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EXAMPLE 1 Comgider Yhe J'ol\owi\(ij problem.

The Opevavory 0f a restamvant wants o make & \ncaﬁhn
dish out of cawols, caloloagu and ’oic}ued amtumber .

Hae s Some nubrmihonal mfe anmd e oSt of wwy

M&nolimk.
Food Cavrob Cabba8¢ Cacumbes Regus v ed
per dish
Vivamin A ng/%} 35 0-5 0.5
Visamin ¢ Img Jkq) 60 300 10
Fibre [g/kq) 30 20 10
price Le/ kq ) 0.75 0.5 0.\5

At what  minimum Pricc Per dish an e NuhiKon rguirements ke
raH<hed ?



Food Cavrob Cabbaac. Guewpmber chusved

per dish
ViYamin A ng/kﬂl 35 0-5 0.5
Vidamin ¢ [mg lkq] 60 300 10
Fibre [ g Ih@] 30 20 10
price Le/ kq ) 0.75 0.5 0.\5

Swt 1. Sey u‘o e vaviablu

1, - \Nciﬂ\ﬂ\ of cavrov in Rg perdith
Az - wu’ghr of wbbaae n h3 po. dvsh

Ns, - \NeA‘aWr of wuamber n kg pts dish.

Ny, A, Ny € R (yeals)



Food Cavr ¥V Calobaa e Cweumbey’ qu“gv ed

per dish
Visoamin A Lmﬁlkjl 35 0-5 0.5
Vitamin ¢ [mg /kq] 60 300 10
Fibre [ 9 /hﬂ] 30 20 10
price Le/ kq ) 0.75 0.5 0.5

Stp 2:  Sev up e conshaints.

5% + 05Na + 05 a3 > 0.5
oy, 4+ 200%% + 10, = I5

20 Ay * 20 A2 *+ 10Ny = &
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Food Cavv o\ Cab\oaac. Cueumb ey’ qu“guq
pe dish
Visamin A Lma/k&] 35 0-5 0.5
Vitamin ¢ [mg /kq] 60 300 10
Fibre [ 9 “ua] 30 20 0
price Le/ kg ) 0.75 0.5 0.\
Minimze the cosv pes dish

Minivn 2e

0.75 %M <+ 0S5, >+ 0.5 N



Food Cavrot Cabbaac Cacumbes Regusved

per dish
Vivamin ALmslkjl 35 05 0.5
Vitamin ¢ [mg lkq] 60 300 10
Fibre [ 9 ”%3 20 20 10
price Le/\asl 0.15 0-5 0.\5
Linear ?roamm (L9)-
Miniovm 2e 0.75 % 4+ 0S%, > 0.5 Na
Swojed o - 35 % + 05Na + 05 Mz > 05

oy, + 2009 + 104 = |5
20 Ay * 20 A2 * |0 M, > 4
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Linear ?roamm (L?):

Minivn 2e

‘Sudo‘] W Yo -

S0 luhon‘.

Carvot

Prce I:u oligh-.

2 =

0.75% 4+ 05U, ~ 0.5 Ng

S5 % + 05N + 05 mz 2> 05
ony, 4+ 32007 + 10, = IS
20 Ay ¥ 20 Az + |0 N, > 4
N Z0 . 1220, %a 30
0. 0095 %y = 0.028 Ay= 0.29
9 -5'3 Cabbaﬂc 38’3’ Cuenm bey
<€ 0.07%

2.99 9
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A\sovimmc b sohe 1P
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ExAMPLE 2. Networle Hows

—The 3oa| g h honsFay  fles
hon S b ¢ using he

netwiark ov e ridh*.

- On eath edge (link), data can
How In  bolh direddont, but viod Simuancously.

- Numberr vext W e |inks AhOW the woximum ‘onsks vaje 10 at inh
v Mbix/s
- Node do noY <lore amU datz.

Ruerkon: What is e maximum transhy  voke?
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1 : I : i
//@I?\\ mu| Sﬂe 2: Write the constain's
qL ) /) ~,
AN !
A/ 3 U <3 S My £
\@/,@
SN S A ) ~3 S Ny, < 3
Skp 1 Choose the vaviables -\ s ‘lSc <\ -4 < ’x-cd < 4
3 ol fet e V< Ay < -4 € e < 4
e Ned, Tee
g e T4 S M= 4 VS N =
Asa = Nap + Ny
- n Nab = N
Sktal Rrmulate the objective Sp + Tab be
Nge = Mg + N,
Maximize Asa * Asp, + UAsc
Nog + 2y = Aay
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Moximize  Ngq + Moy + Mg

Sule(k bo:
-5 = Nyq £ 5 —2 = Ner £ 2
Usa, Tsc, sy o< g, € O —b6 S A3a £ b
Lpa ~2 £ Nsp <2 S N <7
Nea, Mex -3 € Ny €3 T4 < Uy €A
Laa: Tapr Mac s Rap -4 < Ay, < 4 -5 SN £ D
Asa + Apg ¥ Lea s Ngq =9
Lspb * Map = Ny
%S(, + ’ldc. = 'xc.a + (XCl’

D = Ry Mgur et Yy



ExAmPLe 3:  Production schedule OpHmizakion.
= emgnd of a produg in 4 year: dy, da,ds,.... , da
di ¢ demand kv moaw 1 (in ’\'Dm)
- Shw\@t st (01’ S\M'PNS) . €20 \:ev mont for | don
- Changmg e PYoduch'mn b\\’ g'- £ 50
| fon fom monkh i 0L
det A be e I)?Oc\u\ch'on in fpns fox monih |

Find o onowoh'on Schedule wit  the minimum cost

Hat meek the demands. Write an <« Loy Hhis Fv'ob\cm.



Cosy ot shm\\j gwr\us + 0089 of chanairo Pw&ua\'ow

To calanlale cosr due M Surplus, inhoduw new variabla Sy, Sz,... Sia

Si N + Si-, - di

[
o
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Consiyainis: Cosk -
W=+ Si-v = Al 2.Si-20 + = |ot; = 1i-,)- 50
t=\ (EX
Si = A{+Si-\ -4 (\ /‘ wilhh Xo =9
So =0
Cosd dwe oS due b
Meet the Ho SWP\\\Q PmAum‘on dnan&z

deman d

XA T~ U\~




Constyainis: Cosk -
2 5
N+ Siae 2 A SSi-20 + = |ni-wn.)- 50
t=\ [&X
Si = A{+Si~ =i (\ / wilh Xo =9
So =0
Cos) due cost due b
o SWP\\\Q Pmo\uch'on chan&e
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Deali nq Wil  mooulus-

Tdea:

Inkro
duw Mew Variabla IV, Z;

Add conswaink-.
Je =%
M =
T30 . Yo - Fiq = 5 —>c: 9
X, - Xi- - .
Tyl 12, Yo —iq ~ ~S 7\ -~ 0
2= 9

When x,
V- Ry 2
>0 , we Showd have y¢
=X = Xy

Z. =9

when xi-~ X
v~ X <O W
, ¢ shouwld hav
e 3\‘ = 9



Add conswaink-.

M =0 Z =0
Xy = Xi-y = W -2

Modif\\j the Ob\"uﬁw a(omrd\‘na\\\j

Jdea: When %X~ K >0 we Showld have Yo = Xi- x

)
Z =90

wWhnen Xi~ Xia <0, We shouwld have yo =9

—Z = N = Ki-\

2 2
. >, Si-20 + _Z‘ Im-m,.\.so
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Fina\ LP-

Minimize

Subbw h .

12 .
=2 Si.20 x .2\3;.‘30
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Minimize ‘12| Si.20 « %.y;.'so + E Zi.<so
V= \= X
.S’ub")w b .
W + Siay > A

Si = A + Siav —
Se =0
S 20

Xi = Xi~\ = i~ 0
3B =0 Z 20

Claim. Tn e o?h‘ma\ Solution ,
- eiwer j( =0 Oy Z =0
- i Xi-Xi =0, Y= Ri-da, =0
else ~Zi = R - %, ¥=0
Proofs x|
sqﬂoosc O & an optimal so\n.
Detivie % ¢
T*(l;) = O'*‘X(‘\
T8 = 6% (a0

WX - Xi-r 20, TF(OO)

e\se - T* (z\)

-
-

™ has smaller

K-, T lz)=0
Ki=xi-1, THIW)=0

sk .



EXAMPLE & Fim\ng a line

Given a Set of ‘w’ poink:

‘“H v() 4 (')‘2, Uz_') c--n ("m dn)
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Find a line 3: An+ b fthat minimize the hYal evvor:
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Wyrk an LP [or This ':w\a\w.m.
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LINEAR PROGRAM : General &vm

Maximize CLAyv % C22y +--- ¥ CnUAn N Vaviabl«

Subjed M M wsainie
J Ay % + Q22 +--+ 3 Qin Ay < b, |
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Queshon:

Pow b wnvert a  minimi2ahowm pobdem b @&

AR Mi 20/ leo\um?

minimi 2e ¢ A ’3
) TREEN
Sub\"cd o A <) i

— _ ¢ Mo
& ‘\ ——p—4
/ , A
\ C (\
- ¢ Us
in Maximi & —Ccn
¥
| sov o An <) o, K
7(] CT



Queshon: Pow h ®nvert a2 mMinimi2akow prodem b &

MNAR i 20 /how F\'\)lo\(,m?
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