






























Dualof a general LP
V p.si

Note X is not constrained to be ve

























































Yil x 2 2 13 1450 y so

Y2 4 1 3 2 4 3 2 453 4230

Ysl X 12 2 3 74 1

Y.tk Y3 X1

f2y 3Yz y3 X2

1 y 4y2t2Ys X3

of FY 24 43 X4
0

4
342 43

























































X f Y 44 Ys X
x I y 4y y
x 0 1 4 442 43

y 44 Yz 1

2 2 24 342 93 X2

230 2
24 34 93

y 1442 2437 3

1330 Of Yitky 243

1478 0 4 24 43

























































Dual problem
min 342 43
S.t Y 44 Yz 1

24
3 93 2 1 230

Y.tk t2Y370 X330
y 2y Y3 0

4 4230
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x XXT XT.AT 30 1

4 74 741 74,7430















max Xi xi 2 2

sit xitxi 2 24 3 xÉ xÉ o

4 1 4 5 13 2 4 3
2
4 2 553

4 xitti 12 2 3 475 1

Y Xi Xi 12 2 3 74 755 1

y
45

y yz 95,9570



9 49 ys y I

y 44 y y XT
2 y 34 YI 45 X2
Y 4 y 245 245 73
y 2y y

t

ys I

ly 2y yay x ̅
34 Ys Ys
342 93



Y Yz

g 49 45 45 1
1

y 44 y 95 1

24 34 45 45 2

Y 442 245 245 0

y ay Yt 45 0

yitzya y.tt y o
0



Y 42 45 45 1

24 342 Yty 2

Y 442 245 245 0

y 22 yt ys 0

V Y 442 43 1

2y 34 93 2

Y 44 243 0

Y 24 Yz 0
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Dual



Standard form

max ox maxoxx
sit AX b X X X s.t.AX xtsb

AXF axso AX x K
axsuxzoxtxiu

X.cl xIx ̅ 1



pA X 5 Pb

qAl tx qa
rt ᵗx ̅ rise

56 1 7 51

pA GA F 5 X
C pA fA F 5 x ̅

is pb qtatru s.tl



Dual min pb gatry sl
st pA GA F 5 Ct

pA GA F st ct

P f r s 30

min pb gatry 51
sit
pA GA F 5 CT

min tip a'qtu'r e's
St Atp Atg r S C



 

Duality Interpretations

max SW EX

sit AX b
x O

min 3N by
St ATY C

Y o



Diet Problem

m Nutrients
eg
Vitamins Ni i 1,2 m

n Foods Fj j 1,2 in

Aij amount of Ni in 1 unit of F

bi minimum monthly intake of Ni

Cg price cost of Fj
X amount of consumption of Fj



Diet Problem

Fj
C E C Cj Cn

Ni I 2 3 j n

b I

bz 2

bi i Aii

hmm



Diet Problem

Fj
C E C Cj Cn

Ni I 2 3 j n

b I

bz 2

bi i Aii

hmm



Diet Problem

cost of Cj consumption

Loff
minimize cost SH Icing
sit I aijxj bi

min

j intakeof
Ni

Xj o



Diet Problem

Fj
C E C Cj Cn

Ni I 2 3 j n

b I

bz 2

bi i Aii

hmm



Diet Problem

Replacementof food by pills for each Ni's

Ni pills 5 1 2 m

Yi Unit price of pill for Ni

I unit of Fj contains his unit of Ni
Price value of 11 unit Fj Yi Ai
Maximize profit by sellingpills



Diet Problem

Maximize profit by selling pills
priceof

max profit 4 Ʃ big Ni pill
if

min sale of Ni pill
sit

Yi Ai Cj
priceofpill
equivalent of F

Yi o
cost of Fj



Transportation Problem Monge Kantorovich

m Plants n Markets

P M

P2 Gi production M
Jjldemand

Cij cost dunit
MQ

Xij amount transported
Pm Mn



min I CijXij Total cost
ij

sit I Xij Sri ish m

j

Σ Xij dj j b n

Xij 0



min I Cij Xii Total cost
ij

sit Ji Σ Xj Gi in m

j

Yi Xij dj j n

EF Yix fix I Yid Egri
EE Yi Ji xi

I yjoj IY.TT



Dual

max IYisj IY.si
5 1 Mst Yi Yi Cij
go.in

Yi y o



New Company with new resources

MQ

buy sell

unit price I unit price Yj



max Σ y oj Jiri
j

st
y Yi Cij it im

5 1 n

yi Jo
to be competitive


