
CSQ 3100

More LP



Welcome back !

today :

- HW :

may submit

by Friday morning
- Next HW - due next

Friday
- Sample And

comingnext week

- Oral grading next

Friday (optional )
- Review session :

last day of class

- Final : Friday at 8am

4 cheat sheets



Lcneerprogrein
a linear

program ,
we

are given a set of
variables

The goal is to give these
real values so that :

�1� We satisfy some set
of linear equations
or inequalities

�2� We maximize or

minimize some linear

objective function



ltnexampk : Maximize

profit
A chocolate shop produces

2 products
- Type 1 ,

work $1 each

Type 2
,

worth

$6
each

Constraints
- Can only produce

200 of type 1- per day
- And at most 300 of

type a

- Total output per dayof  both is 4400

e.
obj fan

LI : maximize : Xi

it
6×2

sit . ×
,

E 200

Xzt 300

X. th 4400

X
, ,Xz 20
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Connections to other problems :

It turns out Hat LPs are

powerful enough to express
May types of problems .

In a sense
, we solve

many problems bytedug them to an LP :

agitated



Et : Flows a Cuts

Input
:

dieapkadafswdagdse
test EV CCu→v )

60¥ Compute flow f :E→R

st .

@v:¥¥
.

€fCu→v)=wEfG→D
Make an

Lptftwvnto
Far

-
i of V

" Variable
"

: flow fc e)Maximize : on each edge

4£f(s→u ) afaowofytg

st V. u→v , f(u→v)zO
f(u→v ) E C(u→v)



Related : Min cuts CS,T)
Use lndicatorvariables :

Sv - 0 or 1
If VET If VES

Xu→v=1 if ues

.?÷⇒fed



the
Minimize

→⇐Cu→u°X÷s.t.Forea-hu-srcutXn-vtSv-S@Vu-vtEXu.vZOtfu.vSs - 1

St = 00¥÷Q



Note :

For that examples a sokton
to ftouy cuts would

yield Optimal LP solution .

The reverse is not obvious !

LP might have strange
fractional answer which
doesn't describe a out

.

It can be shown that this
won't happen
↳ but not obvious ...



Duality:

Recall our chocolate :

LP : Max at 6×2
sit .

X
,

2- 200

Xzt 300

X.+ Xz E 400

k ,Xz=

0.00



Can we check that this is best ?
Max Xi +6×2

s .t .

- -

X. 1200 �1�

→ ¥30@FEW�3�

X , ,
XLZO @

Play w/ inequalities :

@ + 6 . @ :⇐
-

200

6×2<-1800

↳ 1200+1800=2000



Interesting !

These 2 inequalities tell as

that we couldn't ever

beat $2000
.

But recall soln was $19900-
can we get a belter combo ?

Max Xi +6×2
sit '

x. too

8]
Homage

xYExz3E04oo@mNnPW5Xi.X

220

Play :

0-0+502+1
@

5 ( Xz c- 300 )
-

G5xze150dCx.txzE4@Gaddx.t

6×241900



These mdtplcrs , ( 0,5 , 1)
,

ate a certfak of
optimality .

-

↳ No valid solution can
ever beet $1900

But how do we find these

magic values ??

In this
, we had three "

a-
"

inequalities↳ so goal is to find
the ynght

3 multipliers:, , Yz )
and

Y }



MulderInq=Hz
Y ,

× ×
,

EZOO

§,
× | ; ×

,z±
zoo

Y }
× X. + Xz £400

Result : y , ( x ,
E 200 )

YZCXZE 300 )

Y3( X. + XZEYOO )

6ft't 'REoty.tt#o3tfI4oox
.

Note : Make left side look
-

like the originalmaxlmin goal ,
so rightwill be an upper bound



So here ;

( y ,
+ y } ) x ,

t ( yzty })×z E

ZOOY, +30%+400 y }

Means :

X ,

+ 6×2 E 200%+300 ,p
+ 40043

if :

{ ¥.
¥IF

Yzty } 26

Any yi 's would give an

upper bound !

We want the best one

↳ ie minimize another
LP !



Duality
"ma×

1*+6×2

s .

t .

=¥E2Eo
]

" at

,¥Eo4Q
# Dual

msn.ie
.20-0y ,+30-0*400-43¥¥,¥¥s⇐o]

Any solution to bolton is

upper bnd to top LP
.

→ If we can find primal Huab
that are equal . both are OPT

Hued : primal ( x
, ,

× 2) = @0,300 )

Dual : ( y . ,yuyD= ( 0,5
,

l )
.



This is just like Max flouf
min cut duality ,

in a

way.

Works for any LP :

primal dual
OPT OPT-

-

feasible feasible

primal
dual

W

this gap
- the duality

gap
- is

=O
.



Ingest :

PrimalMax

Etx
site

,.IT#b*u
- >

ynttfotw
xzo y

= 0

Recall our chocolate :

Max X. +6×2
"
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