =48 and the corresponding AZ =5x9—-25=20
Ab,  36+12 ST z
Per unit worth for resource 2 is; 2 = 20 1 3. »and per unit Woith for resource 3 is: £ 0.
Ab, 48 \12: 1
3. Because AS = e .l Resource 1 and 2 are of equal priority.
, Ab, 12 ; . .,
, _\_,Q-: *“,.'w""ﬁ Page 2 of 3 - T s
E ;p-.r AT g e At 3
ot i s e = 2 ]
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3: Two Phasé:Metliod: (10 Bt EEs

Solve the fol!owmg LP problem using two phase

s
thod

St
Xi+X, <10
X =5
Solution: |
Phase | . |
Minr=R ]
St 4
Xt+X2+ X]. =i@
X1 +R=35
Xl: Xz‘ Xj,R ,.>_ 0 é
X, X, X, R |Solution
a‘:“ﬂf.‘ 4 t?-?l-"&‘:f”;“."’:’ﬁ:?.‘»ﬂ ,0' B 0_-1"5._-“ o
___ e 1 1 0 10 ..
B - Ri1 0 0
X, |0
X, i
Phase I1
X, X, X, |Solution
Z {0070 7.2 1,35
X2 :’,.-0”. 7..,«.1- ) 1 I.‘S N
X7 'y W s, _
i/ 8
R
i 2_
L
% Page3of3
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The University of Jordan
Faculty of Engineering and Technology * )
Industrial Engineering Department - - :
Operations Research 1 "0906351" | -
Eng. Jaradat & Dr. Al-Shihabi

Mid Term Exam
1 Hour

Q1) Sketch the following search regions and demde 1f it js a convex set or
not: A e

a)S ={(x,y):x* +y* =25}

b) S={(x,y):x +2y 210}

2 2
c) S;{(x,y):i;—+%sl}'

IR

d) §={(x,y):x= é,[yl <4} o

Q2) Solve the followmg problem usnng the 2 E method
26 2% e
max Z =5x, +12x, +4:vc3
s, 4
x, +2x, +x, <10 :
2x,—x, +3x, =8
Xy 20

s-’—.':l‘

'Q3) Write a mathematical model for the followmg real lft’e problem:

_, : ( 'Four productsare processed successively on two machin ‘machiries. The- -

manufacturing times ifilhours per umtJ of each pro&uctare tabulated for -

of dai la_

the two machines X 58 #
. Machine Time per Unit produc ol ke of
Product 1 Product 2 | Product3 | Product 4 ! il
~j [ 2 Gusl 3 = Tq L : \""‘bdud’(o) o Wachine
D e | 4R
. 2 \& 3% Lt 2 L - 2
wm- 3 - 5 o . ﬂl&:ﬁr .M
. RY
The total cost; fotal cost of producing 1 unit of each product is based directly on. t.h\e ("% e o &
_ machine time. Assume that the cost - per hour for: machimes Tand Zis$10- - n
voms e and $15 respectively. otal ho,grs budgeted for all the products on !
machmes land 2 ar d 380.\If the sales pnce per unit for products '
12,3 and 4 are $65, $70,355am#845, formulate the problem as a linear
programming model t@:ﬁfie the total net profit. »
max 2= éS’(Xm— 1!)+ 70 X,ﬁxh) +55(le')(1§') +45 (X ”(?4)‘235

K
~ (20X + oK, 440 X3+ 20X + A5 Na(+ 30)@2_"1‘ 15X, + 30 X,



- B1S6 gi)/a{umﬂ‘\ “o Covived, .

Confie X .

21 o

pd —
P O~ = 7
V |
\
LW ESY (il s . 2. lo . =
= H;/‘\ v a /‘
\:\{ﬂ 7 Cmﬁx’

A
5 I
U 1
ﬂ i Pl “‘..
5

]
'N}\ / " (eon Ué)x/; ///

P



ek ":. 1 &~
N /;4\ . (onvet,
i \f B gL —
"'/-f“’ ’ \ 5
' A / \
o e e
T ,
3 o~
b Y= . , /

g" .
‘ s
' pd
/-

i o e

7= ‘5}“'.\~+l'2}€a +Likg S P F\K.‘-—IZXO“LU\-‘_‘?’ e

st 5(1‘5‘9)(-3_.!: Xj-i—glﬂfe’

2 A Y &3 %av’;-ga";:-’—‘- g

A R WS

e s I \ i
sl 2 1. 240
(Rl e — e
k )
\O o & 3 -4 \@ -G 3% o
2 - A
\';L . o 4} -t \t%f" Q248 Lo =
\3 = 3 \ e .
2 - b o AR =il
:?’ *3 _o--:jl :31'




I —-;‘_”.:.-:,m B e

kS

_. I"" e T m —_

Eﬁg o +_.§"41 |

B S
0%
oA ._5.., ki et

38

B LR S e

AL R
=y -
SRR o + X A,_.._,’"j,. e et it e e i
T
v NN g :
P A — - - - e s
e aind




n

H_\_)“U..LAJJHM‘A-«.EH

UNIVERSITY OF JORDAN

Faculty of Engineering & Technology

Industrial Engineering Department
Operations research 0906353

Instruéto _ Eng. Ahmad Jaradat

4
Question I 3
One of the most important problems in the field of statistics is the linear regression problem.
Roughly speaking, this problem involves fitting a straight ling to statistical data represented by
points: (X, 3,), (X3, ¥a heveen(X,, ¥, ) ON 2 graph. If we denote the line by y=a+bx, the
objective is to choose the constants a and & to provide the "hest" fit according to some criterion.
The criterion usually used is the method of least squares, but there are other inleresting criteria
where linear programming can be used to solve for the optimal values of & and 5.

(a) For the following criteria, formulate the linear programming model for this problem:
Minimize the sum of the absolute deviations of the data from the line; that is,
Minimize Z| ¥, —(a+bx)]
fur]

{b) Apply the above criteria to the following set of points:(2,8), (3.10), (4,12), (5,14): and
solve the model using computer program (Tora)

Question 2

A knitwear manufacturer has weekly orders for three styles of cardigan, winter wooly (40
dozens), Chic style {50 dozens), and classic (20 dozens). Each style requires two operations. It
must first be knitted and then made up. Eath style can be knitted on either flat or circular
machinery and made up either manually or on machines. Th - table gives the times and costs for

each style on each operation and the available weekly capacif§jfor each operation.
Flat Circular |- Manual | Machine..
Knitting | Kaitting. | Make-up. |. Make-up. |,

Winter wooly 2.5 2 3 s 4 Hours per dozen

High Style I 3 2 3 Hours per dozen -
Standard 4 3 4 5 Hours per dozen _|
Cost 5 3 1 o2 $ per hour )
Capacity 240 200 200 400 Hours

Manual knitting-up is done by outworkers and management wishes to guarantee a minimum of 50
hours per week for all outworkers combined. There is an additional transport cost of 1 § for each
dozen for cardigans made up manually, irrespective of type. Cardigans which are flat knitted and
made up by machine require an additional seam binding process which costs $0.75 per dozen.
The company needs to produce a weekly schedule which minimizes its costs.

“Tgnoring any other considerations, formulate as a linear programming problem (LP). In order for

the production control department to allocate the appropriate quantities for each production route
for each style, the formulation should enable these quantities to be determined easily. Solve the
medel using computer program (Tora)!
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Question No. 1 Formulation (10 Points) :
The village Butcher shop traditionally makes its meat loaf from a combination of lean ground beel and

ground lamp. The ground beef contains 80 percent meat and 20 percent fat. and costs the shop 2.5 JD per
kilogram; the ground lamp contains 65 percent meat and 35 percent fat and costs 4.5 JD per kilogram. How
much of each kind of meat should the shop use in each kilogram of meat if it wants to minimize its cost and to

keep the fat content of the meat loaf to no more than 30 percent?

Solution:
| Decision Variables:
X, = Percentage of ground beef in one kilogram of meat.

X, = Percentage of oround lamp in one kilogram of meat.

| Objective function:
max Z =2.5X,+4.5X,

S.t
X +X,=1
0.2X,+035X, <03
X ke =

R N P

Pace 1 of 5
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Two Phase Method (10 Points)
g LP probiem using two phase method:

Max Z =X, +2X, +5X; 2 \

Question No. 2:

Such that:
X]+2X3+X3 <40 — Std Form XI+ZXE+X3+X4 =40 \

20X, 42N, - X, =20 = 2X, +2X, - X;+R=20
X, X, X, 20 = XX, X, R20

Solution: Phase 1

Mint=R
St X, +2X,+ X+ % 8 40

2, +2X,~ X, + R=C0
X, X5 X5.R20

End of phase 1

Start of phase 2 :j>

Optimal Solution

A e T A A it




Cuestion No. ensitivity Analysis (1t Points)
Consider the following L.P problem: max Z=3X,+2X; +54%

X 22X+ A = 430

3N+ A2AE 460

X, +4X, £420

. XX, X 20

The corresponding optimal tableau is shown below: ) X3 S1 g2 S3 | Sl

Now suppose that the following changes occurred,

find the new feasible and optimal solution if exist: N2

(a) The objective function changes (0 3
max imize Z =2X,+ X, +4X; S3 2 20

(b) The following constraint is added: X7 210

Such that:

Solution:
(a) Because the ohjective function is changed, only optimality might be changed.
1/2 ~1/4 0
The new dual variables are [y, p]=l 4 o}xj o 12 0= /2 7/4 0
-2 1

- And the new coefficients in Z row:
X‘::>1/2x1+7[4x3+0x1—2:15/4
/\’3:>1/2x2+7/4><0+{)><4-1=0
Xs:>(1/2)x1+(7/4)x2+0x0—4=0

i S,:>1.’2x1+7/4><0+0x0=1/2

83:>1f2x0+7/4x]+0><0=7/4 New Tableau

S, =V 2x0+7/4% 0+0%1 = 0; Which implies that the optimality is not affected.

(b) Because the inequality X, =10 is not satisfied; so feasibility is affected.
X, -8,=10
-X,+S,=-10
§, isleaving and X, is entermg.

X3 Sol

X1

The new optimal and feasible tableau —

pase3 o5

——




Question No. 4 Transportation Model (10 Points)

Consider the following transportation problem: 10 Destination
| (a) Use North-West (Corner) method to find the starting '
solution. From™\| 1 2 3 4 | Supply
(b) Continue from part (2) to find the optimal solution. 1 3 7 6 4 50
| 2 2 4 3 2 20
| 3 W 3 s 51 3
Demand | 30 30 20 20

|
1
|

IO S S

Solution:

1
*
3 i [ 4
U.
0. o " 2
30 - yiay] 20 0 Vi
B Lq l .38 2
'7 H’\
-1 . T 20 | 24 2
4 ER =] L[s]
30 30 | -4
-5 -6 -5
30 30 20 | 20 Optimal
Al el 6 45 7320

Alternative

Oplima
Z-=320

L=
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i+her part (a) or part (b) but not both!

_Question No. 5 (16 P Salve e

(a) A backing firm can produce a specialty bread in either of its two plants as shown in tahle below:

Production Capacity | Production Cost

Loaves c/loaf
4500 13 -

15

T Maximum Demand Price offered
CHoaf

Four restaurant chains are willing 1o purchase this bread:
their demands and the prices they are willing to pay are

chown in table below: 1 55
. 2 50
3 60
4 48

|
The cost (in cents) of shipping & loaf from & plant 10
a restaurant chain is given in the table below

Cost of shipping (C/loaf)

Chain1 Chain2 Chain3 Chain 4

9

Formulate as transportation model (tableau) to raximize the total profit. Do not solve!

problem:

(b) Solve the following assignment 1 Worker
] p

o N O I NS I P T SR

(=]

(a) Solution:

Chaind4  Dummy Chain

Chain1 Chain2

i Plant A
g Plant B _ 3500
Demand | 1800 Sum = 8000

(b) Solution:




SAMPLE FINAL EXAM

Time: 120 min
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Question] 15 Points
Consider the following L.P problem:
Mo 7= X, (N
Such that:
' X +2X, + X, <40
B - 0x, - ¥, =20
by W
(a) Solve using two phase method.

(b) Write the dual problem.
(c) Solve the dual problem.

i

Ouestion? 10 Poinis
Consider the following L.P problem:

max Z = 2X, +3X, +5X,
St

) ETLX, + X, <20
- 3 2X;-3X, 24
_ XL AR, W
Using two phase method, the obtained optimal solution is:

X, X, X, X, X,|RHS

S0 B2 0N 5 SR
Y, W0 PF2 4 1 e | JR
X0 P82 00 o012 |

Now suppose that the following constraint is added: X +X, 25
Find the new feasible and optimal solutign if exist.

Question3 5 Points

A company has two plants producing a certain product that is to be shipped to three
distribution centers. The unit production costs are the same at the two plants, and the
shipping cost (in hundreds of dollars) per unit of the product is shown for each

combination of plant and distribution center as follows:

Destination center
L
Plant 1 4
2 i

Lh oy

2

Pagelof 2
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A total of 60 units is to be produced and shipped per week. Each plant can produce and
ship any amount up to a maximum of 50 units per week, so there is considerable
flexibility on how to divide the total production between the two plants so as to reduce the
shipping costs.

Management's objective is to determine how much should be produced at each plant, and
what the overall shipping pattern should be in order to minimize total shipping cost.
Assume that each distribution center must receive exactly 20 units per week. Formulate as
transportation problem! Do not solve!

Question4 10 Points
In the transportation problem below, the total demand exceeds the total supply. Suppose
that the penalty costs per unit of unsatisfied demand are 6, 4 and 3 for destinations 1, 2, 3
respectively )

(a) Use Northwest-corner method to find the starting solution. -
(b) Continue from part (a) to find the optimal solution.

Question 5 10 Points

Joshop needs to assign 4 jobs to 4 workers. The cost of performing a job is a function of the
skills of the workers. The table below summarizes the cost of assignments. Worler 1 cannot
do job 3, and worker 3 cannot do job 4. Determine the optimal assignment using the
Hungarian method typically as discussed in class!

Job ;
1 2 _3_ 4 '

Worker

N e W —
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SAMPLE FINAL EXAM

Qi points)
(2) (10 points) Solve the following L.P problem using two phase method:
MinZ =-X, +2X, +3X,
St
X+ x,
X, +2X,+X, <10
X, X,, Xg 20"
(b) (4 points) In applying simplex technique, the following substitution is used for the unrestricted variable y, :

r -
y, =y -y wherey andy arenonnegative

The question is why the variables ¥, and ¥, can'tassume positive values simultaneously?

Solution 3
{(a) Phasel ‘ .
Min r=R . BE FPia’d P Sol
i I =1 It 1 - 0 0
X, + AR X, — A PR =3 <R R i . r A :
gy O LA b 2 1 0 i o | 10
ACRETI O X )
X X, AgER. X, R Sol
T 0 0 0 0 0 -1 0
End of phase 1 —=» X, -1 1 1 -1 0 ] 3
X, 3 0 = 2 1 i 4~
X Sol
Phase 2 start of phase 2 XI XZ X3 X4 XS
: > % -1 0 -1 -2 0 6
A, -1 1 1 -1 0 3
X 3 [ | 2 1 4
Optimal

(b)

To explain this: In simplex technigue only basic variables can assume positive values and the nonbasic variables are at

zero level; now the coefficients of one variable say y: in the matrix A (AX=b) is equal to —1x coefficients of the other

variable; and since this phenomena makes the matrix containing both variables has a determinant equal to zero, so it is
impassible that both variables be a basic variables simultaneously because the matrix containing the coefficients of the

basic variables is invertible (has an inverse B ).
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Quiéstion No: 2 Seasifivity ARaIysis (15 Points). ~ ?\/g,
Consider the following L.P problem: Max Z =3X, +2X, +5X; O
St

X, +2X,+ X, + X, =

2X, +2X, +X5 =460

X, +4X, +X, =420

X, +X, =b,

The following optimal tableau
corresponds to specific values of

b, and b,

Determine the following:
(a) The right-hand side values
b andb,
(b) The elements a.c,d,e, f.k
(¢) The optimal duel solution :
Show your work (calculations) and be advised that no credit will be given for guessing! A fuill credit will
be given for correct ealeulations or explanations!

Sofution:
1
b ——hb, =330 ....... 1
: 1 14 -1z -i12] [ & 5 7 N (ﬁ)
B xb=Xgp = |0 U270 J=1| |460) |30 230-b, =30 .o @
0 —1/81 e 14| [420] |975| 420e-7.5=975 ..(3)
0 0 *les"% by H b, d =N {4)

Solving Equations (1), {2), and (3) yields:
b, =430, b, =200, e=1/4 & Equation (4) becomes 200 d=f .oee(d) -

S
V- B 112 b =5id=a
Y=C,xB" SN B -l BN B .
02 T el e e '[0 E T“LM]:’ = 1/2
0 0 0 d y,=—53/2+5d=c

Coefficient of X5 in the Z row is equal to zero because X, is a basic variable, so the left — the right hand
side of the corresponding duel constraint must equal zero.
Then p, +2y, +0yy+ y, —5 = 0and by substitution of the values of the duel variables in this equation

yieldsy, =5/2=C andd =1, and by substituting the value of ¢ =1 in equation (4) gives = 200
And the value of k=2 i is ready to be calculated:
k=2, =CyxXy =3%30+2x97.5+5x200=1285

Summary of previous ealculations:
b, =430
a) ?
b, =200
(b)a=5/4 d=1 £ =200
C=5/2 C e=1/4 k =1285

© » =0, y,=5/4 y;=U2 y,=5/2, W, =1285
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. [
Consider the foilowing transportation problem: \TO T agtination
(a) Use least cost method to find the starting From 1 2 3 4 U Supply
solution. _ 1 -3 7 6 4 60
(b} Continue from part (a) to find the optimal 2 2 4 3 2 10
solution, 3 4 3 8 3 30
Demand 20 30 25 25

Optimal
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Solve the following problem using any methad; o

_ ; . ' —
Maximize z= x' +3 x*-4 x> + 5 x* Y. S 14‘3'5 : _}jj‘.ool

s.t. xR =9 xpakeekaa Xy =9

xMxt>5 X+ Xq-Xg +R =5

Xi 4+ Xaa S5 - Xe+B =25
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Question 2: 30 Points

Find the best linear programming mode] for the followin

x+5%°<25

omin T Rugfl
R pla, 2

problem only; do not solve,

" units.during the months of “Otrober, Ngvembér, and _Deferber;

it Y

TEYa's *
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A company wishes lo plan ils ﬁrdducliéﬁ"ofiﬁ_’“ﬁzisonal._
demands over a 12-month period. The, mony einand of item 1 is1100,000
10,000
units_during the months of Janvagy, Echruary, March, and Apsil; and

GO units during the remaining months. The demand of jtem 2 is

during the months of UEiaber through February and [T3.000] d

during the
remainiug months. Suppose that I\Flﬁff'produci cost of i land 2 is
00 and (33 00) respectively, providcsllim%ﬁ&
to June, Alter_June, the unil costs are reduced 'land @ccausc of
the installatioi ol an improved manufacturing system. The total unils of
items 1 and 2 that can be manufactured during any particular month cannot
exceed 120,000 for Jan-Sept, and 150,600 for Oct-Dec. Furthermore, each
unit of item 1 occupies 2 cubic feet and ach unit of item 2 occupies 4 cubic
feet of inventory. Suppose that the maximum inventory space a.lloca(cdhio '
these jtems is 150,000 cubic feet and that the holding cost per cubic foot !
during any month s $0.10. Formulate the production scheduling problem so 2
that the total prngcl.iori_and inventory costs are minimized. : ’
t 2 .

(1.
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Question 3: 40 Points
Determine if each of the following statements is False or True
by putting F or T in the empty column:

- ————

1.] T |Degeneracy and redwndancy are always together, one -
Y can not happen without the other.
3= e more variables in a problem the better the chance
e for producing more products, but that does not mean the
value of the objective function is going to be better,
3.] + | The dual variable is the actual rate of change of the
* objective function with respect to the availability of the
| TESOUICe. ‘ ]
4.| + |The reduced costis only useful to determine feasibility
a of the solution. .
1 7; it thgféaSlble_;egion {s unbounded it is not necessaril ¥
N that the optimal solution is unbounded. -
6. [E The reason for using the minimum ratio test is to.. “" N
3 21 |'maintain feasibility-by determining the leaving-variable.
/7. - In pivot_ing, the row qperatibns maintain the same -~
V1 information in the system of linear equations.
1787 + | The M value, in-thehig,M method, can be set to be
(//-} equal to the largest coefficient in the objective function
plus 1. ~
: 9. T |A problem has a multiple, alternate, optimal if one of
S the variables is equal to 0 at optimality. |
10| — | A problem is degenerate if the reduced cost of one of .
\\l\ the variables is equal to 0 at optimality.
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) Question 4540 Pojuts -

Formulate the following problem as a linear program but do not
solve: '

- A manufacturing company is considering diversifying its

products to gain more market share.. Curtently-they-havey =~ ==

oo - o= —products-and-are considering producing atotal of 5 products, ~7 " s
The following table provides the data for the existing products
_and potential new products:

{ Product Type of Material | .| Material 2 Labor - [-Pruﬁt_ncr xpecied |
1 Product | Req. Reg. Hours Unit Demand :
- . Reg. - e |
S N BT N } AN - é
ol 3 Old ! 2 4 6 200 ?
N New 2 3 8N _log ]
L New i SR SN U BSOS it
X ,); 5. New b4 . W 300 |
i [ N Y Ko T
Jnnbers ) Fornulate 4 linear Program to maximize the profit from al| exislin

ol eprade er  Products.

2 and new
=gy X G- U X v oA, /
max =T HX 4 X1+ S '
i, Tt !‘, EKL IR

_(ZX,-e- X, 227 3¢ .1'-15) SRR /

Ky 41 Xq o Qepa 7 Faay £y ._\Qiréa'o’ /

) " C)(’l
-5 X, + .le + .8 ,Y(_.._,g..,v.q-r-.?.\’j = 3

' T \'I S

X4

0

¢ es
fev

!
Xy L1 He

Koy K Qow 7LL‘>}@\V[L
L I

3 [+ 8r 4
_\:D-
e 1 -y . E-
b} The marketing managernsists {hat or the old products at least 759 of the

demand have to be miet, add coustraints to reflect that.

X}'FX'!-Z(E-(Xl )’1'*'7!“"(-‘{"")(7)

A //\

- A2l

loo

. €) The production manager, how
can be produced together due
new product. Add constraints

ever, argues (hat not all produc
1o lechnical reasons. But he Jik
lo exipress his. desire.

£s (the 5 products )
cs 1o see al [eas( |
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T Qiiestion 27 30 Poinits
Find an initial feasible solution for the following problen using

either the Big M or 2 Phase inethod. After fmdmtr the initial

feasible solution set up the first tableau only.

Ayov k1 =1 Ky — i -{'Qz -L_'

LR WL IR PRTY R, Ry 2¢

222 x4 byy nuyy=itl

e ';'{‘:__RL )

N
Maximize Z,_lx, FIXg +4Axy - w2 "“SL:__,m_m_
~Subject to : X+ X+ x5 =10 Xt xRz M0
L5x + 2% +2 x3 €20 LY e l¥qs Loy +5, =
X+ Xy = 2X3 =20
Xy, X2, X3 20
13
X, 8] Xq R\ Q\ 1 S | 9 -3 i
-7 -5 -4 M /) o <« §f'-j
ix FG 1T v} o o i e 2 e
Re |1 | f | ¢ ¢ e e
R'l ! 1 - 7 o | 0 i o
1) ' 'Qm-—l’!“)(—;‘\ “J-cd)_ (-/u-!n?-“_) o o < —-M __5
. g; 1.5 L 1 <l e { ¢ ? <
o | ; R
R 1 ] ’ . . ""'1_':‘ (i ! . [ . . 0‘
—im-1 A Bt BPS R o EOVI e
. L5 7 8 o o ! < ic
g 1 '
R, i ! ! ! < Q e e
RAR f | -1 < ( T 1 -
""'-..___~__‘ s ¥
- E):-—- ..... .
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OiEho No S nchoratonicael g oantsy . T e
“The demand for a perishable item over the next 4 months is 400; 300, 420, 380 tons respectively. The supply capacities for
the same months are 500, 600, 200 2nd 373 tons. The purchazse price per ton varies from month to meonth and is estifoated™
at $100, $140, $120, 5150, respecively. I soause the ftem is perishable, a current month's supply must be consurned within
_ 3 months (starting with the cument monti:.. The sturage cost per ton per month is §3. The nature of the ltem does not allow
back-ordering- Set up the problem a5 transportation model. Do not solvel '
Solution r
1 2 3
1100 103 106
- - 140 143
: - - 120
} Bmnag 400 300 420

™

e b



