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— seardh must visit each node w (Y1) fime
—need Ho fnd correct branch
— ot emouﬁé\ time o vead node (@(wl/g ) worcﬂs)

Fusion-tree node:
given k kegs Ko <Xy << Xpg ~ I<:O(w1/5)
preprocess ih kO fime
Sujojed ‘I"b Precoecessor/succe%ér in 0( 1> fime
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Distinpushues & =0/ keys
—View Keys %gnZio-n Xieoq 05 binary Shvings (0/1)
1. Yoot —to-feaf POCHAS in L\erjw‘-w B‘mog Tree (I%N)

= k-1 Igmvxcl'\ivy nodles @ i\
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bmy\c‘«\‘tby V\Ochs
= bifs where KonKye-a Xy
fist differ (st distinet \)re{%)()
“Com thase KmPorJran+ bifs b°<£1<"'<br-1q ‘r<l<=0(w1’5)

(pexfect-)sketch(x) = extoch bifs bgaby. - by from word X
1. v-bit vector whose ith ety = byth bif o x
= skefcl\(x(b< oo < S’<€+CJ'\(XQ ~all &iﬁ%reu‘i‘&mme order
A off pad@we iy o word: kev = OGW™?) bits
— conpuifoble in O(1) fime as an AC? operdtion
[Andersson, Millerson., Thorup — TCS 1899]

ICQ@O(- ‘((’)r uev . Compave S /<eJLCL(3 n ?amoﬂeQ
G, skeleh ()
‘Oﬁo{m ACO opelrod‘[dh N (Y i) wOY‘(pS
= find  where skelch (09 Gtz (preclecessor/cuccessoﬂ
Omong skefch(xo)< -+~ < skéfeh(re -1 )
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— Suppose s kefck(xi) éskeTcL(c(;\ < skelch (Ku 1>
— Co \mpuf e Qotf\ s‘f CoOMmeh prefrx = Qc\wQST CEMMOjn omces'(br

betweosn q and (% or Xiy) — foke longest MswiesT
L Tnonsketch—+—

= 1no wheve G fell off Hhe "rght pothes 4o X

= Corruf divechion/ubiree = Z y1 if (yH)st bit of =0
y0 if (g+1)s‘f bit of q=1

— extreme e n sublree closest o § = {3100'“0

yoi1-1
- Pred)ece,%olr K successor of 4 among 7<L‘5

= predecessor &successor of skefch(e) ameng skeld)’s

bep

(deskelchified)
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(Pamﬂe,a ComParisoh -
— skelch(node) = 1 sketch(xg) 1 skefch(x,) -+ 1 skefch(xie-y )
—sketch(g)< = Qskefch(g) Oskefch(g) -+~ O skekh)
= skefcl(@)- 000001 000001 -+ 00001

—difference = (B)rasn ke (B) xontomn - (Brrnsn
~AND with 100000 1 06600 -+ 166000

- (£)000006 (£)06000 - +(1)00000

Tdeo: extra 1's in sketeh(node) profect from underlow
—vemains 1 if skelch(g) < sketch(x:)
—becomes O if skefch(q) > sketch(x;)

%’(é)b‘dzave 0000111 ¢
whete ske\‘otx(c(r\ fts =2 ot sighificant 1 bit

Dndlex of mogt sz;w(}coML 1 Lit: Q??@?ﬁ% > ¢
—AC® OPelfaJﬁom [Andecsson, Miltersen, n\omp ~Tcs 199]
— instuction on many e CPUs eg. Peitiums

g (see Linux kernel: nclude/osm-%/bitops.h)
—possible with O(0) orithmetic & Boolean ops. [Broduik (443
— oSy SOQJZOM with exlro Space .

-'ﬂooLup table on ol strings of £ w bits
= 025"y w) bits = O(u= b w bifs of space
— query: O[ 1% 2) [OV O(Qg (17’5».7 Proloes o ‘I'GQQQ

— ol for next Yime: cover Stedimom & Allad s
o cllevex Sogl,(h“m«\
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ﬂpym»ﬁmﬁ@ ske'fclqé(\ 2> word RAM
— dont need skefch s pack b; bifs right nexT To each dthe
— Can be Sp( 6&(0 ou]L in predrdnbfe paﬂem of fely‘f\ O(w%)
Tm&o.peu&svd’ of X 1
Weo: mask imporfaat faij"?'- x’b: X AND Z A"
b mulfiply xm=(Z x,3)-(5 3™)
‘-‘g .3_"1 Ao, 2
(=0 =0 v
C_ng: 14)F oy L%«h«w« L’r-j_-\ can chosse MpaMyan - My 4
Suc\,\ finat @ b;’rW\J are afl distinct Do COQQI'SEOh
@ bo+mo< bl+m1< < L)r-i M= prgrejgﬁ
© Gop-yhe-g) = (bstrao) = O)=0(u) >
> 0‘)()@X~S’<e+ct\6() :[(x.m) AND %1 Qb#mi) > (‘90*"\0}
Prool: @ chosse miamyaey mi_ < 3 such Hhat
{,,L+m3 are o) dictinct modulo > (etrong @>
— P;c(( mg\ ml/.\ o m;-i by wnduction
- m{ must ovoid m{-H:J —bg Vi\]\k
TP F < choices
= choice for m{ exists
@ Qél' m. = m(/ +(w-bé+zr3 counded down muﬁﬂpﬂe of r‘°’)
=m{ (mod )
> m+b; @ iderval offer (5 +0)th mdbiple of 3
D mgtby< My +by << +hey
?J/ m &Tﬁ%re«ce = O(r‘*)
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