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*Eé\/_ I‘ff (Multiple Sorting Method, Uno 2008)

§ RILES I OXFIAnAEZLNTLNS

§ NIVJEBEdLUIRDRT DEFH|EE

§ FEEEdLIADARTDHEZEMET S

§ B —rEHIBICZEYIRL T, EXR7Z0(n+m) THIZET]

AE
§ CHOFREEZERTHAELFIRD) L. EHMAKREL

F-OEMRIZILIEE
§ JOYyIIRINEAIZLDERIL

17/06/2010 5



Special Case: Z{EILXFIIRTDF R (d=0)

§ EE/—rD%&, XFF|ZEFEquivalence classIZ4El: O(n)
§ Equivalence classHDERT7[ZTyPFiRS: O(m)
§ ETE=: O(n+m)
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Algorithm 1 Multiple Sorting Method. d: Hamming dis-
tance threshold. k: number of blocks.

OO0 =1 O O s L2 bO b=

B b
L iy

b b

25:
26:

: function MULTIPLESORTING METHOD

I—{1,..n}
B« ¢
RECURSION(!I, B)
return

end function
: function RECURSION(I, B)

O D00 T DU WA

if |B| =k —d then
for G4yl x1.i< ida
if s? # s? for all b < max(B),b ¢ B then
if HamDist(s;i,s;) < d then
Report (i,j) to output file
end if
end if
end for
return
end if

[
-2

for bin (max(B)+ 1)..(k+ |B|+ 1) do
J «— Sorted indices based on b-th block {SE:}E;
T «— Intervals of equivalence classes in {s5};cJ
for each interval (r,y) € T do
RECURSION(J [z : y], BUb)
end for
end for

return

end function

EeY—hE
D la—FK

20998 k—dIZ
ZLEBOXRT7OEA LT

Equivalence Class

0D I B R B
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Cosine LSH
§ R c RPXE:NO,)MSHUTILENT=55 LITFI
§ Big

sik ‘= sign(r ), k=1,....,¢

§ FEEEMERIL, AEIZLLHI
Pr (Sik i 5jk> = %, vk,
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§ HILTUoH—RIAR—RADATryFERALNIEX, 22—y
FEEEE T+ AT HE (Raginsky and Lazebnik, NIPS 2009)
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B ) —k& (Chariker, 2002)

§ SketchMio, EXNTHUEKRRZITOAE

§ Y—rLT.HBAIMVKRIMBWTRIYT 5

§ RLODAVERDIZAST=RTIZELT, OV 1 iRtz ET
=

(a)lnputdata  (b)Sort (c)Scan neighbors
1:101111 7:000000 7:000000
2:110101 4:010000 4:0100004
3:110010 8:010110 8:010110|,
4:010000 10:100100 10:100100
5:101000 5:101000 5:101000
6:111100 1:101111 1:101111
7:000000 3:110010 3:110010|w
8:010110 2:110101 2:110101v
9:110110 9:110110 9:110110

10:100100 6:111100 6:111100



SketchSort

§ BERTATT: NJMLEXFIILT.EEY—MNEER
§ Not good: RLWXFFIZ, EEYV—FEZERTS
§ FyI~NDRE
§ RS OXFHIT—ILE Q ED<S
§ EEYV—NEEET—IITERAT S
Eq=A{(,7) | HamDist(sg, S?) <d,1<j}.

§ ETCOH DY EHES
E:Elu---UEQ.
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. SketchSort® &Ll

1: function SKETCHSORT(Z,...,Tn)
2: Use LSH to obtain sketches {syi,....8q5}; from
data {zi}iy —
- I—{1,..,n}
4: forg=1:0) do
A B— g3 .
fi: Recursion(!, B, q) %?V‘/Q(:ﬁ?éﬂ?(}ﬂj L,
i end for

3

return
0: end function
10: function REcursion(I, B, q)

11: if |B| =k —d then
12: for (i,j)el x1,i<jdo
13: if sf; # sp; for all b < max(B).b ¢ B then
14: if HamDist(sgi,545) < d then
15: if HamDist(syi,5r5) > dforallr < g
then Q *hr = S
16 if A(mi,x;) < € then AT@KQZJ:H-
17: Report (i, j) to output file (EEO)?I“}O)
18: end if
19: end if
20: end if
21: end if
22: end for
23: return
24: end if
25: for b in (max(B) 4 1)..(k+ |B|+ 1) do
26: J «— Sorted indices based on b-th block {s};}ic;
gg ff— Inﬁm'als c;lf rfquh)'ale;c; classes in {sg;} e Equivalence Class
28: or each interval (z,y) £ o
29: Recursion(J[z: y[.BUDb, q) @ﬁd%ﬂ"]%ﬁﬁ
30: end for
31: end for
32: return

33: end function
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§ BTy vk E*, SketchSortlZ&kdHREFER E
§ False positive: MTfETIFTHENWRT A, 1 DU LEDF Y2 I T
NSV RBEALINELDER
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§ False negative: ILERTMN, ETOF VYU TNIVJER
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False negative rate® EBR: Missing edge ratio

§ False negative® A h\Ean Y
§ False positiveld, A YAV BT EICK>THRIMAND

§ Missing edge ratio (False negative rate) [XRMD K127\
I N (73
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arccos(1l — ¢)
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ZDo2DT—3tvk
§ MNIST (60,000 points, 748 dims)
§ Tinylmage (100,000 points, 960 dims)
§ Missing Edge RatioftED = . FooHT) 5
O AURREDREE: 0. 157
BFvo(E£32E vk
BEEYV—rDNIUJBEREET AV (2,5), (3,6)
FyO#: 2,6,10,...,50
Lanczos Bisection (JMLR, 2009)& % LL#R
§ LanczosiZZfE->TZERZ. BIRMIZ2H BT 575 E
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MNIST, BE{E0.15 &t
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Tinylmage, E{E0.15 7
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Nearest Neighbori& & =2 &&

§ HEYV—h=dE
§ RRICOV AU EROBETHRISZRADYIC.ZERT
best-hDEEZERE
§ ETHOUENRTLEHE EEITSTLDERH20D/—
Fhvs., xBIEVKEZEVHT
§ BT HLBRFIX
§ Cover Tree (Beygelzimer et al., ICML 2006)
§ AlIKnn (Ram et al., NIPS 2009)
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5-Nearest Neighbor& % (Tinylmage)
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§ False positive rate < 1.0x10-°

§ 160 A EBROENTHLUERRZ. 4. 3BFETU]
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SketchSort®) &

§ OBEDELH-HEHEHERZHE
§ £ < IZSketchSortZMI+5: &2 T19FHE
§ aOY A2 DREE0.85T15,966,080@NDRF7 = H

+ Low-dimensional (32bit)

» High-dimensional (D)

>
+ Real-valued vector LSH (Random Projection) + Binary vector

Rsi

e Esg

ol1lof1]1|ofF
A= ]

Enumerate similar pairs
with Multiple-sorting
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§ (A) ZDORTIYNEZEDRTIYEDART: 8,219,689

§ (B) CATH_code® 7 /F—av it TLVELRT:
4,378,432

§ (C) HomologousZz R 7{iimA N El— D CATH_code}:
1,762,036

§ (D) Analogous’g R 7{iiimH &7z SHCATH_code }:
1,605,923
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Homologous Sites
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Analogous Sites
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§ BLAllEELD
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§ O—KkIXZHB http://code.google.com/p/sketchsort/
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