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(NTRODUCTION

Why Approxiv!u\'ioﬂ?

efficiency
eq. dD width: O(nmﬂ) - Q(n)

o\lows for fvughrer versions
€.9. dyramic, Kinetic, outliers, efce,

This Talk

foenses on Just 2 specific Problems
& on fixedd

3 wrveys o namber of (enown alg'ms
& sSOmMe new ones

+ previews vesults v “doto sireom”
wmodel



3 Stroategies 4o Apprax. Schemes

( £rom S"-("“m.b’oﬂ-sw‘gu's Survey -Jo‘[]

X . Structuring (e.q. ro-mdw‘\g)
Hhe taput

9 S*rud'uné'\a C e P
+he output

3. structuring the execuhon
OF own Q\d"\



TUE DIAMETER PROBLEM

given v pts P i lpfl,
£find focthest paiv

¢

Quick Const-Factor Alg'ms

a) S=o0ny pt
4t = focthest weighbor of s
Approx foctor v 2

PE: Lpal & Les\+ (sql € 2(stl
a



b) | €qeciogdu, ¥alavttar, '6()

S = any pt
t = forthest neighbor of s
g! = focthest neighbor of +

Aopcox foctor: (2
17
dvow lune
wahh radivs
= (s't|
+

Diom(P) £ Diom(lune) = (3 v



¢) (Goe, Indyk, Vavadarcajan’o l)

B= swallest endas, ball (exact/approx)
W, cevder o, rodi‘us Y

Szaton9oBR
t= o ProndB w. / sot ¥ 40

t

Factor: (2 (coughly)
PL: Diam(P) ¢ 2¢
st = (=r (



Round W the lnput (i.e. PO\H'S)
( Barequet, Har-Reled 'q4 ]

|. D= constfockor approx.
2. Yound pts 4o qrid of side €D

2 return diameter of vounded prs

Appvox facec, |+ O(g)
PE:  oaddihive excor is O(eD). a

Rurtime: 2. agives O Y/ gd) pte
3. by brute focce

=7 [0 ne l/gu)} '

Rmks: conm waprove 40 O nt '/gz(a-u))

1des, works for k-center MDST,
<etc.



Rourding "Output" (i.e. Direction )
[ Adavesn), Matoutek, Suv' 192

| formn O('/ §4) vectoes A st
| ¥x, 3aeh, Lla,x)= 0O(S)

2. find extreme Pt poiv Pade
aleng esdn divection o€ A

Fators WOLE) (s £ F)
(2 \ et ae M

\ ! : a V)= 0(&)
6/‘.¢ h

| podel » & = (& [e2sOE)

Ruwntime lr o( A / e(d-\)/z )

S




Options for the vectors A

- Pack pts on untt sphere. (e.9. Yoo '82

- oc gad pts on unr kqpuc.ubt's bdf\‘

[ RS, Ag‘M‘ 5 ‘
Hav-Peled 'O\

Rwks
- 1deo works {or nearest naighkors, MST, e

~ con slightly wwmprove vuntwne
by doto structures for extreme pts



Combo : RMIV]Q ?{-s AND Directionsg
[dﬁan '003
Runthime : 0('\+ / d- + n/ @-Wz)
weth w/ = O {gd‘")

= (0( n+ '/33(4'1’2_)J

More AMgms [Chan'aa]  (skip)

2 woys 40 Gk vuvhwe veor
O(n+ Yed)

1dea - vecurse th dumension ...




|
;

DIGRESSION : "Discretre Vorore: Diagrams”

quen n gad pts In {',---,E}&'
L4 wearest neighbor (NN of
evew gnd pt th $U,.., £34

Rmks:

- Aiffevent from “opprox. UDS"
- 1#M0GR DrOCesStAg oDP1S
- studied by Brew, G, Givkpohrck, Weawaw'4S

A #la/vn

1dea - recurse \n dwnension




Bmk 1 works foe forthest nelghbors
or extrame pts along qad divechons

BACK TO ‘DtAM&T&R N

New (Frral?) Alg'm

J“S“' von Combo
but use above method o find
Hne extveme pts

= (0 (n+ 'fgd )X-hfrv\(.

(ov wmore Reecisely, O( n+ /pd -(3’2))

Open: O(n+ V£“™2) dine 27

CcOMPOviSONn . prochee) wethods ?
[ Hov-Peled '02, Malandash, Baissonc ‘02)




To £ind NN of every pt 1 & kKD gnid. ;

|. selue prodlew for pis 1w
eoch Whorizortol slice of G

2. for eadh Veshical Live Q. of G,

\e" Py Pe bt‘"l\Q.NNS-FVOM \.
consteuck the 1D VD of

Pu - PE &t Q
look up amswers

Ruwhime s

(D VD reduces 40 2D CH,

- eomputoble by Grahowm SN (nn
O(E) time
=

T = 2 T a) + O« €)

=\

= Tuln) = (o(ed) ‘




TUE WIWDTH PROBLEM

gqiven v pts P fv\. \Qd, )

£wnd 2 pavolle) lhypecplanes
ewnclos. P, wilh min distance

Row\d.uixg Pts 1 dopesn't geewa Yo Wk -

'Rotmdxi\s Divechions: wnot work either 7



Fiest Alg’m [ Doncan, Geedrich, Rames ’q'l]

. form vectors A as befoce
2. for esch ac &,
£ind 2 povalle\ hyperplanes (any
dwection) ewndlos, B, M\i'ruw{l%ins
distonce olong dicection oL
| R s s LP

$o

Factor: (+ 0(5%) (set §=\E)

PL: \etacp, £C,d®) =0(5)
dist oleng o € dist along o [ eos 0(s)

e e =
Ructime: (0O(n/ €' ”‘)i

i —

((ov Sligwtly better by dota shuctures
£for LD )




andlkg Pts  (1s¥ versien)

(. let s,€, W be as befoce

2. drow grid lines pacallel 40 S€
ot distance ¢ W, 2eW, ..., W

3. vourd pts to ie on grid ines
U. vetuvn width of vownded pts

Toctor: |+ O(g)
P£: oddtive evvor 1s OC&W) |

Rurhime: 2. gives O(Vg) pts
= O(n+Ve)



Round w\q Vs (?_“d version )

l. let s,t Ve as befote, D= |st)

2. dvow gnd lthes ovrthogene) 1o st
ot distonce ¢D, 2¢D, ..., D
3,4. as befocre

Coctor: |4 O(£)

P -FO( eodh direchion < N
width olong 0. changes by
O( & - wdth of St alovg 0\)
g 0(€- width of P along a) O

Rontime:  O(nt Ye)



na Directy Paocwa) , hrorov
Round g Di oNns [’gmxic g J)

. let 5,%X,W D be as before

2. fiRd width along direchions
ok ongle £W/D, 2eW/D, .., O(W/D)
wh nowal of ST

Foctor: 14 O(€)
Pf: soy L(a,d)= O(S)

oS

| widttn along o — wddh'olory -\
€ O(D-€W(D) = O(eW) T

Runtwne: O ( n/g)



Moval ~ -
rouvvd(iss Con u.b(k, M need aﬁés
Ouer boxes (votsted) wisteod of
hypevaubes

Crevera\@ohon to AV
[ Aaprent, MacPeled ‘01  (sketdh)

 4oke o bownding box (Bocequet, Hor-Reled 'Y
(otate & re-scale ¢ wito lnypercude
now USe o stondadd anid o.pproacin

( vounrd pts avdfor At'«.ehbnS)

Ruee: O n+ Ve24)
or by o combo, ( O n+ 'fg3U0R)

——




New Result

tun Aﬁdﬂﬁa&‘ 5 Hov -?Q\Qd!s Q(s'm
wrh our distrete VD wetaod

= \P (o gt )J-hiv\e_

Rmks :

- AH's alg'm opproianales idtly,
along oll divections ( Verdent fn" )

- leods 4o “core seds” for wan
enclos. Cylinder [ anvulus | cylid, shell
koetic preblems, etc,
[ ver-Peled, Varedavajon ' ©\]



DATA STREAMNM COMPUTATION

The Mode!
goa\ - hondle wossive dota sets

alg'm Con make just one pass over thput
space is \watted (con't store whele,
A pPut)
Exoawmple : Diometer
recall alg'm by ounding divection

O(/&4™%) space %
H1vae per Pt



Lets Try 2D wigt, ...

Yraditiona\ alg'ms ) €9. Jovardon’q3

O(n) space, O( ttogn)/VE) 4wine
per et
Agavun), Har-Peled, Varadavajonm /03

OC (log®n) /VE) space & tne

Hershberger, Suei (MPOS ‘03
( needs bounded ratic W/ D)

Buestion :  const space



Let's Sfart Over in ZD NN

A Const-Fackor Aldrn (Agﬂw‘.\ Avonov)
SV'AN( 'Q"J
S = ony pi'

T = favthest neighbor of s
W = focthest distance 40 ST

Fador: I
PE: widtn(P) € 2w

wm
. BEN

s <
w (stl = w' (et
lptl € 2\st) = W' W/z

Widta(P) 2 WdtA( {st,pl)
7Z W(2 O




Approx factor: OLV) ‘
PP Wd(P) 3 W/c os befoce

\led+ t; = LM version of €
Sthee p is processed

know \sti\ > 2 (st

\se\ £ 2 (st,]

s o,
a(p. ?t'.,) - &(?;g‘-';;\ < .l_.s?_‘. W
| [stial

= dle, $%,0) - 4. 5X )

S (2+\tirir)W

= Widi(P) ¢ W



A New, One-Pass, Const-Factor Alg'mg !

s,t = firsttwo pts
{or eoch pe P
£ {sp\ € 2 |\st\
W = mml{ll-l d(P,S‘E )}
else W= wox{W, d(‘t?p’)}
t=9

Seace: ON)



!ﬁe.pr ’ S

—

: SWCQ. (& TIM) 5 .Lo (@ “3"%)4-‘ ) .

Rmk :
wovks for Hae Coce Sets of
&ganrual, Har-Peled , Varadarsajon

(D wan enclos ball, annulus ,e'\t.)

ConNClyUsSioN

diometer & widba are oped ‘Yest
coses'" for geom.ogprox, tedhiques

Open : e.q. best dyvowmic
doto. structures 7




