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Scalable Locality Sensitive Hashing Scheme for Dynamic High-Dimensional Data Indexing
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Abstract: A scalable locality sensitive hashing (SLSH) scheme is proposed to solve the problem of indexing high-dimensional data for
dynamic datasets. The dynamic property destabilizes the size of the dataset, fuzzes up the tendency of data distribution, and conduces to
the retrogression of retrieval performance. SLSH inherits two very convenient properties from the novel E2LSH that SLSH can rapidly
work on data that is extremely high-dimensional and directly works on Euclidean space. For the purpose of adaptively fit the dynamic data
distribution, the original hash family in E2LSH is altered for SLSH. A constraint of hash bucket capacity is applied for the hash
parameters adjustment. As a result, SLSH provides robust partitions in the high-dimensional space for the dynamic data.
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Mis% A.SLSH Bf 8. ZEEXLEHS

SLSH Ky Z8 bl K 75 255 5 5210 B ) 52 485 2, b K g SLSH o 75 B8 A S R K 0 RS 7545
G SC(KBE S 1) TR (d) i SLSH i A2 52 BE 1 o X Jrg i BRI ey A5 de A 41 4% 5 | 18 I T 53 24 B 5k

Wi (1) A (B)nI %, O(dK) =0(d - log,,, n),

H1F SLSH X% & ] Bk i 75 % 5 5 E°LSH —HEH I8 2ok 8 B 24 i X (4

O(dKL) =0(d -log,;, n-n”). O

SLSH {7 1) 52 7% 2 L35 B dhs 47 55 R 5 G5 M A7 it 7 1 P8 0 25 18 2 T ) T ) e S 85 0, T A 5 3 s 0 A
BEHEAE S KJZTT i b, AR ST — AN IG5 8, I8 4, S ISV A 1925 8] 28 @(dn + Kn)) ;2% 18 25 18] R F dse /) 1) 1
DU BT AT B W 2RSS 1 RS A5 A P9 BRI (0725 18] A6 O(dn+O(1)). BRI X F — M7 A€ K ABK) SLSH, HL2
) 52 A% 22 O(dn + n) ¥ SLSH 6 2 5 B 1 mf 0] oy Fs SRk ey 735 B 4 28 5 | 1) 20 W) B 2% o2 5K

E WA T SLSH X S Ad FH sk s 75 26 45 5 EPLSH —FE5 1S 2 Ik A 45 36 I8 A M X (4)

O(dn+nL) =0(dn+n-n”) =0(dn +n***). U
1 BN MEEEE LRGN (ms) T2 WS AEIEE BB RAER  (ms)
B &t 10° 10° 10* 10° 10° B & 10% 10° 10* 10° 10°
LR - - - eV R 0.05 2.26 22.87  243.67 2359
KD #f 2 33 367 5679 KD # 0.15 7.46 38.44  306.91 327612
E’LSH 17 33 164 1540 13753 E’LSH 0.01 0.12 0.32 1.8 12.5
LSH ##k 10 54 163 1680 14122 LSH #R Ak 0.01 1.84 22.38 235,61 41385
DLSH 358 386 4337 1179 51211 DLSH 0.17 0.95 7.86 63.17 569
SLSH 6 22 64 666 7 346 SLSH 0.07 0.15 0.84 9.49 81.5
R3 WL AEIRE R TR (mse) T4 WSS AAEARE KRR B SRR K
B &t 10° 10° 10* 10° 10° B & 10? 10° 10* 10° 10°
k& 9201 8717 837.3 798.8 757.56 grEEER 0 0 0 0 0
KD # 920.1 8717 837.3 7988 757.56 KD # 0 0 0 0 0
E’LSH 1006 1005 976.3 965.7  893.8 E2LSH 99 94 81 53 35
LSH #x#k  961.3 879.8 839.8 799.1 757.56 LSH #x#k 0 0 0 0 0
DLSH 964 928.3 8487 812.8 761.05 DLSH 12 37 46 50
SLSH 987.3 956.5 896.7 8458 799.21 SLSH 0 0 0 0 0
=5 AR AL R T IFER (ms) FT 6 AT A AR B A R AR (ms)
B &t 10° 10° 10* 10° 10° B & 10% 10° 10* 10° 10°
SR - = - - LR 0.05 2.08 229 23711 23485
KD B 34 365 53802 KD 0.11 6.96 37.23  288.79 74895
E2LSH 17 32 168 1551 14772 E2LSH - - - 1.13 12.5
LSH ##k 18 29 337 4186 36391 LSH #R#k 0.01 2.06 23.29  235.08 2509
DLSH 341 347 41326 1173 18513 DLSH 0.17 0.91 6.11 56.57 552
SLSH 6 1 62 492 5393 SLSH 0.07 0.09 0.98 11.45 182
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Pl FATITV R LSH# S sh A4E 15 237
=T WS AEIREIITIRZE (MSE) F 8 WS ATEAN AR R IR R 53 A IR
Hd & 10° 10° 10* 10° 10° Pigiim 10? 10° 10* 10° 10°
LR 930.24 867.35 833.96 80158 766.86 PR 0 0 0 0 0
KD #f 930.24 867.35 833.96 80158 766.86 KD #f 0 0 0 0 0
E2LSH - 97152 978.89 966.6 938.94 E’LSH 100 92 77 51 16
LSH #&#k  932.98 867.86 834.05 801.58 766.86 LSH #RHk 0 0 0 0 0
DLSH 957.08 902.89 844.02 812.47 777.98 DLSH 3 35 45 50 23
SLSH 987.6 952.95 8925 842.75 790.06 SLSH 0 0 0 0 0
RO WS MBIRE R LRLIFEN  (ms) F 10 AL B R R R (ms)
Hod & 10° 10° 10* 10° 10° pigiim 10? 10° 10* 10° 10°
2 kg _ _ - - - MR 0.05 2.18 2234  240.94 223234
KD #f 2 6 34 356 5888 KD #f 0.14 7.09 37.7  304.02 23624.56
E2LSH 18 34 162 1589 14056 E’LSH - - - - -
LSH #RHk 10 40 147 1423 13725 LSH #R 0.01 1 23.44 23231 2380.97
DLSH 421 371 518 1119 26911 DLSH 0.28 2.01 11.19  114.62 1459.28
SLSH 6 19 67 619 6 480 SLSH 0.12 1.15 12.61  141.69 1009.92
=1 WSS AAEAREII TR (MSE) FT 12 A ATEEE A KR IR R R IR AR B
Hd & 10° 10° 10* 10° 10° PG 102 10° 10* 10° 10°
LR 0 0 0 0 0 gMHEER 0 0 0 0 0
KD ## 0 0 0 0 0 KD 0 0 0 0 0
E2LSH - - - - - E’LSH 100 100 100 100 100
LSH #x#  88.37 54.37 10.44 0 0 LSH #x#k 0 0 0 0 0
DLSH 594.63 2165 254.62 285.89 991.43 DLSH 0 0 0 0 0
SLSH 0 0 29.97 8572 23534 SLSH 0 0 0 0 0
F 13 ANN_SIFTIM $din 48 40 2= A
Rank LR (%) KD W (%) E’LSH (%) LSH #x#k (%)  DSH (%) SLSH (%)
1 100 100 10.77 77.99 46.31 42.69
2 100 100 16.22 89.80 51.99 58.30
3 100 100 20.47 94.35 54.80 67.24
4 100 100 23.82 96.69 56.88 73.34
5 100 100 26.32 97.69 58.59 77.90
6 100 100 28.60 98.33 59.88 81.28
7 100 100 30.52 98.44 60.99 83.77
8 100 100 32.31 98.78 61.96 85.97
9 100 100 33.78 98.98 62.80 87.48
10 100 100 35.23 99.12 63.40 88.99
11 100 100 36.64 99.28 63.95 90.07
12 100 100 37.87 99.39 64.69 90.95
13 100 100 39.02 99.48 65.32 91.81
14 100 100 40.10 99.54 65.82 92.34
15 100 100 41.14 99.60 66.30 92.87
16 100 100 42.10 99.71 66.63 93.35
17 100 100 42.94 99.77 67.00 93.87
18 100 100 43.70 99.83 67.35 94.42
19 100 100 44.31 99.86 67.79 94.83
20 100 100 45.04 99.87 68.13 95.10
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% 14 ANN_SIFTIM %l 4 - HoAh 355

PERETR bR LR KD #f E2LSH LSH #x#k DSH SLSH
HALRGIFERS (ms) 4118 6728 4873 8876 17 674 4916
B RIEN (ms)|  1120.55 2632.42 4,59 657.92 228.58 58.05

YR 990 158.61 990 158.61 1384659.29  1006922.24  1062838.44  1134420.73

Y EIESE V¢4 0 0 294 0 582 0

TP L R T RE I A HE I ANN_SIFTIM S8 42 (W RE I 1l 2 1 48 R A AT 52 B 4 (1 I 7] T4,
A] DLER PR R ok Bk A W A R BRI

A (1983 ), 5, © i EuE N WL, ,CCF (1991 —), 5 Wi+, = BRI 5T 45 AR
23 03, T 7T AT A AT PR 15 23 A Ak B ARG 53 BT A 2.
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