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Abstract- In this paper, we deal with some forms of Two-Phase
Unrevised Simplex Method (TPUSM) in solving Linear
programming Problem (LPP), based on a given problem. The
results from an algebraic calculation are checked, using the
TORA software, a computing software and of reference in
linear programming.
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. INTRODUCTION

The use of the unrevised simplex algorithm [1, 2, 3] we
needs a set of m unit vectors which will form one identity
matrix of order m. In some problems we may get less than m
unit vectors. There may also be problems which do not contain
any unit vector. In the last two cases we use the artificial basis
technique to solve the given LPP. In these cases, one of the
used methods in solving LPP is Two- phase method.

After adding artificial variables to the constraints of the
LPP we get a set of m unit vectors. The latter constitute the
initial basis. The process of eliminating artificial variables is
performed in phase-1 of the solution and phase-11 is used to get
an optimal solution. Since the solution of LPP is computed in
two phases, it is called [1, 2, 3, 4] as Two-Phase Unrevised
Simplex Method (TPUSM).

In Phase-l, the cost of the artificial variables is taken as -1
and those of other variables as zero. We get the new objective
function as

Max Z* = (-xnﬂ K4z = - Kntm ), where Xn+1) Xn42
..., Xnam, are artificial variables. The constraints being
unchanged.

The problem then is solved by TPUSM. As each X,,,;, i=
l...m is non-negative, the maximum of new objective
function is expected to be zero. Now three cases arise:

(1) Max Z* < 0 and at least one artificial vector appear in
the optimum basis at a positive level.

(2) Max Z* =0 and at least one artificial vector appears in
the optimum basis at a zero level.

(3) Max Z* = 0 and no one artificial vector appears in the
optimum basis.

In case (1) no feasible solution exists to the given LPP and
hence we do not go to Phase-I1 to get optimal solution.

In case (2), we may or may not get an optimum basic
feasible solution to the original problem. But we move to
Phase-Il to obtain an optimum basic feasible solution, if it
exists.

In case (3) we get an initial basic feasible solution to the
given LPP and then proceed to get optimal solution in Phase-I11

[1]

In Phase-Il we assign the actual cost to the variables in the
objective function and a zero cost to every artificial variable
that appears in the basis at the zero level. This new objective
function is now maximized by unrevised simplex method
subject to the given constraints.

Unrevised Simplex method is applied to the modified
unrevised simplex table obtained at the end of phase-I, until an
optimum basic feasible solution has been attained. The
artificial variables which are non-basic at the end of phase-1 are
removed. This Two- phase method has been studied since long
[5,6,7,8,9]and recently [3,10,11,12, 13,14].

In this paper, we give some forms of Two-Phase method
and we make a comparison with the existing method. Using the
TORA Software, we check the reliability of the results from an
algebraic calculation.

Il. PROBLEM, MATHEMATICAL FORMULATION AND
METHODOLOGY

A. Problem

A jeweler wishes to manufacture 3 types of jewels J;,
J, and J5. The unit price of these jewels are respectively 350,
200 and 400. The minimum composition of gold is 900
whereas the maximum compositions of silver and copper are
respectively 1000 and 1200 in the appropriate units.

The following table indicates the minimum composition of
each jewel:
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TABLE I.

MINIMUM COMPOSITION OF EACH JEWEL

The 4 permutations give us 4 cases:

Gold Silver Copper Case 1:
A 1 1 3 . . .
= 5 3 5 In this case, the surplus variable is x,. It follows that the
. 3 - . initial basis will not contain that variable.
(Max Z = 350 x; + 200 x, + 400 x5 + Ox, — x5
. . +0xs + Ox
Determine the quantities of 3 Jewels to manufacture so that subé'ec . t07
the total cost is maximum while respecting the data J
X X1+ 2%, +3x3 — x4 + x5 =900 (S1)

compositions.

B. Mathematical formulation

The mathematical formulation of the above problem is one
of the followings LPP, where x;, x, and x5 are the numbers of

A, B and C manufactured jewels, respectively:

C. Methodology

For the system “(1)”, introducing surplus, artificial and

slack variables we get k! differents systems, where,

kl= number of surplus variables + number of artificial

variables + number of slack variable.

Here, k equals to 4 and we have 24 different systems (24

Si,i=1,...,24).

X1+3x2+ZX3+x6 = 1000
3x1 +2x2+x7 = 1200
X1, X2, X3, X4 , X5 ,Xg , X7 =0,
For “(S1)”, the variation of slack variables position leads to

Max Z = 350 x; + 200 x, + 400 x3 + 0x, — x5

Max Z = 350 x; + 200 x, + 400 x5 +0x. + Ox
subject to subj'ect to7
x, +2x, +3x3 =900
X x1+3x2+2x3<1000 1) 3 X; +2x, + 3x3 — x4 + x5 =900 (S2)
Loty = Xy, Xp, X3, X4 , X5 , Xg , X7 =0,
Max Z = 350 x, + 200 x; + 400 x5 For “(S1)”, the first variation of artificial variables position
subject to gives
X, + 3 x, + 2x3 <1000 2
< Xy + 2 %, + 325 > 900 @) Max Z = 350 x; + 200 x, + 400 x3 + 0x, — X5
3x; +2x, <1200 +0x¢ + 0x;
Xy, %5, %3 = 0, subject to
_ x1+2x2+3x3—x4+x6=900 (83)
MaxZ—350x1'+200x2+ 400 x5 X, + 3 %, + 2x3 + x5 = 1000
subject to
32, +2x, < 1200 3% +2x, +x;, =1200
* X, + 2%, +3x3 =900 ©) X1, %2 X3, Xy ) X5, X X7 2 0, -
x; +3x, +2x3 <1000 For “(S3)”, the variation of slack variables position leads to
X1,X,%3 2 0, Max Z = 350 x; + 200 x, + 400 x5 + Ox, — x5
Max Z = 350 x; + 200 x, + 400 x5 +0x¢ + 0x;
subject to subject to
X, + 3 x, + 2x; < 1000 @ X1+ 2% + 3x3 — x4 + X6 = 900 (S4)
3x1+2x2S1200 x1+3x2+2x3+x7=1000
X, +2x, +3x3 =900 3% +2x,+x5 =1200
Xy, X5, %3 = 0, X1, X2, X3, X4 , X5, X6, X7 =0,
‘Max Z = 350 x; + 200 x, + 400 x5 For “(S1)”, the second variation of artificial variables
subject to position gives
) 3x1+2x, <1200 (5) Max Z = 350 x; + 200 x, + 400 x5 + Ox4 — x5
X1 + 3 x; + 2x3 <1000 +0x¢ + 0x,
X1 + 2 Xy + 3X3 > 900 Subject to
X1,X2,%3 2 0, X1 + 2%, + 3x3 — x4 +x, = 900 (S5)

X1 + 3 x5, + 2x3 + x5 = 1000
3% +2x, +x5 =1200
X1,X2,X3,X4 ,X5,Xg,X7 =0,

For “(S5)”, the variation of slack variables position leads to

International Journal of Science and Engineering Investigations, Volume 7, Issue 77, June 2018 166

www.lJSEl.com ISSN: 2251-8843 Paper ID: 77718-19



Max Z = 350 x; + 200 x, + 400 x3 + 0x, — x5
+0x¢ + 0x;
subject to
{ X1+ 2x, +3x3 —x, +x, =900 (S6)
X1 + 3 x, + 2x3 + x = 1000
3x,+2x, +x5 =1200
X1,%X2,X3,X4 ,%X5,%Xg,X7 =0,
Case 2:

In this case, the surplus variable is xs. It follows that the
initial basis will not contain that variable.

Max Z = 350 x; + 200 x, + 400 x3 + 0x,+0x5
—x¢ + Ox,
subject to
{ X1+ 2% +3x3 — x5 + x6 = 900 (S57)
xq + 3 x, + 2x3 + x4, = 1000
3x;+2x, +x, =1200
X1,%X2,X3,X4 , X5, X6 ,X7 =0,
For “(S7)”, the variation of slack variables position leads to

Max Z = 350 x; + 200 x, + 400 x3 + 0x,+0xs
—x¢ + 0x;
subject to
$ X1 +2x; +3x3 — x5 + X6 =900 (S8)
X1 + 3%, + 2x3 +x, = 1000
3x;+2x, +x;, =1200
X1,%X2,X3,X4 ,%X5, X6 ,X7 =0,

For “(S7)”, the first variation of artificial variables position
gives

Max Z = 350 x; + 200 x, + 400 x3 + 0x,+0x5
—x¢ + 0x;
subject to
X1+ 2%, +3x3 — x5 +x;, =900 (S9)
x, +3x, + 2x3 + x4, = 1000
3x;+2x, +x5 = 1200
X1,X2,,%X4 , X5 ,%Xg,%X7 =0,
For “(S9)”, the variation of slack variables position
variables leads to

Max Z = 350 x; + 200 x, + 400 x5 + 0x,+0xs
—x¢ + 0x,
subject to
X1 + 2 x5 +3x3 — x5 +x7, =900
x; +3x, + 2x3 + x4, = 1000
3x;+2x, +x5 = 1200
X1,%X2,X3,X4 , X5 ,Xg,X7 =0,

(S10)

For “(S7)”, the second variation of artificial variables
position gives
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(Max Z = 350 x; + 200 x, + 400 x5 + Ox,+0xs
—x¢ + 0x,
subject to
{ X1 +2x, +3x3 — x5 + x4 =900
X1 + 3 x, + 2x3 + x6 = 1000
3x;+2x, +x;, =1200
X1,X2,X3,X4 ,%X5,Xg,X7 =0,
For “(S11)”, the variation of slack variables position leads

(S11)

to
Max Z = 350 x; + 200 x, + 400 x5 + O0x,+0xs
_x6 + Ox'7
subject to
{ X1 +2x, +3x3 — x5 +x, =900 (S12)

X, + 3 x, + 2x3 + x;, = 1000
3x,+2x, +x5 =1200
X1,X2,X3,X4 ,%X5 , X6 ,X7 =0,
Case 3:

In this case, the surplus variable is x,. It follows that the
initial basis will not contain that variable

Max Z = 350 x; + 200 x, + 400 x3 + 0x,+0x5
+0xg — x5
subject to
Xy + 2 x5 +3x3 — x5 +x;, =900
Xy + 3 x, + 2x3 +x, = 1000
3x,+2x, +x5 =1200
X1,X2,X3,X4 ,Xs5 ,Xg,X7 =0,
For “(S13)”, the variation of slack variables position leads

(S13)

to
Max Z = 350 x; + 200 x, + 400 x3 + 0x,+0x5
+0x¢ — x5
subject to

X, +2 x5 +3x3 —x6 +x7, =900
Xy + 3%, + 2x3 + x5 = 1000
3x;+2x, +x4 =1200
X1, X2, X3, X4, X5 ,Xg , X7 =0,
For “(S13)”, the first variation of artificial variables
position gives

Max Z = 350 x; + 200 x, + 400 x5 + 0x,+0x;
+0xg — x5
subject to
X1+ 2x, +3x3 —x6 + x5 =900
X1 + 3 x5, + 2x3 +x, = 1000
3x;+2x, +x;, =1200
X1,X2,X3,X4 ,%X5 ,X¢,X7 =0,
For “(S15)”, the variation of slack variables position leads

(S14)

(S15)

to
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Max Z = 350 x; + 200 x, + 400 x3 + 0x,+0x5

+0x¢ — x5
subject to
{ X1 +2x, +3x3 —x6 + x5 =900 (S16)

x1 +3x2 +2x3 +x7 = 1000
3x1 +2x2 +x4 = 1200
X1,%X2,X3,X4 , X5, X6 ,X7 =0,
For “(S13)”, the second variation of artificial variables
position gives

Max Z = 350 x; + 200 x, + 400 x5 + Ox,+0x5

+0x¢ — x;
subject to
$ X, +2x, +3x3 —x6 + x4, =900 (S17)

X, + 3 x, + 2x3 + x5 = 1000
3X1 +2X2 +X7 = 1200
\ X1,X2,X3,X4 ,%X5,X6,X7 =0,

For “(S17)”, the variation of slack variables position leads

to
Max Z = 350 x; + 200 x, + 400 x5 + O0x,+0xs
+0xs —x;
subject to
$ X1 +2x; +3x3 — X +x, =900 (S18)

X, + 3 x, + 2x3 + x;, = 1000
3x1+2x2 +X5 = 1200
X1,%X2,X3,X4 ,%X5,X6,X7 =0,
Case 4:

In this case, the surplus variable is x;,. It follows that the
initial basis will not contain that variable.

Max Z = 350 x; + 200 x, + 400 x5 + 0x,+0x5
—Xg + X7
subject to
$ X1 + 2 x5 + 3x3 + x5 — x7, = 900
Xy + 3%, + 2x3 +x, = 1000
3x;+2x, +x5 = 1200
X1,X2,X3,X4 ,%X5, X6 ,X7 =0,

For “(S19)”, the variation of slack variables position leads

(S19)

to

(Max Z = 350 x; + 200 x, + 400 x5 + 0x,+0xg
—Xg + X7
subject to
X1 + 2 x5 + 3x3 + x5 — x7, = 900
X1 + 3%, + 2x3 + x5 = 1000
3x;+2x, +x4 =1200
X1,%X2,X3,X4 , X5 ,Xg,X7 =0,
. For “(S19)”, the first variation of artificial variables
position gives

(S20)

(Max Z = 350 x; + 200 x, + 400 x3 + 0x,+0x5
—Xg + X7
subject to
X, +2x, +3x3 + x5 —x; =900
X1 + 3 x, + 2x3 + x, = 1000
3x,+2x, +x =1200
X1,X2,X3,X4 ,%X5,Xg,X7 =0,

For “(S19)”, the variation of slack variables position leads

(S21)

to
Max Z = 350 x; + 200 x, + 400 x3 + 0x,+0x5
_x6 + x'7
subject to
{ X1 +2x, +3x3 + x5 —x; =900 (S22)

x1+3x2+2x3 +x6 = 1000
3x;+2x, +x, =1200
X1, X2, X3, X4, X5 ,Xg , X7 =0,

For “(S19)”, the second variation of artificial variables
position gives

Max Z = 350 x; + 200 x, + 400 x5 + 0x,+0x5
—Xg + X7
subject to
{ Xy + 2 x, + 3x3 + x4 —x; =900
Xy + 3 x, + 2x3 + x5 = 1000
3x;+2x, +x = 1200
X1,X9,X3,X4 , X5, X6, X7 =0,
For “(S23)”, the variation of slack variables position leads

(S23)

to
Max Z = 350 x; + 200 x, + 400 x3 + 0x,+0x5
—Xg + X5
subject to

X1+ 2x, +3x3 +x4 —x7, =900
X1 + 3 x5 + 2x3 + x5 = 1000
3x;+2x, +x5 = 1200
X1,X2,X3,X4 ,%X5,Xg,X7 =0,
For all these 24 systems, we have two methods:

(S24)

The first method [1,2,3] is developed with maximization
and we get the optimality criterion when Z;-C; = 0. The
follow —up will be given by Max Z~.

For the second method, the optimality criterion is given by

¢ < 0 (Maximization case) and € > 0 (Minimization
case), where

C =C—Cg(AP)'A. (6)

C is the cost vector, A® the matrix relating to the basic
variables, Cg the cost vector related to the basis B and A is a
matrix of order m. n.

If the optimality criterion is no t reached, we calculate

3 i . = x_p ni
Min {yiq,qu > o} 22 (finite) %
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Where y;q = (A")7" Aq, X, the variable to be removed

from the basis and Agthe sth column of A, X; is given by the
formula

Xg= (AB)71b (b is the second member of the constraints
equations).

The formula “(7)”, is used for the maximization and the
minimization.

IIl. RESULTS

We resolve “(S1)”, using the two methods and we make a
comparison.

A. First method

Max Z = 350 x; + 200 x, + 400 x5 + Ox, — x5
+0x¢ + 0x,
subject to
$ X, +2x, +3x3 —x, + x5 =900
X, + 3 xy + 2x3 + x4 = 1000
3x,+2x, +x;, =1200
\ X1,X2,X3,X4 ,X5,%X¢,X7 =0,
1) Phase |
In this phase we assign the cost -1 to the artificial variable
x5 and zero to those other variables. We get

Max Z = —x5
subject to
X1+ 2 x5 +3x3 — x4 + x5 =900
X1 + 3%, + 2x3 + x5 = 1000
3x, +2x, +x;, =1200
X1,%X2,X3,X4 ,X5 , X6 ,X7 =0,

TABLE I1. STARTING TABLE

Since all Z;-C; = 0 and Max. Z* = 0 we get an optimal
solution. This gives a basic feasible solution to the original
LPP which will be used in phase 1l to get optimal basic feasible
solution.

2) Phase Il
Here the actual costs are taken for the variables except the
artificial variable which is assigned zero value. We now use
the following objective function :

Max.Z= 350 x; + 200 x, + 400 x5 + 0x, + 0x¢ + Ox-.

TABLE IV.
B Cy Xp Xy X X3 X4 X X7
1 2 1
X3 400 300 = = 1 —-= 0 0
3 3 3
Xg 0 400 % g 0 g 1 0
Xy 0 1200 3PE 2 0 0 0 1
Z;-C; 120000 —6—50 200 0 _400 0 0
o 3 3 3

Variable x; is introduced and x, is removed from the
basis.

B Cy Xp Xy X, X3 X4 Xs X X7

TABLE V.
B Cy Xp Xy X, X3 X4 X b
1 1
X3 400 @ 0 4 1 - 0 _Z
3 9 3 9
X6 0 800 0 13 0 S 1 1
3 9 3 9
2 1
X1 350 400 1 - 0 0 0 -
3 3
7 120000 | o |290] o | 2001 o |80
r 9 3 9

xs | -1] 90 | 1 | 2 |3PE| -1

Xg 0 1000 1 3 2 0

o|lo|OoO|
o|lo|r|O
o, |O|O

Variable x, is introduced and x, is removed from the

x, | 0]120] 3 [ 2] o | 0 basis.
Z-C; 900 | -1 | -2 -3 1
. . - . TABLE VI.
PE is pivot element. Variable x5 is introduced and xs is
removed from the basis. B Cp Xp x1 X, x3 Xy Xe X7
X3 400 300 0 7 1 0 1.2
6 2 6
TABLE IIL. X, 0 400 0 13 0 1 3.2
6 3 6
B C X 2 1
B B | N | X2 | X | X | X5 | X | X x, | 350 400 1 d 0 0 0 -
0 | 300 L 2 1 L 0 0 . 3
3 3| 3 -3 Z-C; 260000 | 0 | 500 | O 0 | 200 | 50
Xe 0 | 400 % g 0 g _g 1 0
- o | 200 | 3 ) 0 0 th_mt;e all Z;-C; > 0, an optimum basic feasible solution is
2C, 5 5 5 5 obtained.
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Hence the optimum solution is:
x; = 400, x, =0, x3= 300 and Max.Z= 260 000.

B. Second method
We take the basis

(100
B—<010)-
001

Using the formula “(6)”, we get

¢=(1,2,3,-1,0,0,0) and the condition ¢ <0 is not
reached. By the formula “(7)”, the new basis is given by the
columns corresponding to x5 , x¢ and x, in matrix A. We get
¢ =(0,0,0,0,—1,0,0).

After getting pivot element, we use the following formula
for the transformations [13, 15]:

Li (L; # Lyipor) = L; —(element of L; pwot) (8)
where L,y IS the pivot row.

We can calculate the ratio:
Ratio= element of the column b (9)

element (not empty) of pivot column

and we take the minimum. This gives us the variable to remove
from the basis. This is equivalent to the formula “(7)”.

TABLE VIII.  PHASEII
b X, X3 Xy Xg X b
X3 1 2 1 1 0 0 300
3 3 3
Xe 1 5 0 z 1 0 400
3 3 3
x; 3PE 2 0 0 0 1 1200
¢ @ — @ 0 @ 0 0
3 3 3
e | o | X [ 1| L] o | 1|5
9 3 9 3
Yo 0 = 0o | PE | 1 BE
9 3 9 3
2 1
Xy 1 3 0 0 0 3 400
¢ | o | 10| g a0, es
9 3 9
7 1 1
%3 0 : 1 0 . — | a0
1 1
X, 0 ?3 0 1 % -2 400
x, 1 % 0 0 0 % 400
¢ 0 —-500 0 0 -200 -50

TABLE VII.  PHASE |
X, X, X3 Xy X5 Xe X7 b
Xs 1 2 3PE -1 1 0 0 900
Xg 1 3 2 0 0 1 0 1000
Xy 3 2 0 0 0 0 1 1200
o 1 2 3 -1 0 0 0
o | 22 1 22 o | o | a0
3 3 3
| DS o 22 1] o | a
3 3 3 3
X 3 2 0 0 0 0 1 1200
o 0 0 0 0 -1 0 0

Since all ¢ <0 and Max. Z* = 0 we get an optimal
solution. This gives a basic feasible solution to the original
LPP which will be used in phase Il to get optimal basic feasible
solution.

Here the actual costs are taken for the variables except the

Since all Z;-C; > 0, an optimum basic feasible solution is
obtained.

Hence the optimum solution is
x; = 400, x, =0, x3=300 and Max.Z= 260 000.

C. lustration Using TORA Software

With TORA software, the solution is obtained after the
iteration 5:

Phase 1 [Iter 1
Basic il s 3 Sad Rih b sf  Solution
2 (min]

N S . Y [ i
st | 3w

of T T ! oo 1.0 E
LowerBourd | INECTTO O] I I R R
Upper Bound INECTIELEY) [N I N I
Uniest'd [y/n]? ‘n -----

. /' ! [ | [ |
Phase 1 [Iter 2

Basic il s %3 Sad Rih b sf  Solution
a(nin) IS ) T )
%) | o ow] ol onjES 000 0,00 [ET]
b BT o o oo

artificial variable which is assigned zero value. We now use o BT v oo oD

the following objective function: e — _—
Figure 1. Phase | (Iteration 1& 2)

Max.Z= 350 x; + 200 x, + 400 x5 + Ox, + Oxg + Ox,.
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Phase 2 [lter 3

Basic il %2 3 Sxd Rz skb st/ Solution
2[na) | G687 0M0] 4B blacked 000 000 120000,
1 Y] 033 0,00 0,00

0,67 087 1,00 0,00

sib |7 o] o]
| sof om] o om ]
| om| o] |

Lower Bound

Upper Bound

Unrestr'd [v/n)?

Phase 2 [Iter 4

Basic il 1l <] Sud [iE4] b sl Solution
z(na) | 000 4333 blocked 000 7222 2066667
5 [ M 1| 033 A

b TR v o o0 [EEN
ﬂ | ol opr| oo o.oof R 400,00

Figure 2. Phase Il (lteration 3& 4)

Phase 2 (Iter

Basic 7] 13 Sd Ryh sib i Sulutlon
2 nar nmnm-mm-ﬂm
3 T o0 o W
Sud 0| RS 1 I N

4l ] G T uaa

Figure 3. Phase Il (Iteration 5)

1) Wlustration for “(2)”

Phase 1 [lter 1

Basic Solution
2 (min) -!II!I-!EEI -m‘m‘m‘m
b | o 300) | 00| 0.00 [ 1000.00f
—-mm-m-m——— Sﬂﬂﬂﬂ
sl | 3] 20] T | N 1200.00]
Lowei Bound | IR IR _
SCATTINN infinity| infinity I I I I
Unested (/o] N I I

]

Phase 1 (lter 2
Basic

Ell 2 23 Sxd 1l Solution

23] Rb
2 (nin) | o] oo ool oo 000 100] ol
5 N I 17 5 | 067 (] 400.00f
13 | o[ om0 ! 033 0.00 IRETTIT]
sl | o] 200 ool ooof ) 0,00

I]  1200.00]
I

Upper Bound
Unrest'd (y/n]? -“_____
1 5 1 7 | [ |

Phase 2 (lter 3
Basic 2l Sxd 25 Rxb sx7 Solution
2 (max) bo57 ‘m 13333] 0,00 blocked| ___0.00] 120000, 0

s | ter]  omf 067 EEERTTIRT

3 I VT o0 0.33

0.00
0.00
| [ 120000

Figure 4. Phase | (Iteration 1&2) and Phase 2 (lteration 3)

Phasa 2 (ter 4
Basic fl 12 13 Sud 548 HxB st Solutiun
2 (ma]

00 03

om o om 0'33
p_— -mnmnm ----
UppesBond IECTIECTIECT
unmu-dwznnnnn I
./ [ ! /| |

Phase 2 (Iter &

Basic il ) (2] Sud 4 Rxb sl Solutiun

LN 00 S0 0 0W 200 bocked 500 000000
S TN s W w-
9 BTN o0 o orEND
i L w oo on SEEUNUEY o
f ' ! [ ]

Figure 5. Phase 2 (lteration 4 &5)

2) lustration for “(3)”.

Phase 1 [Iter 1 4
Basic suf Solution

2 [nin] -m -mmnmnmnm
— o] 0 [EFI

Unrestrd (y/o]? [T I - |
! ! ! ! ;[ [ |
Phase 1 [lter 2

Basic %l 2 ¥3 Sxd £ Rxb 1 Solution

2 [min)

st | 3o 2m[ oo  0mf

X !

il | o[ e ooof 067

Lowen Bound [NV IRV IS I

Uppen Bound T I I I I I I

WY of of o ]
! ! ! ;[ [ |

Phase 2 (lter 3

Basic %1 ] Sud 589 Rxb ki Sulullun
2 (max) Im‘m‘m

-mmmnm‘m———
0.00
1.00

A | oe7]  100] 03T
el ‘Eﬂ 00 0
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Phase 2 (ter 4 4)  Wlustration for “(5)”.
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3) lustration for “(4)”.
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