L5 24 .3.1%

TC-)Pic_ : Te,n’mafj[_-
Retoactive DS

A ool stucbe = Squence of ypcbres

—t ; —>
ierd(3) ’[ ingri(7)  popminC)
pepein()

A riwoctie DS. gl changs b spence
- Inserd(4, ’o,:(-—')v}wwm
— Dekele(( £)
- Query (£, "op(--)")
Ly porkial - quesy N
P Al quey ey 2




(1) Commulakve. {Ypdaks

Ihsert(é,x) = 'nserl-(m,x)

(2) ookl Updakns
Diede(£) = Insrt(now, <)
@*@ => pon‘?al r. cosy.

E.g.) * Hoshing.  (assming o cdlisions)
. Arra7 with orthmetic LPJC&:S A[c] = A
- ordered st

Whet do we red Br fll RA Y

— Tecampasable. Seach QU?IFCS
S + Queries




wa(X, AUB)" Qtffy(x,A)a Que;(x,B)
E.g.) - Nearest neighter

‘ gLJCQ’ngor

= Tl RA wih I%Cm) averhead
Ly ypdotes,

SO‘U"‘ onN ! 326'7\@’\1- +ee




Ins, el — modi{?y Clement existenae.
inler val

— O([O%m) 8"‘Cp$ / LPo'a','C'_

Quesy (#) —  walk up from £ to rot

What bt ceneral transformotions ®

— Roliboek method:
i L

————t——t+®

r T

Uwind ops F:erfcrm vpdate, edo r gE.
— Owerbead Gr)

Ea) Hajrntair\: X,Y
Updodes: X =, Je=A , Y- X7



Prior ity queve : Inert( ), fop-Min()

Demaine ef. . 2003
poctiall, refroactive C(loan )/ OP
%@: nice, bt (corrently ) omited

Sueassor quesy -
fortial O( |C% m,)
Toll 6’(\08%) < fll, decomposable

G(loa m) < hod (- ualy, convoluk)
'Giora S«L(apbﬂ 09



Am: 4ol ode maunknarce
Ol1): Inhsesrt, Remoe
Query (xiy) X <y

Sect with a different- @:)mbkm
Label groce moinlenance
Mantain linked list with monotone. lakels

3) ® <@ <Q

Ils
é)@é)@ @
)

@ -0-@-@-@

wheofS

I



Labe) poce. Label size Time
6n)- G(nlc':gn) O( log rL) G(logzn)
O) - Oepa)) Glogn)  Gliogn) J=

L@(z") an) O(/.L) ﬁ ]
il
nses] ~ Maeawaga
O\
O / O
/N /N
@) Q




Spce below node. ot height h = #gpre - 2"
#usage = numbes of usd rodes  bebuw
density of rode = *“Wome < K-
where. 1< <2 .
Update. : Delebe V*
lnsest
(1) Toy 4o sSjmeze clement
@ ek gp e tree yatil yoo Find
node. X with gpad smal| clznsdy
L rebalance. whole 2biree
Cost = O(/ur)
[glech
Sngle. child of X: Y is dss babned
Child density - child threshold
> K- K- @8
> A%) in o sige hid o rde # cabalanzd
= (X4) amorized P@*and'esfkr




= O([O& n) amortized in tofal.

Next: List ordes maintenonce.

A1 .| ™foan 1
Y 1,1 ] i ] ean labels Eoplod
2) Do - O ogn  lakels

indieeadon

1) Ollogn) time, label g2 Aagn)
2) O(4) time , label size é’Y]an)

Label = ( fop lakel, bottom label )
X e : + i+
gx tﬂ);s%l : fipc% t . he'ﬂhber
Upda}c-' Bottorn (1)
Top  (lgn) wost o,
(1) omorliz]



L6 (pot2) 27.3.47

(Parjriau)/ ketrooctive. Riortty Queve,

d\og n)/OP (oﬂ.. sort telow nfaan)

VAL Now/
/\ 1
- R T
( bridge ( before ""‘) TIMe
L View: ingert = ri8h+\«a'a| (0%
c’ej-min = "P‘Ord r07

lngert( £, inserKk)") mserts vaee info Qnow

I
delete ( "ddek-mh) /

= mox Y, k': k' debled &l dime aé}



Eﬂdeﬁ OL‘“ +ime LL. : fFF Qt = Qnau

2 s brid%e, pecqedi% tme £
ox 3 k' G k' inerled 27" §

- Store Qnowas Blanced BST (\97 valoe)
. Storee BBST n leaws = inssts (\o7 h'me)
V nodex mox k€ Gray : K @x abiree
- Store BIT on leowes = updodes

4 Ihek) ke Qo

-4 Del-Min

O lInsertlc) ke Qraw
Node slore. gblee Ums, minmox of ptﬂx&m&




