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[1 2—1 An electronic company manufactures two radio models, each on a sepa-
rate production line. The daily capacity of the first line is 60 radios and that
of the second is 75 radios. Each unit of the first model uses 10 pieces of a
certain electronic component, whereas each unit of the second model requires
8 pieces of the same component. The maximum daily availability of the special
compomnent is 800 pieces. The profit per unit of models 1 and 2 is $30 and
$20, respectively. Determine the optimum daily production of each model.

[0 2—2 Two products are manufactured by passing sequentially through three
machines. The machine time allocated to the two products is limited to 10
hours per day. The production time and profit per unit of each product are
given below. =

Minutes per Unit

Product Machine 1 Machine 2 Machine 3 = Profit
Fhie 10 6 8 $2
2 S 20 15 $3

Find the optimal mix of the two products.

[0 2—-3 A company can advertise its product by using local radio and TV sta-
tions. Its budget limits the advertisement expenditures to $1000 a month. Each
minute of radio advertisement costs $5 and each minute of TV advertisement
costs $100. The company would like to use the radio at least twice as much
as the TV. Past experience shows that each minute of TV advertisement will
usually generate 25 times as many sales as each minute of radio advertisement.
Determine the optimum allocation of the monthly budget to radio and TV
advertisements.

] 2—4 A company produces two products, A and B. The sales volume for
product A is at least 609 of the total sales of the two products. Both products
use the same raw material, of which the daily availability is limited to 100 lb.
Products A and B use this raw material at the rates of 2 lb/unit and 4 lb/
unit, respectively. The sales price for the two products are $20 and $40 per
unit. Determine the optimal allocation of the raw material to the two products.

[0 2—-5 A company produces two types of cowboy hats. Each hat of the first
type requires twice as much labor time as does each hat the second type. If
all hats are of the second type only, the company can produce a total of 500
hats a day. The market limits daily sales of the first and second types to 150
and 200 hats. Assume that the profit per hat is $8 for type 1 and 3$5 for type
2. Determine the number of hats of each type to produce in order to maximize
profit. 3

[1 2—6 Determine the solution space graphically for the following inequalities.
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W hich constraints are redundant? Reduce the system to the smallest number
of constraints that will define the same solution space.

[0 2—7 Write the constraints associated with the scolution space shown in Figure
2—10 and identify all redundant constraints.

x5

Figure 2-10
[0 2—8 Consider the following problem:
maximize z=— 6x; — 2x3
subject to
Zer—— ooy = il
3x, — o ~= 6

x4, Xz = O
Show graphically that at the optimal solution the variables x; and xz can be
increased indefinitely while the value of the objective function remains constant.

[0l 29 Consider the following linear programming problem:
maximize z— 4x, + 4x>
subject to
2x1 + Fxz < 21
Tx1 1+ 2x2 =< 49
X1, X2 = 0




Find the optimal solution (x¥, x3) graphically. What are the ranges of variation
of the coefficients of the objective function that will keep (x7, x%) optimal?
[] 2—10 Solve the following problem graphically:
: maximize z— 5x; + 6x2
subject to
X P
— I xqF 3xs = 2

x1, Xz unrestricted in sign

[0 2—11 Consider the following problem:

maximize z= 3x; + 2x2

subject to
Dxxaial e = 2
3x; +4x2 = 12
X1, X2 =0

Show graphically that the problem has no feasible extreme points. What can
one conclude concerning the solution to the problem?

« [ 2—12 Solve the following problem graphically:

maximize z=— 5x;1 + 2x2

subject to
x1+ x2 < 10
X1 — 5

S5cy, X = O

[0 2—13 In Problem 212, identify numerically the extreme points of the solution
space. If the constraint x, = 5 is changed to x, < 5, determine ?,ll the feasible
extreme points and find the optimum by evaluating the ob jective function numeri-
cally at each point. Show that the answer agrees with the graphical solution.
Repeat the procedure with x; = 5 replaced by x; = 5.

[l 2—14 Consider the solution space in Figure 2—10 (Problem 2—7). Determine
the optimum solution assuming that the objective function is as given below.

(a) Minimize z = 2x; + 6x2-
(b) Maximize z = —3x; + 4x».
(c) Minimize z — 3x, + 4xo.
(d) Minimize z = Xx; — 2Xa2.
(e) Minimize z = Xxi.

() Maximize z =— Xx;.




[l 2—15 Consider the following linear program:

maximize z= 5x; + 3x2
subject to
x, 1+ xa2 <= 4 (resource 1)
S5x1 + 2x2 = 10 (resource 2)

; X1, X2 g 0
Determine the following.

(a) The increase in resource 1 that will make its constraint just redundant,
and the associated change in the value of z.
(b) The decrease in resource 2 that will make constrai

nt 1 just redundant,
and the associated change in the value of z.

[0 2—16 In Problem 2—1, the optimum solution shows that the constraints associ-
ated with the availability of the special component and the capacity of production
line 1 are both scarce whereas those of line 2 are abundant.
(a) Determine the maximum increase in the capacit
the objective value will not improve. ;
(b) Determine the maximum decrease in the capacity of line 2 that will
leave the current optimum unchanged.

(c) Determine the maximum increase in the dai

v of line 1 .bcyond which

ly availability of the special
component beyond which the objective value will cease to improve.

(d) Basing your decision on the worth per resource unit, determine the scarce
resource that must be given higher priority for level increase.

two products.

(a) Identify the machine(s) with abundant capacity at the optimum solution,,

! then determine the amount of unused capacity (in machine hours).

(b) For each machine with full utilization, determine the worth per unit
increase in its capacity. .

(c) Which of the three machines should be
capacity increase?

[0 2—17 Consider Problem 2—2, where three machines are used to manufacture

given the highest priority for

[1 2—18 Comnsider Problem 2—3. Determine the maximum increase in the
monthly budget beyond which any further increase will not affect the optimal

solution. Analyze the result from the standpoint of its implementation in real-
life situations. ' : :

[0 2—19 Consider Problem 2—1. The optimum solution specifies the daily produc-.

tion as 60 radios of model 1 and 25 of model 2, with an optimum profit of
$2300.

(a) Determine the range of change in

the per unit profit of model 1 that
will keep the optimum solution unchanged.

(b) Repeat part (a) for model 2.




(c) Determine the per unit profit of model 1 that can result in an optimum
solution in which both constraints representing the line capacities become
nonbinding. The per unit profit of model 2 is assumed fixed at $20.

(d) Suppose that we vary the per unit profits of models 1 and 2 simultaneousiy.
Determine a range of the ratio of the two profit coefficients that will
keep the current optimum solution unchanged.

[0 2—20 Consider Problem 2—3. Determine the increase in sales per minute of
radio advertisement that will make it more attractive to assign the entire monthly
budget to radio advertisement only.

[l 2—21 Four products are processed successively on two machines. The manu-
facturing times in hours per unit of each product are tabulated below for the
two machines.

Time per Unit Chr)

Machine Product 1 Product 2 Product 3 Product 4
1 2 = 4 22
2 3 2 1 2

The total cost of producing 1 unit of each product is based directly on the
machine time. Assume that the cost per hour for machines 1 and 2 is $10
and $15, respectively. The total hours budgeted for all the products on machines
1 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 a linear programming
model to maximize total net profit.

[0 2—22 A manufacturer produces three models (I, II, and III) of a certain
product. He uses two types of raw material (A and B), of which 4000 and
6000 units are awvailable, respectively. The raw material requirements per unit
of the three models are given below.

Requirements per Unit
of Given Model

Raw
Material L II IIY
A 2 3 - 5
B 4 2 7

The labor time for each unit of model I is twice that of model IT and three
times that of model III. The entire labor force of the factory can produce the
equivalent of 1500 units of model I. A market survey indicates that the minimum
demand for the three models is 200, 200, and 150 units, respectlvqu. H@ggever,
the ratios of the number of units produced must be equal to 3:

that the profit per unit of models I, II, and III is $30, $20, and $50, re
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[teration Wi Solutior
0
: 0 OM
(starting)
x, enters e e e
R, leaves 0 6
1 4
1 0 4 + 2N
x, enters 0 1
R 2 leaves ﬁs e 2
1 3
2 0 —1/5— M 0 18/5
X, enters X4 1 0 —1/5 0 3/5
x, 1caves x5 0 1 37 0 6/5
B a8 Peon e
3 z 0 0 o 7/5—-M —M —1/5 17/5
(optimum) | x, 1 0 0 2/5 0 —1/5 249
X5 0 1 0 —1/5 0 3/5 9/5
o 0 0 1 1 —1 1
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B. |[The Two-Phase Technique

As illustrated by the last computer drill above, a drawback of the AM-technique is
the possible computational error that could result from assigning a very large value
to the constant M. The two-phase method is designed to alleviate this difficulty.
Although the artificial variables are added in the same manner employed in the
M-technique, the use of the constant M is eliminated by solving the problem in two
phases (hence the name *“two-phase™ method). These two phases are outlined as

follows:

|Phase I] Augment the artificial variables as necessary to secure a starting solu-
tion. Form _a ncw objective function that seeks the minimization of the sum of the
artificial variables subject to the constraints of the original problem modified by the
artificial wvariables. If the minimum value of the new objective function is zero
(meaning that all artificials are zero), the problem has a feasible solution space. Go
to phase II. Otherwise, if the minimum is positive, the problem has no feasible
solution. Stop.

Phase II.] Use the optimum basic solution of phase I as a starting solution for the
original problem.

We illustrate the procedure using the M-technique example in Section 3.3.1A.
Phase |I. Since we need artificials R, and R, in the first and second equations, the
phase I problem reads as

minimize r = R, + R,
subject to
3x,; + x5 o L = 3
4x, + 3x, — X5 + R, = 6
Xy + 2x5 + x, =4

XKys Xz X3 RI’ RZ# RZ: xXa = O
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R, leaves
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x4 leaves
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Solution

18/5

3/5

z 0 0 0 18 17/5
Xy ! 0 0 ' —1/5] 2/5
X3 0 1 0 3/5 9/5
X4 0 0 1 1 1
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X X, X, S S, RHS
X 1 — 1 1 0 10
S 5 0 1 - 1 1 10
V4 0 - 3 2 0 20
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1 0 1 10
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0 3-1 Convert the following LP to the standard form:
Maximize z = 2x; + 3x3 + 5x3
Subject to
Xih o Ny
" —Oxp bixg9ky<"d
x1+ xy+4x;= 10
X1, X220

X3 unrestricted

Ij 3-2 Repeat Problem 3 1 for each of the following independent changes.

(a) The first constraint is x; + x5 — x3 < 5.
* (b) The second constraint is —6x; + Txz — 9x3 2 4.

(c) The third constraint is x; + x + 4x; 2 10.
(d) x320
() x; unrestricted
(f) The objective function is minimize z = 2x1 + 3x» o 9y
(g) Changes (a), (b), and (c) are effected simultaneously.
(h) Changes (c), (d), (¢), and (f) are effected simultaneously.

[0 3-3 Consider the three-dimensional LP solution space shown in Figure

310 with its feasible extreme points identified by 4, B, C, . . . , J. The coordi-
nates of each point are shown in the figure.

(2) Indicate whether or not the following pairs of extreme points are adjacent:
()4, BB DQB)EH@AL

(b) From the standpoint of the simplex method, suppose that the solution

starts at 4 and that the optimum occurs at H Indicate whether or not




o)
F
I=4
= 7
* e =
e
= £
-
= A (0,0, 0) =
= = E: (1,0, O) =
>. (O, 1.0)
D: (0.0, 1)

Ao

Figure 3—10

the simplex iterations from .4 to A can be identified by the following
sequences of extreme points, and state the reason.

(1) 4 —> B— G — Ff
(2y A — F—> FJ——> FF

(3 A — < ——> F— FF

4y A4 —> F—— I

(5) A4— D>—— G——> FF

(&) 44— D— 44— B— G — I

(7)) A— C— F—> D——> 44— B ——> (G —> Ff

0 3—a4 In Figure 3—10, all the constraints associated with the solution space
are of the type =. Let 54, S22, 53, and s, represent the slack variables associated
with the constraints represented by the planes CFEIJF, BEJIFG, DFJIFG, and
FIIJ, respectively. Identify the basic and nonbasic variables associated with each
feasible extreme point. (Nofe: The problem implicitly assumes that >x;, >x=,. >z
= 0O.)

1 3—5 In Problem 3—4, identify the entering and leaving wariables when the
solution mowves between the following pairs of extreme points: (a) 4 — 8. (b))
E— I (c) F— J (A D— G ;

[0 3—6 Consider the following problem:

< maximize z — 2x,; — dxo + Sxz — 6x4
subject to g
X3+ Adxos — 2xa + Boxx, = 2
—3x, +2x2+ 3xag + A4x, = 1

IKiay XKmy XKms a = 1)

IDetermine:
(a) The maximum number of possible basic solutions.
{(b) The feasible extreme points. '
{c) The optimal basic feasible solution.




Cl 37 In Figure 3—10, suppose that ihe simplex method starts at <. IDetermine
the entering variable in the firsriteration together with its value and the improve-
ment in the objective value given that the objective function is defined as follows.

)

Maximize

= —— 53¢, — 2 xa - Foca.
(b)) Maximize =z — Sx; + 2x=2 —+ Axz.
() Maximirze =z =— —23c3 = T x= 25
(d) MMaximize z =— X1 —+ x= + xa3.
1 3-8 Consider the two-dimensional solution space in Figure 3—11. Suppose
that the objective function is given by :
maximize =z — 3x; + 6x= Z -
&)

IDeterimine the optimum extreme point graphically.

(b) Suppose that the simplex method starts at A, identify the successive
extreme points that will lead to the optimuin obtained in part (a).

(<) IDetermine the entering variable and the ratios of the feasibility condition
assuming that the simplex solution is at 4 and the objective function is
given by :

maximize z=— 45 + X= :

(d) Repeat part (c) when the objective function is replaced by

maxiimize z=— x1 ++ 2>x=2 =

(=) In parts (c) and (d), determine the resulting improvements in the value
of =

xl
Figure 3—11
[0 3o Consider the following system of eguations:
S e ced e e S —4a :
2x1+3x2—2x3—l—3x4 —+ x5 ——=
—ay —+ a3+ 2x.4 + xeg — O

xl,xz,---,xs>0




et (x5, - - - », xg) be a given initial basic solution. If x, becomes basic, which
of the current basic wvariables mmust become nonbasic at zero level in order for
all the wvariables to remain nonnegativé, and what would be the value of >x; in
the new basic solution? Repeat this procedure for x2, x3, and >xa.

[0 3310 The following tableau represents a specific simplex iteration.

Basic x 3 X = G Sy X xa > 7 xa : Solution
= O —s O 4 —1 —10 (8] O 620
x4 O 3 O —2 —3 —1 s 1 12

= O =2 1 3 1 8] 3 O &
e 1 — e} (o] S —a o O O

(a) Determine the leaving wvariable if the entering variable is (1) >x2; (2) >xa;
(3) xs3 (B xa: (5 x7 : e

(b) For each of the cases in part (a), determine the resulting increase o

= decrease in = - : : :

[0 3—11 Solve the following sets of simultaneous linear eguations by using the

row operations (Gauss—Jordan) method introduced with the simplex method
(Section 3.2.2). :

a) —3x4 + 2x2 + Sxaz = 5
: Ax, + B3xz + 2x3— 8
Xy e LB = 10
() = X = b xa — S
= lo ol e xaz3 — 12
5 x4+ B3xg + A4xzg — 10
1 3—12 <Consider the following set of constraints:
x4+ Txa+ 3xa3 + Tx,a =< 46
3x31 — x=2tF xat+2x, = 8
Do,y - 3 x>— xatb x4 =10

Solve the problem by the simplex method assuming that the objective function
is given as follows:

(a) Maximize z — 2x,; + x=z — 3xs3 t+ Sx..
(b)) Maximize = — —2x, + 6x=2 + 3xa3 — 2>4.
(c) Maximize =z — 3x; — Xx=2 + 3xaz + 4>x.a.
(ad) Minimize =z — Sx; — dxz + 6x3 + Boixa.
() Minimize =z — 3x, + 6xz — 2Zxz + 4x4.

1 3—13 Solve the following problem by inspection and justify the method of
solution in terms of the simplex method.




maximize =z — Sx, — Goxo b 3ocs — Soc, - 12>

subject to
x3 + 3x2 + Sxz3 + 6x4 + 3xs = 90

X1, Ko, Xzs XKa, Xs — 0O
L[] 3—1d4 <CTonsider the following L.P:
mil.:).irnize s e =B e - e
subject to
- e X+ 2xg = o
— 2, F Aoc- = 12
= 10

—<4x, + 3x= |+ 8x3
hod, where the entering wariable

(a) Solve the problem by the simplex' met
is the monbasic wvariable with the rmrosr positive objective coefficient.

(b) Resolve the problem by the simplex method, always selecting the entering
variable as the nomnbasic variable with the /leasr positive cocfficient.

Compare the number of iteratiomns in parts (a) and (b).

(d) Suppose that the sense of optimization is changed to maximization by
multiplying the minimization objective function above by —1. in which

case wWe must use the maximization optimality condition. How would

this change affect the simplex computations comparced with the case vwhen

the objective function is minimized?

Ll 3—15 Solve the following problem by using xa. x5, and xs for the starting

basic (feasible) solution:

maximize = — 3xy +— x|+ 2>
subject to
12x, + 3x2 + 6xz + 3x. = O
3xa e — O |
: s Xz, - - - , Xeg = O

1 3—-16 Consider the followii:'irg’ set of constraints: .

: —2x3 + 3x2— 3 1)
4>x1 + Sxs = 10 (=]
6x; |+ T7x> = 3 4>

= (=) |

4>x4 +H—8B8xo

Avssuming that x5, x2 = O, determine the starting objective eguation in each
of the following cases after the artificial variables are substituted out in the

Ad-technigue.




(a) Maximize =
(b) Maximize =
(c) DMinimize =
(d) ™Minimize =
() Minimize =

Sx, + 6xs subject to constraints (1), (3), and (4).
2x;: — 7x=2 subject to constraints (1), (2), (4), and (5).
3Ix, + 6xs subject to constraints (3), (4), and (35).

4x, + 6x= subject to constraints (1), (2), and (3).

3x, + 2Zxs subject to constraints (1) and (5).

RN

10 3—17 Consider the following set of constraints:
Sy e B o —
2x; — Sx2+ xag = 10

X1, Xz, Xz = O

Solve by using the A technigue, assuming that the objective function is given
as follows:

(a) Maximize =z — 2x; + 3x3 — Sxa-.
(b)) MMinimize =z — 2x; + 3x=2 — Sxa.
() Maximize z — x; + 2x= + xa3.

(d) ™Minimize =z — 4x; — 8x=z + 3xa.

0 318 <Consider the problem

maximize z— x31 + Sx=+ 3>xa
subject to
X1+ 2>+ x3g — 3 =
e —— X o — <

X3, X2, Xz = O . =

I et R be an artificial variable in the second constraint equation. Solve the problem
by using xsz and R for a starting basic solution.

0 3—192 Consider the problem

Tmaximirze z=— 2x, +— d4xs + Adxzg — Bxa = =
subject to
x1 4+ x= -+ 3xa =g
x4 + 4xo —+ x,. — 8

Xi, Xz, Xa, Xa = O

Find the optimum solution by using (xz. x.) as the starting basic solution.

[0 3—20 Solve the following problem by using xsz and x. as a starting basic
feasible solution: z
minimize =z— 3x; + 2x2 + 3x3

subject to

>3 —+ 4)C2 o= L X3
2>x4 +— - xo 1o

e T

-
10

VIV




= 3—21 In Problem 316, write the objective function for phase I in each case.
compare thhe resulting

[l 3—22 Solve Problem 3—17 by the two-phase method and
number of iterations with those in the Ad-technigue.

0 3—23 Consider the following linear program:
maximize =z — cl-_xl — caxo

11X - @Fa=2x = b4

Zomaxy EoeXos < b

Xa., = = O}
Ca = 6, ==t = ¥y = B2 == i1 = S5, 8 = bl = 12,
= 6, and 10 = &> = 14. Find the upper and lower
C&Hirtt: A more restrictive solution space

subject to

where 1 =X o, = 3, 4 =

2 ==y s S = g
bounds on the optimum wvalue of =

wvields a smaller value of =)

L1 3—24 Consider the problem
maximize z=— x, + 2Zx- + 3x,

10
=
1

subject to
e, = Yo = Bxga

X3 + x>

¢y
Ki, X2, Xz =

QNI

Find at least three alternative optimal basic solutions and then write a general
expression for all the nrorszbasic optimal solutions comprised by the basic optima

-

obtained.
[0 3—25 Suppose that a linear pProgram has the following four alternative optirmna

(xa. X, xad = CL. 2. 5), (6. 1. 3). 1. 2, 1 (2 1. > _
ve basic and nonbasic solutions. i

Write a general expression for all the alternati
L1l 3—26 <Consider the following linear Programming problem:

maximize z=— 2x; — x> |+ 3x3

subject to
X3 — x2 + Sxsz = 10
2x3 — X=2 4+ Bxgzg < 40

X1, X2, X = O

Show that the problem has alternative solutions which are all norbasic. What.

s

could one conclude concermning the solution space and the objective function?




Show that the values of the optimal basic variables can be increased indefinitely
while the value of =z remains constant.

1 3—27 Consider the problem
maximize z— 3x; + xX=

subject to

> g s ZX2 == S5
1 —+ X — Xz = 2
FTx,1 +3Ixs— Sxz3 = 20

X4, X2, X3 = O

Show that the optimal solution is degenerate and that there exist alternative
solutions that are all nonbasic.

1 3—28 In the problem T
; ' maximize = 20x, +— 10x> + x3
subject to

Bxs — 3> Sxa < 50
1 il =i = = 10
X3 — Xxz+ dxz < 20

. SeS, evne oE == L) :
in which direction is the solution space unbound_e’d? Without further computa-
tions, what could one conclude concerning the optimal solution to the problem?
1 3—2929 Consider the problem
maximize z=— 3x, + 2x5 + 3x3

subject to =

2ocqyshtioco s aitoe Sie=— 2> £

3x, +4xs +2x5 = 8 .

X1, X2, Xz = O : 2
By using the A technique, show that the optimal solution can include an artificial
basic variable at the zero level. Hence conclude that a feasible optimal solution
exists. 5 2 ;
[0 3—30 Consider the following LP allocation model:
maximize =z — 3.x1_~+‘ 2x =2 (profit)

subject to

12 (resource 1)

4xy; + 3x2 =

4x4s + x== B8 (resource 2)

doxy — x=2 = 8 (resource 3)
: a4y Xa =0




The optimum tableau of the model is given by

Basic ey COC X X4 x5 Solution
= O (8] 5.8 1.8 O 1772
X o O 1 1.2 —1.72 O 2 -
X1 1 O =1 L2555 3-8 O 32
X O O 1 ——l 1 4

(a) DIDetermine the status of each resource.

(b)) Determine the unit worth of each resource.

(c) Based on the unit worth of each resource, which resource should be
given priority for an increase in level?

(d) IDetermine the maximum range of change in the awvailability of the first
resource that will keep the current solution feasible.

(e) Repeat part (d) for resource 2.

(f) In parts (d) and (e). determine the associated chamnge in the optimal
value of = :

(g) IDetermine the maximum change in the profit coefficient of x; that will
keep the solution optimal.

(h)y Repeat part (g) for xs.

1 3—31 Consider the following L P allocation model:
maximize z=— 2x, + 4xs (profit)
s-ub ject to :
x1 + 2x=2 S (resource 1)

==
>x1+ x=2=<4 (resource 2)

X1, X2 =0

The optimal tableau is given by

Basic 1 X xz3 o 4 Solution
= O O =2 (@] 10
X = 1.2 1 172 O S 2
X 4 1.2 O — 172 1 32

(a) Classify the two resources as scarce or abundant.

(b) DIDetermine the maximum range of change in the awvailability of each
resource that will keep the solution optimal.

(c) Compute the range of optimal =z associated with the results in part (b).

(d) Compute the maximum change in the unit profit of x; that will keep

the solution optimal. i '

Repeat part {(d) for xas.




0 3—32 Consider the following L P allocation model:

maximize z=— 3x,; + 2xz + 5xa (profit)
subject to

xq1 +2x2+ xaz3 < 430 (resource 1)
Boc, —+ Z2xz = 460 (resource 2)
x, + 4dxo = 420 (resource 3)

Ses P on ==10)

The optimal tableau of the model is given by

Basic . X X o

= 4 O (8] 1 2k L8] 1350
Xao —1/4 1 L2} 1.2 — 14 (e} 100
X3 372 (8] 1 o . 12 O 230
xg 2 O O =) 1 1 20

(a) In each of the following cases, indicate whether the given solution remains
feasible. If feasible, compute the associated wvalues of >x., x=2, Xxs, and =
(1) Resource 1 availability is increased to 500 units.
(2) Resource 1 availability is decreased to 400 units.
(3) Resource 2 availability is decreased to 450 units.
(4) Resource 3 availability is increased to 440 units.
(5) Resource 3 availability is decreased to 380 units.
(b) In each of the following cases, indicate whether the given solution remains
optimal.
(1) The profit coeflicient of x, is decreased to 2.
(2) The profit coefficient of xi is increased to 9.
(3) The profit coefficient of x2 is increased to S.
(4) The profit coefficient of x3 is reduced to 1.

0 333 In Problermm 3—30, determine the optimal wvalues of x, and x2 when

resource 1 is increased by 2 units and, simultaneously, resource 2 is decreased
by 1 uanit.

[0 3—34 In Problem 3 31, suppose that resource 1 and resource 2 are changed

simultaneously by the gquantities A; and A, Determine the relationship between
A and Ao that will always keep the solution optimal.

[1 3—35 Show that the e egualities

2 @asyxs;=— b = 1.2

F=1

are equivalent to the rz + 1 inequalities




Y agx; < by =1, 27 SN
=1

2n (g ﬂij‘) X; 2 § b;

j=1 \i=1 =1

[1 3-36 In linear programming problems in which there are several unrestricted
variables, a transformation of the type x; = x; — x will double the correspond-
ing number of nonnegative variables. Show that it is possible, in general, to
replace k unrestricted variables with exactly k + 1 nonnegative variables and
develop the details of the substitution method. (Hint: Let x; = x; —w, where
xj, w=0.)

[1 3-37 Show how the following inequality in absolute form can be replaced
by two regular inequalities.

n
|2 {IinjI < by, b; >0
J=1

[] 3-38 Show how the following objective function can be linearized.

j
o

n
2 Cmj Xj
=1

Minimize z = max{

5 * " " ]

T
> C1jX;
=1




