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SL,(CCJW\C‘(~ Qﬂiffa QMC’:‘U«E_? small Space,

usuqﬁ@ stafic
ImPQrcifQ&f space = iriformation —theorstic OPT
+01) bits (& mm&r@
— 139?@%., dafa sheucture is U ust fhe dota’,

permifed m some order

SIW T DS: space = yiftrmdfion-theorefic 0PT
+ o(0PT)
~ fead) corstont of 1

Cormpadt DS space =)information-theorefic 6¥T)
— shll befer thon “Linear—space’ dofo shructures
on eg. n-bit shrings &y fackor of Olv)
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[Vl’\v\i Suvey:
— (VAPXLC_WL Oe namic Se,arclf\ tfree:
[Féonceschiv\i & Grossi —ICALP QOOB&WADS&OOBJ
Ol n) worst case/ insect, delefz, search
(cf heap & socted anfay\)
comparison moded on elemerts
word RN G poidters
— succinet dichimary
[%m&mk& Munro- STComP 1999 ; P%k-srchPaooﬂ
Ly (4 + OCn(%%:‘X) bifs

QL) membership guevy

X S\L_C_CLV_\J bw\avg Trie: [Muvnro & Raman— SIComPaoq)
iy Cn= ( amh>/(n+1§ i L[lm such trres
ly Cu+0( Cr) = Qn + o(n) bits
O et child, vight child, pared, subivee 5ize
— almostT: .
C@m&ﬁu&md\' k-owy frie: |
[Benoity, Demaine, Munro, Raman, Ramans Rao—"B2ifanica
CK :(k”;\+1>/(/<y‘+1) ~ kG DN Such tries
(K14 el)n +oln) bits
0) child with fbell i, pavert, sublre size
— succinet vosfed ordered Hree  [Benit of of. 2005 |
o@ Cp such rees
An + o) bifs
O() it chld, paret, sublree size
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L@—V@Q’Q_ﬁﬂ_@r mpr:eseh"faﬁdh of _bi havy tfeies: [Mun ro]
{for each V\ooQQ n Q@JeQ order:
weite O/t for whether have feff chuld
weite /1 for whether have vig Wt child

= An bifs j\/@}\,\
e.9: ﬂgjj\f\\ %?9&\

00 00Q0
frerieiels
Moce ysefild view:
Dappend external node (*) i each missing child
@\ICSNL Q,QQ V\O&ﬁs N Q@VQQ o (Qe‘/_

@ write { fr nternad node, O fr extexnal
- oxtva fﬂa&mg U (Qntl bits)
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Navigating fevel-order vepresesitation’ (uith edternd rodes
Qeft R cight chldren of ith witernad nede
ace g positions i & i
Prosf:
— Suppose il 7afecnad node ot pesifion i+
—le external nodes Up f ith extecnal node
— -1 previous ifernal nodes have A(i-1) chilliren
— (-1 oﬂreac@ seen as internd vodes (all but @t
- J aﬁ‘r@aoa s5éem Qs maQ nodes
= feft child at position (++30-1)-(-1)-j+1 =i

mferveﬁy chwildren U

Rank & Sefect in_bit Sting:
rank, (()=# 15 ot or before poszﬁ?m C

sefect( J): position of jth 1 bif
= ,Qeﬂ-ohﬂ(cg = Qvomkq (i)
cight-child (1) = & vaunk, () + 1
pavedt(0) = sefect(Li/al)

(but no subfree size in Jevel-order rep\
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Rowmk: [Jacobsen—FOCS 1989]
"D use fookup table for bitstrings of fapgth 2dgn
= O(dn dy n L3 & n) space
bif@?@mr
@ split wo n/@am chunks
l l
153 n (¢ sftu(\re wmu%ﬁve \(m,\)g,‘ Qj n bifs
= OlasYn) =05 7)=0lw) bits
Q) split (s> ny -size Shunk 1o (5l Q?sge Subchurks
l
g Tshre cumdative vonk willin chunk
= O(@V\n G % )=o) bits
@ ‘(‘ank OKU‘QW sums  vank of d«uvxk
+ elihve vank of subchunk
+ relative rank of element
willin subchouk (Todkuup foble)
= O(D time, oln) bis of space

Note: con't ofevd O(mw) chunks
wi?ﬁ« (% n) <bit %uzuﬂajﬁve onks
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Sefect: [Clark &Munro — Clark's PhD. (996]
D sfore index of every QG n Syt 1 bit
= O(5255= Y ) =O(g5 ) bits
@ Within group of %n@% n 1 bifs., Sey r bifs:
f > (@ n @é Vba
thein ‘Z'go? ary of \(nﬂ&uces gf 1 %T/\S‘ én gr%up .
= @55 G bbb w=0(gEw) bits
#g%cr?r%/m i L bifs /i\;%:x Sizew
efse veduced to bifstring of fength c<(lnlsl )
(3 repedt steps @) &Q@ on off ceduced bitstrings
o reduce o bifsfmgs f length O(Q)Q;hy?;ﬂ; n):
D store relative wdex (% n bits) of every
(Qg(% m)aiﬂ\ L bt (5% bhbn also OK buf bgger)
> O3 bbn)=0(5E+) bifs
within group of (b 1 bifs, say v bils:
i€ 2 Uy by n)?
then leb\re avroy of IV\chceS of 1 bifs in roup
= 0@y Bbn*bbn)=0(ggw bifs
#such roups/#l bits/ index size
efse Y‘e&é&f to bitsting Jegth rs@af AL
@ use ,000(<u(> toble for bﬂ%ﬁr@s of <ty n
SO0 by b ) L
Hbitstrngs / ouery 7 anbwer

= O1) query, oln) bits of space
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BW\OX}} ‘("ﬁeé Qs bqlonﬂ_ POL(BO\-H\Qje‘S [Munm g((Ramo.y\
rosted —SIcomP 00l |

b,\ﬂgfy e | odered tree bao.av\cd Porens -—-L‘.Jrs‘fr;y\g)

(A) ©
& ® & ob ((OONOO)

Q ® @ @‘G}@ ®) kA BBCCDDAEFF EGG*
®
node node oft paren. ( [Bmatdhing)]

Lft hild | Geat dild | next char. [if C.efse none]
ﬁgk" cL\TQcQ V\QJOL SiloQMg CL\of. oncfer rr\odblﬁy ) [’n[’ (]
ParenJF Prev. S‘JaQMg prev. cJ/\oor. P ma‘fc)a‘wg C
Or powent (2 4hat (
su\ofree Sige sze(no&& + i'cﬂts‘fance +o @anOSivy )

51265 (5 ngs)

*Qike, nguﬁ@ mn\< & SeQecT.. Can f«mf) maJFcL\hy/
@V\cﬁoswy pacens in O(1) fime with ofn) space

=> all operations above i O1) time

" \Q‘om SUHT% Size Can accumulsfe ih&ex & node
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