| 6851 | Lechie 7 | Mac 3,301 |
TobAY: /V\ew\ov Y Hierarchies 1L Gf 3>

— e Xlexn "YV\Q)'V\‘Dvg Mo e..

— cache-ocblvious model
— coche-ob@vious B-trees

Extexnald w\moyy/ _Iﬁ/ Disk Access Maode):
[A;gqrwafz & \fiter = CACM 1933 ]
‘lwo-ﬁe,\reﬁ memay hierarch Y

M blocked
6 Yo rcasmaii==a o
AS Wacks 2. ~
L
Llsck = B wovds
= -
CACHE /MEMORY %

—focus on # memory Tyousters:
Wlocks veadAurilfen” befweon cache & disk
— ¢ RAN vunning time
_ > C@QQ'PVBBQ, LB__

7

B
- wkem cCon We Save {’L\Ts ﬁd‘é\f 6{’ ?BZ




Bas c_ es anlLﬁ (N QXT@XIAOQ memaory'
Scavm“zg’ O(R]) o reacQ/wrrT? N wodds in order
(1) Seavch trees:

— B-trees with bronching tchr OR)
5\)t(>Pc>ﬂL hsexT, delote, PmercessOr Search
in Qlloggyy N) memory traasfers
(3 O(g A Time, uith care, A COmporisen m«ﬂa%

~ 02 (Doggsy N) for search in compaissn modo()
T g\@g/e\[ C{rswgyjrs{‘{? am&nj /\{Y ijfwws m%uzwzs

t1) bits of intormalion T rgifign

— och blsck veod veveals wk@re,aga\ éfg

among B Tems > < %Cﬁ’rl\ bits of o,
= V\u:? >

%0\“1% rhermevy fcanstecs

g (Bt1

—also opfimal in “block-prabe medel” if B>w
(Péfvascu & TL\omp W~ See (1]

@ SorJﬁlAgr O( %/ Qf’ﬁﬂ\/{; §> Vhe,m@‘%;\fawsl%ﬁs

& Bx faster than B- sovt!
AR QUdito) 1w comparisen model
MUl
o

G - O(W\Tv\ /\f.\ & 0o %?Q
. i }( n Biv@d?\:‘\s/ﬁo& modlel
OXRLUTIN QQQML P% Preces of 'mpu‘f words W words
@ Buffer tree. O(s Q%v\/e %) amortied mem. sl
foc  delayed Guevies & batched updafes
& O(QS\) \[i)v\&-m‘\V\ (2) Pr«\cﬁb %/M@,ues>




Cache—oblivisus moded: (Frige. Lersersan, 60%)
Prokop, Ramachondran —£0c5 19991 Prokep ~Meng l‘i"lﬂ
— Qu’k& exme(Zuw\emogj mo&e/Q
— but o%eri%w doesit know B ar M ()
= must “work B all 8 & M
- (kujrbmo\Jﬂ‘c block Hronsters W@g@r&eﬂ b(y worcf access
with of@ne opfimal block ceplocermeit
—FIFO . (RU, or awy cm«se)r\raﬁ\/e/ repmeeK[
is Q~C<Snxpeﬁh\je given Coche of 2* size
(RSource acuy,mev&a*‘mﬁ
‘cQ\mﬂDIV\g M M/y doosn't of Rt
@PTCQQ Q)oumo(ls Q9. Sor‘h\r\; bowd

Cooll!
'—’CQQQV\ VY\()CQQ/.Q . Q%oﬁww\ u$+ Q&k@, @AM
=~ GoQC\\ﬂLS o changing B (dlrsk fracks A cachg
g M (compefﬂg Processes
— CXE,N) formalize Hats 6 7R
— Chaihging )\ ﬁrchiieJ n [%ev\o!eh Ebmlﬁw.i\
Fneman, Ghaseniesteh, Johnson, MeCauley, —SoDA 201Y:
Rendev, Demoine. Eboralvimi. Fneman, Jshwsan, LMQOQV\..
Lynch s McCaulley — SPAA 2016 )

— adopts fo ol losels of mulkifevel

Imemovy e am\\g‘« CPUke u (2 i (> HMm
<l
~ offen possiblle !




Basrc Cacfz\efo(onvzgus L@éuﬁst
wg’o sSame. Ca%orh%\lm &boum&}

%@5@1@/\ frees: wnsets delete. 3 search
2} O(QO£B+1 /\D VY\QW\O\Q ‘(’V‘awg@rg AL
[Bender;, Demaine, Forach-Cokton — FOCS 2000/STC m?ao@
[B%&W,\ Duow, Tocona.. Wu — SODA 2062/ A@. Qoott]
[Brodall. Fogerloerg., Jacsb — SODA 063
—best constant s 29 e. not 1
(Bendlr, Brodal, Fagerberg,Ge, He,Hu, Tecono,
B Soctrs 0% gy 8 viry b
DOV TThg - B 9mp B/) Memo wslens
790 of ob. T04: Boodl] & Fegorbeg2cHPa]
—uses Toll-cache assumption: m=_N(B!E)
— impossille ofherwise fBro&qQM&(}@(b@g-STocaﬂoj
’PQYML&th! min ]W\PoSSEloﬂe [BTO&QQ X/F&MQ@”SQW’J
% @ Priorityaueue: O(% Ygme §) amortized momsf

— uses +4all-cache assumpﬁm

[Avge . Bender, Demaine ., HoQQmo?'Mrkaeg« Munry —

SToC 053/ stcomp 206+ Brode) ATagerbero-Foth




Codre—oblivious stotic seordl frees:
(loiV\avg seavch) [Prakop -MEing 1194
— store N eloments 1n A-node complete. BST
—carve tree of middle fovel of edoes
Sone Top piéce, IN' boffom preces, Cach size =N

A
) ecurs‘.ve%j Qag ou‘l’ preces X/ C;o'r\cd‘ev\d{‘&
(n any ovder

o) o) [ £ [l
S odev 1 shire nodes

Vam Emde Boos ngoﬁf !
— gerev oJi %s 1o [B%Aen Devmornen taroch-Collon 62000]

—height et o power of Q
~ V\ofe dleproes P;;l 2O




Anallys;s:

= @.’Afeﬁ of defaif (reﬁnememﬂ smeMQM; B:
>B

SN

>B ©so0 >B

S ""S o’.s

_ cﬁﬁmﬁt\?ﬁ in lf\;ﬁ (,u/\JﬁgL Prece &5 ZE; é (sﬁa”\,
= heighl” 67 Plece cen Ty 8 7
J (> size belween f\%’ £ B)

=1 preces QQOY(\y rost-to-feaf pq‘H'\ SM ::;Z,QogBN

ng[ﬁ

— each piece stves <B eloments Civsmﬁv
=>occuPP7€5 <2 blocks [ij én a@gm(fgﬂ
>Fnmemopy Tronsters < Y bogg N Gasuniny M238)

(fﬁaﬂ% shuldl be B+1)—

Timprovements:  (BBFGHHIL 2003
@P \Fay\oQomi 2e lear'ﬁ "}9 ﬁocai“/dv\ ](w,rfr, [9 ,Qo o@
= oxpacted st “< (A+F) Jogs N
@ split height wibo L£-£: i+&” vatio
=> expected cost < (4 eni_@) 2 I\
=0(% % /% B

IN

-

B




COC/I/\Q *QQQIVTO%E "m as in @%J%Duamﬁcmo\@

@ owfe@ﬁ_ £ QQ mavitenance : (o do in LY)
store N eﬂew\ev} Tn %P(e%iﬁeaﬁﬁo\@(@e)r
n an a 2e OWNV) with O(1
— upddfes ﬁw‘.agset* Seﬁem eal lgé(?lweeu Twa %%Cfn
delefe  element
by ve- aflongivg array iterval s 0(«03&/\5 am.

buld sfatic search free on Top:
cach node shoves max k% W sulgiree (’npav@

Y.
O IER A R A
@ _@Pe)ra,ﬁm\ﬁ‘l of most doubfe %
— bwwwy seavch via feff child’s /<9{7 A;}i

—wnsext(x) fnds predecessor & suctessor,
& W\S(Q%Itf]L S Zf\;fe Tﬁ oone{m(ﬁ {,;,fg;
es ves max S
L\j@m postorder raversal

— delete <imillor



O wdde oudyss: | feed L
it K s Change W O £
then update tree Gn Q& oz N) memdr

— Jook atix’P fevel of deta; _B;smgcwr ) B
— Qook of é)o'ﬂbm ‘lLulo QeveﬁS L
D

>
>B ’ML,,,%B
5B 4B\ | 5B 4B
| —— ey
— Wwithin c_l/\_uﬂk of >B. jumpil (og‘hueem
< pieces of <B JC%W%Q /M2Y4B)
=> OCC;\I/\umk/ B> mesmovy Ww S i chunk
LPOV#GV\ n upcfaate MJr?Jr\ra,Q ¥3 M%Le
(’66—(\ ‘Qc‘j(\« X/ VDOT)
= O(%) Memovy Hansfers in bofm o Leyells
— upcfa%o nodes obove Hese two Q@ve@s
— subfree of ﬁ% chunk vosts
Up fo their LCA: costs OC—‘%>
-Pod(/\\%m LCA + oot of tree:
costs ((Po9g N) as chove

@O(—%Jr,eojg N) total memovy transters

bod B
5o far: seardn wn Ofoog NV .54 zolNEEY
: ULPJ&FQ wn GCI;; N+ —Qé%/% amovtized




@ nq&ﬂ‘@(‘jWOlA
— Qustexr elements il 6( ) 9roups,
QQCJI\ of size 9 >
— Use previous S‘“MCJITLTQ Cﬁ'\ VY\MS O{CQ(L{M’S

previous S’(mci(we

O/ N)
) Q{A@J @

—updafe. cluster by complete rewrite
¥ 50(%—) me,(?/mg %M@e‘g
SPQnL /mexge cfusf@rs meces%

A / 1007
70(9:?% ﬂj &Qzﬂu{) 9 ig Ob\qge/"/'b
N 0 mac:iﬁof updates

‘;’n‘%m%ﬂﬁ cog72 o=
(plus search C<55+)

F mﬂg &Qcyg A) mseﬂL deflefe,

oV, SuccessSor

du{f’ Like B-ﬁ’ees in QXMQQ
(kunown B>




