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Max-Flow (graph G(V,E); vertex: s,t)

set R = residual network of G
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while R contains a directed path from s to t
identify shortest augmenting path, P, from s to t
set gamma = min (r(u, v) : (u, v) is in P)
for all (u, v) in P

set r(u,v) = r(u,v) - gamma
set r(v,u) = r(v,u) + gamma

return R
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com ( graph G(V,E), S, alpha)
set V_alpha = V union {s, t}

set E_alpha = E union {(v, t): v in V} union {(s, u) : u in S}

set c(v, t) alpha, for all v in V
set c(s, u) = not_bounded for all u in S
let R be the output of Max-Flow(G_alpha, s, t)

set X be the member of smallest connected component about s in R

return X - {s}
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Approximation-com (S, k)
while number of iteration is less than an optional number

set G to a crawl from S of depth k

crawl’
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let alpha be the size of S

set X = com(G, S, alpha)

rank all v in V by number of edges in X

add highest ranked non-seed vertices in X to S

return X
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com-cluster (graph G(V,E), alpha)
set S =V
while exists s in S
set X = com(G, {s}, alpha}
for all v in V
set cluster(v) = s
set S =S - X

return cluster labels of v in V

oo YF-Y-¥

gijubggkf)>ﬂj@ﬁﬁ.ﬁ;ﬁruo%5¢gs,ubgu,pgjubgyu4stjL¢u@
s
9P a6l gl edi g a2\ s com fg)jgi\&szSAS RWAW u;\;uT\ijg\.V Al

flz,V-X f(P,Q)
Vx| =" mn(PL, Q)



Yo ujalpk.b-/c-/jm/)go)ujHITS’,’.g)jff/)’“‘_jw

Osp sl e bl p VL as o i 3 apd oo b VP Bgb anas LI
Mcom&)ﬂna\ﬁg el ezl 055 gl b b ol ol - Ky slens
33 5 Al 4l ol a4 oS Gla Jb s ke e a4 0ST e gy plal Gliasl S S
SIS S 03 Sy 4 ete o 4 S5 S a gl S S e S bl e ST L
n 0Ll S 5 ea gl g e S Ol a8 S5 50 258 oo pleil G Ul 0
S S s e Ul oo Sz oliie SO 1 phte el 53 oS A dal o ¥ (g pie ST plazs
5 &l .ol Com-Cluster (_:w,@ Syge 53 505 Caadly b Ol S gl oo b g omms
.Q\J\jsﬁﬂ)-auwjtéﬁ)ﬂtd\ﬁxv)Xu 0 o3ls ey plazd

Xy € Xk Xy C XL XN Xy =0

4,...1&4‘, S o 3 Y-y

4 £ yne duia 355 o - San OIS e ST Jhad 3 weS b sla o 0, S
S eSS0 058 L SIS alals 3 s S Sl GBS s oS el s L
S o by e b 43S

o )l p i gl 5 S0 0 G i€ WL HITS ) 5801 L s Lis
S s sl oo ool s s osl iy ST ol p-s Pagerank LgLie 5 HITS r’wﬁ‘
Ol o,bs w83 s 5b s a I3l &S b 3 ol 0l 0 2S5 ol ay oS o VT
e DS D3 O 35 o0 BB geed S5 55 (ol (B3l 05 p 8 S s
o st e a JSE S e 5assd (b Sos e e G Do 1 1L SYSB
ol

S0l G dsa JKa L okl 05 a3 SO kS 1 aS (o Lo S8 Llas o
e b Sl s i e Lo s b e osline Slaan 1) (K 5ol o)la S
LS e ol

singletonY



Y\

s Slelox! ] sel 43 0,5 SHITS f,;wil/r“bw

L2 2 2]
[ s
(a) ®)
1 1
\ !
‘ee
(c)

33 0356, sl 5 st b e LS



2

FLad

s o La Shodiw ‘5\.&‘.:.3.)‘9.{3‘
LS p

w&ﬁdu&Jé \-¥

Sl ey s 51 OGN .&S&wdu&)sd)ﬁq‘)u@\o@ﬁgd\):
> Tsioutsiouliklis %9, 3 ae gl o1y €y i ol .rgfdpd)\»)}l.adjﬁ;)lﬁﬁu
<ol ol sl .MCJ.EJ[\Y])JHU,Gomoryb_}sdj\dﬁjjﬁwfﬂ&JbQLﬁ

Osdo &I SG(V,E) LS o8 e e okl g 50 Gomory-Hu s o jlsla esls o

AL 0,0 € Ve S 53w aidin ol fii L f(i,5) 5 W oS s ez V ={vy,..., 00} 5 g

S pme oS Kt Su iy j € N, n) OV 3 oS fip = fi el Sas) as gass A Al
S\ ez 5 S\

fir > min{ fi;, fir}

Yy



Y'Y wu:ﬁéu&);@&@mgguﬁ)ﬂ/fw

Gk € {Voin} e @)
a6 S 510y, 0o o sl S Ol o izl 1 esbinad b ¢ ame
Fyn 2 min{fyy, frv, .o, fnov)nt

%6Lho)u6jl.>-ASJJbbﬁjTC})Jp<iGQ@zb}.&@;ﬁ&\ﬁw\ﬁa‘jw
el 4 O

)\.)\_B_A kﬁ*r:_hj\dﬁ\ﬁG \J\Jj )\ v j’l}iuj.j 93 ﬁ‘\_'.ﬂ_i_fﬁu)\_i 6&)\.\4\ A 4-3”.23
93 Wm&*wds BVCIUWE N le\"’ d\.:* Q)j Vias Vaby - - + 5 Udj oS {fiaafab;---afdj} AS gass

M:@K}S\Lﬂ Tp\)vjjvi ojg

S gz i b gl s o 35S e s ain o )ls dslee e 3 T

£00S i b 0 300 G eeme S35 O35 (2 S b L Bl oS 5503 50 s S Bl
o o) Gomory-Hu o js Co peast pl b o s i ey oG v s s
Ll oo (55 o0 ASE o8 5l 45) (53 (i RS Sz 3 b eSS (e p s LS
P AU 5V e s O350 LG GBS 55 505 505 0,5 53 aeS o la L (sl SIS

055 o My epin @eS JU (8L 5 (503 3525 G WK s i il

DSl GBS 530S 53 oy atay o)l 2, Sl SEFRI
250 0 S G et 53 i, SIS JL 055 Ol Jsl o8 s 2 tpss i e
%J}g&ab;ng&n\.l}fjb deﬁrw‘udlin_\kﬁ}b)‘mﬁ)ﬂ‘w\



vy wu:ﬁdu&ﬁ@&@u%;uﬁ,ﬂ/\‘w

4-1: AMQ.S'” U.NJ.’ C_',&.-)J UID-L.«: V.:wﬂ|

g 0ol e 5 Oy pea ol BT 3 e e 4s gezes 5 aS gl ol L
S e ol 5o 5 0sd Lol IS 51 5 S sS e las (63505 45 255 oo sl S
Vol edd s 2S  sead o VY USE 3 Sy sla e e s cpl L RS o) S
0,5 33 oSSl oS n slml 3 st 5l e 8 G 53555 Ol g 4 a5l B1S 5 S L
Gl LS oo |l ol a1y €eS A r—*ﬁ)}-@‘) 03,8 bl GBS 5l el yids
Sie ol 0T 035 a5 I S L dudr 0,8 55 4y il o S S aS Lo by 4l st ys anaS
LeS o G 33 3 i s3> ediglad 05 93 nl sy e fids el ol wlS 5
o O e e o Q—:‘j‘édwbﬁwﬂ‘ Shmy 533 53 L3l o ol GIS s adol-
oS G o b L R0 i 45 sl b el sl OGS Oles sy SIS ) oS
Jol g o Dbl aiaS 2 02 5 6l o8 5108 90 WL Vo im0 57 i
LS a ool s ol 5 Jl eess ety ik aici sl Jlm A3 Ll o S oyl

3 S L 08 93 w5 Lo gl IS 3 5 Sl e G eauled ST 8 S wlie s 5L

O] 5 IS o




Yo wu:ﬂéuwjglg&@m;&uﬁ,ﬂ/fw

Sl sl Bl o 5 0 St S sl ) ads o5lE 03505 53 cnl o JU
SIS s a8 g daler Sl s 0 4 b Jlasl b L eas Lt s o5 53 5l
35l Jlail Ol Lo o S sl

P 3 oS 8 aS s ool dl e llg Il ks om0 Sl
n-1 51 e Gids Bl onl asls ol S S Lids a5 conl ol G1S 51 31,8 451 bls
oo s Olea zul ot ys ol aS Wsls QLS Hu s Gomory 4l -m‘yﬁjﬂ‘j‘)ﬁ-’
el ol 53 Sl ezt Olas b anS

Gusfield «seeo

sl s [\, Gusfield r;i))ijt 53 sl sl 51| r;{))ijt o e e sle aseus
el iy o)L anlonanl 55 o o, Sl 4S (G225 b S 325 0 S G oLl &
ble b p oot ys Sl s sl plodl ol 1S Olas g5, lasl ples I 355 o0
o)L arlome pp3lie a5 L s JL o, oS sl ol e 3 555 e LD 6 lew GBS G

A el bl Lno Sy iy

sl 8 a;,ﬂ(..g)ﬁ\ BUBTSIBE

GusfieldCutTree(G(V, E))
Initialize:

Number all nodes in V from 1 to n

Let p be an $n$ length vector initialized to 1
// p corresponds to star tree T,
// such that every node s points to p[s]

For s=2 to n do
Compute a minimum cut between nodes s and t = p[s] in G

Let X be the set of nodes on the s side of the cut



\id LS S sla c s @L54%4;”’cfbﬁ+%2}§j/fL%49

Let f(s,t) be the value of the minimum cut found
Set fl[s] = f(s, t)
For i = 1 to n do
If ((4 '=s) and ( i in X) and (p[i] == t))
Set pli]l = s

If (p[t] in X)

Set pls] = plt]
Set plt]l = s

Set f1[s] = f1[t]
Set f1[t] = f(s,t)

Output p and f1 /* p corresponds to the minimum cut tree T
with edges defined between all nodes i and p[il;

the weights of edge (i, pl[il) is equal to f1l[i].
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else
let X={ } be empty set
let e be a local minimum edge in T
while (e non-empty)
let S1, S2 be the two communities formed after removing e
if X={ D
output S1, S2 as next community and
contract if into X
else if (X is a member of S1)
output Sz as next community and contract it
into X
else { // if X S2
Output S1 as next community and contract it
into X}
Calculate new minimum cut tree T
Let e be a local minimum edge in new T
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initialize S = V;
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f_max = E/V;
While (notEmpty(S))

Let i_min be the vertex with the minimum degree in S;
Remove i_min from S;
Update S and E(S);
f = E(S)/S;
if (f > f_max)
f_max = f;
S_max = S;

Return S_max;
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1 Approx-Huge-Web (set: S, integer: k)

2 while number of iteration is less than desired do

3 set G to a crawl from S of depth k

4 set X = Approx-com ( G );

5 Score all the vertices in X due to their degree
6 Add non-seed high-scores in X to S

7 return X
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Approx-all-communities ( Graph (G,V), int n )
while i<n
compute the ith community from Approx-com (G)
let S_i be the output of Approx-com (G)
remove S_i from G

return S_1, S_2, ... , S_n
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Web Communities and Algorithms

Abstract

Communities are those sets of entities in Web that have a strong relationship to
each others. They appear in the shape of Web pages or Host pages. It is necessary to
examine the link structure of the induced graph of Web in order to infer the communities.
Recognizing Web communities provide us with a precious information about what pages
are about.

Given a graph G(V, E) with V representing the Web pages and E representing the
links among them, the problem is to extract some subsets from G, which are either in the
form of hubs and authorities, or dense in edges.

In this B.Sc thesis, we probe the web characterisitcs and models. We explain the
traditional methods to identify Web communities. We will see the minimum cut tree

method. Then we examine the Charikar’s procedure and then we conclude.

Keywords: Communities, hub, authority, flow, cut
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