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Recuvrbive calls in insest

Tf sublw] Dn%zlnlm] i a\'readz n 5ummaw} [w])
then Haeve is on\d 1 "rec.wrsive cel) o INSERT,
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Delet on

DELETE (2, W)
E .'f min [Wj = NIL 6% <& min [W] Then fetun

2. & o winlw]
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Row \mr?e shouwld a hash table be?
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Meake Hhe loable as swall as possi ble, but

la'r%e, enou%\/\, so that it won't ove,vj'low (.O"
othevwise become inefficient).

P'roblem:

What if we dontl Kwnow the proper size in
odvence I

Qolution:
D \dvmwu‘c, Tables

Tdea:
Whenevery thetable ovewjlow.s,“ca'fouo" it b‘?
o\)oco-l-ivxg (vie malloe oy vew ) & wew, \owaer
table. Move ‘aW items £rom Hne old table ivto

the vew owe, ond jree the a-h-rege. jor Hhe
old table.
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Weorst - case avxa\\isi.s

Consider a sequence of n InsevHons. The worst- case
Hwe 4o emnecute one inservhon is On).

T\nefe‘Eo're,,'W\e worst case Hwe Jor n inserhHons is:
n. Blni= Blwt).

WRONG | Ty fack, ‘e worst cose cost for wn
insev Hons i5 OV\\H Oln) ¢ Blw?)

Lel us see uo\na?

’T;'q htevy oma\\} sig

Let Ci: the cost of M ivserdion
i L ,if i-1715, ov emoct power of 2;
1, otherwise.

L l 2 3 4 5 ¢ 32 & 9 1o
size; | \ 2 4 4 B3 % ¢ % 16 16

ci\q.’b\S\\\"\\
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Thus, Hae average cost of each o\xa»naw\ic ~-table




Amoﬂ:i_;;d Avxa\% sie

An amov’cizeo! ovxa\ﬁbis (¥ am\d s’ha’cegvj o ana\wdziv\j
o sequewnce of opevations +o show tHhat Hae average
cost pev opevation is small, even '\’\Aou%\\ e .sivxa)e.

opevation within Hae sequence mi%h{ be eapensive.

€ ven ‘\’\nbu%\/\ we ave raki ng Gverades, how ever,
?vb\oa\oi\\"cz is votl involved!

* Aw owortized ona\‘&bi s cauavan’cee& the average
?evfofw\ance o-? each ope'mHo\n ivn the worsl case.
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l‘jpea of awortized avalgses’
§

—n'\'fee c oW own ow\ov’c‘szeh‘ovx or%uw'ev\{e:

e Qﬂ%‘te aa‘:e metnod,

Hae occoumiing e thod
Hnre Fo’t,e,\n\—ia\ wethod .

We heve dust seen Own acaﬂ'recaa’ce awa\\agis.

The eqqre aa%e me'\‘lnoo\,‘\‘\noug\n &iw\?\e, locks

P othey two wetHrods .

o ?o{e\n’n'a\
tized cost to

‘e F-reci sion ©
Tn Pa'f'\'fcu\GY, e acwuvaNg awn
wethods a\low @ bPeci&’c, WMoY

be allocoted ‘o each oPemHov«.
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. A)cao-r't'H/\w\b -Eo-r ao?v‘smcai, " %eomek'n‘c. F'rololems" w 2>

onad lrxialne'r.
¢ Fu\nolame\n%al Objcc{é
Q 9 —
Fow\t line line
5ec3w\emt

¢ Basic Styuctuses

roivnt set Fg\a ? own

Covwen hull t1 ov\?ula hon.




Osthoagonal @av\qe Seatching
¢ 6 d

IV\F\Q“’,: N Fo\w\;s 10, _g\_ dimensions .
oE}-

Tepres enl-\'vx% o dete bese oy n tecosds each

with d wnuwmeric felds.

8\“9"‘5" AO\jb ot\'sa,ne,c\ _lg_)_g_f;_t(_q’n 2d, C"‘red?“"ale)

" ﬁe,‘mu on the Fo?n-\s inside the oo
- Axe therve ony Foiv\‘ls?
- How meny ate Hneve !
- List the Foiv\ho

Qoal : P'fewoc,cse-im% points into dota structure

to suppert fast Cluem‘e.b.
4ot dete Styucture

o Tw b we will aloo Obtain a o\\&nov\m‘c deta
ev'}. av\J o\e\ete.

. P'riwxoma caoo\:

stiucture Suppe f\-ima ins
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Wm%,e, seavclh yﬁ:

In 1, the ciue'r& is an Intervel

———————
—————

Fi'rb\; so\ubion ubivxg ‘se\eﬁb we Kwow:

s Twierval Yvees
Poivx’c A b\d, Hhe iw\a'rva\‘_’l,'h] .

- @&we sent each
struckure Thet con list K

- Obtain o Aa.v\amm‘c
Onewers n @ query in OLK\%"}HW\C.

5eaowﬂ 501\»\41‘0'/\ uwsin io\eas we Know:

¢ Soi} Hhe points ond store themn W oan avrey
- Solve quet% \O\a b‘narg seavn on end PO‘W\"‘ﬁ

_ Dblein o stotic sticture that can \ist K
(k-’-lo?n\ Hwe .

onswers . a cluera[ m O
Lructure thal con list K

Cpa] . Obtain @ &avwmic, e
OLK'”OQV‘) Hwe .

ANAWETS 1N & c‘uev\& '

New Selution Hrat entends 1o \ni%ker dimensions:

¢ C’Da\av\ce,a\ \o'w\m& seavch tree

e New o-nam\izah'ov\ F-rivxciylf—‘-
~ $Yore \Doiw\—é w the leaved 09 Yre tree
e Tniernal nodes sloye copied of the leaves Yo
60*%?3 \oiv\w\* s eav n F-roper’rg.
- Node 2 stored in \_(_e,zjq 1..ﬂ ‘Hre wmaaimum \(ey
o 0“6 leaf n the lefl sudotree of A,




Eaawmple of a I ol 2 tree

. wa| £
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419 T ed pAE] e
1
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ﬁeneml 1D range query

/(q toot

SF\H. node

Pseue\ocod&L?a'r% 1: Find e split node

Ib- RANGE - QUERY (\7f T, 2,1 )
I w &— vookt [,T]
2. while w 1o Nt & lead ond (22 key [wlor k‘}jf“’“"">

S. do ¥ a, ¢ kea[w']
4. Hien w & left [w]
5. else w & 'ﬁz\n’c [w]

P wis now the 5?\& vwoole

tvaverse \ef{ and ﬂa\n’c -r-rom 'w' ond ‘fePo‘l't
velevant sublrees.



Eﬁeuc\a code, ?m,g_.- Troverse left and 'ﬁ%h": from
5plit_Alede. N

1b- RANGE- QUERY (T, [2,7,1)
[ find Hae split wodel
P W i5 now Hae srh"c wode
i o is leaf
2. Then ou’cful: \e@'P w '\'f fl,ékeg[waé"tz
3. olse v —\lefilw] »left Yravervsal
h while v is notale
5 do if A, ¢ keyTv]
6. Then ou’cFu‘\ Hre subtree vooted at ‘ﬁahﬁ\')
? v eleft[v]
¥ else V & —riraht Cv]
1. ou\_fm’c the \e,o-f ~ iR 2, ¢ kea[ﬂ‘“:,

[.‘5?w\me’}ﬁco\?a 'gv'o’ 'ria\n{ }revel sal

Av\a\%éis O'? lb"”l‘}f query

@ue'né Time: Answer 1o vange query 1e‘>fesen’ceol by
Ol\o% \n) subtrees Eovmc‘ "™ Ot\oah') Hwe.

Thaus
¢ Can test -?01 Foivs’cs i interval in Dann) Hwe

¢ Con count Points in interval in OUocah) Hvre 32
we au%\mew\' Hhe tree with sulbtree sizes.
e Con 'te?oﬁ: +he Birst K points in Olk-&\avﬂ Hwne,

Space: Olw)
P've?'to ce.ss‘mg twe: OL\n \o% n)



2D Tonge drees

Store @ priwaTy b Tonge tree for al) the points

bosed on - coovdinate

Thus in OUDZ w) Hwe we con Fnd OUoclw) subtrees
repre senting e points with proper o - covolinates,

Hous to festrict Yo points with proper 'd»w-oro\imhs?

1D Tange Yree of m-sovdivaie,

Tdea: Tw prim Ty

every node shres @ %condﬂf& \b Tonge Yvee based own

Y- co-ovdivate $ov all points inHre subtvee of The wnede

Qe cwcbive\H seaveh within each .

L]

AANALA
AL




Av\ahﬂ sis of 9D tonge tree

Query Hme: Tn 0l lgtn): 0(0gn)") Hwme. e con
Terveaev& answexr Yo msmze query oy 0\\:0"1) Sulotrees .

Tota\ cost fov 'repof-h‘v\% K points: Otk"'um‘)‘) .

Space: The sec.ov\o\mr\a, tvees al each \eve) of the
priwory tree "'b(ae‘Hne'( store @ copy of Hhe poinis,
Also, each Faint is present in ecach secondar
tree a\o\n% the path Lrom the leaf Jo Hae toot.

Ei'HAef wa&, we obltein thet 5Faae is 0[.\0\09 “)-

?fre fm’oce 6siw8 Liwe: 0 (V' 108 V‘)

d— &iwxevxbiovxa\ Tonge Frees
9 \Y)

Eoch wode of secondaty - structure stoves &
+e:f-\-io'nd, 2- Structure fe?veben\-imz, e points inthe
Sulotree +vooled ‘atl the weode, etc,

&uev‘a Hwes Ok 103"‘\0) Yo vreport K points
Space - O (w \ozd—’ n)
Pzef*tDCebs'mg Yime: Oln \ogd"nB

Pest Data Styucture Yo dete:
Que'tsa Hwe O (_\‘-\- \03 °Hn> {to m’e?o-tt K pow\%s.

d-!
5?0(18.:0(“(\0%“/\%\01'\3 )
)
?‘\’3?70(’.355‘\!\3 Hwe: O(\V\ \oﬁa n)



Line - tegmen{: intey section
Nd

Cﬁver\ n line segme\n{s, does any peair iw\;ersect?

0\ovious o\aoﬂ'ﬂnm: 0(n?*)

Sweep-line algoritwm
‘ g

. f)weef a verhcal line EéonNeft 1o 'rica\ni:
( conce p\-uo-\\\a, 'rep\ocin& Ancbrdinate with Hwe)
s Maintain d\dv\aw\ic cet S of se%w\enks Hret intersect
the sweep line), bydeved U:enka\-ive\‘d) by y- co-orlinale
of inter sec How"

seq went
eva pomts

- new seamevd: is encounteved

o Ovdexr o\mamtaeb when
- eo\bHvxg 5e,aaw\evﬁ: -Einis\nes,org

- two secamew\:s CTDSS

. Ke.\a aven{?o\nts ave "\‘\neve-Eo're_ 5e%wsen’c,

end ?oin‘l:s .







Sweep - ine alaori thwm
; \Y

Process event points v order ‘o'ﬂ sovting seawment
J >43
endpoints by a- coordinvates ond \ooping -Hn-rouak'-
e For o \eft end point of 5eaw\em!: s
- Add beaw\emt s P o\\dwomfc set S

“CheekK Por intecsechon between S and
'ne,i%\n bouys in S

. fov [ rica\ni: -e,w.']?oin{ o—? 5eaw\e,n\:_5__‘.

~ Rewove seq wewnt & From o\anomic set S

~ Cheek fox inter section between S ovd the
\ne'na\r\\oowrs of & inS.

ite

AV\G\% 58
Use gsed black tree o’ stoxe o\anawu'é set S.
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C orvectness
Theorem: 1If There is an inter secHon,

Proof. Let X ‘oe the \ePtwost ivtersecton point.
Assume LA 5§m‘>\ici¥\d Hrat
»owly +we 5egw\evd:f> S\, 5, pass ‘Hn'foualn X, andl
' no +wo ?oiv\’cs WWave Yhe sowe 7- co-oydinates.
Al sewme point vefore we veach X, 5, and 6, become
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consecutive in ovder of 3.
€a+\ne,-( hniHa\\n Consecutive when 5, and 5, inserted

or became consecubive when ownoHaer deleted .
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