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Abstract The rapid growth of text information has brought about new challenges to traditional
information retrieval. In large search engines, indexing is required to help users acquire important
data they need, and techniques of inverted index have great influence on the efficiency of query
processing in such systems. The data in inverted index is stored in the form of arrays of integers, and
techniques of compression are required to reduce the cost of storing such data in disks and memory, as
well as to boost the hit rate of CPU cache and speed up transferring data. Therefore, it is necessary to
choose a highly efficient compression algorithm to process query effectively. In this paper, we propose
two instruction-level-parallelized algorithms, i.e. SIMD-PB and SIMD-PFD., which improve two
competitive compression algorithms respectively, i. e. PackedBinary and PForDelta, and exploit SIMD
instructions to accelerate the Pack and Unpack procedure in the algorithms. Experiments based on
public datasets of GOV2 and ClueWeb09B show that our novel algorithms have good performance on
encoding and decoding speed without impairing the compression ratio, and outperform the former
fastest inverted list compression algorithms by at most 17% , with respect to decompression speed.
Furthermore, experiments indicate that our novel algorithms have better performance on longer

posting list and larger block size w. r. t. decoding speed.

Key words single instruction multiple data(SIMD) ; inverted index; compression; integer encoding;
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Fig. 2 Example of parallelized Pack5.
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SIMD- i 28 1% 5 v ¢ W1 & 02 It 5 0% L 530 3k >R

SIMD 484 W AT A , WK 46 0003 £ e o /N B
1024,PFD % vk #1 SIMD-PFD % vk (1) 5% % %t %
B4 %.

R 1HHETHENBERELE GOV2 1 ClueWeb09B
Bi g T X EHEE S d-gap FHI AT TF FE 30 09 1 TR
245 SR P R R 4 TR L PR Ol MIPS (RERD 5 32 40
M 1A LLUE I, BE T 48 A HOFT I R 48 L R L
AT AR R AR S . FRATTER R Y SIMD-PB #ik
FHEF H B AT iAS PackedBinary 53 ZUCR$ T+ T
K#) 25%; SIMD-PFD % ik M o F H 8 A7 f A
PForDelta By, B EHRF T 50% ~100%. It
&k, SIMD-PB 4 ¥ fil SIMD-PFD % v 78 2 /> %04
1 d-gap A1 TF | 335 3 08 F DA AEOF 52 o e R
ST 55 45 HE B i R B vk SIMD-G8IUM™. 3] 4n 7
GOV2 % 5] ) d-gap fif Fe 3 FE b, FRATHE B3 /Y
SIMD-PFD 53 % [ SIMD-G8TU . 4 4 fiff s 4 1 i
P20 %0 24T R AR S 4L THIE 1A% 5 1 SIMD-PB 57 %
H T A O T T R 0 e s R R AR TR DA
1T HEANTLN RS E LT LA 2, AT+
() SIMD-PB 557k 76 Fs 4 3 B 1 A 45 fe b 19 Pk Rg
H AR F H 47 PackedBinary BT T 150 % 42
£ s SIMD-PED Byk i R Z P4 6 T 3 i & 18
ML 58 w DA S8 B P ik b, 3 2 R AT R VR T 2
(14 B[] 32 376 K F Pack i 72, ff 15 37174k Pack o &
ZIE R ERFIERH R, B 20 4.

Table 1 Compression and Decompression Speed of Compression Algorithms

F1 ENEEEARFAHIEETX d-gap #1 TF IR EMESH EE LK MIPS
Decoding Speed Encoding Speed

Algorithm GOV2 ClueWeb09B GOV2 ClueWeb09B
d-gap TF d-gap TF d-gap TF d-gap TF
SIMD-GB 837 834 819 827 270 262 266 270
SIMD-G8IU 1647 1690 1541 1544 134 128 154 142
SIMD-G8CU 1306 1331 1271 1287 129 126 144 139
SIMD-PB 1934 1926 1580 1749 691 637 667 660
SIMD-PFD 1910 1903 1507 1719 42 25 41 29
GVB_Binary 513 514 511 511 270 262 267 271
G8IU 531 547 515 548 133 128 149 142
G8CU 496 409 481 514 128 125 143 138
PackedBinary 1484 1444 1345 1442 256 255 258 259
PForDelta 1117 993 1013 955 41 24 39 29
VarByte 551 670 514 685 614 546 602 605
Simple9 530 641 525 745 141 78 161 104
Simplel6 490 639 515 739 76 45 97 59
Rice 65 83 79 85 83 70 115 72
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22 I T A TR R AR R (RN R R
5 3% R M. AR L SIMD AR 19 5843k 5 H R AT AR AR
40 2 A ) . FR AT & Bl TR 4R b 906
F1R) B B A FE AR/ T 8 PRI 7 4 X 5% 1 T 4 0
1% (VB,GB,G8IU,G8CU) fy JE 45 AL 2% s #H L 2 F
SIMD-PB £ 3 fl SIMD-PFD % ¥ 5t %2 4 15 £,
SIMD-PFD Skt T4 5 5 0 ny ab B8, 76 TR 46 % I
N4 F SIMD-PB B4k 5 4 5% e b 19 02 Eb R X 5%
i) Rice Bk . {H Hfif J& 3 & K A5 SIMD-PFD %3k
iy 3.4%.

Table 2 Compression Ratio of Compression Algorithms

®2 BEHEEARBEE T dgap # TF HEHELLR

%
GOV2 ClueWeb09B
Algorithm
d-gap TF d-gap TF

SIMD-GB 31. 39 31.49 31.40 31.32
SIMD-G8IU 28. 30 28. 44 28.32 28.21
SIMD-G8CU 28.28 28. 40 28.29 28. 20
SIMD-PB 14.18 27.21 18.70 23.37
SIMD-PFD 13.37 20. 95 15. 06 19. 05
GB 31.39 31.49 31. 40 31.32
G8IU 28. 30 28. 44 28.32 28.21
G8CU 28.28 28. 40 28.29 28. 20
PackedBinary 14,18 27.21 18.70 23.37
PForDelta 13.37 20. 95 15. 06 19. 05
VarByte 25.29 25. 64 25.30 25. 26
Simple9 11.69 18.92 9.36 15.18
Simplel6 10. 77 17.42 8.63 14. 00
Rice 8. 66 15.24 8. 05 12. 96

3.3 £ HAEZEX SIMD-PB & % 1 SIMD-PFD & %
i IE 3 FE B %

AAThIATE A A K R X SIMD-PB 8.3
SIMD-PFD 537k i & 3 B 52 W), 4 JC 45 5k 0l B A<
T Ad AR s S 40y GOV2 &5 Y d-gap ¥ 4.

D) BIHERE BE . FRATHEAS [R] B SCRY 431 6 X [A] oh
I BIBENLE B T 2= £ 100 AS3a) 3, i 52 & A % 10 Y
{R0HE B figp R B2 L, SCRY AR X AL 5 B, 4 il
Jy [10°,10),[10',10°),[10°,10°),[10%,107),
[107,10%). M\ 3.2 5 iy SE 5 b, FATTE 2 LATE BF 5%
P e R B PR B RS2 SIMD-GSITU. A i, AT
A UAE A5 v fif 3 3 e PRy SIMID-GSTU 43032 Al
FATH SIMD-PB 3 f1 SIMD-PFD 8347 T 1
BLAERME 4 Fron. NSER g5 R LLE 3L 78 2 4

BAEET AEEHEC SR H KT 5T 100 (48] HE 6
i, SIMD-PB % 1 fil SIMD-PFD & ¥ ff s o i 22
EF SIMD-G8IU & 3.

2.5
O SIMD-G8IU _
£ ,o osiMDPB - L
s @ SIMD-PFD ]
g —
S |
(9] —
& L5f 7
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£
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S 1LOoFf
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0. () 1 1 1 1
10° 10* 10° 10° 107
Posting List Length

Fig. 4 Decompression speed on different posting list
length.
P4 (5 HE G RE X Ml e BE 5 i)

2) Bk AT T B R/ SIMD-PB
2:F0 SIMD-PFD 5532 fif 6 3 BE 19 52 ). 3R AT 1R e i
KNGE Ry 2 B BEBRE  fe/ME Y 32, F RAE
8192, SLELE WA 5 k. S5 TT L& 3L, FEAS
IFi) 119 250 9 5 RS [R) 28 0 (1% 42 507 51, SIMD-PB 5
A SIMD-PFD 55 32 1) fift Fe o B 35 il 3 e K /IN i
BT TE. AR KN T 1024 W) f R S B
T EEKNRE] 1024 AN REEE R BB T
FaaE . Unpack o B2 75 5 K fif 5 — A i, 75 252
BB B8 5 LA B RN 1 =7 1 46 5 2 R A R A 5
X BT BE R AR S B CPU Y 28 77 o b 2k &k, 7
LA IN PR R IR &/ AL k€ IR I 1B N
ANOENICIRDNT Tk SR QU NI Rk 2 e Y Qi
S E]. SR B 2 BRI 3G N, SIMD-PB 5532 il

" 24
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Fig. 5 Decompression speed of SIMD-PB and SIMD-
PFD on different block size.

K5 B /N A s B2 2



BIR Q& 5 TR A 2OMT R B R SR H 8k

1003

SIMD-PFD 54k ) s 45 %6 23 748 25 Rt 76 AU A i
B R R 48 5 R RN 1 024 ARG
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Fig. 6 Decompression speed of SIMD-PFD on different
exception ratio.
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