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John bakery Linear program ((4)
Menu : Donuts $5 Decision variables :

Cakes $25
X = # of donuts

y = # of cakes (inR)
Recipes

Constraints : (Linear)
Ingredients Donuts Cake

Flour 2 5
X30

, y30 Not
(200 total) 2x +by = 200 allowed!

Sugartal)
2 9 2x + 9y = 300 Gives

7x + 12y - 500 Integer
(50599Stotal)

T 12
Meetare

LP
integers
-

Goal : How many cakes& donuts Objective : maximize 5x +25y
to make to maximize profit? (Linearl



Classroom allocation Linear Program ((4)
Variables yc = 2Xc,rcourses Classrooms r

Xc
,r
for each (Cr)eE

6 -6160 constraints EIR

*
VISB 2050

for all er , Xero
-> Wheeler 156

170e
o for all courses ( :

Class C can be assigned room yc
= & Xc

, r = 1
r : (4,r)EE#

(c , r)eE
for all rooms r :

[xr =1
Goal : Maximize number of

c : (prIEE
courses assigned Objective maximize [ X,r

classrooms (rIEE



X =3
LP : max x+2y

⑧ -
subject to X = 3

(0,5) (1 ,4) Chalfspace) x +y 15

⑳
-3x +y =

/

X3, d

y3, 8

X
Def : The feasible ragion is the

-
·
(3 ,2) set of points satisfying all

· bla constraintsFeasi
Co ,1) ⑧ region X+y=5 Fact : The feasible regim is convex
-> Def : A set of points SER is
↓

↑ Convex if H XIJES,
line segment xty is in S."intersection" of

S
not convex!

halfpaces -

= a polytope · !



O4T LP : max x+2
Goal : Consider levelsets subject to X43

↓ of objective function x+y15
(1 , 4) -3x+y4)
⑧ X+ 2y = C X30

y30+
x

,

n
YSh

X +2y = 9 Fact : For all LPs
,

there is an

⑨
(3,2) · ptimal solution at a vertex

10,2) Fact : Can prove OPT = 9 .
10,10 ↑ X +2y = 6 Pf : Any feasible point satisfy

(x+y = 5) . /4
⑧

(2,0
(3
,0)
·

(4,0)X +2y= 4 + ) - 3x + y = 1) : "4
X +2y = 9 *

x+2y=2 "LP duality"



General LP Input : aij's Variantsbi's
Variables ci's & a: Xi ), b
X , . ..,Xn Output : Xi's i

Constraints
-> Z-aixi-b

anX , + arXz +.--tainXn = b , [anxi= b
&2, Xi + G22Xzt - - . + azn YnIba msrdly i

i
3 3 -> [EaixithZaixi 3 b

* 1 30, ..., Xn3,0 [

Objective
m (today) Minimize [CiXi

i

Maximize 2
,
X 1 +..

- + CpXn
-> Maximize [Cixi

i



General LP Input : aij's Matrix formbi's
Variables ci's

X , . ..,Xn Output : Xi's
x = [b =(

Constraints

a X , + 91X2 + ---tainXn = b ,

92 , Xi + GezXzt - -+ azn /nbemusudly
* 1 30, ..., Xn3,0

3 3Af]
S

i i

m (today) LP = maximize a X
Objective

subject to Ax = b
Maximize 2

,
X 1 +..

- + CpXn
X, 0



General (P
Variables
X , , . . .,Xn EIR

constraints
& Xi + arXzt ... tain Xn1b ,

3AziX , +azzX2+ ... taznXnEbz M

:
amiX , +amex2 +... tamm YnEbm

Objective
Maximize <,X , +CX2+... tCnXn



Y

LP example
max X + y +z hyperplaneSt 0 = X = 1

02yi01z = - X

of
Z x = 1

X=1
,y=0, z=0

Def : A vertex is a point x in the polytope (Xe feasible set)
which lies at the intersection ofa hyperplanes ina dimensions

Recall : Always an optimal solution at a vertex

Fact : Suppose LP hasn vars and m constraints.

Then # of vertices1↓) I exponentialin - M

= m


