CMSC 451 Mov. 2

Network Fow (1)

Ford — Fullkergon Ar(.(goriﬂ/lm

RePem’c fFV\oQCv\g augmew‘c }mv\g on the yesidual network,

‘Max-flow Min~—cut Theorem

mox Il = wia cXY)
;("f‘ovd OOY) cuk

ound f s at]ﬁ Gf has wa P(M s =t,



Time Complerisy of FE .,

Lomma, 1 ol capucition o Dieyers , e

e  max j’-(ow 5 olso oA Fnteae,r\

Pmof‘ wam% e FE a&aorm\m, el al awmbers
occwsrred  oue Tn&ﬁgtzrs'

- Tach auy MENC ROV, ﬂow yolue  mcreose of (eat oe

~ At wmost C rounds
T Max POesi-ble fow Va(uke,‘ C=2 al CaFath(e.S /

: pheudo~polgnomial ¢ Wax capucivy
~ Time comP\eMt\% = Tapl Legtin < oy C.
Po&%b\owﬂa( time a(amx‘ﬂ/\vw: rwnnMy bime. 1y
|ls i§ ﬁg\'\'&? Po\%mom?v( o‘j; ﬁ\Pw‘t Lec/\%b\,\_

Initial network 1st augmentation 2nd augmentation ... 200th augmentation

1/100 100/100 Q 100/100

1/100 100,100

0/100  1/100

1/100  1/100

100,/100

S [ov o 00 ©



FE< select  ANY omamemf Pa\‘,b\,

faftest
(;\
Idec ©  celect the @ cw,gment patin .

Question - how w0 Sind the (urgest  cwgment pabh.€
CLv] := max capucity from S to V.

D(‘J‘ksmx ~Uike o&gorﬁohma
CTsl=+tn, clvl= o0 for other vev.
rePeat
U< pop-mox (R) < cTul is fuished
for (wv) €E-

ctyl= wax (covl, mia(clud, dmv)))

\I] o
WSt all vertces ]brocesseot‘ o @
O,

Time .« CLw \o% w) ®WN>@/C€W>

—_—

Crul



Tine complesity *.  Eveh round - OCm logv) Om1o &)
= How mony touds the wlgo. needf ¢
Let )C be the cyurrent at(ow, 39‘ be the wuxe flow.
A\ he tha wmox a,uamu\% ‘mw 's C(LPuoEJvtd con Gf
\ere e & lomge-
Claaw . A > = (11~ 1§1)

e~
NS whet 's left to [mPrch .

Theoram . AV\\A )qow cam e decom FOM wio
at

Proof.

Given o flow 3&,1

Repeot  the process
[« Find o path & > w/ how2er0  flow
2, C& min fow volue don% the  pocthy
3. Subtract f(ow (L(om% e Patl/l

Until  2er0 flow [eft.



Cach  Yound
- Find o Pa’o(/l J
- af least oune Qcﬂae Fesluce d to 2ero0 flows

> of most WM yrounds

Cloaw . A > & (11~ 1§1)

(<=M

Let @( @s / @/7 )DO\WS TW@ " ﬁ/lg /Woc@S
decwvv\POQTV\% j"—*‘—f ,'fﬁ“bﬁ[ :L'——Z/IPLI

> A2 max [Py 2 I';O%ﬂ’lﬁo

(<isk

Z o (-4 )



Mo,/ fatteste W%Mem putchn

/f
3 poth Tw Gr st
—>C.

[
Clam: A= 4 (1= |§I)<

al( tdizjes v the /)GW
f op. =4

A{t@maﬁug Pﬂwj \Asfm% Min-Cut Theorew -

Jet X e set of yertices  reachable
frovm S Meimi om(g nge,s > A4 .

Y be other verficeS:

= (X, 5 o ks tEX

5 ot > 3 ag peh > A controdfiction

=l the eclges (wv) , ueX, yeY.

) <A
S Q-g

571 19) = wow flow on G = ALK, Y) €A

=S Cuglwfl)



Time oa\MP\ex\‘véY |

Foch round: bofoe § » = ofter . £
1= 15[ = 0= J) (1571~ 11)

Afw‘— OCmlog [P rounds,
13@‘(—[5’! <E 2w flow found
p\\w\&\% e OC w> Loyn log C)
pol%mmm( me. -
il only  weskly pogwomial time !
Weakly Potamovw?a[ = uwting bime DQEFU\JS on # bit of imput:
corongly polgromial > ruming tine does net depend o1

n\a,%mmde ef ANDErs ™ e Tapat.

Ouly refecad & W & 0, ot relowsd
o C ) eveu g C.



Copuctty  Sealing A&g@rithm,
lek O be e lsgest copacity .

A\%O rithwm -

A < wox power of 2. st < U.
Te,‘)god’c.
Ruw FF, but on\\é consider /D

eoQQQS % Cﬁj‘ w/ resedual cu{) =A
4 < &/2
wattl A< |

Clotw - afver A~ rownd If*l“l’ﬂ‘l <m-4
Druuﬁ congider C\f ofer the QO—round
WOX DUG. Pt on TC must < A
ce () st X' se of ek, Teach cble using
24 whes from S,
S oY) S wm A



%f(“

A= round =S ljf WA

gw&t rowd Hpreshod = &/

FE ., eoch ot Tprove ot et 2
overall wd to Tw?qu > ot L 2 W rounds,

oyeral( , [o% ) huwber DS Maw(}%/ A
Lo% v 2m = OCWVLO% \))
Time :  Olwmz Losg L) C =3 all copriticg

(D = Max Cﬂf&ct\é
C a< U-m



Edwmonds ~ kcarF BES
f\

Fid tie shortest M%mem‘i PO\W\
O(nm) Townds

Time : OCum?) <« Stroagly Potawow&x[-



