L%mm ao Monday.

Qﬁd@f Q_JL file meiienance, [Iw‘atﬂKOw\/\eim\Rm&eJA‘ICﬁLP 1991,
Berder, Demaine, Faach-Cllon—F0CS 020@
Ciqg_Qf store N elements speczﬁ‘eco or(Qer
in amay of size OIN) with gaps of size (Y1)
= scaming K consecdtive emeits cogts O(1K) mi
5(&13& et fo ellement Jleﬁe'ho%mserﬁop\ behween fwg
given clemets by ve-acrnyging ements in
array iitervd o O N) amortized
= Cosls O(%%% amortized memory Fransfers
Bgu)fi_&egl Upoh u(adquc‘g elemedt,
ensure {ocollly not too dense/sparse
— gmw an TV\JFE)(VO,Q aroomoe fthe Qﬂem&ﬂ"
witil ndt o dense or sparse ~ vatio %?“Tffg

—exendl, vedistribute elements i Fhat irfervad
IV\ WCOJ : erervoﬂs %row log wanny up Cc»mPQéke L‘mm?y ‘l‘v‘ee

on O n)y-size chunks of armay:
4 - (CQi\CQ&OhQQ)

A complete bine
//QN& J
| B g

, Q
v B8 16 B Y 6l ) (@83 7

chunks
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Updlate:
— up&afe‘«& foof’ node (6@ n) c‘/\unk) cotaining el
— walk up tree udid veach vode within Hesho
- &QMSE{}(V\O&QB = #QQQMGM% in IMQ(VQQ befas mocQQ
# ooy sfts in oitervad

- @51{5,%@0% depend on &pr& d o node:

1 _14d 11
s7uh €[5l ~netfo sparse

—density =
—densithy < F++4 < [421]  ~ndt too dense
— 6\(%@ cebalonce descendadt eloments in nodés wtervd

AV\QQ,H_SIS:
*-Fhresl\oMs 9e,+ +9Li(‘6¢ as wWe go up

‘%Veiaaﬂawc«‘ a node pdff Inildren far withn ‘f‘c\wsl«owr
[density -%reskoﬂd“ =% = 0(ga).
= beftre this node is rebalonced Q%QM must have

ﬂ( C“]MEX,‘ ) wpdates b ’orny chi odf" o€ Hwesholf

=QO(1) by our use of feaves of size @[g /\l)
= amorti rebw%vy caused by update below nodle = Ol A)
— each feaf s below h= @(g A) ancesfors
= amovtrzed cebildng pdate = O N)

Worst-case écsumﬂs poss;é,ﬁe [w.‘%d ~T4C %925
Bender, Colle, Desmoine, Farmch- Colton,, Zito —ESA roa]
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List Qat)eﬂmdq: rellited proLQem
maintain e)&menL tog for each e,Qe:meoﬂ[ h O kaec() st
Sucl/\ {‘fi\of( ‘ﬁ;s Qare mov\oﬁme, {&VO%L Qrs?L
subject o fnked st updstes: sect/delife here

Best vesulte: fog space  fme/update

(1"?)"1 *n % n O(Q}D‘ V\) = ordered e maitenance

Y\Hi - (1) 6& 3 = O via modifed) Hrresholds
n 7N S [Diete ~Seitéras, Zhang —

ol é(l) Striviad SIDMﬁaooSJ

OYZQGX' ‘%LLQSF 1€S in Q@I easier, pro(oﬁém feom L7 [M Pevsrs"f%ca
mawitorn (nked L5t 5ubj€c'f To Mﬁer%@efefe heve
A Guety: s node x loﬂql’e Vmcﬂegz
T O(i) SOQM\LM Vit inglirection: @u‘eTZ&Sfeafbr‘SToc 98 7+
Bendery Cle, Demaime,, Farach-Colfon,, 2:16~ESA d06)

h fi
[ 06hn {0k 00

(250G W) -+ Bl § friviel (1) sollition
using exponeutioll Tag space
— implicit fag of eft. = (hop g bt Tag) ~ O ») bifs
= CCEV\ SWQ;QSMFGY& ‘}wo i;; in O(g +Ime, ¢
“fbp up&oaLes change ma rmPQFci‘f fys af ence
~boflom chunks sl updles 4o p £ O -fadw
= O omovrtized cost

— worsf-mse Eouwﬂs aﬁso Possi Me, [same rm%_]
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Q&CL\Q'OBQIALTOQS pr Tdr[fy %ueug,_ [Age, Bet«cﬂer\ D&mm@,
Ho%r\d)%/(zmkﬂ% Munvo -%Tocaoo&/ﬁcomPa BrodaldTogerber: ey
- %n levels of size N NP3 N7, .., c=001)
— i’,\l&e X% hos 1 up buffer of size X7

& € X2 doun buffers each of size OK),
all except Rest with Q) elemesils

X‘Vf—i [ T \
L N, Ieoo’ 4 7
XS/; ( T & XB/a
L v L v _d~0(x)

% x| <XV

— fevels stored . order, soy smallest o QagesT
Lovariants: [ T \
<<

— ks in down buffers < up buffer ot same fey J
~ keys i down buffers @X*2< keys tn down bufs EXH
— OY‘CQ@Y [oeiww/\ CﬂGNV\ bu}%@ ina &VQQ-, ][‘:r5+<5€Cd)\(e<"‘
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<

:V\SerJrf

append to smollest up butter
3

swap ity smallest down buffers it necessary
i up buffer ovevtlows: push

Pusl'\ X elemeits it fevel X¥°

where edfs. > all elts. 1n down bifs. af Gevel X belbus

O sovt elts.

@ distc EBUJLQ/ Qmohg down bufters (& Posg;(,@ up bu{@r):
—scon elfs., visifing dbwn buffers i ovder
— when down bufer svertlbws: spgn‘ in hallf, Bk @eﬂm
~ When # down bifs. overuws: move bhst o up buffer
— when up bufer overflows: push it up fo X"

Delste-—min:
O if smallest down bufter under@ouws: pull
@ extroct smallest o in smallest down bufr

B X smallest elts. feom Level X2 (and abeve)
@ sort first o down buffers £ extract feading elfs
@ if <X: oull X2 smallest ofts. from fevel X% gbove
sort these elfs. & up buffer
oul ﬁa@w elfs. in wp bulter (some # as befre)
extract smollest elfs.  get X ofol smallests
distribife vest info down buffers
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Anallysss:
Cloim: push/pudll of fevel X* (sans recursion)
cose O(% bymp ) memory transters
—assume ol fevels of size <M sfay in cache Sfree
— tall-cache assumption: M2B% (say)
— push of feveld X¥22@>* = X>8%2 > {>1
—sort costs O(5&gue &) memory fransfers
— distebufe cosls 05+ X2 memoYy transiees
scom  Starup €ach dbun bufter
—if X28* then cost =0(%)
~else: olly o such fevell uith B<X< B
Can keep 1 block per down buffer in cache:
X¢@2=> X2 <B <G by Yol cache
so just- pay O(5) at Hhis Leved 00
= pull of Qeve% X7 > @%:
— Soﬂ' costs O( % ﬂdjﬂvs %) memovy ‘!Zfamﬂgrs
— ancther sort of X¥* ol GL@ when recursipg
= charge fo vecursive pulf

7@0_@\ - X elts. wvolved push/pull cosh O(,).( [g %Z)
2 ch et 905 up & thom down (mor% Qrgfgg) B

1 X — proof. messier
= O<§ % ﬁ’a"m/a §> amovtized cost per eloment

exp- geo»\dwcd L 3,?/%@‘{“\0
=0(3 e &)
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