ARy

e

13 Be PIPRS-A N T T P R S AT
Q solve the iven L. O 1800 ) SAN T2 et Lk 0,3,8

( 1\/ baximize 2= 7x T 35X
n et P — —7
subject {0, ] ) R")“/" <. pArel
x,F2x, % 0 LS ~Ath:::j
X 2 ll el RITE XY
oy 1 -+ 3\ < 12

and x;,x2 = 0. : P
<+

Here, m'a\(z)——mm( Z)
m1n(—z)——7\lf3\ﬁ(x3 FOM
subject to,

\'.1+7Y7+\'.3"f‘03(4:6 . 1
l\,+3\<q+0x3+\4 12 3
and x; 2 0;i=1,2,3,4

Now,n=4, m=2 = n-— m=4-2=2 4
Here, x ; and x , are non- -basic variables i.¢

and x4 = 12 are basic variables.
Which is the initial basic feasible solution.
The initial simplex table is presented as follows.

Table : -

=0andx;=06 |

| crten
M o om0 5T T o Ty T R Ratio |
'e - Varian gt -7 ] = ¢ . 0 | R.Ratio
: I 4 B vt e Y
. CB I “dSH ):U ! X1 L_ X0 X3 : Xa oA X g
jr——— —— —t i — ——— — - e ——— - — L
! i | : ) )
U X3 6 | | { Z j 0 16/t=0; E
I?" LY S — s _-ﬂ__}.____ e e | S ;.
: | P e i . |
0 —i 12 a4 300 R L T b
IR Y "R SUVINE el I—— S, . | f
it = i I = T T T &
~z=3 ¢, =0 4 =7 »3; 0 10 i oci—z, | ‘
USRS ﬁ\—“""‘ [ S S _-_________i_ ! ) _' ___:
: T % |
mosl ~vo bl
Here, the most nevitive o~ 2 is =7 and it oceur in the columi &
nf %, ‘
17 o pats s 2% 4 ren T B e TiE 4"./"
We take the replacemeni ratio Y/
SN
Vi |
Now, the minimun positive ratio is 3 7 and it oceur tn ihe row o Xy
“ X ‘|1 L,;’-"'.]‘ . . . R e ) . - / A
Cx g wvil leave the basis and oo will enter in the basis, Algo *47 18 G
key element,
: ’ .5_11\,'1:::_‘: il Giomunih ol T oy PN Dy “-l’ _‘.1‘<~J DTV et
elemeanis ¢ s b 2O ST R MELla GRS
. A
A% -
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lable : - 2 =
c, | Variin | ¢ | -7 )-5] 0 0 | R.Raiio \

basis Xg X} X2 X3 X4 :

0 %; 31 0 |s/a| 1 |-1/4

~7 | x 35001 374 0 | 1/4
—2=2.CXu =21 0 | 1/4] 0 | 7/4 | ¢i—u; i

% Here, all¢cj—2z; 2 0 ‘
‘ .. This the optimum solution with x ; =3, x,=0,x5=3 and x, =0. ¥

min(-z)= -7(3)=5(0) %
£y = =21

= Somax(z)= —min(-z) =21
(2)’ Maximize z= 3x, +2x,
subject to,
—x;+t2x, < 4
4 1+ 23(2 < 14 3
—X1+X, 2 =3~ ;
and x,,x, > 0.
Here. max(z)= —min(-z)
min(-z )= —3x, - 2x»
B subject to,

)

e —X,+2x, < 4
3x,+2x, £ 14
X|1- X2 < 3
. and x;,x, 2= 0. ,
Nowowe add slack variables in the constraints,
“min(-z )= —3X,-2X>,+0x3+0x4+0x5
subject to,
—X T 2X,+Xx3+0x,+0x5=4
I+ 2%, +0x3+x,4+0x |

| 2

w

1
“r

“ 1

X|*'}\'3'1'(})(34'0)(4‘?‘ Xs 3
and x; 20;1=1,2,...5
n=5m=3=n-m=5-3-72

Here, x and »os are non-bazic variables 1,2

Xy = 142 and x5 =3 are bazic variaoles,

o . i A
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Which is the initial basic feasible solution.
The initial simplex table is presented as follnws.
Table: - 1 £
o [Vaiin[ g [ -3T-270 [ 0 0 |R.Ratio :
B | basis Xy X X 5 X3 | x4 Xs | Xg/%X, g
0| x | 4 [ -t 2| 1| o] o |*ED :
o | xo | M | 3 | 2 o | 1 | o | 143 |
0 Xs 3 | | -1 0 0 1 |3/1= :

—2= 3 Cy Xy =0 -3 | =2 0 0 0 cj -z

most —ve

Here, the most negative ¢j—z; is ‘-3 and it occur in the column
of x .

.. We take the replacement ratio X% :

Now, the minimum positive ratio is * 3 > and it cccur in the row of x 5.
C.ox s will leave the basis and x| will enter in the basis. Also “17 is the
key element.
.. Convert all the elements of column x| (o zers using unity.

Table : -2

= = e = S [

|~ | Variin | g -3 | -2 0 0 0 IR.Rativ |

B basis Xg X X 5 X3 X 4 xsj Xpg/ X2 |

' |

0 X3 7 0 I 0 L 7/1=7|

|

0 X4 5 0o | (5] 0 1 -3 |S/5=11|

/(_ |

N T T o L O R R e

—z=Yc,x,==21 o | -s | 0o | 0o | 3 |c¢-2
. - o ]

most —ve

1l : e By y) R CYRI T EE TR . : e rQ
Here, all ¢ |~ 7 HI'C o non-neeaitve, Fhe o P e Ugb e N 7S

appears in the column ol < - adibs

. |
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". Replacement ratio = B -
/o

The minimum positive ratio is * 1~ and it occur in the row of x 4.

.. x4 will leave the basis and x, will enter in the basis. Also 5 is
the key element.
.. Divide all the elements of the x4 row by 5” and convert all the
clements of column x; to zero using unity.
Table: -3 ;
" Vari.in| ¢ | -3 | -2 | 0 0 0 |R.Ratio
CB . !
A basis XB X X X3 X4 X5 1
! 0 | x 6 0 | 0 1 |=1/5] 8/5 "
-2 Xo 1 0 1 0 1/5 |=-3/5
-3 X, 4 1 0 0 1/5 | 2/5
-z=C,x,=—-14 0 0 0 1 0 Cj ~Zj
E
Here,allcj-z; 2 0 i
. This the optimum solution with x| =4, x, =1, x5 =6 x4 = U and i
x5;=0.
“max{z)=3(4)+ 2(1)

= 14,
{3)[ Minimize z= x;—3x, +2x;
subject to,
3X;—x,+3x3< 7
LEXtH4x, < 12 i
—dx,+3x,+8x; < 10
and x;,%,,x3 > 0.

Here,minf z)= x;=3Xx2+2x3+0x,+0x;5+0x4
subject to,
3y =X+ 3x;+x,H0xs FOXxe < T
Xy FAX,FO0OX, P XsFO R S 12
ol i+ s+ B R+ O x g0 xg -+
and x, 20:1=1,2,...06.
Now. n=6,m=3 = n-m -0 -3¢

/A
r—

6 =

l",J

A
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Here, x 1, X, and x5 are non-basic variables andx,—7 x5 12and ‘
X = 10 are basic variables. This is the initial basic [casible solution. )
The initial simplex table is presented as follows.
Table: - 1
c Vari. in C; 1 -3 p) 0 0 0 R.Ratio
. :
basis Xo | xi | x2 | x5 | x4 X5 | xg Xg /X,
O x| 73 =3 o o | /6D
A
0 Xs 12| -2 D] o | o 1 0 | 12/4=3
A

0 Xg 10@3;- 8 0 0 1 10/3

2= 3.Cp X, =0 Liy=31 21010 o0 cj -z

most —ve
Here, the most negative ¢;-z; is *—3’and it occur in the column
of X-.

.. The replacement ratio = X% :
2

Now, the minimum positive ratio is ¢ 3 * and it occur in the row of X ;.
-+ X5 will leave the basis and x, will enter in the basis. Also ‘4’ 1S the
key element.
.- Divide all the elements of the x s row by ‘4’ and convert all the
s elements of column x ; to zero using unity.
\;/", -T‘ . ?
Fable: -2

. Vari. c; || =3 2 0 5 0 R.Ratio
" Ca in o Xp /x4
basis XB X X9 X3 Xy Xs X
i 1 o’
0| x | 10 (-) 0 | 3 | 1| L] o |10/65/D
‘\_\:/ LI. — 4
i p I / |
3o | 3|5 ool by PBieiy2)
] 7
/ 5 3 co =577
o f s [ r B sy
c=yo,a, =9 =2 Lo Lo Lo 0o,
O O P S . J_ _-,_"_ | I ____.J_____» .

4

P
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tere, all ¢ j — zj are not non-niezative. The most negative ¢ ; — zj is

j
1 - b M 3 I b] 1
appears 1n the column of x, and it is -=". E
. . K :
.~ Replacement ratio = :
xl

The minimum positive ratio is * 4 * and it occur in the row of x ..
. x4 will leave the basis and x , will enter in the basis. Also ‘%’ 18-+
the leading element.
.. Divide all the elements of the x 4 row by ‘% > and convert all the

elements of column x, to zero using unity.

dle: -3
Vari. | C 1 _3: ) 0 0 0 R.Ratio
Cg n )
basis X5 X Xo | X3 | X4 | Xs X6
6 2 1
1 X - - — 0
Xy 4 l O s 3 10 ‘
3 1 3 i
_ 3 ; 3 = ~ — 0 |
2 0 T |
1 i
0 X6 11 0 0 | i I = 1 |
Z =S¢ 13 | 1 ] )
© T L 0 0 = - i Y Ci—Z;
=—1il 5 5 5 : .

Here, all¢;-z; > 0
. We obtained we optimum solution with x ;, =4, x, =35, x; =10,
xs=0,xs=0and xs=11.
Smin(z) = 1(4)=3(5)t 2(0)
= - 11].

A4,
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§ Two phose method [0i solving L.P. Problesn -

Phase : - ]

51(5‘()-1 In NN POz adnon Conye

A e 5 i s .

Assign a cost *1” (o cach artificial variable and a cost ‘0’ to all other
vartables (‘including slack and surplus variables ) in the auxiliary equation i.e.
new objective function. 300

12
We write g(x) = Z e where x; are artificial variables.

i<

@

Step-2
Write down the auxiliary L.P.Problem in which new objective
function g(x) is to be minimize subject,t_q\,’givgn constraints.
Step-3 - ‘o e,
Use Simplex method to solve the auxiliary L.P.Problem.
= If min g(x) > 0 and if ai_least one artificial variable appears in the
optimal basis at a * +ve * [evel then the given L.P.Problem does not
possess any feasible solution.
= If'mimn g(x) = 0 and if at least one artificial variable appears in the
optimal basis at zero level then we ,pr,@cegrd to Phase-2.
= ifmin g(x) =9 and i no artificial ‘v"rgl‘/i,a}il‘f;/gippears in the optimal busis
then we proceed 1o Phase-2. n_Mk-'V' )

fad
N ; g
Phase ;-2 AL (‘!\J v
— 0 -,
Step-7 I‘\.‘:\
4

Assign a actual cost to the variables in the original objective function
e S . T T T ———
and a cost *0” to every artificial variable that appears in the basisat the

= s

Lo o
I

&

.

-—

Lt zero levell e remove the artificial variables and the coiumn of the

<rtificial variables in Phase-2 which are non-basic at the end of Phase-|
The original objective function is to be minimize subject to the
- Liven constrainis by applying Simplex method.

Ariificiaf variables : -
[f'the first (initia) basic feasible solution for the given

_.P.Problem is not avaiiable then the new variables are added to act .o

Cbaste variable in the constraints which ace called artificiol variablos,
Artiticial variables have no meaning 1o the cri; inal problens,
serare nearly added so that we get ainitinl bagic fene i <ohition Al

e start the simplex method,
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§ Solve the given L.P.Problein by Two phase meiiiod
(1) Minimize z= 4x, + 5x,
subject to,

2x1+x256
X]+7X2 S:)
Xi+tx,21

Xy+4x, 22 and x,,x, = 0.
= Here,
Minimize z = 4x + 5x,
subject to,
2X1+X2+X3=6
X1 t2X2+X4=35
X1 tX,—x5=1
X +4x,—-Xg= 2
and x;, 20;i=1,2,.....6.
Now,n=6,m=4 = n—-m= 6 4 =2
X 1, X » are non-basic variables
6X4 5x5——land*<6——2
Axsx3<0 x s <0 This solution is not feasible.
. We shall add variables X 5, X s known as artificizl variables.
X]tTXo—Xst+tX7=1
Ny Fadx,—xXgtxg= 2

Now,n=8 m=4 = n-m=8-4=4
X1, X1, X5, X ¢ are non-basic variable ﬂnd basic variables x5 = ¢,

x.=5,x;=1and x5 = 2. Which is thz initia! basic feasible sciution.
We solve this L.P. Problem by two ,/}“ 2 =implex method.
Phase-1 Here, objective function g(x) = X7 + Xy
The initial simplex table is presented as follows.
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N
- T
Vban:m ?i_ 07 0 0 0 0 1 | [R.Ratio
asis | y ’
>\B X1 1] X, X3 Xq | X5 X6 X7 X8 XB/XZ
’ 6/1
X3 6 2 ] ] 0 0 0 0 0 -6
Xq S | 2 0 ] 0 0 0 0 5/2
1/1
X7 1 | | 0 O [-1] 0 ] 0 —1
Plxs 2010 (@Dofofo|-1]o0o]| 1| 1/24
gx)=3 -21-=-510 0 1 1 0 0 |cj—z;
| )
most -ve
‘4’ 1s the key element,
lable: -2 |
‘ ~ |Variin| ¢ | 00 0 | 0| 0] 0] 0 1 ! [R.Ratio
L ® | basis e | £ | X2 | x5 | x4 Xs | Xe | X7 | x5 | X8/ X4
0| % |4 I IR ~ o |- o220y
: ! l L4704
} 0 Xy 4 5 0 0 1 0 E 0 — 5 =
: , A ! L|Cayicay!
i X7 E (\‘_z/) 0 V) 0 -1 : ] — -Ll— =19 / g E i ;
- | P I AR (CAEOY I B
0 X ) n | 0 0 0 |- B 0 ” =9 |
1 3 7 ] 5
] g(z() - ”2‘ : ;’r 0 0 O ] — 1 0 Z Cj — "I

most —ve
;:)”/,

47 1s the key clement,
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y Solve

the Ziven [
(1) Minimijye 7 =

X —2x%
| -«‘\2“}‘){3511
—4X]+x2+2x323

Minimize 7 =

subject to,

xl"-?-xz'i'.\'3+}(4=ll

P, Py ‘
Problen; by BIG-pg method
—3x;+x 2t x

3 Subject to,

—4X|+I\'2+2X3—X5+X(,:3

—2X |+ X3 Fx,=] wherex; > 0:i=1,2

artificial variables.
Now,n=7m=3 = n-m=7-3

an(!xlax21x32().
= 3X |+ X, +x

P T X2 X3+ 0x4+0x5+Mxg+ Mx,
Where M is very large +ve number.

bl

= 4
X1, X, X3and xs are non-basic variables but x,= 11, x g =
X 7= 11s the initial basic feasible solution. We apply Big-M method.

vl 3 X, X7 are

-

3 and

Table-1
. Vari.in! G —3 I I 0 0 M M |R.Rati
asis | Xp X X2 X3 Xa | Xs X6 X7 Xp /¥
0| x 1oy 1 =20 1 |1 lo|lo]|o0 B{f
M Xy 3 —4 l 2 0 -1 1 4 3/2
M| x| L] =20 Do oo | 1)
! -3+6M|1-M | 1-3M | 0 M 0 0 Ci—Z
L vjﬂ
Tabizs-2 most —ve The key element is ‘1°.
- a .
C Vari.in| ¢ - 1 1 0 0 M M R.Rati
® | basis e X i X 7 X3 X4 X X x5 | Xs/xs
0 | x |10 3| 210 : 0 | 0 | -1 | =5
M| xg ] o | C o | 0 | =1 1 -2 !
l X3 ! -2 0 | 0 0 0 1 o
. _;;. Lo e e—
-1 i-M 0 i % ) vl -1 &
I -
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R.Rati¢
XB / X3
4
(0 0]
o T T L A T AR BV 0 |-y
-1 0 0 0 1 M-1 [M+1 |c¢j-z;
IMOoSt —ve
The key element is 3°.
Table-4
FC’ Variinl ¢ | -3 | 1 | 1] 0] 0] ™M ] M |Rraa
. basis XB X X9 X3 X4 X5 X6 X7 Xp/ %3
L— ] 7 2 -
— \i 4 ] 0 0 5 — ‘3— g — %
X 1 0 1 0 | 0 | -1 1 -2
2 4 4 v/
X — 0 | - | - = — - =
1 3 v 3 3 3 3
11 1 1 2 _
0 0 o | 5| )4 e 3 |M-24 | ¢j—z,

Here,all cj—z; > 0
- This i1s1he opumum solutlon with x|, =4, x,=land x;=9.
-min(z)= -3(4)+ 149
= -2
2) “%x:m:ch 3x, +2x,+ 3x; subject to,
) 2x+x,+ x5 <2
3x +4x,+ 21, =
and x,x,.x, > 8,

&

Scanned by CamScanner



Minimj:
172¢ (- 7)) = _
subieet t ) 3X‘]*2X7
subject to, 2
2
3X1+X2+X3+X4:2
X+
] 4X2T2X3-X5+X6:8
andXiZO;]:lz 6 - ISP )
Now. n=6meny . . » X ¢ 18 artificial variables.
, NI = >m_2 = ]]‘[]]:6-__2:4
X1, X, Xz and X5 are non-basic varjables but X4=2,X6=81Is

the initial basic feasible solution.
We solve this L.P.Problem by Big-M method.

=3X3+0x, FOX5+ My,
Where M js very large +ve number

Table-1

C Vari.in| ¢ -3 -2 ] =3 I 00 I M [R.Ra i

B - = .
basis XB X i X2 ! X3 [X4 X5 [Xé IXB/X;:~
2/1 |

P
0 Xy 2 2 Q) I I 0 0 _ /
8/4
M | X 8 3 4 2 0 |-1]1 _ /
’ ]
-3-3M -2—41\/1/—3—2M ¢ [ M / g ,ic)-LJj'
most -ve
The key element is g
Tabie-2

: 0 ] 0 | M [RRaio|
.| e -3 — 2 -3 2. Rario]

i i C b |
1 CB \s/arl'ln : - < X , X J XB / “:: ’
pasis | Xp X | X2 X3 Xy 5 6 .
-2 X2 2 2 ! ! ! 0 0 "l

M| % [ 0] -2 0 -2 -4 _l__ o JI |
_ - N ’ '
Tresm| 0 |[2M-1 lz+ 41\/1{ M l T ,"

Here, all cj—2; 2 0 ._ N
. N & pastas "‘ F— = { \." — 2 ana Mo -
This is the optimum solution with vy =0, x, =t 44
oAy L Y0
max(z)= 30+ 2(4 2) -+ 3(0)
= +4,
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Dnatay in L Poproblem :-

Supposc the primal L.P.Problem given in the form

Maximize z, = ¢; X F o Xo Foiiiiii + ¢y X,
.x‘ub_jcct to the constraints,
anxytapxot+o I a;, Xy < by
) Xp Fanm Xo o Faa,Xp S b
Qi X) T ama Xa T * A Xn s E"m
and X, Xa,eeeeen.n , Xy 2 0
then the corresponding dual L.P.Problem is defined as
Minimize zy = by y, +baya ... + D Yin ! d
subject to the constraints, T bm
anpyrtanyy: oo +am,ych, >
an vy tan vyt +am2 Ym = Co
A YrTaxnyY2a T, T A Ym = Cn
and v, Yos.oooo, Vi 2 0
Nemury :- .
= The Primal — Dual relationship is under.
ITin primai  then in dua
L Objective 7 is to maximize (1) Objective " is to mini m :fe.
(2) number of variablzs x; (2) number of censtraints © b’ "
{3) number of constraints * i (3)n meev of vayiables ;.
44) * <7 type constraints (4) ‘=2’ type constraints,
(5) variable x; UnvaTﬂLtCEd i sign (5) consiraint ¢ j > js ¢ =" type.
(6) consiraint * i 7 18 © =" type (6 )\all’iblt «i unrestricted in sign.
P
= In the both Primai and Dual P xoblem the variables are non- -negative
and the constraints arc inequalities such problem are called the d
svmmetric dual linear programming problem.

= For maximization problem all constraints be with * <’ tvpe and for

T —

minimization problem all constraints be w1tl Z7Iype.

e EE——— ’
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= The Dual of the dual
Minz=x1—3,\'2—2x3
Subject to,
3Xi“‘X2+2X3S7
3X|—4X2 2 12
—4x, +3x,+8x3=10
and x |, X4, x5 = 0,
i.e.Minz=x,—3x;—2x3
Subject to,
=3X;+x,;-2x5;2-7
3x ) —4x, > 12 d
—4X|‘{‘3X2+8X3:10
and x 1, X5, X5 = 0. )
Thus, the dual of the dual is a primal.

Example :- [ Find the Dual of the Primal. Soive boti primal and the dual

L by the Simplex or Big-M method..
) M;1xz=3x1+2x2
Subject to,
2x+x,

202

= Dual
‘Min w =35y, +3y,
Subject to,
2y +y, 23

= Simplex method for primal. ‘
Min (-z)=-3x,-2x,
Subject to, - ’
2X|+X3+X3=5
X '}'Xg'#X4:3
and X, X5, x5, x4 2 0.
Now,n=4 m=2 - Nn-m=4_2=92
Here. » and x, are nen-basic variables and x 1= 5 and x i = a
basic variabies. Which is the nitial basic feasible solution,
The initial simplex table is presented as o}l

,\_:

(BAUVAN
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T T Variin | G | 3] -2 1 0 | 0 [ RRatio |
CB hﬂSiS_; .v\rn l N l\ Xo X3 _Xa XB__Z_J\'__'_,
0 X; s (D] 1 ! 0 5/2
0 Xy 301 o |1 |3/1=3
Cemyenso [0 [0 o]

Table:-2 .
C Vari.in Ci | -3 | -2 0 0 R.Ratio
B . 1
B [ basis Xp X, X5 X3 X4 Xp/ X2
ﬁ 5 1 1
— ) X] 5 ] 7 2- 0 5
| 1 1
| 0 Ny 2— 0 \E) — —2— ] |
l — B 15 0 ] 3 .
: — _(,1 '—'2‘ —-"2— 2— ] (,J'—.L'J
most —ve
Table ;-3
[ Variin | ¢ | -3[-2] 0 | 0 |RRatio
LB
basis Xp X, X7 X3 X4
-3 X 2 ] 0 1 —1
. 2 \2 l O 1 - 1 2 °
_‘-":Z(H\H:_g O 0 l l CJ——Z]
Here,allcj—z5 2 0
. This is the optimum solution with =, = 2ox, = i,
min(-2)=-3(2)-2(1)
= —~ &
masx( 7 ) = - min(-z ] = 8.
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= Big-M method for Dual.

Minw =3y +3y>
Subject to,

2y +ty2 23
)’,'*‘)’222
> 0.

and y 1, ¥»

,+ 0yt 0yt Mys+MYs

— Minw = 5yt 3)
subject to, Where M is very large +ve number.
2)’.4‘)’2—)’3"*’}’5"'3 |
yi+y:-YitygT? .
wherey; 2 0517 1,2..6&8Ys,Yealc artificial variables.
Now,n=6,m=2 = n-m=6-2=4 ' g
Y1,Y2 Y3 andy , are non-basic variables butys =3,y 6~ 2 is the
initial basic feasible solution. We apply Big-M method. )
Table- 1
—
C Vari.in| G 5 3 0 0 M M |R.Ratio
.B . '
basis | Xg Y Yo Y3 ya | Vs | Y6 | Xp /Y1
M | s 3 | (2 = ! o | 3/2
, 2/ 1
M Vg 2 | l 0 I 0 l e
S_3M [3-2M| M | M | 6 0 |cj—wj
most —ve 2’ is the key element,
Table- 2
C Vari.in‘ Cj 5 | 3 0 0 M M R.Ratio
B i .
basis | Xy | ¥ i Y3 | Y4 Ys ye | X/¥
_ 3 I 1 1
5 201 Ll L 4 ;
2 2 R ’ 2
1 ﬂ N\ L 1
M Y6 5 0 L /J 5 -1 -3 l i
i T s Tk | s sl T
A IR T U O S R
(2 2 ]2 2 | 2 2 | | |
T L. . T
ItOsl —ve M,)' I u\l\_‘ -\\,' { !K:I I
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Aeedrem - Prove that the dual of the dual is the primal, goLe

Let the primal problem be
Minimize z = C X

subjectioAX 2 b;x >0, (1)
where A is ‘m x n’ malrix, b is ‘mx |° matrix, X is ‘l==n’ matrix
& Cis ‘1 x n’ matrix. T

The dual of the primal problem be
Maximize w = by

subject to ATY < Chyy >0

But, Maximize(z) = - Minimize(- » )

. This dual can be written as, -
— Minimize(~w ) =b"Y
subjectto A'Y < CT, v > g :

Minimize(—w )=-p'Yy
subjectto —A'Y > — C';y >0,
Now, The dual of this I.P.Problem is
Maximize(~z ) = (- CT )X =-CX
subjectto (- A")'X < b, X = 0.
l.e. — Maximize(-z ) = CX
subjectto—AX < —p: X > 0
Le. Minimize( z j = CX
subjectto AX 2 b;X > 0.
Which is the primal.
Thus, the dual of the dual is the primal.

)
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S Explain the Dual Simplex method for solving L. P.Problein.
Step-1

Convert all the inequalities of * 27 type to * =7 type.
Step-2
Obtain an initial basic solution to the L.P.Problem and put the solution
in the mitial dual simplex table.
Step-3

Calculate the value of ¢ - z; and examine,

(1) Ilfall ¢;—z; and b mc variables xp; are non-negative ; for all i and
then the optmml basic [casible solution has been obtain.

(i) [l all ¢ — 7z, are non-negative and at least one basic variable say Xp;
is negative the go to step-4. ’

(iii) If at least one ¢; — 7 is negative then method is not applicable to

. the given L.P.Problem.
iy Step-4
Select the most negative of x;’s the corresponding basic variable then
leave the basis. Suppose the basic variable xy is the most negative so
xp will leave the basis.
Step-5

Test the nature of Y i = 1,2, ...n(n=number of columns )

I R
(i) Ifall X, are non-negative then there does not exist any fzasible

solution to the given L.P.Problem.

=

(i) If atleast one X, is negative then compute the replacement ratio

c, -z .‘
; —L—" where X, <0 And choose the maximum of thesc values.
- } -\-4- !

Suppose the corresponding variable say X, then compute the

r

=02, .00,
l Xy .
The variabie =, will leave the basis and x, will enier into the basis.
The element that lies at the intersection of the raw x and the
column x, is the key clement. Convert it into unity and all the other
| elements o! the column X, Into zero.
Strep-6 Test the new dual Simplex table for optimality. Repeat the process
until either an optimum teasible solution hos been obitain or there is an
indication of the non-existence of a feasible solution, :

max
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Retivark :- (i) The Dual Simplex method applies to the problein which siir!
the optimum but infeasible solution. Qm@e—_m@fma{myzm!1!-'

(i) In the Dual Simplex method all constrainis to be convert o
' < type eitherynaximize or minimize probles.
) TR /7’}'(’7'3{/(/\/»«: (5

Example — Write down the Dual of the following L.P. Problem sofve it by
Simplex method. Find all the optimum value of the primal.
Min z=2x; + 3x,
Subject to,

‘ 3x;+2x, 20
; 2x,+35x, 2 10
, and X, x2 2 0.
= Dual of the given primal is
). L. , 3
- Maximize W = oy, + 10y,
€D Subject to,
) 3_\"] + 2}/3 <2
) 2y, + 3y, =3
. andy,,y> 2 0.
7. Minimize (- w ) = - oy — 10y,
' Subjectto, =~ 2
) By +2yatys; =2
'. 231+ Sys by =3
' andy; > 0;i=1,2,3,4 & v,;y;s— clack variabies.
- Now,n=5,m=2 = n-m=5-2=3
) v, v, are non-basic variables and basic variables are y ; =2,
) v ;=3 which is the initial basic feasible solution.
V2 Table- ]
) ~ Vari.in Cj -6 | —10 0 0 R.Ratio
.— LB i / \V2 7 7 "" /
basis | Xy Y ya | ys | ya [ B8/0a )
) .
- — 2/
~ s e e —
\ 0 V3 2 3 (EDR 0 1 .
' s »'2 -’ o
0 Yaq > 2 E 0 I 3/5 )
' —— -
) 6 | -10) 0 0 lci—w
_ U i (} J Cj— Wi ]
b
)
most —-v
) ‘B is the ko s clement
b
)
)
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[ —

(, Vari.in i G -0 | - 10 0 0 [ R.Ratio
- B .
] b[lalS_‘. /:\___]’}_“_ y | y_g—_ B A_y 3 7 »y 4 XB / yl
4 )
0 v — ) _z
Y3 3 ( I . 4/11
3 2 |
= 10 Mo = == I 0 — 3/2
. [ D J ) 5
= 0 0 2 C;— V\’j
most —ve '
.
= 1s the key element. .
Table-3
C i'\f’ari.in Cj -6 | -10 0 0 R.Ratio
B | tncie
l DASIS 1 Xp Y Y2 | Y3 | Y4 Xp/yi
] 4 5 2
-0y — l — | - =
S L ¥ 0 1 T
| : |
D) >
= 04y | il 1 =
; 2 Il 0 1 11
' 0 | og
' 0 — = Ci—W,
! ¢ L 11 ‘ ]
Here,all oy —wj 20
e . o » 4 5
This is the optimum solution with y | = TRREETE
Cay 5
. RO I ORI S (A B .
max w = § "y 10 (11)
74 -

il
For the primal.

‘.4'-,!;;\'1 1y = ;.1x = —=
.‘\,.I,L ! ’] 2 i
. ..th;‘,,(lS']
minz = =1 3|
it 7 . 1T

|

e
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[ L.P.Problem.
example — Solve the given L.P.Problem.

._ Max z=—-3x,-2x,
@ Subject to,
) Xytx; = |

X;t+X; = 7
¢ x; +2x; 2 10
G X, < 3and x . x; = U
-] — The given L.P.Problem 15
" Max z = ~ 3X | — 2X2

Subject 1o,
o —x;—-X25 -1
P ::? X;+X2s 7
8 _x,;=2x><-10

X2 < 3andx), X2 2 0.
? Min(—z)=3x,+2x2+0x3+0x4+0x5+0x(,
’ Subject to,
O —¥=Xat xg==1
) X|+X2tXq4= 7
- — X —2xX: T N5 - 10
) X2+ Xe = 3 and X, N, 2 0.
d Here, x ; and xo arc¢ non-basic variables and x3 = — I, x4=7
4 xs;=—10andxg =23 are basic variables. Which is the initial basic
J solution but not feasible. So we apply Dual Simplex method.
YO able-1
) Cy Vari.n| ¢ 13 2 0 0 0 0
3 basis | Xp | X\ | 2 | X3 | Xe | Xs | Ko
) 0 x; | -1 | -1 ~ 1 1 0 0 0
' 7 i l 0 ] 0 0
) 0 X4
) 0 xs | —10]| ~1 0 0 1 0
' 3 0 l 0 0 0 l
: i I A H S
] 3 2 () G U VIV
N MRS B e . !

, I —
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' .

- - -
'

-, W -

-. - - - KB W - e ' ' ' v

/\” ci~7.j s

X5 =—10and Xg=3
. This is an optimum solution but not [casible.

The most negative basic variable IS X5 =

- . . ] /
Consider the ratio. —— 3 where X,
X« '

C

max

i e. the maximum ratio is — |
So x5 will leave the basis anc

/

s

)

/

c;,— =2

d

= max {

0 and the value of basic variables x3 =~ [, xs
= -~ ]0.
< 0 ‘] — l.‘ 2'
!
3 2
f,*-l =max {-3,-1} =-1
~1’-2]
and it occur in the column of Xa.
| x, will enter into the basis.

Table-2
- ) ]
C Vari.in| € 3 2 0 0 0 0
B | basis | Xp X X 2 X3 | X4 | X5 X6 |
1 |
0 X3 4 — = 0 ! 0 - = 0
2 )
1 |
0 X4 2 - O 0 ] - O
2 :
= 1 i . l
2 X — ~ 0 = i
A e B > | O U = 5 i)
|
0 X -2 -z 0 ( 0 — |
2 9
2 0 0 0 ! O |cj—7;
"~ Here, o
All ¢j—z; = 0 and the value of basic variables x, =5, x3 =4,

J

xs=2and xg=—2.
. This is an optimum solution but not feasible.

The most negative basic variable 15 X6 =

C.,— 2.

J . wy - 5 ,/ . 3
; where x, <07

Consider the ratio

¢

max

X

r 4

=J

]
/

= max {

X
6,

~1/2]

2

=

=max { -

-2

A0

e the maximum ratio is — 4 and it ceeur i the cotmn of X,
So xg will teave the basis and x; with enter o tae 0as1s
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v Y U P 9 U O W W W WY WY W W W W W v v
' ' ) N
i

Vari.in| ¢ 3 2 o ] o | 0| 0
CH : = , N
basis XB X | X 2 _-__z{.i_ Xgq X5 A6 |
0 | x 6 0 0 1 o | -1 |1
0 X4 0 0 0 0 | 1 l
2 X 3 0 ! 0 0 0 I
3 x 4 i ( 0 0 | -1 ] —“
= { i [
) 0 3 4 i~ Zj
( 0 0 N _J___,,J__P,__’—J
Here, ‘ N
All¢j—z;2 (and ail basic variables are positive.
. This is an optimum basic feasible solution with x| = 4, X 2= 3,
x;=6and x;=0.
S Maxz =-3(4)-2(03)
=— 1% \
Svumiple — Use the Dual Simplex method to solve the given L.P.Proplem.
Minz=X;T X2
Subject to,
2x 1 F X2 > 4
x; +7x, 27 and X1, X 2 0.
—. The given L.P.Problem is
Minz= x| tX»
Subject to,
—I2N |~ X, <-4

—X|"7,\'3£—7 andX],XZZO.
C. Min 2 2% itpt 0%+ 054
Subject to,

~M ~, -.\—5,?:%
-—%‘-—'—}’ri%j\‘.ﬁ ===Aand x, x> 2 U.

T ——
T, A4 —

Here, x| and x » ar¢ non-basic variables and x 3 = --

are basic variables. % hich is the initiat basic solution but not

feasible.
| G H

. " ,_ Yoo Ty g
.Wwe 'L.P'F, poudl :a%‘f.l..'!{,ﬁ\

method.

-
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/ Fable-1 \

/ | CB | Vari.in _Cj—}J’ |

basisBl X buy Wy

,J_’],AU)

| o | S | ~hA R
| T et

I
) | 4| o
4

— e

! 4
o
—

R
v ~ Z
, L w_“_C\_.,;?_:i"_#i_ 14 | 86 | 8 |59
S » = -\ o
| Here, 513 1 F o e
) All ¢j—Z; > () and the value of basic variables x3.=— 4, x4=~1_
) . This is an optimum solution but not feasible.
The most negative basic variable is x4, = —=7. ™", ‘o
b g; ' g2 = ?9"_
b & Consider the ratio ==3- ; where x, <0;j=1, 2. S
) S
(
c, -z (1 1 _ 1 1
) max 1% = max ‘——,ﬂ—l=max{—l,———} =-7
P 1 Xy, 1‘] _7J 7
: N . : .
4 i.c. the maximum ratio 18 - = and it cccur in the column of .
',‘ So x4 will leave the basis and x - will enter into the basis.
4 Table-2
. . . ~ - H
: L)ﬁ’\ L Vari.in| &> 4 4 O O 5
P G B basisp[ 3 | [ S| S ]
"o o 0 S| B[22 =3
T S AR e S T F
p L % L
P ?/*"\Nbs | . | + s + GE) 1 i
A Z2 5 T, | O mk
' - il - 1 C i Z
| g2 &£ | o | 0| B 1977
4 Here, 9;74 < « O ) 1
4 Allc;—z;2 0 ardithe va[?ﬁ‘fﬁ"busic variables X, =1, X3 =--3
4 .. This is an optimum solution but not feasible.
o The most negative basic variabic 1s X3 = - 3.
4 Consider the ratio =t=—-; where x, =1, 4,
» 5)
P
4
4

S
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feoe ]

max 4~ ~ Imaux .,
l X J 1-13/7" =177}

i.e. the maximum ratio is - 03

So x ; will leave the basis and x ; will enter 1

Table-3

“Tvariin|

O
j ()!,7 14/7 ] ¢ () ! —_ By ——
——p =max {— 3,7 1 13

- ,
CB ‘bdsleJ -:k’,?_ﬁ. B

6

— and it occur in the column of X1

-

Here,

Allc;—z; 2 0and all basic variables are positive.

into the basis. A
g L]0 | 6 Il
| M | S | S
.
* "B B ,
d | 2
o | 1 |3 "5
"‘(C l 4 7 .
ﬂ" %" ‘E "‘*§ b_C R HJ_
) £ TL
)13 3

. : M R S - 1:1,"3
This is an optirnum basic feasible solution \.»-lm')({ =g ¢

- 18

% 7’1‘3.

-'-Minz‘;’;g’r”%
- l_[_,___
1313

-

-
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Integer | rogrammiig Problem

[n'many practical problems the decision
only if they have integer valuc.

Fpr example, if the variables are number of buses on different
routes in the town or the namber of bank branches in different regions of
country fraction answer have no meaning,.

Mathematical programming subject to the constraints that the
variables are intcger is called integer nrogramming problem.

Minimize z = F(x)
Subject to
Ax=1D;x 2 0and x is an integer,
Example — Solve the given L.P.Problen. Y
Max z=x+ X,
Subject to,
Ix +2x, 55
X, <2 and x;,x; 2 05 x;and x, are integers.
By cutting plane method.
— Here,max(z)= —min(—-2)
Somin(—zY= =X, -x2+0x5+0x,
subject to,
3x T 2a2X2+ X375
XNat Ny T2
and x; =20 1=1,2 3,4
Now,n=4, m=2 = n-m=4-2=12
X 1. X» arc non-basic variables and x; = 5, x4 = 2 ure basic
variables. This is the initial basic feasible solution,
Table-1

variables make sense

Yy - = e T, = = 1 = S
i C ' Vari.in . -1 - | 0 0 [R.Ratm ‘!
I | . - D -
B 1 basis Xp X X2 RS X4 Xp /¥ N
: |
- - 3 | &
0 x; | 5 | G| 2 ] 0 573
I .
! ~ a ' .
e Xg | 0 I 0 | i A |
_ SN I I |
e . | _——;
| -~ 1 — 1 I N Ci=Z; |
{ e e 1 oot [ (NSRS S W L
most —ve

is the kew element.”

o

B
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Vi i1 1 ' B T y -oi\_ :
Variin|  ( 1]~ D |0 R/-R, i |

T R == 1 . (/X2 |

13 baS[S ,\!; Xl x3 ‘\;«i , ; =1 i’ ‘\yL’____,_.;
e ; — | |

: o l 2 0 i 219 |

— l X) = 3 | i |

T 1 7|
1! 0 l -—l- O CJ "ﬁJ ]]
1| B | == 3 _J___,_z_———_,—/‘)/ }

most —-ve
‘1’ is the key element. '
Table-5 _
- 7] | 0 rﬂb’/ R.Ratw fe
c Variin| G| -1 - /T
| _ . . X~ o
& basis X}_;_ o= X2 | 3 __,_,.5———'-—-——"
] __——————fod | 2 |
N 5 |75

| 0 l
=1 X2 2 0 1 L. -

=== B e |

= s r—dy |
0 0 = 3 Cims |
03 |3 L
) [ S
e So this is an optl 1 basic feasible soiution
Allcj—2z; < 0 So this 1s ain optinul sic feas
1 . '(\
: . =9 L0
viths) = 3,X27 4 SR
7 : 1 - O~ \\T)\ N
Ryt x 15 not an mteger. SO . ¢
N P N
The constraint corresponaing to X = 1S L & Jg’ﬂ
% &
1 > 1 w5
i 2 o
e X3— 4 & == .
b5 ) 5
. \ X |
e ([ )= [
SRRV MY R N Y 3] 3
. \ ) . 1
~|/’\J-'-L] . -1+-’;.;‘—n'r_
e 3) 7 3
i t | \
e X o 00E M iy
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3
bl |
37 “x3+§X1
v | N | |
— > _—xa.— ’
3 3 3 3X4
1.€ | I - !
= "ENge SNOS T o
R) 3 4 3
[
3-\\3_'34\_1‘)\\—_,;

Table-4 Z
— Ivariin| T 7 T'—”T/t:o
y C “Tvariin, G | -1 ] -1 0 0 0 |R.Ra
. | = =S
—) & ' b]b]bJ XB X Xo X3 X4 X5
——7 1 | |
1 i1 I 2
B T O T VI R i
b X |3 3 3 |
—— T T ———if——r—«’———————-—-—f - —
~1 | % | 2 0 i 0 I 0
' T e N DN I S
i T 1 l
’ 0 | X | -3 0 0 “ 34 "3 | : I
! J J 2 I (B —
' B T
- oo | 21 0 e
' ; . _7-_4_’_|_4__7 L 2 | __')_,__,_f__. ___’__'_J
J
p Here,
1
4 3 Alle;—2z;20 and the value of basic variabies X = 3-%2 =2
P |
P and xs= - 7.
p This is an cptimuin solution but not feasible.
P So we apply dual Simplex method.
l -
p The most negative basic vaiiable isxs = — 7.
J
p
' . . T f':’_-—:/:/‘ . . M D
Consider the ratio ———; where x, < 0] = 3.4,
4 5, |
' ool fus |
’ max §—-—— = max JUZ VB e feat, s =
4 Yoo [—1/3 "—1/3] ' ,
4 Lo maximum ratio s~ Tand it oceur in the ool vy and X
p Wwe select column x5, 50 x5 wilh oo e b s oy wddl
4
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cnter mto the basis.

Table-5

c, |Yarin ¢ [ __J'_]*QQ To ] o] l
— basis ﬁ_i_xl‘i —T X1 Xo X3 X4 Xs |
S | 5 |
-1 X Q , | f 0 0 ] 89 t
-+— —
-1 x| 2 ; o 1o | 1 |0 |
— [ B 1 o -
0 i L1 b0 o | I }J
] | e _
) 0 0 0 | Ci—Zj"
l e
H , *

o ic variables x | = 0,x2 = 2

Allcj—z; > 0 and the value of bas

and x 3= 1. o ' ‘
. This is an optimum basic feasible solution.

S.oMaxz=x ) X
=0+ 2
=2
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TAMSL G 54 e 2 23 LN !
a . "i
The l;"'x aportation proolem is a special czse of the linnur frograisin
: . . ~ P o A
sroblem. It deals with the situaiion in which a single product is transporicd froin
:

Sorress to Jrestizations, Theo ~j~“c11ve is to datermine the amount of a sinale
product to be tra M}JO-. d from each source to each dzstinaticn so that ihe total

transportaticn cost is mintmum.

—_—

The transportation preblem applies to sift 'f"-f'r‘; .?a; |
which a single product is to be transported from severeal sources ( origin er supply o«
capacity centres ) to several sinks (cc*mand or destination or requirement cenires ).
Let there be m sources Sy, bg, ey Spywitha; (1=1,2,...m) avqihb}»"-
suppliers or capacity at each source ‘I’ to bﬂ allecated among n- deot.n ations Dy, 1

== Transporiction Problen: : -

LDywithbj (j=1,2,....,n) specmed requirements at each destination *j’ fs-;
e"zch route.
Let ;; be the cost of transportation per unit from source ‘i’ to destination ).

If x;: represent the units shipped per route irom source ‘1 to dn stination °3’, then the
ij T€P pped p LG J

proolem is to c‘ctctmi, 2 the transportation schedule so as 2 !
transportation cost saiislying supply and demand COu('fHan.

”l n
e rtat e A .
Minimize Z =/, /7, C[f X i
=1 -l
Subject to,
o
2oy, e 1= 1, 2, ...om. ( capacity cang 173}
i=]
”m
W , . . . . R
Joov,, =bj=1,2, .. n (requiremant conclrainis
=1
and x; = 0. forall i,
The transpoitaiion problem presented in the foim of a vectangular
array as shown under,
r s , T . : — T . Seada
i 14 - - - | ul
" A » R R ) IS ST I
-}-From .} l : -1 ' | : 4,
T T AT T T A : ‘,‘T'"*'"— R e i =
: 21 L (L Pl ; ,
‘ i : | . 4 2l
] """" A B _|<______ll2__ """"""""" Sifi et 'n | o
. H | : [
’ 5, o | Con [ s, !
| | 3 ! . : " =2
b K7j ! o B S| N | W R —
i . |
’ | ! :
| { '
L : ! =
S‘l"l C'h” (‘néL Q-mrl
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RYi ep = 2

X i 7/
EYrid (Thddd

ation require

rious destin
bottom row

arious origin capacities and va stinet
(outer column ) anc 11 the

ost column
he rim requ

ey ST
The Vv

Rin require
i the right m

irements.

_ments are listed £
i hese are callee
respecuvely. These are ' '
o frapsporiation yrobleint & - '
yhalanced transpe: )i £ the tota apacity el
ced fr.'im'por/(tlion problemn

Balanced and 1t
a] requirement then the problem s called Balail
[ ransportation problent.

rwisc unbalancel
g solution to the

of u [aasz’bl

Lot
othe
fficient condition jor the existence

m n ) .
> ai= >.b;.
i=1 J=1

A set of non-negative allocations i.e. Xij

A necessary and sil

riation problem is

franspo
lled_ﬂfeasible

> (0isca

Feasible solution :

n-destinations problem is

solution.
m+n—1.

Basic feasible solution : < :
A feasible solution to m-origins and
f the number of positive a

asible solution i
mber of rows and columns.

[locations is

said to be basic fe

i e. one less than the sum nu

1

Dositive allo
t

cations in 8 &
is said to he degen

erais

rasible solution : -

Degenerate basic fe
If the number of

feasipie solution 1s less thanm +n-— | then the solution
basic feasibie solutioit. Otherwise 18 said to be _.
decenerale basic feasible solution.

1ui-dey

Opliimaum solution : -
A feas alled an optimum solution it'it s minir.zes

| transportation cost.

ible solution is C

ihe tola

ot Corer Method © - ( N.W.C.M. )

ser left ( North-West ) corner of the
h as possible equal to the

emin{ ap, by )

Sten— 1
Starting *
trapsportation matrix and
wnimum of the rim values

vith the cell at the upy
allocate ( to allot ) as muc

for the first row and first coiumn. g

y.of the first souree

p - 1isequal to the capacit
and first column and

(1) If allocation made in ste
then move down to the first cell in the second row
again for nexl allocation.

I

( first row )
niy step — |
(2) If aliocation made 1 step

ceriin 10O et ol \
destination ¢ first column ) then move

ap
f
e equal te the - f
s l..v.l_u.l te the reguirement of the first
horizeinial -z acor : :
Fircntaliv e ihe <acond cell i the first
[ U ST AT SR -
] , t L . I . |lr TR

R | ul s vepa'r
A aind BUCOTL olurmn and apr

byt r)l'("ll_':,;(_f: i

‘- | 3

vooplirs
1 . -~ .
18 s IR

t
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yobes P crat b Cu b e

= Least Cost Ylethed - (1.0C31) EALZ UV T g TR T SRS,

Step —

Select the cell with the minimum unit transportation cost among all the rows
and columns of the transportation table and allocate as much as possible to this cell
and eliminate ( lined out ) that row or column in which cither capacity or require
-ment is exhausted ( to make empty ).

In case the minimum cost cell 1s not unique, then select the cell where masi-
mum allocation can be made. '

Step — 2
Selzct the cell with the next minimum unit transpoxtallon cost among all the
rows and columns of the tmnspormtlon table and allocate as much as possible to
this cell and eliminate that row or column in which either capacity or requirement
1s exhausted.
Step — 3
Repeat the ploccdtm until the entire available capacity at various sources
and requirement at the various destinations is satisfies. The solution so obtained
necd not be non-degenerate.

= Vogel’s Approximation Method : - (V.A.M. )

Step — 1
Calculate penaliies by taking the difference between the minimum and nex!
minimum unit transporiation cost in each row and column. Put them along the
transportation table by enclosing them in the parenthesis against the respective
rews and columns. This difference indicates the penalty or extra cost which has te
be paid if one fails to allocate to the cell with minimum transportation cost.
Siep -2
Seiect the row or column with the large penalty among all the rows and
cohimns. Let the largesi penalty corresponds to the i" row and c¢;j be thz smallest
cost i the i" row. Allocate the largest possible amount x;; = min ( a;, by ) in the celi
(i, ) and cross out the i" row or j" column in the usual manner. - .
J{ there 1s a tie in the values of penaliies, then it can be broken by selecting
cell where maximum ailocation can be m'ldc |

ine

Sn-fb'r'- J
Recalculate the row and column penalties for the reduced transportatiorr

table and then go 1o step — 2. Repeal the procedure until the rim requirements are
satisfied. '

—— '
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e v
- o th2 JEOIE TP g,
' nitial busic fe.’!»mlmu/!ll‘l 3H J: e
. Determirie an inifial DI

STENaTaE ) »
SLNGRIpe o -

North-West ('(_),_m,’f' Method. f——"r"—’ﬁz”’r-P_'r- Sud)h,
B Dy ~A~Dif—."“"]"""’ 5 f 14

- e s I 1o
o, | 8 I A, e e
—0o, | 4+ | 3 | 6 [ =7
Demand 6 o “_1’5_——4 iiji
L T E— I ‘
- lanced. ‘

= The given transportation | problem is bal )
5 By ] Dr_| Ds[Supplya

!

z — i : 1 5 : 4
O, IE "8— | H /g 0
O ’
2 4 3 B 6 2 ?
0, . [+ A
Demand _/{{' 7[,() /Z . ]/4 /I/ ) ' ]( 0 35 J

b; 0

The total transportation cost Z, |
=(6X0)+(4X8)+(9X2)+ (214 )+ (6 X1 )2
=36+32+ 18 +28+06+38 : '
=123

Remark - .
(1) The number of basic variables means the number of positive allecation.
=m+n-1=3+4-1=6 |
(2) By moving in the same manner horizontzlly and verticaily as succassiv:
requirement and supply are met we ensure that the solution is feasible

izgpe - - Determine an initie! basic feasible solution to fhefoliﬂ,wnu 1. P
using iie (1) North-West Cor:zer Method
° (2) Leas? Cost Method
(3) Vogel’s Approximiation Method
wWear houses | ] - = o S
ol 1 W, | Wa W, W, ' [Faclory
_Factory | ’ . I capa Clty
= ————— ~ - e
' i ’ i} ! 30 50 | - i 7
:____ ﬁ,,___-__: i f S e [ - | L ]
' I ’ ~ T !
i 70 () [ 10 40 ’ 5
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(1) North-West Corner Method -

T . T | BE lactory
| Wear houses W . W ’ W W o
_Pacory | | T ey
19 50 | v
I Ir-(" = !ﬁ() 10 /! % 0
i _ LI = ] N e— —
70 A0 |0 60 f
P, | P
S R T 1 BN 3 N AL
40 8 70 120 J/’ :
F = o
3 7 - ’T 14 J/4 0
{ + - D
\\’e‘m'housc /i’ 0 » [ / ].{ ) J/L 5 14
Requirement by o i

The number of basic variables means the number of positive .
allocations=m+n—-1=3+4-1=06 ENNYs) ™)

The total transportation cost Z, ATIRTAN
=(19 X5)+ (30 X2)+ (30 X6)+(40 X3) To0 «

+(70 X4)+(20 X14) A o)
=05+60+ 180+ 120+ 280+ 280 A\ oLNn o
' E\\Un &% 1)

=1015

(2) reast Cost Method :-

Here the fowest cost is S’ in the cell ( F3, Wi ) so we allocate as much as
possible equal to the minimum oi the rim values. i.e. here we allocate *§” and
climinate the column W, as the requirement of Wy is exhausted.

The next lowest cost is *10" 11 the cell ( IF;, Wy ) so we allocaie

possicie equal to the minimum of the rim values. 1.e. here we allocate " 7" and.

as imuch as

zliminate the row F, as the capacity of I is exhausted.
Repeat the procedure until the rim requirements are satisfies.
o ' T ' " Fa 101.1
| We 1565 S ) ! -actory
I Wear houses | W, | W, | W, W, Capaciivl
o M IS | - B e
| }, 19 130 |50 10 IR
I - 77 g
S T~ I S e L =4
S N N o0
i ! s : A :
! ) | .g: ’ e N U ) Ulé& ) 2ty
) 40 B i) 120 ¥ Y e
. .- ') |
) | ; i ,f y () ol 1<S‘|l|
3—’\\9\(4
Wearhouse | ¥, “ b T £ D
T HECTITOR E'J v T & ‘ .l MH'S‘R‘D‘}{
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“0f pOsItive
The number of basic variables means the nuimber oi pos

allocations =m * n—1=3+4- 1=6 5

The total transportation cost Z, . | ‘- :
leOrl=(1(§)><7)v(70><2)+(40><7)-r(40“3)

L8 Y 8)+(20XT7)
] — 70 + 140 + 280 -+ 120 + 64 + 140
=814

(3) Vogel’s Approximation Method - _ . A
First we calculate penalties by taking the difference between the Minimy,,

and next minimum unit transportation cost in eac_h'rc?w aqd column. Put th_em
along the the transportation table by enclosing them in the parenthesis againsy the
respective rows and columns.

Table — 1
Wear houses Facto
W, W, W W, o
Factory capacity a;
19 30 50 10 ,
F, ’ 7 M)
70 30 40 60 :
F, . 9 | (10)
| a0 [ 2 |
' | Fs A : — 70 s L r{}2
i 1 S | 10
| e N S L E—— - e . I
| Wearhouse I ]
- A 5 A S 7 ig l
Requirement b, | 70
21y (22) (10) (10)
, The maximum penalty is *22" and it oceur in the 2™ column and *$” be the
; smallest cost in this column it occur inthe cell (F5, Wh ). Allocace the lsrgest
’ _ possible amount in this cell and cross out the 2™ column in the Ustiai manner.
| ‘7 iable = 2
r_7";;/—ear houses | -~ | ' Cetory |
! W | . ‘\.\’73 - W i Fact ary |
| Factory l' capacity a, |
Ir= T | . S ' R[S = ==
’ i ' F ’19 150 10 o |
‘ ! , I 3 N 4 2, E (9)
— NI
1 R |70 40) 60 3 ! .
J 2 I | l (20)
= e | ]
| F 4() 1 70 120 ‘ ;
| 3 l | 0 | (20)
' = -] - ! i
Wieanhetbisc S 5

Kogqurennens b
! .

'l - -
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The maximum penalty is 21 and it occur in the 1% column and *49* pe the
smallest cost in this column it occur in the cell (T, , W, ). Allccate the largest
possible amount in this cell and cross out the 1* column in the usval manner.

Tuable =3 - o

Wear houses W, l W, Factory 7
| Factory N R capacity a;
50 [0
F ~ 2 (40)
' 40 |60 o
E, - ' -9 (20)
70 20
Fy mo| P o | 60
Wearhouse 7 ]/1
Requirement b J 4
(10) (10)
Table — 4
Wear houses W, J W, Faét_ory' }
Factory - ,’7 capacity a; |
50 10 \
N ’ I B Z o | o
= 40 ]()0 | 0 (20)
f— . [ T 7/ ) 1
| Wearhouse [ 7 A,
| Reguirement b, | R
(10) (50)
Table — 5
~
| Wear houses
i Jractory
| Wearhouse ,I | 1 -
I y 0 ) : I

Requirement b, I . = =
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03, 52

| ° \\@e,rmcmd n6
i |
ol T Cont X o x4 $X16 4 SXIFE AR S
' + XY 4 15xY)
= 126 +%0 4 Qo bz aga)ér
Z\e9¢ .

-~

1V L_\.ge L&D - Cot Metto o

‘ :
62 )19 1&g 23 3
IR B . &~
03 132 . L_GJQ:,% v Al 19
Demrand S 'C _—l i" o \S’_ ) 3

Ao ) VR S A i |
Tat T. oy A3 X34 13 12510 4 53

— N : - =
= 1434+ 13 <4 - [6% R 2
i 1= |
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= MODI'S ( modified-distributive ) WIETHOO - -
Lxplain the modi’s method for determine the optimum solution of ;¢
fransportation problem. '

Step — 1
Determine an initial basic feasible solution ( using one of three methods ).
. Enter this solution in the transportation table.
Step - 2
For an initial basic feasible solution with m + p — | occupied cells. Calculate
u; and v; for each row and column.
Step -3 B o S |
", Torall the oceupied cells (basic variables x;; ) solve the system of equations,
Cij = u; + v; ; for all occupied cells (1,])
Calculate the simplex multipliers starting initially some ui=0orv;=0.1tis
~ better to assign zero fora particular u; or v; where there are maximum number
of allocations in a row or column respectively.
For tnoccupied cells (non-basic variables ) calculate the opportunity cost dj
by using the relation, _
d,= Cj-(y tv;); foralli, j.
Step — 4 ' o
Examine the sign of each dj; z¢. Ny T S ]
-= If d;j > 0 then the basic feasible solution IS optimur.
= If d;j = 0 then the basic feasible splution remain unaffected but an alternative
solution exists.! ! -
= If one or more d,; < 0 then an improved solution can be obtained entering
unoccupied cell (1, j ) in the basigs . a o
© Anunoccupied cell having the largest negative value of d is chosen
for entering into the solution.
Step - 5 )|
Construct a loop for the unoccupied cell with iargest negative opportunity
c€ost say X, = u which is constant. Start with this cell and mark a plus (+) sign in
the celi. Trace a path along the row or column to-an occupied cell, mark the
corner with minus (-) sign and continue down the column (orrow ) to an
unoccupied cel} and mark th- cormer with plus and minus sign alternatively.
Close the path back to the selected. cell. _ g
Step—6 . 1, L. teEmiieteagey : R

select the smaliest quantity amongst the cells with minus sign on the corner

of the loop. Aliocate this value 1o the selected unoccupied cell and add it to
other occupied cells riarked with plus sign and subtract it from the occupied
cell marked with minus sign. M : '

Step 7 ( - C Oy
Obtain a new improved solation by allociiire unlis to the tineceupicd celld ,
according 1o'sic) - 8§ and caleulate the new bt peitation cosl. :
Yizp -8 ) 3y
l.f.‘.‘-; ll!'li' For g7 t '5".' Mgty (VT ‘ i i
B

S i i
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Sovample

using the Modi's Method. B B
‘ ‘ — T —_— F—S’ l
| o T d Su
o) D, D, Dy [ pply
V. [ I R [ S,
= 25 13 1
O 21 16 . .
— ”O» 17 18 14 23 13
-—————h R S _,_,_————————————‘—————‘—"
OR 32 27 18 4] 19
Demand | 6 o | 12 5 43
cmarl

=+ First we obtain an initial basic fe

-(!) Determine the npnm

1M hasic Jeasioie 2er

asible solution by Vogel’s appro. method.

@ D, D, D, D, Supply——gﬂwo_h& )
o T B P Vo o
0, @ Qﬁ/ﬂ’f/@g)ﬁ{ 1/3% 30|33 @) (1eg]
03 % $ %@% ,. A4 4| ) {27k
- Damard | B g ] 3;10— 12 | ) 14 £ 0 G
T
i § 5 - (9 (4) X
s & D9
X 1% X X

The initial basic feasible solution is

shown in the followinc tabile.

ENENEYEY R
‘}, o P I3 ?25' s TR P
| % T @l M o fuwo
N s - A I
T € Yoo s g

Vit g M=z Vi _%‘

e
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Let uyu, and u; be simplex row multiplics and I.et vy, v, , v3 and v, be
simplex column multiplies. - b )
Take s = 0). M ax” aqlloe ™1 O{’
=  Forthe cccupied (basic) cell (1, ),

(2,]); CQ[ZUQL*‘V| = ]7:0‘!-\,'| = v, =17
Cell (2,2); Cor=uy+tvy = 18=0+v, = v,= 18
Cell (2,4); Coy~uy+tvy = 23=0+v, = v, =23
CC”(],4), C”~u|+v, = 13:UI+23 f— ul:_lo
Cell(3,2); Ca=uz+v, 2 27=w+18 = u;=9
Cell(3,3): Cz=uz+vy 2 18=90+v; = v;=9

= For the unoccupied (non-basic) cell (1, ) calculate dj; using
dij= Cij—(lli'*‘VJ'); for all i, _]

d||=C|[—(II|+V]) :>d”:21—(—10+17)214
dlp_: C]g—(ll|+V2) :>d12:16—(—10+18):8
d13:C]3—(ll)+V3) $d|3:25—(—10+9):26
d3= Coy— (U + v3) = dy=14-(0+9)=5
dy = Cs—(u+v,) => d;,=32-(9+1i7)=6
d34:C34—(U}+V4) :>d34=4]—(9+23):,9

For all the unoccupied cells dj = 0.
.. This is the optimum basic feasible solution with mintmum cost
Z =(13XT1)+(17 X6)+ (18 X3)4 (23 X4)+ {27 XT7)
+ (18 X12)
=143 4102+ 54 +92+189+ 210
=796

Example : - (2) Determine the optinum basic feasible soluiion to the foliowing T.P.
using the Modi’s Method. (207 0)

, D, , 7 ’ y ,’ 2 / Supply !
e e wa s
O3 i 6 ,' g ,' 9 j 70 —‘3

pomond & 9| e

- S | » »S(:,.anned by CamScanner



: ; - Tooel’s 9ppre n,
= First we obtain an initial basic feasible solution by.\ 0gel’s appro. methog.

_ »L); | i D; D; D Supply
7 — 4 6 - 5 A 1)1
o " @ s |mmoa);
6 {10 3 8 B o
0, 73 B, 0 x;,
I 9 7 , /
0; B T ,5{/1 (O
and 14 fy | gy '
Demand }/ 0 12 0 ]//Z 0 g/l 0 45 .
(0) (4) 3) 2)
(0) X 3) (2)
(1) X 3) (2)
) (N X X (2)
X X X X
The initial basic feasible solution s shown in the following table.
D| D2 D3 D;; SUP{D!}'
74 6 50 Jah .
S N =1 3 I 3 ko ) R
6 10 3 8 =
Oggﬁ__—_ . ll_i J/S 0 Uy = -
6 8 9 7 g
- = NEEEEER
L T B BV —
! Demand | | 2 iAo Py 453
elies ¢ 0o { 7= / A G 45
| 0 0 /0 A L
vi=4 V=4 Vo =5

/ —

Letuy, up and u; be simplex row le]IlpllC\

simplex column multiplies.

= 4 =

Take u, = 0,
For the occupied (basic) cell (i),
Cy= Wy

Cﬁ”( 2) C]g e V)
Cell (1.3); C)i= Lyt ay
Cell(1.4): ¢, g
Cell{ 2,3
(‘:'( 3, -1 }
Cedd {3,014,

0+

_

Vo == v,
= 6=0+ Vy =y
P 5=0 v, = o
> X = (1 6
i S T
2

dncl\h elvy, vy, vy "tnd vy be
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= Ior the unoccupicd (non-basic) cell (i, ) caleulaie ., using
dij= Ci—(u +v,); oralli, | T
dyy=Ci—(u+v) :>d”:7—(()-f-4):—;3
doy = Cop —(uy+vy) = dyy=6—-(-3+ 4y=5
doz = Coz = (uz 1 vy) 3(122210—(—3+4):9
day = Coy — (s + v, ) = dy =8 — (-3+5)=5
d2= Cyz = (uy +v,) = dp=8—-(2+4)=2
di3= Cz—(wtvy) = dy=9-(2+6)=|

For all the unoccupied cells d; = 0.

. This is the optimum basic feasible solution with minimum cost
Z =(4 X12)+(6X2)+(5 X8)+(3 X15)+(6 X7)
(7 X1)
=48+ 12 +40+45+42+7 ‘ g
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wsine the Modi’s Method,
&

wio | owe | w [ we [ suly

F, 19 _ 30 50 i 10 7“"

. ® 0 | 30 | w0 | s | o
F; 40 - § ) 70 - 20 18‘

Demand 5 8 7 14 34 o

= First we obtain an initial basic feasible solution by Vogel’s appro. method.

1

Let vy, uy and u; be simplex row mult

simplex coiumn muitiplies.
i

Take v, = 0.
= ror the occupied (basic) cell (1. ),

Cij= iy =F i
] ' J

Cell { ],4), CH:LH Sl
Cell (1,1); Cpy=u, +v,
; Cy=uat v,

=

=

°

[0=u,+0 =_u; =10
19=IO"‘_\"| - V]:9

= 00=u,+0 = u, = 60
= 40 =60 + V3 = vy = —2()

(‘C } ( :, 3 ) 7 C]J: L!_'_J - \/‘-‘
Cetl (03,49 ; Cay=uy + vy =
Cell (3,2); Cyo=u3+v, =
= VFor the unoccupjed fpon-hasie) coll et ) oo
d, = Co~={u+v ) foral
g = f (it 4 wa ) | 0oy
(.i] | ( i) A |

20=u:+0 = u;= 20
8= 20 - Vo T Va= — 1

J

!

cloulatend;, using

oa N \ //"‘ . . . . o s . )
Jt\&b‘;’nplv“: - (4) Determine the optininn basic feasible solution to the Joellowing T.p.

W, W, W, Wi | Supply
| . 19 30 . 50 . 10 f_—/ , ,u.=10
!‘—_Fz 70 30_18. 40 'Féo [T, ; e
| / 2
SR T = Y G B S
e 5 [ [

=9 Vp=-—12 vy =-20 vy =20

plies and Let v|, v5, v and v, be
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AT
2
-

= Cyy=(tatv,) = dn=70-(60+9).=1
dy; = ng—([12~f-v2):> d22=30—(60—12) =—18 .
d31:C3|—(L|3-l'v|) :—‘>d3|:40—(,20+9):l]
dy3= Cyz=(uy +vy;) = ds3=70-(20-20) =70

Here, ~
dy; =~ 18 is the most negative variable in the cell (Fa, W ) ang S0,
not the basic optimum solution. _ ‘
We identify the loop starting and ending with this cell ( F,, W, ) Ay
mark a plus sign ‘+* in this cell, trace a path along the row to an OCcupf
cell and mark the corner with minus sign ‘- and continue down the C(;
to an occupied cell and mark the corner with plus sign ‘+> and minusgi
alternatively. Close the path back to the selected unoccupied ce]].,
' Min { 8,2} =2
= Xp =2 :,\'32:8'—2265_)(24:2—.2:0
ﬂndX34=10+2=]2 .
[ W, W, Wi Wy Supply
19 30 50 10
F
! ,‘( l—z‘ 7
1 70 30 (+) |40 60 (—) ]
b [ 18 =1 5 o |
—— B
e 40 8 | 70 20] ;
L YT [ 8
| Demand ‘ T 7 14 f";ig ‘
L e N . | .

The basic variable x,, will leave the basis and xa; will enter into the bas

@ ] ow ] ] | -
!I ¥ !! W2 A Ws W, Supply
l'_”). __130 50 10 =
I____ , A 32 | 42 | IIT 7 u, =4
70 30 40 60 s —
i 19 F : F ' N ly =
40 I T T R R
r’ .l | 6 70 | B 1R by =
.- e
i, S I X
=0 Vor-l Vg vgele
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Take u; = 0.

= Iror the occupied cell (1, 1)

= For the unoccupied cell ( 1, ) ) calculate dj using
Cij—(ui+v;); foralli, j.

up +v; =Cj
Cell (1, 1); Cpy=u; +v
Cell (1,4); Cpy=u; +vy
Cell(3,4); Cy=uz+v, =
Cell ( 3: 2 ) 5 Cn: u; + v
Cell (2,2); Cpr=u; +v;
Cell ( 2: 3 ) ; C'_); =y vy

d,‘j=
dip= Cpp—(u+v,)
dz= Ci3—(u, +v;3)
dy = Cy—(uy+vy)
dy = Coy—(uy+vy)
dy = Cy—(u3+vy)
ds3= C33—(uz+v;y)

= 19=0+v, = v,=19
= 10=0+vy, = v,=10
> 20=uw3+ 10 = u; =10
8=i0+v, > v,=-2
= 30=u,-2 = u,= 32
= 40=32+v; = vy;=8

=

= dp=30-(0-2)=32
= d;=50-(0+8) =42,

= dy =70-(32+19) =19
= dy=60—(32+10) =18

= dy =40 (10+19) =11

:>d33:70—(10+8) =52

For all the unoccupied cells d; = 0.

.. This is the optimum basic feasible solution.

- Totalcost Z= (19 X S)+ (10 X2)+ (30 X2)+(40 X7 )
(8 X6)+(20 Xi2)

=95+ 20+ 60+ 280 + 48 + 240

=743.

. - . ) o L . ; J Ty eF
Examiple : - (5) Deterniine the optinizun basic feasible solution to the following 7.

using the Modi’s Method.(2010)

BT N R A e
[ EE e S S | N
; . : g ! 3 /' % ,’l € / 75/ _:;
e S
e — o
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’HW.D&M_ Method

v o= Five persons -«
plt / nsA, B, C Dand are 1o assigned 1o five jobs 1, 2,

pxartt /57
' 4 and S5, The coy e ke
3,4 ST matriy iy gven as wiader,

0

JObS —
Persons ] 2 3 4 5

A
B

NEE |
BB

Find the proper assignment ( the optintum assignment).

) = . Locage the smallest number (element) in each row of the given cost table and
t t hat fr c . .
en su ractttI ';tﬁom each number of that row. We get, ake s ‘ )
Per(z‘,ofls _\i I 2 3 4 5 M:Ej;:w‘b o :r@l-
a7 ]s o] |
5 Jofofs s
1

c [ 6|7 0]
D L4303

= Locate the smallest number (element) in each column of‘the given cost tabie
and then subtract that from each number of that column. We get,

£s ubﬁ%fmgor‘

Jobs .%
Persons 4,, _

= C‘(j\'cring the zorees with the ”“Ii”jf!]i!“] 53!1”‘,}\(“]' ()t‘!]l\)ri}";_“;i\‘zdl o vopne

lines, We have.

Vi
. - i
|

—
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Jobg—="
Persong |

A
B
C

N -

D
E

Here, :
the minimum number of lines covering zeros -
| ' = the order of cost matrix
== The problem is ready for assignment.
% Now mark the assigned zero by tick (v ) sign.
Here,
the numbers of assigned cells is equal to the number of rows or columns

50 it-is an optimal solution. ) 9 s
The total cost associated with this solution is obtained by adding crigin:

cost values in'the occupied cells.

Solution - cost value
A—>5 - 1
B — | 0
C —.4 2

D —3 |
B == 5

-+ The cost Z=4+ 0+241+$
3 z=9g

Example : - A department has five emmployes A, B, C, D and E with five jobs
2.3, 4uand S to performed. The time (i hours ) that each employee
il takc 10 perfe orma Mﬁ@l How should the jobs be allotted

cire eniployee so as minimize the total man hours ? . o A

o Jobs o>
~ Employee \Ll, -

MY 6o

Scanned by CamScanner



= Locale
ate the Smallest numbey (

and then s . cle : . .
ubtract thq, from cac} “Ment) in each row of the-given cost table

1n e A
Yobs . Umber of that row. We get,
Emplovee - 4

rv'rﬂw
U}/)ﬂu U’u O
0,71

= Locate the sma
and then subtract t}llleSt number (element) in each column of the given cost table
at from each number of that column. We get,

A 5/0!8110'11I.
B Lo |6 [1s[w]3]
E [Ls’l’s/“o][.o'l OJ’
e | 3]s 6ol

— Covering the zeroes with the minimuni number of horizonta! and vertical

lines. We have,

Jobs —
Emplovee |
A

Co\lel‘ing Zeros = 4

Here B
’ ini ber of 1Ines
the minimum number

er of cost matrix =2

The minimum uncoverd element

and the ord jonnent
. P v/ ¥ i ”SS‘ i— UL .
-+ The problem is 1ot read 10
| N R B
1s'2° . . aegvered ANLOTS. And agd 1t 1
- e fram ai O tlie L . : ol fines, W Loy
Mow subtract - t“f VR e i ol B A ek vk & BN JUE S, S AR
1. . .,lg.-j:'g' Listee ™

) R I S T e U A
Mirnters that are @ s

4
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anys

== g — 7 2 ]
Elf)])‘{gg;c b l /ﬂ”’@ﬂﬁz
A o | 1|
B b 6"
c - 3—
D /. G
E

: B & number of horizontal apqg
Now covering the zerocs with the m'mlmum

vertical lines. We have, g Zeros

ini coverm
imum number of lines
themin - "~ the order of cost

matrix
% .". The problem is ready for assignment. "y
Now mark the assigned zero by tick (v') sig
Here,
the numbers of assigned cells is equal to the nuflblel—clf-mws or columng
soit 1mmal solution.
The total cost associated with this sol
cost values in the occupied cells.
Solution cost value
A—>2 5
B —>1
C—>5
D—>3
E— 4

thlOl’l is obtamed by adding Orlgma]

S — =

£ O N W

-ThecostZ=5+3 9+4
=723.
Example : - Solve the following 4 X 4 assig
production.
I(emarA If we have given a maximization
peei umuznn(m problem, simply,
the ¢f ecl:veness matrl\ aml th

nment problem to mnximize the total

problem then convert it into
mulnplymg by -1'to each entr y in
¢ solve II' m tlze usual maininer.

Machine %

Man , 2 b c d
s e
e L
RSN R Y e
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_—

ation prob]ey mul

Convert th.c problem into minimiz
entry in the'given marrix.

Iplying by - | to each

Machine -

Man a
1 40 |
2 - 38
. ) 3 - 42
4 - 4]

= Locate the smallest number (element) in each row of the given cost table
and then subtract that from each number of that row. We get

Machine —

Man = @& b ¢ d
I s | o | 3 | 6 |
2 ENERE K
34 b0 o3
4 300 { 2| oj

= Locate the smallest number (element) in each column of the given cost table
and then subtract that from each number of that column. We get,

Machine —

Man g @ b c d
- . ;
] 2 10 | 3| 6 |
9 5 | va ] "W
3 L T T -
. . " ., ?
4 L_O . ..O 2| O_,_J

= Covering the zeroes with the minimum number of horizontal and vertical
lines. We have,

-
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Nlachine — b - !

achine a T

Nan | //(S/" 3 fﬂé—__

o)

: /;’/{//3//6,; |
2 ,:lﬂ/(g/"*:]_—-«}«——% |
5 |} — /:R”/’ |

R.\-L = I, ' ’)-——-‘""""0"-‘—;

A= = T
RN "“/\‘f\'“o\ 1 — L/\}—//q

Yy

I

il

Here,
the minimum number of nes |
And the order of cost matrix = e minimum uncoverd elegie. |
LTI blem is not ready for assignment- ntj,
.. The pro

‘1.

ing zeros

lines cover

f the uncovered numbers. And add it to thog, |

Now subtract ¢1° from all 0 o thorizontal and vertical lines. We have,

numbers that are at the intersect

Machine— b c d

Manl T
71- | 0 @ 3 4 ~ . (0 v S
L v
3 /1 =% 23 3 —0- A
A R L o e

Now covering the zeroes with the minimum number of horizontal and veitica)
lines. We have,
the minimum number of lines covering Zeros
= the order of cost matrix

.". The problem is ready for assignment.
Now mark the assigned zero by tick (v ) sign.
Here, : P .
the numbers of assigned cells is equal to the number of rows or columnss!
it is an optimal solution.
‘The total cost associated with this solution is obtained by adding originé!
cost values in the occupied cells, )

Solution cost value
] =2>b 15
2—=>¢c 46
3 —>a 42
4 7 " 44

o The cost Z =45+ 486+ 42
= 177.

Li
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total cost.( 2009 ).

L

MY N w9 o»

fxample : - Using the following cost matrix, solve the assignment problemt to minirize

I nooom vV
10 3 3 2 8.

9 7 8 2 7

7 5 6 2 4

3 5 8 2 4 |

o | 10 | 9 6 | 10 R\

xample : - Given the following time matrix (in hours ), solve the assignment problemnt -

by enumeration method to find the mininium total time of assignment.( 2009 ).

I I M1
A [ 20 | 100 | 8o |
B } 20 90 110
C [ 110 | 140 120 ]

248

4
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Example : Determine the optivum besic feasile colution 2§ followirg 1 g

the Modi’s Method.

- __’-:*1’_"" "’_T""IT

D, | D, | b, | Dy | Ds | De |SuPPY

Ds ) e T

0, o 12| 9 |76 | 9 | 10] 5 |
0, 7 13 | 7 |7 |5 | 5| 6
O; 6 | 5 | 9 |11 | 3 | 1| 2 |
Oy 6 | 8 | 1| 2 | 2 |10 ] 9 |
Demand| 4 |. 4 | 6 2 4 2 ;_22_’_

“ First we obtain an initial basic feasible solution by vogel’*s_appr,o.,method.

D1 Dz D3 Dy DS D6 ai j
o (2P PO (4, |®eoooo

o Pl " 1P )P gl fe, |0@@@XX

6 5 9 11 3 11 '
o 1 T 71, (@000
o0 w7 T Pl a4, | oo
AL ,7{ ¢ / 4 '
b |7 X, FXZ W W7, 22

‘ 0 I

(0) 2 @ @ @ (5)
(0) @ @ @ X
(0) 2 @ X (1) b4
(0) 2) (2 X X X
(0) X (0) X X X

The initial basic feasible solution is shown in the following table.

!_L; D, | D | Dy D, | Ds | D 5
ST I N O S R T s s
ol P el [ F FE el
0, 6_‘[_1_5 9 r1_11 3 TR
LN B~ I I A A s R L

bhpoa e o] 2] e ]2 n
Here.m=4,n=60= qm+n-1=4+06-1=9;

4
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the number of positive allocations = 8 < 9

-« The solution i degenerate solution. In order to remove degeneracy vve
H | b 1 1n S B : H
ASSIgn £ to unoceupied cell (05, Dy ) as shown in the below table.

VI==3 v;=—4 v;=0 v,=-7 y.=_7 ve=—2

F‘D,V—_ D, | D b, | b, | b a
Lﬂﬁz 12 9 g I CRRET: 5 U =9
0, _7‘%&3 -7 '[;7 s 5 5 e Uy =7
0, LIT_S 9 IT—]T 13 2 u; =9
i6 58 - ]2 5 3 |1 9 | u=9

| b | 4 4 6 :—4 2 22

Let u), uy, u; and uy be simplex row multiplies and Let vy, v, v3, Vs, Vs and v,

be simplex column multiplies.
Take vy =0.
= For the occupied (basic) cell (1,]),
CU =u;+ Vi '
CH:UI—}-Vj- = 9=u,+0 = u, =9

Cell (1,3):

Cell (2,3): Ca=uwmtvy =>7=u,+0 = u,=7
Cell(3,3), C33:U3+V3 39:!.13“'0:>U3:9
CC]1(2,2), C22=U2+V2 = 3=7T+v, = v,=—4
Cel](2,6). C26:U2+V6 = 5=7+VG:> Ve =—2
Cell (3,1); Cyy=uy+v; = 6=9+v, = v;=-3
Cell(4,1); Chy=us4—3 =D 6=u4—3 = uy =9
Cell (4,4); Cu=ugtvy = 2=9+v, = vy==7
Cell (4,5); Cis=uy+vs 2 2=9+vs = vi=—7

= For the unoccupied'.(non-basic) cell (1, ) calculate dj using

z dj= C;j—(ui+v;); foralli, j.
| dp = G = (u t+vy)

dip= Cia=(u;+vy)
i dig= Cyy—(u, +vy)
dis= Cis—(u; +vs)

dig= Cio—(u;+vg)
dy = Cy— (1t vy)
dar= Cy (uy+vy)
das= Cos—(uy+vs)
dz= Cy=(uy+vy)

d34 = C}; = ( Us - Vg )
dis = Gzs—(u; T vs)
dyg= Cyo—(uzt Vi)
d:az = C43 - ( ty + vy )

| W

3‘d11.:9—(9—3):3;
:>d]2:12-—(9—4)=7
S dp=6-(9-7)=4

= ds=9-(9-7)=7
= d=10—-(9-2)=3 - -
> dy=7-(7-3)=3

= dy=7-(7-7)-7

= dys=5-(7-7)=5
:>d32:5“(9"4,):0

= dyy=11-(9-7)=9
‘—_>d35:3—(‘.)77)‘]
= dy=11-(9- 2)4
:,>d42:8*(()-“5)’3

.7
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' G0 =
diz= Cis—(ug +vy) 7 dpy = b a_ 9 ; =

. iy = Cug~ (uy 4 v,) = = 10 -7~ < )
For all the unoccupied cells d,, = 0.

! ' ' g Inin cost z,
.. This is the optimum basic feasible solution with l]ilflll 1/um ST
S(9X5)+(3 xa)+ (7 xe)+H(5x2)+{6 X1 )+(D 0
(6 X3)(2w2)+H (2 x4)

' =4S +12+ 7€ 4046+ 0+ 18+ 4+8
=1124+78. As £ -50
=112.

yrﬁe differences between assignment problem and transportation problen:.

L. TP has supply and demand constraints while AP does not have the same.

2. The optimal test for TP 1s when all cell evaluations are greater than or equal g
zero whereas in AP the number of lines must be equal to the size of matrix.

- A TP sum is balanced when demand is equal to supply.and an AP sum is
balanced when number of rows are equal to the number of columns. ( Total supply

must equal to total demand in‘fﬁafénsportation problerﬁ, but cach supply and demang
value is | in the assignment problem.) .
4. for AP, We use Hungarian method and for transportation we use MOD! Method
o A T . . . . .o . . —
3 Ijl AP We have to assign different jobs to different entities while in TP we have o
Hnd optimum transportation cost. o
p\_/

(O8]

a2 IF PPN SR 2
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