e
"Distana. Orades
A wonnsgae
Yroblem C’S(Ué';’(\h \i&v\d‘«. waighted gragh G=(UE),
b  dordar strudure  ¢4.

qven uyvel, fnd dlewv)
!

Shetks}-pater distance .

Cid valae T sA-
Aem) § X < cdlwy)
K
OPPrX ‘@ﬂd‘o\r

Crack: ppSP S ( prgac e O (alogntm)) <

Space  O(")

qQuey we  OQ)
Aperox: (\£€)-agprox AOSP  pregrec OQ;L 38) (Rwick %)
— 3 —0prox AYSY fb’(n“') Co?:{’OD

Lo tks date stucines?  Subquadvade Soce?

Qg Sponnds o s O e
| W AYS
2 singots & s O™ St
Aot ogprosmaie all Usts wah fador 2k

= gosd Spoca bd
bot net necossasly Qpod quey e

“Thorup - Guick ‘O \: QreReec fima k') <_
Spoge. LOQ\& “\’r k) I
qQuary five. [ OLe)
=)

eoy. 3-ogerox,  Spaa QN quary ax)
5 —aperox, & Rk il



Roy- 2-09Q70K ,  Spa O(nz{z) , Quary o))
5 ~agerox, e

149 ~'°L?P‘f0?</ ao

O(logn)~appias,  spraQ(nlegn), avery O(legn)

”W\om()— Zwick Methold
dRa- romdem Bmpling
Gk Gen & R A of w awdess,
laka o vosd. Qulosed A A of B numbers

€ [\ {x&:A—PJ: ® < m@x@:’)}% :O@;)_
AR b lems b apdb
/'\—/\/\/ijiflis /\/\QL’\

R

PQWOCQSD‘ / / 9gNen S C\ L\m}\‘cxﬂ.y )S-:_\[)

S/ = tand subsd of S of sits ) .

v

Lor eodh v & \ @ ’ o ¢
i) = naoeust v v AL
9) B(v)= {L xe ST dyx) < AQ’/?@))} ("o

RN o ..
& (b2 ©) Slore 0\(\1, g(u)} 1 i
ond () $re&).
peproc(S/ )

St b= r}%. 2D Wwerahy Wiy h (uels

Q\ = N V\H/h'~? V\\‘uL’? e = >
S oxpeled Spae O on %)
es?

N~ N [l -~ A I\\, ./:C

9

ow 4o onswd quan



Lo 4o onswe C\wm‘es?
Tosk Adempt:  query (S, w,v): /] givn ne\, veS

 we B ruen V) )0
olse s quan (S w )™ "RE)

0 qudy (Y, —) as agerex fickr ¢,

< C &Q") (’(\’)) =+ A‘Q@)z \I)

—

< e A+ X)) + dE,v)
—  cdew) rlen) A eEw)

SEAUS)
= Qext) duv)
Foost .
=) Qua appor fackor 27~ |

Bodker alofme  dea-  Obecarily (bok. armand R(w) ond BLY)

Ry, 3=V, K=t
Auerg (S, &, 3, %) /S %)
[/ RN U N & V and o “pilet wedeX x&
whdy & Ydor! o o e[ d(wx) < o Ayv)

7 L oaSSwme d(wx) 'S sford

TN
‘ @A
(I \Q A < %Q\O then Vi ZE%@ \;Ss §°S\'MA

" (&Y s d(w,x) + d@V)

r
Y & d(ax) F AWt dwy)
= (z2at)) Mwy) = "“""’2’;@

——

< S Q\SQ, veduen quasy (S/ N, ?_C_"_))
f /A S W, x)

Y



N O R St NS VAR S
T 748 OIS RS TCR

- A, V)
< @) dwv)

= wmox &k = &~
=) opprox fackr 2 f) £ -—@ |

ks - n be devand.

So Lar, method works for any wetvie Spoa. !
—gbx V\US'}(I\S{- gvu:&q_

ﬂP(Q,Q(C)C ’hW\Q.,7 \
= compudtag (V) gveV by Dyksira |
—  Compuiing () Gue N |y weddied Dieshran .,

\ Kt
S5 O b ®) = [OCenn™)] N1ED

'@w\\@s - cond. ower bds (Tan-Xa! ;z[ Nobood eall 122)

20 -agpvox it Vzk) r

~  below-3 approx
?&ﬂa&“«\%&\ﬁ/ ller T ~pprxX, O(w\‘(anfg ),_WQQ'

?

- DOs for L& fypes £ groghs . ..

STRINGS

Mofisdng Rroblon  Gun fort "oy T= et € 22
buld o Tia gdue <.
%\\)QV\ “QO&\QIV\" .S’Yf\"\% ?f‘- QR fw QMQ_“)

doade  winedthay € o\S\x\)ﬁ*t"@ o T




(_(‘c So, Yeport onl 0CCuMreNn
or ol o usrences

or camd—)
ey (= O‘\O\\gOH‘O\O

P = (O

Noa-DS wession:  4eivtal algfm  O(mn) fime

(many ofber O(W) Agms. - .
eq. Kowp-Robin ‘TT W S¢R)

DS UQISTO«I\,?

Sodlx Tree

oM
tre Lor o\ Safires of T.
N

eq. T = "pepp$’
S oy S TR
3 ppers {,\S Q\g &g X‘; e\?
L P
% *i £ Jey if” o X
e

comPrE,

Q?ﬂ
2

by I b
1 $ 1
P- e.(??” g
\)()Q_\/
quary O(™)

or O(mttoc)



