@M:Z X *o%2

’ld’ "'O X( < 4‘
2%, <12
3%, +2Xy, € 18
x|)/0' ’(‘l 7/0 .
* r$ = ‘l'
e 14 =
3, 42X +§3 -—lY
"‘3X| 6%, + T =0
xl )XL'g“S S;>/O
Glandard fow Mok 2 = CX\t .. 4Gk,
Sugeck +© B K, +0 Ky *.. 48K, b, |

3! Min C=2¥ 3% +X3

S:t. Xl‘H-‘Y. +‘lX Z?
Xy -ZXZ'I-X} £6=- X%‘zxzd}{# “k

K'lxl,x; %0 Y, ¥a

‘__xl X2 K'j s r-‘ o \’L
el .

A=l-l o -|-6| A= : 3—| 3,
L e ¢ -6 ||

Max C' = 2y, -bY2

st Yi-Yy <

“‘h'“'h‘
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Yi Y2 S1 S2 S3

The dual problem

Optimal solution is Optimal value is
The original problem
Optimal solution is Optimal value is

2.6 Max and Min with Mixed Problem constraints

Maximization

Constraint equations of the modified problem

Step 1: If any problem constraints have negative constants on the right side, multiply both
sides by -1 to obtain a constraint with a nonnegative constant.

Remember to reverse the direction of the inequality if the constraint is an inequality.
Step 2: Add a slack variable for each constraint of the form <.

Step 3: Add an artificial variable - a surplus variable and in each = constraint.

Step 4: Add an artificial variable in each = constraint.

Step 5: For each artificial variable a, add the penalty cost, -Ma to the objective function.
Use the same constant M for all artificial variables. Move all variables to the left-hand side.

Example 2.6.1 Find the constraint equations of the modified problem of the following
linear programming problem (ﬁ not attempt to solve the problem.)

10 gmk'

Max P= 2x1 + x2 =

s. t. X1 + X2 <
—=Xi 2= 2
§1Z-g,§2 > w/ vm ?"’fb VGH@MQ

-2 -x,_-rMap—P =0

% ,%2,%,% 4, 20
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Example 2.6.2 Find the constraint equations of the modified problem of the following
linear programming problem (Do not attempt to solve the problem.).

Max P= 2x1 + 5x2 + 3x3 —MﬁrMﬁt"ms
s. t. X1 + 2Xx2 - X327
g e s B x2+2x3 ”9
x1 + 4x2 + 3x3=21
2x1 - X2 - 4x3=6
x120, X220, 3 =20

X, +2¥%, — X3 *$ =3
X, = ¥z t2¥s =5,%0, =g
Xy U + 3x3 = 83 "‘a& =1
LK W2 R 5 tQ3 =6
- 2%, ~5¥g —3X3+Ma tMg, +Mag +P = O
X, %2,X3,%,5.,%,8,8,9, # 0, M 20

Town M Voo e 7
2.7 Big M Method:

1. Form the preliminary simplex tableau for the modified problem.

2. Use row operations to eliminate the Ms in the bottom row of the preliminary
simplex tableau in the columns corresponding to the artificial variables. The resulting
tableau is the initial simplex tableau.

3. Solve the modified problem by applying the simplex method to the initial simplex
tableau found in the second step.

4. Relate the optimal solution of the modified problem to the original problem.

A) if the modified problem has no optimal solution, the original problem has
no optimal solution.

B) if all artificial variables are 0 in the optimal solution to the modified
problem, delete the artificial variables to find an optimal solution to the
original problem

C) if any artificial variables are nonzero in the optimal solution, the original
problem has no optimal solution.

Example 2.7.1 Solve the following linear programming problem.

Max P= 2x1 + x2 ‘Mal
s. t. X1 + x2=<10
-xr +x222
x120,x220

)(. +¥2-\-S| =10
% 4%z S0y =2 ( Modifed
~2¢ - ¥y +Ma 2P =0 problew

X, %, S1,5,4 70
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‘;' '”W X1 X2 Si Sz ai
g‘f“,, SR 1 [1 e 10
Yaiean |G, | - Q1 = -4 2
e P = Z bl O Q—%———Q‘——
\n"““:; s | 4 \ ! 0 o lo
-h W Lal ’M!— A 0] -\ * ! 2
Bk e [ m-2 [m-al @ M "o -2M
R~RR[S) | - 8
Xlu-v,. —‘;-\-\G"'i = -1 ST T \ - ‘ FIT) Z (I X(2)
Rytwerfa [ p TS : e e 5
iz.-»’h )(l e ' Ya 72 = 4 :’:‘
2=
RtR9R Xo, O o V. Y % & g0
Ry +RB/P| O 0 Y2 Y2 Wk g5
Optimal solution is (xg;xl) - (q; b ‘ Optimal value is \ q’ a0=o
Example 2.7.2 Solve following linear programming problem.
Max P= x1 - x2 + 3x3 —Hal —Ma‘l—
s. t. xi + X < 20
X1 + x3=5
X120, ))Z Z_B, ;2 ; (1)0
¥, + )(z + S. =20 '
x,\ +Xq iy =9 M"d:f'd
X, t¥3 =S§p*a, =lo g
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= +¥p -3 +Ma +Magtf =0

Xy  ¥a, x3;9« 52 auq?_ >/0
MYo nﬂcvzmvfa”m wdiq
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Xy x?. )(3 Sl Q' Sl az
&, ' o | 0 | o) o .
Pil-v 0. =306 ] © T} ©
$i \ | 0] J ol o0 |o 20
Q, | (0] { O { ) rs T
& O | | o o -1 as
_P -:Q-”I l-gl.ko) fsni(ﬁ o=M(5) mfacq o-go) A o
S | | | Fcl o o O 20
CARUCY (O] R
o T [t (o|o]— | || to
P H,r]l):- '('i’ 1|:Mlt“|) f-f.)-m) o'y O‘Q”(»D' o= (—nm—f‘g) -S’f"‘-smrxi;
L g 0™ | 20

&)
aE
Xs| | Yyl ol 006G | 5
NEE o b L.t 4.2
P l2aM [I-M] O O 3%32M M O |-SM+tIS
Sy 2 0. 2 1 1 1 - & X0
=5
MEE T el T
aslaox 0 gt =l L Bl
P 3 0 O O 4 | -+M| |0 5=OC
Optimal solution is (X,,ga lﬁl >¢ 0'5' S ) Optimal value is lD al 5 O
Minimization a3=°

1. Change the objective function from minimization to maximization by
multiplying -1.
2. Use simplex method for maximization to solve the problem.

3. The solution of the maximization version of the problem is the same as the
original minimization problem.

If the objective function value of the maximization version is z, the objective
function value of the minimization version is -z.
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Example 2.7.3 Solve following linear programming problem.

[} - -
Min C=30x: + 30x2 + 10x3 M“x C ”‘Wl —30)(1_ IOK3 Ma'
s, t. Xi -+ X2 + X3 =26

2x1 + x2 + 2x3 <10 Sj' x|*xz+x3 >/6
X120, x20, x3=0 ZX'*Xz*zx} s |°

x' ,X1,x3 7, O

X G +K3 —S|+a| =6
Mod:fied WA TR *35 =10
problew 0%, + 300, +10k; +Ma, tP =0

X,20,% ,x.,,g‘hs,'a, »o,M?¢

-00
I i\
Optimal solution is (X,,&TK’) e (O,' 2;4_) Optimal value is g 5 'éo CMJ:))
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