
Algorithms - Fall 2020

Flows
And day ?)



Recaps
- Hw due Saturday

caution :
.

I'm
,

often busy
Sunday .

- Reading as usual
.

- Next HW - probably
oral grading



Max flow/Min cut
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Many use very different
techniques
- linear programming
- complex data structures
- hot resrphs



Shllacte!
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Even more known about
" special " graphs :

-



Topicsmc-h.tt
A mess of different ideas

!

① Makings :

D 'deny# aupwa Kimo !

Bulldog
'

: Moretz largeHouff
② Disjoint paths :

"#I¥iEI"iv.d)
③ " Tuple

" selection

& Build a graph : flow paths

Magic :
give selection

Flows lats solve a lot

of problems!



First problem-
What if we want non

- interredng
paths from

Sto t?

Two variants
-

:

- Edge disjoint : No 2 paths
visit the

EFF same edge
97¥ •• .

← on 'ya7fEF
- Vertex disjoint : no 2_paths

stricter visit the same
✓

!
vertex

Note: different ! And both model

usefuicases.gs/q32 Jmoi

Key : Flewill decompose
intopathsl



Edgedcsjointee
Input : unweighted graph G. set.

q ,
God : c¥may#ofEdsTEs
Simply add qpaa to
each edge . decompose

into

Run may flow , a trace paths
from s→t .

Since 91¥are integral,
t capacity of every edge
is

no edge will be in
at

.
*

i
.

it

Max Aflw ⇐ max
#opfafesod .



Vertex disjoint:
i

BIgraph⑤O
88 oE•t atall u→v

→
are

":w
Uout
→§

v (E) = vet
.
of E = 2x V(G) d

ECE) Edgemont E = edgesof#
+ edge bit un

Add capacity =1 to
eatin't

edge.Fnax flow alg .(E)

→ Any flow path that
enters v. n

T⇐"meet Eca:÷i¥¥u.
--

Result : each vortex appears
in only 1-flow path



Another (his) variant
-

Suppose edges are unlimited
,

but vertices have capacities .

LI: Internet routing :

Pindar'zIs%:#sat]
E:&.
How todofow? ←
Build I: (with only edge
-

•
capacities)
↳ ←

iii * ]
capadj.us/gwegaEqtYmG



Correctness
-

(not exceeding vertex
may flow in G capacities
⇒ may flow in E

H edges in 8 are fine
In G flow, no

vertex is

exceeded → in 8, Vin
→ but

edges are also ⇐ cap .

Max flow in I
⇒#Aw in G
• edges are some
vertex capacities same
as v.a→

wont

put input
WE,

so : compute in I g
Orlon

Runtime : OCVCGTE
OHNE) = East



Bipartite Graphs
raphwhere vertices can be

riled into 2 sets
(usually Lak)

S -t
.
no edges exist inside

±:⑧7¥*.
Maximum matching : find edges
(no 2 edges per vortex)

E¥¥*f. - ¥2
""



How to compute?

Greedyideas :

• thatch vertex with
minimum

degree first
- ↳ fails
gives a- matching

but

not largest

Iterative improvement .

-
.

Given a (non -maximal ) matching,
how to improve?¥*****÷÷÷÷.



Instead
,
use flows :

convert 6 to 8 :

L L faffing →

, ④ o o

A p
Ar

I

add set
direct edges of G from

one set L to set R

add edges s→ L
Carey

vertex in 4
add . edges from vertices in R

to t

give unit capacities
to all

edges



Atgorhn : GwenG=a
with V Cbipartite)

11build G- actor
a.dd.S.at .

S 's adj list =L
add t to adj list of

all ve R

direct &give
un 't cap

11 run flow
call Orlin

f get matching
trace flow paths , build

match that consists
of

any ↳
R edge with =/

Runtime OCT E)
OG'T'tIIE '-D)
= OCVETV) = OCVE)



Correctness n

-

① Any matching in G
⇒ flow in I
take matching edge

e=a→r

Set feet 1
& fcs→ a) off→t) =/

valid
,
no capacity is too

large

② Any flow in 8 ⇒ matching
in G

flow decomposes into unit

paths , Stu→ up
→t

include u→ u in matching
hold nothing

therefore
,
Max flow ⇐ markingin To

in G



Aside : How??

(FF is somehow improving
matching . . . )

Xo -
t

using Gf
this is our iterative

improvement i Idea



Crazier "word problem
"

eixample
A company

sells k products,
+ Hops records on customers

.

Goal : Design a survey to
send

to n customers , to

get feedback .

• Each customer's survey
shouldn't be too long ,
& should ask only about
products they purchased

• Each product needs
some # of reviews

from different customers



Input : - K products
- n customers
- records of who bought
what : ai; for

Eek
, j En

- For each customer
,

Ce is Max # of

products to ask

them about

- for each product, pi is
minimum #

of reviews

needed .

Can we design a survey?



Algorithm



Runhme&comednes#


