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PDW\am\c Graph CGY\Md\\/{‘I\J‘- Mo dan A(ﬂoﬁ%ms
- Kapon-King-Mountjoy (KKM) Algo by gragh Sketthing (2013)

- Nowonokan - Samnumk Alge ULSi"\‘s expandes (07)
Z\l\.\ham{c Gruph Conmectivity (undirectad)

Given o nihial gaph and o Sequence of updades Thsert(e) and Delete(e)
determine ofbe each update whather the graph s Convucted.

Naive appro acheg:

® Run DFS/BFS on each query apdate Hime OC0)

quany Hime 0(m)

@ Run DFS/BES om each U\Pcioc\‘ec updecte Hme OCm)
queny Hime o(Y)

Kkm Algo: mointan & maximal Spanning forest,
On Quer\\:‘: Conmded & forest is @ SPaﬂninj 4ree

™ < connects Fwo Frees in e ’Comﬂ‘/ Han
add 4o forest. TElsg do nothing.

On Delete(): T Q¢’€ONS“) do m—\"rﬁnﬂ,
Clse eetorest, Remove e and

fnd o _re g\acemszn‘\' eégg, F it exisix

v
- Vs
el X
Ld' S be one cmngonm‘f ofter NW\O\/I\\J Q.

Suffics £ind an 2dgz od ofF S F itexsts
' tree on vechias S in Ahe fovest, Rvd an 2dge oud i irexists.

On Tnsert(e):
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DWW ) ) I

o Aree on vertias S in the foeest, fd on edge oud & Hexists.

Tosk: gqven
Ar \,ﬁmn\j dipect Hhe edges. For each vertex VEV, Consider
’X\,G(R =S Ue— 22U =0 -0 +L0-0-L" }
Q&‘b*v eeg-'v /0 (\
U, = unit vector for e ceoty eedv
3'('\/ = edﬁcs o\mec\'ﬁo\ out of v
3 v = o v nto vV
Now consider ’)(S i'xv G(RE
VES
Clom: xg= 3 e — 2 Ue. Un porticelar, XsF O € exists edge
ecd!S eed S i rrhofout of S.
?roo“:'- anj e_olﬁz_ U:—é—;( \n‘\'.erna,\ -\~o S (UJVGS) iS cance\(ed OU&:
YXu \has +Ue ow\a\ Ky has —Ug.

Stow algo: oftec deleting eolge e Hom ‘('\""‘St lt S ke one side.
IJ;_ %G = i %, qﬁ' O Haen *‘:\vw\ 0. VN\onzZeAD coordinate €

NTY
ond odd e OS replacament edge.
SPeeduP: A mensiov) (‘Qolud'\'on\ l°ﬂz”\
a\oﬂn f \3 un {;
RQ—&Q%\UZ— Ue € io/‘—g {O\ oLL--0 \o\- ‘QN \ll,sctpn
SR
-Ta- bit TH of- bit TD ofv

SHU have '7( gue— jue 8'\"“ ’Xsf,fo = exsts edge |r\*v/ow|‘ Q-FS
eedts ee?d” )
but <74 dua o POSS\HQ_ cancilotong,

no\e_ edge o/ ot oF S Fhran = tue, and

BUC\' \1; eXists S
f‘e_a.&\v\s ot He bit TDs.

we Can vecover edge 2 ‘oj
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\
T 4here exists move 7 Subsample

Lt E, €SE be o
Ruld dodnn  Shucture Sepo\ra'\'e,\3
TF \osl =k, Hron Aor =Lleg K, !
WEY ‘/:2‘ r,:{\/k, So  with Constoutt prblaabnld'n)
ond dotn shucture  Mecovers Hae  Sampled e.«lgz. |

baLi\HwJ? Ma infain O(\osn) samples E, for each i.

SLA‘)SQMP\Q. WL\QPQ each eolge_ e SQMP[M\ wp. \/3;-
for eack €.
Samp\eo\ oach 2€3S b E;

SZ"V‘"P‘""A QXQQ’H:] One,

H’OU 4o ‘oobS"" pr’o

- lea one  Somple Succeeds.
With prob 21— S ot least P

na Fime? |
Ruﬂnmﬂ Ca,\c,u_[a-\-e Z'x\/ 'FDY‘ each O‘F O((Djzn) Sw“?lQS E. -

&%ﬂs " dunamic trees.

S\n
ginca S induces a'\'ree) Cdn be dove u\j

Total ?o\-j \oa(n\ Hime. |

Wpdat on 2dge e = (WV), on\j naed 4o updede Xy, Xv n
Q"

? oaclh sample E;. Update dynamic Aren dedo. Structuce,

Ttk \)o\.s\o%(ﬂ Yme.

wsing ExPand.m
J

S o ¢—expmd@r F
\E(S,—S:)\ > Cf)
min {\/ p\LS), vol ()%

/C uol(8) = %SOUL:) (v)

\/b\um.n = Sum o’? oLnﬂNJ-S

Dupamic COY\MCH\I;‘\‘j
Def ( Expander): A ﬂmp\\
ySEey,

Conmen Do inikial araph is o §-exponder.
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o ¢~ axponder,

guppos& $re ini'\ia\ gﬂ\o\ﬂ S
teV, we aan check whether

for o inpudts DEE ond 5
8,'1: one conuected (n G\b n O(%) Hme.

Proot:  Suppose s,t Adisconnacted n G\D . Lok SCV: seS, tés.
Since G is 0 ¢ expandar, IE(SD|Z ¢ mn fuel (5), vol ()Y
Al edges of £(5,5) are deleted, 5o INERT=ECES) >0,

Reonmaging  gives Win %Vo\ CS)/ W\(g’)} £ %

The algocithm cuns DES/BFS from s buf feaminaes oer
reaching ota) VD\WL>%}. Repent for . Ruaning dine O
TF s+ disconnected, Yaon either VD\(S)éJ%\ (Where s€S)

or vo\(§)$% (w‘r\u‘c +eT) .

\,e,mma"

So FDFS/BFS must Find an enthre Covwnected  Component
SQ?W’H“ﬂ S &Um't‘ So w\iff\s Hat S,’t diswonnected.

Wwim} st connected.
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