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Recap
If you

are not turning
in HW 9 today

↳ by Friday
! !

- Worksheet is posted
- Practice Final -

bring on Friday
- This Friday : set review session

- Don 't forget : evaluators !



Reading
:

Into to LP .

(Really , just motivating whywe should Solve these . )

Why ?
Everywhere !

Mainly setup so

far↳ algorithm is

coming !



Theologiae : Simplex
Assumes canonical Arm :

£ :

- no Min

-

only E

- e ZO fr all variables

↳ slack variables



How to create canonical
form ?

① Turn Max to min :

MuHplyb

Morespecifically :

min C
,

X
, tczxzt - - - tcndxd

⇐ Max - Cixi - Gxz "  - - Cdxd

② for Z :

Eaijxj Z bi
j

⇐ If )=§
- aijxj E - b;



Connections to other problems :

It turns out that LPs are

powerful enough to express
may types of problems .

In a sense
, we solve

many problems byreducing them to an LP :

÷:¥F¥a**problem
knew son

equs



Ee : Flows - Cuts

Input
: drgadpeadahEs

4K¥
as ,

t EV

Goat : Compute flow fo EHR

s .

t
.

① OE fee) E

[
② these

,

49

§ flu → v )=£fG→w)
Makeantep :

Maximize : If (e)
e out

of s

5. t . for each e
,

He ) ZO

f (e) Ecce )
for each vertex :v:{ flu - su ) -

- Effi - w)



Related : Men cuts CSI )
Use lndicatorvariables :

Sv = O or I

Xu - su
= I if UES

and VET

•

⑦⑤



The LP . thin out
-

Minimize⇐vCu→u°Xup

-

cost of
sit

. cut

Xu→v t Sr - Su

20,

fu
,

r

Xn→v I O the
,

v

Ss = I

St = O



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 :

Rectal our chocolate :

LP : Max X ,
t 6×2

Sit .

×
,

z 200

Xz E 300

→ xfxz E 400

Xc ,XzZ O

**¥



Can we deck that this is best ?
I 6

s .

t.mn/Xit6xz-k€20092-1¥t¥¥oo
② ← 6

Xi ,
Xu ? 0

Play w/ inequalities :

① t 6. ② :

I

(
x , )t6(Xz ) E 20015300.6

Xctbxz I 2000

profit met be E 2000



Interesting !

These 2 inequalities tell us

that we couldn't ever

beat $2000
.

But recall soln was $19900.
-

can we get a better combo ?

Max Xitbxz
5. t -

×
,

⇐ zoo

⑦
. 0

In
's

200
② .

SJ
magic

x. txz E 400 ③ a I Coeffg
Xi ,

Xu ? 0

Play : o . ① t 5⑧t I

④
Sxztxitxz

E 5.300+400

⇒ xitbxz 11900



These multipliers , C 0,5 ,
t )

,

ale a cathode of
optimality .

-

↳ No valid solution can
ever Beet $1900

But how do we find these

magic values ??

In this
, we had three "

E
"

inequalities↳ so goal is to And
the

y
right 3 multipliers:i , Yz ,

and
43

Duality !



MutterInequity

Y
,

× X
,

E 200

µ
x

|ix.30
43 ×

XitXzE400_Result
.

Y , (x ,
E 200 )

Yz ( Xz E 300 )

(
Ys Git
e.

Yoo

Note : Make left side look
like the originalmadman goal ,

so rightwill be an upper bound

↳ y , X , tyzXztY3HtY3X2
Eye 200 tyz 300

+ 43400



So here
.

.

( y ,
t Yz ) X ,

t ( yztyz )Xz E

200 y ,
t 300 yet 400 yz

Means :

x ,

t 6×2 E 200 y ,
+300

ya
t 40043

if :

{ ' ' *IT?

Fyxiloxz
Yztyz Z 6

Any Yi
's would give an

upper bound !

We want the best one

↳ ie minimize another
Lp !



Duality
-

:

Max

X
,

t 6 xz
s .

t .

X
,

E

20C
xy ,

Xu E

300
Xyz

* at

,YzEo4Q

×

yrs

④ Dual

M 's?t .

200
y ,

t3-00yet400¥¥2743EEY ' , ya , YzFOAny solution to bottom is

upper bud to top LP
.

⇒ If we can find primal Duals
that are equal , both are OPT

the : primal ( x
. ,

xD -

- 400,300)
'

Dual : Cy
. , ya , yd

-
- ( 0,5

,
I )

.



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
.



Ingenue :

Primal Lp Dual Lp
-

max

Ctx
min ytb

sitars
.

X20y ZO

Recall our chocolate :

Max kit 6×2
s .

t .

¥x¥¥÷÷÷÷
. Is:

"÷:*
Yztys 26

[
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of ] Gila 9: ) Yuya , 45-0




