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Last flow example
Intro to Complexity



Recap
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(overflows)

during week of Nov
.
9 C?)

( likely Nou but stay
←NP-Hardress
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Crazier "word problem
"

exampb.SC#astfow problem)
A company

sells k products,
+ keeps records on Ncastoners.

Goal : Design a survey to
send

€JetnaE¥gYs, to
• Each customer's survey
shouldn'tbetoolong.toshould ask only about
products theypwchased

• Each product needsSomettof reviews
from different customers



Input : -fgproducts
-tcastomers
- records of who boughtA

Ifor each customer
,

( ft . .#s Max # of

products to ask

customers they abort
- for each product, pi is

Pfl . . Egm
'n' mum #

of reviews

mm

needed .

for product i

can we design a survey?
use flow !



Algorithm Reduce survey deqignw.to
Build a graph G : use A

add ntk t2 vertices :
one per product, customer,

→
•Pi Fc ,
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Add edges :
⇐→ pi edgespq.gl
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c;→
t edges w/
capacity

-
-¥

cap
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Nba Id G as on pro page

run flow on G

↳Colin OWED
use flow to build survey :

decompose flow paths in
G for Max

flow :

each "middle
" edge, if

f-(e) = 1 Pi→
§.-7

then add that product pi
- to Cj 's survey
↳ output : satiation



Runtime a O Ccntknk)
Fddthe G :

= ocntk)
✓ = ntkt2

E- = n t k thots -0614
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Run Orlin : ONE)=0Gntk)(nk))
use flow -get survey : clicked

correctness
flow value :

oc-nkj.TK#dswvg:

q¥¥t¥¥ii
"

Ci review pi
claim : get valid

flow
put necessary

qq.fs-q.tt;
s &c
gnFeod wtobee

HenanFIFCED



Valid flow mustgive
valid survey .

Why? c = ccci→ t)
can't be exceeded .

Get flow of value =

§ PG] if
all productionstarts

are meet

s#*±#¥÷÷¥.



inbox :

:-###..
7

§ key'soffIsing I
Practice : build such a

graph



correctness (cont)



Quantifying Hardness:

Fundamental question-
Are there " problems ?
How do we rank ? Polynomial

↳ run tones : Haaretz
- linear

Id.is?.acJpocYnno:ifufg??-sub#hai
→Ex : factoring

→
- exponential#backtracking chapter)

→ worse? Yes.

Un
Some problems areimp to solve !



Theltalhngprobbm-CTEEJI-3o.se

÷÷¥¥÷÷÷*÷:*.
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Output : False
( utility should be obvious !)
Note: pcagfaI.stwns.im?ulak
If it goes forever,
won't stop or let me
answer

↳Idon'tknow when
to output true .



Thmfturingl936I.TKhalting problem is

undecidable .

(That day %, squish algorithm
Prootiwelbynaeugntrsaudhchoy)- suppose

progremh.dk?E)=fTruenaHsfoPnIgrainput Fatsehpewdseoopg
Need a contradiction now . - r

-



Now define a program gthat uses h :

←
so¥451

EEEbeyacx.AT
→ §t¥etx)↳ ¥4
The contraction : what does

*dgo?
Calls htg.az :

If§bpE¥5jIBut
-

then g(g) shouldrun forever !

If fan!stealthy son
in putg.ru

But ifeng.nshinptfgt.in]
⇒hearten



So . .
.
what next ?
-

l l

clearly , many things are usolvable
.

in polynomial .

, ,
Some thmgpossbe.ro
But - what is in between ?
t ? ? What can we do ?

idea:

Set the idea of

what are limits

of Gradney
computing .



The first problem found ;

Boolean circuits

Given a set of inputs , canclearly calculate output
in linear time ( in# inputs t.#gates):
How?


