
L 1 : Introduction to Linear Programs
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Examples Of optimization problems

- a. Linear Programming problem

- 3 .
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Exam dates appear in the course webpage .
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Example 2 :

-

Diet problem
n foods

Each food has some amount of
'

m
'

nutrients .

Aij : amount of
it"

nutrient in 1 unit of jtn food

I = 1 , 2 , - - . M
, ?⃝ = 1,2 ,

- - R

ri :

yearly requirement of
ith nutrient

Cj : cost per unit of jth food
. .

Find least expensive diet that is nutritionally adequate

LP for the diet problemi
-

Variables : Nj fit { I . . . . . n }

Constraints : A
, ,
N
,
+ 91272 + . . .

t Ain Rn I V1

:

⇐ aijnj = ri

j=i

Nj 30 Fj
n

Objective : minimize Ecj Rj
j= ,



Examen : Fitting a line

Given a set
of

'
n

'

points

(Ni , y ,
) (Ma

, ya) ,
. .

. .

,
(Mn , Fn)

Find a line y= an + b that minimizes the total error :

E
"

1 am; + b - gil
i= I

Error for the ith point : / arnitb - y :|

n

minimize & lani + b-yil → Not linear
i=i

Aib c- R

Add a variable ei tie {1,2 ,
. . . n }

ei I anitb - Yi
ei 7- ( an ; + b-y;)

} ⇒ ei > lanitb -gil

n

kP : minimize Sei
i= I

ei = Ani + b - ji
ei I - lani + b- yi )
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Seiminimize
i=\

ei = Ani + b - yi
ei 7- - lani + b- yi )

Variables : 9 , b , Ginn . em

A son . to the constraints :

a
'

b
'

e! ,
. . . en

'

l

e ,
'

z a 'm, + b ' - y ,
e
,

'
7 - la 'm + b' -yi

e
,

'

z loin , + b '
-

y ,
)

Given particular values a :b
'

:

the values for ei that give minimum cost

are
= loin

; + b
'
-

y , I
→ Mulatto

error

- Then the goal is to find values for a ,b

that minimize this cost .



E×ample Maximum - Weight matching in bipartite graphs

Given: a bipartite graph GI IX
,
4. E) st . 1×1=141

and W : E 1→ IN

✗ Y

M, : ✗112 ?
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1- r et
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w :3 7

Matching: a subset ME E sit .

for
every

VEXUY
, exactly one edge in Nl is incident on v -

Maximum -Weight matching
: Among all matchings . And the
- .

One with maximum weight
€ We
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Variables : Ne
'

for each edge e -

Ne = 0 means e ¢ m
me =\ means e c- XA

Constraint:S : for each vertex v :

& Ne =\

e is incident

on v

Ne c- {0,1 }

1¥ Linear Program :
-

Maximin £ we ne

He c- E

E Ne =\

subject to
e is incident

on re

0 S ke £1

Re c- z → Integralityconstraint



LINEAR PROGRAM : General form
- -

Variables N, ,
Ma , . . . Nn taking real values

Objective→ Maximize an, + canst - - - t Cnnn

function

subject to :

Au Nl 1- - - n t Ain Rn f b,

921 N, + - - . + Azn Nn fbz

am, Ni + . - - .
1- Amn un fbm

constraints

c c- IR
"

- a vector - seen as a column matrix / ÷;)
A :

(
a" 92 - - i am

] mxn matrix

i.
9mi . -

- Amn b = [ by:
Maximize CTU mxl

Subject to An Eb



In this course :
- -
-

- l '

Algorithms for solving LPs

- 2. Structural properties of LPs

- 3 . Use of LPs in
"

combinatorial optimization
"

t

These are discrete optimization
problems ,

-

eg : maximum weight matching
minimum vertex cover

,
etc .



EQUATIONAL FORM OF LPs :
-
- - -

Maximize CTU CE IRN

NE Rn

subject to : An = b A : mxn

b c- IRM

N 30

tame: convert following LP to equational form .

Maximize 271 + 392 - 593

Subject to : Ni - 492 £ 10

se, + nz £ 5 }
Nl 70

24 - 4h2 + s
, = 10

"" + " + " = °

} "" "• Yet
since

Si , Sz 70 us
, as can take

arbitrary values .

Ni 70



24 - 4h2 + s
, = 10

NI 1- 93 t Sz = 5

Si , Sz 70

Nl 70

Nz = RE - ni ni , ni 70

Nz = 4
,

ME = 4

ni = 0

Nz = - 4 HE =D

ni = 4

Re±¥lP :
.

R , - 445 - ni ) + s, =w

21 + 41m51 - nj ) +52--5

Si , Se 30

Ni IO

ni
,
ni , ni ,nj ¥0



Maximize 271 + 392 - 593

the n, - 4h2 T S
, = 10

ga☒stfiÑ Nl 1- 93 + Sz = 5constraints
yaws

<ni
, ni , ni , si .si> Si , Sz 70

Nl 70

+

Maximize 27 , 1- 31mi - Ri ) - 51m51 - %-)

Ri - 445 - ni ) + s, =w

21 + 41m51 - qj ) +52--5
ni

NI = NI if ni zo Si , Se 30

Mi = 0 Ni IO

ni = o it nisi ni
,
ni , ni ,nj ¥0

a- = ai

similar for 25,75 , n
,

'

s
, ,
52



General form Equational form

Maximize 27 , 1- 31mi - Ri ) - 51nF - %-)
Maximize 271 + 392 - 593

Ri - 445 - ni ) + s , = 10

Subject to : Ni - 492 £ 10
n, + * lnj - nj ) +52--5

Ni 1- M3 I 5

Si , Se 30

NI IO Ni IO

ni
,
ni , ni

, ni ¥0

For every feasible point in the left zp

there is a feasible point for the right LP

with the same cost

and vice-versa

General form → Equational form .

No Equational form can be seen as a general form .

Ann, + - - - t Ain un = b ,

h n

same as : I ajnj I b ,
- Eiaijnj £ - bi

ja j=i



Ey :

- 1 . Examples of problems modeled as LPs :

- Network HOW
-

Diet problem
-

Fitting a line I use ot Modulus?

- Maximum - weight matching
( Integer LP )

-2. LPs : General form ( useful for geometric interpretations?

Equational form ( useful for algebraic manipulations)


