
LECTURE 14

LINEAR PROGRAMMING



LINEAR PROGRAMMING EXAMPLE :
-

-

BAKERY :
= MAKEINGREDIENTS NEEDED TO-

- -

Flour Sugar Eggs
Donuts

O

2 2 I 7

Cake S 9 12 -

INGREDIENTS
: 200

.sonus



Decision Variables : 2 -> # of donote

y + # of cakes

x
, y

<
,
0

= 2x +5y> 200

- 2x + 9y()300
7x + 12y < 500

Manimise Su + 25.



LINEAR PROGRAMMING EXAMPLE 2
-
-

POWER STATIONS
- -

* 2 powerstations that deliver power
to 3 cities

ityI
* DEMAND : L

City Demand
40 StationT& 60 Do
8 0

2
Cityi

* Each unit of power from
Station i to City ; incurs

S

scotloes = weight of edge ij
·

Minimise loss while meeting the demand.



Variables: Dij = power cent from station i

to city j.
Pij>, 0

Constraints :

City 1 Demand 40 : Po + Per >40

City2" 60 : Piz + P2z3, 60

City" 00 : Pi + 13, 80

Minimise :1p + 5 p2 + Pi +3px+ 2pa + 7Pz3
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EERMINOLOGY:

EIBLE: A point UER" is "feasible" for a linear

program , if itsatisfies all
the constraints

OIMAL : A point a is optimal if it

minimises/manimises the objective value



FERMOO Feasible region of a linear program.

Verten/Corner =A point x in the feasible
region that lies at intersection

of "n" hyperplanes(a . K . a
. nfaces)

-

specified by constraints.

Example : 1) In 2-dimensions
,
a verten is

internection of 2 lines

2) In 3-dimension , a verten is intersection of
3 faces .

1



FEASIBLE REGION : Set of points satisfying

all constraints-

ACTI: Feasible region of a linear program
in alwaysEx
-

E: H linear program, there
is a optimal

volution
,
which is awater"corner



CEXS of point S & R is cover

if Hu
, y ES

=> linesegment joining a , y ES

NOT CONVEX
CONVEX CONVEX -

2 Y

-



- Mix x+2yr
subje to . x43

~ OPTIMAL SOCUTION : At (x+ y(5) &J·" B-> ( - 3x +y -) ①

x7,0

↑

· sys SINEXALG :

y, 0

-

= ·(3,2) 7 * Start atcome verter

·

r

Z Eur (0
,
0)

10,1 MI * keep moving to neighboring
& p Y

·
· verten to increase objective(3
,
0)

(0,0)+ (3,0)
-> (3

,2) -> (1,4)



REMARK : 1) Simplem can take exponential time in

general , but in very efficient
and

widely need in practice

2) Linear programs
can be solved in polynomial

time !

by using a) 'Ellipsoid Algorithm

3) "Interior point methods"



Lear Program n variables

-

Variables : x
... In EIR"
-

Constraints : appl , + 9 ,22 +.. +aintn > b,
InouT :[aij , b ; 3 92 ,

2+ 92zdz + Aznan1) ba

mortraints E S

S
-

am , , + ami - +amaen-bm

Maximise 4x+ G22 +.. CaRn
-

-
S



LISTING ALL"VERTICES" OF A FEASIBLE REGION OF LP
----

Given an LPGZaijaj 3 bj : j = 1 ... m 3

For each subset ofn constraints :

-> Solve for point of intersection
*

(solving linear system/Gaumii .)

-> If
*
is fearble (satisfies

all

remainingent
then se* is a vertise,



THEREFORE

E # of vertices of I can be as
an LP with

nvariables & m constraints large as

(m) = exponent
as

SIMPLEX ALG :

* Start at vertex Y

* Find a neighboring verten of higher objective value
and more there

,
REPEAT.



Number of neighboring vertices

Example : Suppose an LP has contraints with

GA , B, C , D,E , F3
and 3 variables

Consider a verten := intersection of A
,
B
,
C

its neighbore are intersections ofA
,
B
,
D A

,
D
,
C D, A ,C

E A
,
B
,
E AEC E

,
A
,
C &(

A
,
B
,
F AF

,
C F

,
A,S

i
.e .

Remove one constraint from 3AB,C] add one from
&D
,
E
,
FS .



In general,

for a verter v of an LP with n variables

and m constraints

#neighbors < (m-n) . n
T

I#ofchoice
to add



Lear Program n variables

-

Variables : x
... In EIR"
-

Constraints : appl , + 9 ,22 +.. +aintn > b,
InouT :[aij , b ; 3 92 ,

2+ 92zdz + Aznan1) ba

mortraints E S

S
-

am , , + ami - +amaen-bm

Maximise 4x+ G22 +.. CaRn
-

-
S



CHANGING FORMS OF LP

&Constraints to>contraints
--

Zaini bi E) - Jainisbi
E Constraints toContraints

Zaini = bi E) ZainisbiS
- (Zaini) -bi

Manimitation to Minimization

ManZaini> Min-Rain,


