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Abstract: We discuss k nearest neighbor search using sketches, which is a kind of locality sensitive hash
(LSH). Search using sketches is processed in two stages. The first stage is to select K solution candidates
close in distance between the question and the sketch, where K > k. In the second stage, k nearest neighbor
solutions are selected by performing real distance calculation on K candidates. Conventionally, to ensure high
search accuracy, sketches of 32-bit or more have been used. In this paper, we reduce the width of sketches to
16-bit for which efficient data management by bucket is applicable. We propose a search method that enables
high speed with the first stage of negligible cost. Searches using 16-bit sketches require a larger number of
candidates K to maintain accuracy than using 32-bit sketches. However, by sorting the data objects by
their sketch values, memory locality in the second stage search is improved and influence by increasing K is
canceled. By using the proposed method, about 10 times speedup can be realized while maintaining search
accuracy.
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1% dim: FFET — 2 OWRGTEEL n: T—RAR=AD T — RZE */
/= x[0],x[1],...,x[n]: T—RR—ZADRHHT — & */
re2i] (j=0,...,dim—1): T—2X z D j RGO */
I med[j] (j=0,....dim—1): T— R N—ZDRET — X DL j IRIEO hkefi /
/% Trials: %5 Ry b OEEROAITRIEL */
/% MIN, MIN: 5008 O B KAE & B/ M */
1 procedure SELECTPIVOTQBP(p[w][dim],r[w],w)

/% plw][dim], rlw]: R b OHULE 2D 72 D DFLS */
FEw: A7y FOUE (8w MO #
/% eval: ¥Ry b REDFHAME (E2ehER) % Rk 5 B+
2 for i =0 tow do
3 best < oo;
4 for t =1 to Trials do
5 ¢ < random(); z — x[c];
/%2 it 1{t (binary quantization) */
6 for j =0to dim—1 do
7 if z[j] < med(j] then
8 | plillj] « MIN;
9 else
10 | plilli] + MAX:
11 r[i] < D(pli], med);
12 current < eval(p[0],r[0],. .., pli].r[i]);
13 if current < best then
14 L best < current; temp < pli]; rtemp < rli];
15 pli] < temp; r[i] < rtemp;

1 2fETAbEHVZERy MRIRT LT X4 SELECTPIVOTQBP
Fig. 1 Pivot selection algorithm SELECTPIVOTQBP using binary quantization.

N B SelafT
957 IR
Hamming  score, score,
A 1 e e,
B 2 e eyte
C 1 ey €
D 0 0 0

B g D HOBSNENT
D<A=C<B (Hamming)
D<C<A4=B8 (score,, )
D < C<A4<B (score; )

P Po
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Fig. 2 2-bit sketch by QBP and priorities.
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K1 LA a—FERERT v FOR%

Table 1 Gray code generation and sketch enumeration.

000 011 0
000 ® 001 =001 011® 001 =010 eq
001 ® 010 =011 010® 010 =000 ey
011 001 =010 000 001 =001 ey
010 ® 100 =110 001 @ 100 = 101 ez
1104001 =111 101 ® 001 =100 e2
1114 010 =101 100® 010 =110 e2
1014001 =100 110001 =111 e2

FyFiE, BT L)1l kh5s.
scoress = 0 DRy F
011 B&.
scores, = eg DAy F
011 EffE 0Dy FEFRZL b D, 2%, 010.
T sp(g) & 001 @ XOR THRDOHNS.
scoress = €1 DAy F
011 L 20y MIFLT, 1Oy bR
Y, (E0DYy MIMEE. o), 000 £ 001. Z
NnHIE, sp(g) EZFNZEN 010,011 D XOR ThH 5.
scoresy = €9 DAy F
011 &fZE 2Dy MR Y, KRYIMMER. 2% 0,
100, 101, 110, 111. SALS 1L, sp(q) & FHZHL 100,
101, 110, 111 ® XOR.
ZDEHIZ, splg) D scores D/NSVIHD R v F
13, sp(q) & 2EHT/HIVIEE L HRDE Y by —
H) & dD XOR TROLN A,
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S5CoTen, [T DY Y MXF — Y DIEEED ON ¥ v N O E
THRFELZEIEETNE, Ihz LA a— FIEIZIEN
THENWZ DG h5b.
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NI, 2EBDEDNEFR & 7L 14 a— FONEFRIX, &5
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Thb.
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/5 x[0],x[1], -+, x[n—1]: A7 FIEAIZY — b U7 T — X OdF].
/% idli): BT — & x[i) DF — & ID ¥/
/% fls]: ATy FW s THDBT — RS x 1IZB VB SHEN E #/
/% numls): ATy Fhis ThHDT— B
/K 3 1 BB TS 2 ik = SERf R TSR ml 2 o/
=m0, m[1],-- ,m[2¥ —1]: € h8X—2%& ON ¥y MO FIEIZAM AR 7= {id 5] #/
Few: Ay FORE (B hO
function SEARCH(query, s, NN, nearest,checked)
for i = f[s] to f[s] +num[s] — 1 do

checked <— checked + 1,

if D(query,x[i]) < nearest then

L (NN, nearest) « (id|i),D(query,x[i])):

if checked > K then
L return(NN,nearest,checked);

return(NN ,nearest, checked);

function NNSEARCHB YHAMMING(guery)
(NN, nearest,checked) < (“none”,,0);
fori=0to2" —1do
s < sketch(query) & mli];
(NN ,nearest,checked) <~SEARCH (query,s,NN,nearest,checked);
if checked > K then
L return NN,

return NN

3 16 €y bAT v FONI VI HEEC X D EERET VT X 4

Fig. 3

1

N S AW N

8
9
10
11
12

13

Nearest neighbor search algorithm by Hamming distance of 16 bit sketch.

Ew: 2Ty FOlE (Ey M) */
/K1 BB BT B IR = SEEEREE R R

function SEARCHBYSCOREINF(query)

query &3 EEH & O BUNEEEDIENLR bidx[0), ..., bidx[w — 1] % ¥ 5;
(NN, nearest,checked) < (“none”,,0);
s < sketch(query);
(NN ,nearest,checked) <—SEARCH(query,s,NN,nearest,checked);
if checked > K then
L return NN
fori=0to2" —1do
s s@® (1((bidx[bitcount(i® (i+ 1)) — 1]);
(NN ,nearest,checked) <—SEARCH(query,s, NN, nearest,checked);
if checked > K then
L return NN
return NN

4 HEETIREFIH L2 BRIEN scorece 12 & 2 IEMFHERT IV T1) X 4

) A LR ICHAIC 2 B

Ay F a8 D 2o DR,
ETHADDOTHA., 2D
ﬁfﬂ t&oflﬂé IICTER L

ITC, RIGHRARAFETELS AT v F 252 s
%éﬂﬁ%ﬁ%tf£<.%ﬁz_ﬂE¢67V4ﬂ— g(i)®g(i+1)=(1 < (bitcount(i ® (i + 1)) — 1))

F#gi) &35 (i =01,...
g(1) =001,...,9(7) =100 TH 5. ZHT5L, FEETX
%ﬂﬁ@”‘%amx#y%u,&mn@mnf%é.m
fHEIFEEEA @ OMWEIZL D, KA L.

Fig. 4 Nearest neighbor search algorithm by priority score.

b, ZOIRPDRD (sp(q) ®g(i) ® (sp(q) ® g(i + 1))
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). 2% D, g(0) = 000,
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WXy — B w+ 1= 1TEL RN E2F
FALTEHENLL TWDED, score; DIEITHRA 2¥ = 216
HB7-OREOEFRILIETE RV, KFLTOERTI,
score; W2 16 ¥y D A7 v FIZ X BB TIE, FIZE
X BEHEEE VTS, 2 =21 lHOTXTHORYT v F
(2 LT scorey & 3K 2 Fk L HVT05.

4. FEB&

4.1 ERIRE
KT, T L) ZEGERLEET -8 2 lv/izE
[ N
o TH{% 2,900 KOFW A5 2 RICHWHA T b T L
&L CHF B L 7289 700 1RO 64 RICT— ¥
o UL 1,400 KDEFUE CD H 5 AV B2 IC X -
THAIH L 7249 700 Ji1E0 96 RIT T — %
WINORE T — & SRR E O E 8 ¥y My
HRLERTERLTBY, BAS—EIlh5 L) ICERLL
TWh, CHk[9] TOEERIZBWTIE, 41, SISAP O
Colors =%t v Py HWTW., L2L, =754 10
L2 7% L, AFEICIEE S 20O THW TV, A
roFi, 32 FE16EY FOLDOEHAVS, Wil
b, SELECTPIVOTQBP % W CTHZEN AR b L)1
BAPERy MEGEHWA, R212, ThZhor—2%
LT, 168y NATF v F2F =T 517y FNOKET
CF¥E R (average), 237 v M (empty), BEERE
10 Loy y M EOEIE (>10)) 2Lz, £ DN
Ty MIR2ITRENA I I0MULEOERETHFT S

£2 16 ¥y NAT v FONT Y b
Table 2 Buckets for 16-bit sketches.

Data Image Music
average 105 108
empty 908 (1.5%) 2104 (3.1%)

> 10 87% 74%
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Fig. 5 Average distance to nearest neighbors.
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Table 3 Experiment environment.

CPU Intel(R) Xeon(R) CPU E5-2640 2.5 GHz
64 GBytes

memory
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Table 4 Search time and accuracy for images.

score Hamming SCOT €0 scoreq
width 32 16 32 16 32 16
K(%) 0.1 1.0 0.1 1.0 0.1 1.0
sketches(%) — 100 0.76 — 100 0.73 — 100
Ist st. time 28.7 4.36 — 35.6 3.23 — 32.0 4.90
total time 29.8 7.16 2.85 36.9 6.06 2.68 33.2 7.76
All 70.2 734 73.0 74.3 79.7 79.7 80.2 85.1

very-near  99.8 99.7 99.6 100 100 100 100 100

near 96.9 94.4 94.8 99.1 99.3 99.3 100 100
middle 80.4 80.3 79.3 85.7 88.8 88.8 92.7 944
far 46.0 53.9 53.3 52.4 63.5 63.5 63.7 73.2

very-far 28.0 38.5 379 344 472 472 44.7 58.0

® 6 WRT— T DHERFEL 90% L EOFEERH

Table 6 Experimental results with precisions of 90% or more

for images.
score Hamming SCOT€oo scoreq

width 32 16 32 16 32 16
K(%) 2.0 6.5 1.5 5.0 1.0 2.5
sketches(%) — 100 58 — 100 41 — 100
time(ms) 139 22,0 17.5 106 16.8 12.8 107 12.0
All 91.5 90.2 90.2 90.1 92.0 90.6 93.8 914
very-near 100 100 100 100 100 100 100 100
near 100 99.7 99.7 99.9 100 99.9 100 100
middle 97.4 954 954 97.3 97.3 96.6 99.1 97.3
far 84.4 824 824 81.8 85.8 83.4 &88.7 85.3

very-far 76.0 73.8 73.8 71.6 77.0 73.4 815 74.7

K5 T YIINT LRI

Table 5 Precisions for musics.

score Hamming SCOT €0 scorey

width 32 16 32 16 32 16

K(%) 0.1 1.0 0.1 1.0 0.1 1.0
sketches(%) — 100 0.55 — 100 048 — 100
1st st. time 30.3 4.33 — 36.3 3.23 — 344 4.63

total time 31.7 7.89 3.58 38.0 6.82 3.38 36.0 8.30

All 65.5 66.8 66.0 63.6 75.1 73.4 723 77.8
very-near  99.7 98.7 98.2 99.5 99.8 99.7 100 100
near 93.3 89.1 89.3 922 953 948 97.2 97.2
middle 70.6 68.2 67.6 67.4 80.3 785 79.8 83.0
far 40.2 442 43.7 369 55.6 53.1 51.2 61.5

very-far 23.9 33.7 314 219 445 41.2 332 474

35 1 BB TOBEME (57— X—2% 4 X 28 &
(%)), sketches [IMFRIFIHIZE SN2 AT v T4 (16 € v
FD&, 6756 TS 2856 (%), 100%1351% % Hwv
W), time 13 1 BB 720 OMERR (3 )) 2%
T (1st st (255 1 BRFEOMBERER) . P %2 w2546,
BRI REO I A MISHET 5 2 L TR O THIE L
T2, LB RS K SRFBESFRE (W% TiE
0%, H7—%TiE65%) EICZ5L91232Ey b T
30.1%, 16 ¥y FTIE1.0%E T 5. ALIEEEMIZHT
LEPWREIEAET. 328y AT v FITHT S K =0.1%
DB, FEESOWREIIBIT S R-Tree 12 & HEH
JE (100 S VF/EM) L) EHETHLREORE (T0%F
) OMFEEZERTHODTHS.

T/, WO, Bi§ET— 51T 5 &R FEAT
LizkZh, 1EMDH720 550 3 ) BORKMZES 5
Dotz B EEEIFICIE, B T -5 Mo
MR A ZNE TR OB EME DR HEZ 5
BT YA Z L TEEILT 2 2 LA TE, HEEME
280 SUMFECTHMECTE D, Lizh > T, FE T0%RET
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HERD T T, R-Tree 7 LMD FH:OBRZEHE L ) 5
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KT BT YIIHT BREKEL 90% L LD FEERHE R

Table 7 Experimental results with precisions of 90% or more

for musics.
score Hamming ScoTess scorei
width 32 16 32 16 32 16
K (%) 3.5 10 3.5 8.0 1.5 4.0
sketches(%) — 100 74 — 100 5.5 — 100

time(ms) 227 374 32.7 188 30.1 25.1 160 18.7

All 90.8 90.4 90.1 90.3 922 90.6 92.0 90.9
very-near 100 100 100 100 100 99.8 100 100
near 99.2 98.8 98.6 98.6 99.1 98.9 99.4 99.2
middle 93.9 929 92,5 929 94.7 934 952 94.1
far 85.2 84.2 83.5 84.3 86.8 85.7 86.9 84.6
very-far 76.0 76.3 76.2 75.8 80.5 75.9 78.6 76.6

RO 32y ATy FEHAVRERE (1 EHHD
139 S UF, scores V72106 2 U, score; & H W
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