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Abstract Nowadays we enter the big data era. The amount of data is growing explosively in
many business areas. There is an urgent need for efficient storage and management of big data to
provide realtime or near-realtime query for data analysis. Hadoop HBase provides a technical

method and system with excellent scalability for storing and querying big data. However, HBase
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only provides the row key indexing and does not support non-key indexing, which makes it
insufficient to meet the need of realtime or near-realtime applications. In this paper, we proposed
a hierarchical secondary indexing model and method for HBase. It built the permanent layer of
secondary index for non-key columns in HBase table to speed up the query process. Furthermore,
we presented the Hotscore Algorithm with hot-index cache mechanisms and an efficient cache
replacement policy, to reduce the disk access overhead for index data. The Hotscore Algorithm
overcame the limitations of the Least Recently Used (LRU) policy. To differentiate the hot and
cold index data more precisely and fit in the time locality of data accesses, the Hotscore
Algorithm presented a new method by accumulating the access frequency of records and reducing
the accumulation variable exponentially and periodically. Additionally, we designed the distributed
memory cache protocol based on consistent hashing to provide excellent scalability for the hot-
index cache layer. Finally, we implemented a hierarchical indexing system HiBase. The experi-
mental results on datasets ranging from 10 million to one billion records show that, the HiBase
cold query(the cache-missed query) outperforms the standard HBase by 65 times (for large result
sets) to more than 3000 times (for small result sets) respectively. Further, the HiBase hot query
(the cache-hit query) after adopting the Hotscore Algorithm cache replacement policy can achieve
extra 5—15 times speedup compared to the HiBase cold query, making the overall performance
speedup more than 300 times (for large result sets) to 17000 times (for small result sets) compared

to the standard HBase and speedup 5—20 times compared to the open-source Hindex secondary

indexing system.
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3. THETHNFEFELEETEANESR

HiBase 7E & 517 AA-Gif )2 AR R E 32 TR
A7 LSRRG RSB E A BEE S X
R RO TR 5| A A 130 1 A9, 4 1] 5 (a)
iR,

WEEL T, — R B EEEE SX £ 5%
P il sk, 78R A A7 )2 19 & 51 £ b, HiBase
FER G 3R o AR P 3R 32 DL 24 L — 1k
3.1 frs). fEfE R AT R ARAFE R T 5H
HULE R IC A S LA P RG22 P X 5
B2 R G 0H R G 347 0 [l A i) i) (3R 23 oA
Vila), B 3R S OR 2 S R B ZAAAE N A7 AT
PAR R 3 R W & ROR. XGPSR S
(=31

ilaE (EES
Name Age Income Age
Bob 21 3000 12
Jerry 30 10 000 21
Ron 30 20 000 30
Simon 42 22 000 42
Tom 12 500

(a) HiBaseE"]AgeﬁMHi?

iilakd {IEES
Name Age Income Income
Bob 21 3000 0-5000
Jerry 30 10 000 10000—15000]
Ron 30 20 000 20000—25000)
Simon 42 22 000
Tom 12 500

(b) HiBase IR FEE R AL J7 % Incomed Il %
5 HiBase %51 51{H 3%
MR G18)  FLE RN R 51 5 EUE 1) S04 B0 A

RIS+ bR AL ) FR UE (B REAT 280 A 2% 51 51 L
{ELAR 22 s JCBR 22 CHE A BU{E D 95 [ 28 A R A B 8L 7
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RL A FRAATT 5 ATI IR 2 — FR A 320 S X i —
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(i) PR 20438, 38 % A 18 78 5 2 /N T AR A A B R
(G AR E R A 1, T LAY R A0l 1 2 5 i 22 3k
P T8 1AV IR A X R G A R

HBase 5 A C W 22 475K 1% , B} HBase pyH 2%
17 (BlockCache). HBase £ 352 2 3 it 2= DA Bt (Block)
N AL FEAT GAE  FIORAR TH R VERE , He ) BN R /N 2
64 KB. #iHR S5 21'H 247 (MemStore) H1 £ i , £ i
2 I 4k 8 30 B 2 A v i L 7 A R OR MORR 25 B G
£ B9 HBase 2t 32 B, [ I 25 488 352 IR 25 2R i A
WG e AEBCE b iR E G AF A i s
TR B 2 Bl 85 %0 A b iy Ik JF 46 2R i 2%
FE A5 SR T KB T R G FRAE TR A 2 i o
ey 75 %0 i B4 45 1. SR T . HBase (¥ 28 47 5K g J2
T[] 28 98 Y 12 5 1 RE 4 T A9 T A J2 T [ R 5 19 4R
e r.

HBase 3% 19 & B 3 8¢ 20 f# i (Least Recently
Used) Y 2 4745 4 SR W OK ¥ IR e, LRU B30k 2 ik T
AR E « B W U5 1) ) 0308 7 3 9 4 A7 7T RE A
S5 A] T A0 SR AR A B ) A A 4 T 00 A A B 7

e S Wl 7 1a) () HE FRARAIG. LRU 583k H 56 1 5038 10 i
A — YT [ I ] 8 22 57 A S U B4l 190 ) ) A
AR A WL e U, LRU Bk % % A 1)
ARE.
4.1 HiBase E3| AR HEEFEAER

1 HiBase H. AT T #48 R & A7 B
Hms. AT 5 LRU B A0 [ A B« Bt 9 U5
[ P 5CHH 7 o T 118 A O die A ] BB B A Dy )L HE
AT AR F S Ve R ARG A R 51 B S Ui Il /Y
B FF 57 ) KSR I 1 b 3R B A B IR A7 7E %
FEOTEAE b FE T 0 BT A 0 S R B HE R
B RPN TOP-K B R F1C R AT BN AT X
A T R B G A R

6 43t T HiBase #9732 B A7 4514
FIE VRG] R AME R A AR AF i 7E & T HBase 19 R
IR AMAF 2 T TN ARG A7 AT TR A R 51 34
R, RO GAFAT A 2 3 T Redis S
(Set) ,Redis Set 1 J& DA (key, value) #% = 2H 41 %
. OSBRI R 5] FE R 3.2 TR IR ik Redis
Set [y key. M K5I 44 (U 3. 2 WA /E K Redis
Set i) value fRAFAE N AF A7 . AR HA M F &
FIFME R IE SRR 58 L /] — 5 b, 3 TR 5181
(B A0 A i i vh o2 DLAE B B Y. RIS AT S A
JE R EEAR AL LSRR eI
S I N 1 T R R

:
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& g
z 2
& &
Cache metadata Cache metadata
e ] [ ]
Key ory Key ory
isInMemory isInMemory
HotScore t HotScore ht
VisitCount VisitCount
A
consistent hash
EIPS
[ES EGIES
i MRk (EES
HBase WP

6 HiBase 1432 R ¥ 577 1%
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7E HiBase o, #4828 B8 A7 5 ¥ 3R s 1) 4 i
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visitCount
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Hr 0<<a<<1. XM countPeriod W) # B 11 5
W, visitCount 8 4 AT HJE T AW Z REI £ 4
B 1] B R B SR A score, T S e B A B R
(17 S0 IEE . S8 o S S R B FH R A 2 i R D
SR I AT s R AR score, A B T Y AL
.o R N g 1 5 ) A6 B0 U7 ) A BE R BT o Y
AR A, 7 S 1 ) 30 57 X6 BB AR A R /N
ZIRR. R B Y I SR I AR AT B A N DL &R B
(1 — o) (3 F 3 90, 2850 22 Ak AR B o35 1 1
SR T 2 0O, o LR T R R
Xt B B ) 5 ) AN DB B AR

R TR AT B RE T AR ke i T AR R R O L A
AT AT VI SR B o N 7 28 A7 19 IR 55 E R 23 %o 1 [)
2 10 B 25 R 5 B 1 AR JE) A U ) B L
I AN KT PN AE G2 A7 00 B0 1 AT R . L 3 45 90 R IR
BB B count Period , BV 35 $4 88 11 5 J5 9 ), Al 95
TE AR fioh A %A 1 R R . 4 HECAEE BRBLA 2O T
A0 TR IR AR AR HE Y R AR HE )Y
TOP-K MEARICREZABINAET . EH5TREM
0 A BORE AR EE R B AR TOP-K i 4 4 2%
FE25 (R RE WS 25 40 1) 1c 3% A5 BCRR 1 31 3 o BB TR
TR E A WA BN A

SR FE 2R G290 b B B . % A7 J2 KL 28 TR 1.
LRU ByLAE R G0 ba B B fiw b R 88 THR P L i 2
BT LRU B3k 85 10 5% 02 Ui 18] BD 46 A 277, B
K sF [ 98 A5 4 1 [ A9 B30 S0 i 2 A % A7 TR 0 S BT
IR LA LRU A DL o i A RS e RS 1y #0221
R 77 1] G S AE 28 e 000 s I BO3E 2o ) 9 4 3153 4R
B A 7 1) B 10 5% ) AR RS SRR B 1] R A R LA
A AF 15 R 200 b WA B BE 1) 28 A7 A1) FH %418,
T CAFRAT B A B SR FRU B 1 A 2 A 25 TR B B Al T A
b R A 25 R FRATT A0 R T 15 1) BV e A7 ) 5
WK i A U7 [ 380 0 30 SRR A A G2 AF 1T > G2 A7 S0
PAIG s #RRE SRR 2 A7 5 0 3 s A A0 0 ok 9 P 2R
FRVE 23 6 5 0 P 7 1 K L A7 SR R AR AR 33 5
I3 BIC SRR AE G- A7 .

FAHE SRR 2 A7 2 40 SR M AN S5 I T B 1
e B[] 328 30 () B 25 181 504 0 s [R) A B DA L
LRU S Eff. ML Ie 45 R A . I E BN E 7R
Bk mg W WA T LRU Bk, FUAS i 9 A7 A7 0K
W& AH FG AT AR TF 5~ 15 4% 1 2 1) P B

+ (1 —a) X score, 1,

score, = a

5 HiBase HEZiZiT 53]

501 REBHZEN

BT UL B AR TR G BRI R Ty i AT
Bl T — 1% F HBase W ERAEF R
51 #H &4 HiBase, Z R4 LM 7 5 T HBase 1Y
Fe AR G4 B T A7 19 R 5 | RSB E 2247 LA
B A E BB B AF A SR Mg . HiBase $2 it 1 & 74>
J2 AR F R 51 A ECE A0 U7 2 0 A 0 F
1 7 It AT AL.

HiBase ¥ #8471 J2 X R 51 476k & g2 % 4 2 DA
T B RGE D RERE A 43 Qi8] 7 FTR.
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7 HiBase R4 M

(1) FT1 A8 B A 1R 5] oo s G
T PRI IR 51 R AR RK G955 8D 5%
BLER X HBase f9 30 2 4088 71 25 B0 1 AS [F) 4
PR R SR D7 0k A SRR R I R AE R W
A I BR SR R AT

(2) Fp ATl 8 A . 3R LR 51 R A %
W R AAT % HBase R AACAT iff B 42 14 vl 97
JEAE A A B

(3 KRG WAF R AF B 4 PR 51 B B 1
DEATAT it B 0 kS5 S B AR R SRR G A7 ik
SR o ol 5 B A B T B KON RE A B N AR

() A AT 515 8 ] 119 25 900 375 5K 8 %8 A
A GER A I T R B 07 2k AT AR L R A
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H TR R 1N 2 A R Al T HiBase
i/l T Hadoop ¥ 5% b 19 2 A =X W M 45 B R &2
ZooKeeper e FJ FE iy A5 I 43 A 2 N A7 19 1 IRk 55 ik
PR TIR S, RO NI A2 D NI 55
HERE S 73 B ST 5 ZooKeeper 1231 . I 1 4L I i
Znode 2K KR A B AR, BN RIS
PR ZooKeeper Z 4t Hif5 b Al LWL %€ 21 H: Al 45
SRR ARG RS AR G008 1 % 0 A N AF T FOIRES
F4) AU 00 5 B A R Y 2R ORI A A B L AT
BRI WA G A7 J2 i v Tl .

5.2 R5IMEIR

4% B4 i A 7 AR ) R 51 A g nl 43 o 1
T} 3t 2K 5 R 1) A SECHE ) R 51 R . R 51 H
A AR A R O] R ) — ARl St TR AR R
AR SRR G SR WA G AT AT R I A
WAFZRAE)Z I R 51 B0 . B o W 2= 51 85l 2 ) o8 8
PR AMAFH IR 5 WA GAFZ I T E R,

XF T 2 B HE R 51 A U5 2, HiBase # H
ObserverZ& &I ) Coprocessor ¥ #J @ 41 3¢ 19 & 5.
HAR S 1358 2 i ] HBase 2L RegionObserver %
1A 018 R AL prePut 4 A — 25 8048 Z 17 23 B4 firh
P, prePut 755G e R 515 B3 P &R 1)
Put #EAESEAT 40 BT, R Put $RE B & R 5
) B 5 SR 5 A BRI ) fih e 2R 5 1 580 AR 4 A

T S S — SRR B Sy 1 RERS I bR 2
BRI d s 2 A ORI ] Hadoop MapReduce
K IFAT AT #5025 s R 51 4 . MapReduce T 55
T 5515 3 A (Row, Result) , b Row Sy P 1)
178 Result &l it Row 315 1) HBase it sk, S5
HRAE 2R 5 15 B AR BT R 1) 2 5 5, 05 & 5 5 ds
AR JZ ARG BA AT Reduce B B
BRI 5¢ B 6] BF By T HBase FJ 7 30 5% Z 1R & A B
M7 R i LA AT RL3E 3 #) ] MapReduce #2480 3117
Ak FREE 3 oK it 2R 5 Al e A
5.3 HiEEATRE

(D) FAE A

HiBase il i #574F 8B ME LRG| 3
R AR FE 55 1Y B A ) (point query) 1Y [ £
) (range query).

A ST U B S A 0 B A IR I SR P AR JE M
B FR B M — P A 3. 540, X T T 1 g Y S
i A AR S 30 2 BT e k. X T H(E AR . %
J v A A AR AN

@O ML & SCAF BRI ZooKeeper ML AL, HE 7 5
ZooKeeper [13% #2 , FK B9 i A i 55 16 L 1
YR PE L N FE A T A IR S AR R AL B A R

@ I WG A7 2 W IR 55 i 7 R R A 1)1 oK. 4
WAFZEAE )2 g b, Wi 0] A A7 22 A7 J2 2 R 4 2R L 2%
AT ).

QO # WAFGAFIZ A A W 1] HBase &R 5] %
R TG OR. RIEE A5 3R ]2 i 15 20 i 25 2R
SR A,

A LUE ) WRTE N AR A7 2 o b B A i)
FEARAS 22 U7 0] B RE B  D8 /0 T WG B0 ) R4 L BB A K
W 5 $ =g M) B . 53 A8, X ZooKeeper 17 [A] 35 B
N A A7 2 I 55 ARG B S B B AR ALK 7 il o A
Jei S 1 10 o 23 0F — 25 020 B4l A ) 1 (i R A

(2) i [l )

AR ST U 9 TR A 9 B 9 3 R R A 1 JE
18 JBUAF 2 0 FL ) ot i, X T T s e s
Bl A WA IS TE 15~ 35 % [ T A id k. X 3 fl 4
Vs AR A7 238 5 — SOk WA A 1 0 106 508 4 A
BN AFAE Y A EOR IR AP RE L TS A R T
KON BA e i DL FRAT T Bl sk R | 3R E A
BT A B AR A e A 22 v 3 %08 22 . 3R AT AT LAER
GECIES 2 SO IaF R b ILER

Xof 3 R A ), % P o ) FE AR AR AR

O ML & SCAF BRI ZooKeeper YL AL, HE 57 5
ZooKeeper (13 #z , JK B9 i A i 5 16 L 10
AT N AR AE ) BT IR S5 E RO A S

@ M HBase H % {8 3% 4% A 30 70 B 9 T A 1Y)
A SIA.

(O AR e ke FAL{ A 3 37 K K A i) 45 SR R F
iR [
T i AR T A AR HiBase X il #r 1)
PEAT IR BOAR AL ANt - (D 40 2R3 Rl A i b G s
Ko FHEFE R R — R Y DR X 2 51 g
T BR G %1 R R — W 2 9 oK (D [
0L A 9 B B0 19 221 RO e M R R A AT oK
(i) MR 5| A7 2 W5 ok o e i 35 5 By N A7
K555 HEFEIEAS & [ 2K iy bR 35 I A i
K & 4 3T HBase WFEAAEAE)E I MG K AFEGE
J2 WA R 25 R 8] 45 % i

AL B 3 Bl A k) BRI A T

@O ML B SR IR ZooKeeper (1 ik , #5755
ZooKeeper [ $ . AR WO 4 7 4 A 55 6 72 0
YRR N A A 0 BT IR S5 R A S
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@ MR8 [ 2 I A5 0F L %7 B L HBase {H 3%
HR AR IO [l 2 R A7 A 18 BT A 2R 51 B

@ X T BT A A7 AE K R 5 R — Bovk s 7
TS B AR s R IR BT A A TE R 5
B (B A 5 Y 35 i L1k — — X i ok

@ Ff: 2l X AR 519 0 K A A oK LR
[Fi) — 19 G5 A RS 1 22 A T RO 2 S IR I — At i
K.

© &5 5 BB AAF K 51 e 55 2 7 0 2 309 SR
EAT R U0 AR A ) B PN A AT R D R [
7 H R BRI 5 75 0] o Al 55 o R RS ) AT )= 1Y
A IR [ A AR

© 27 di A A IR 55 1 IR (] Y £ i 25

T4 Y0 A A SE A AR AR IR TE 15~
35 BT AL RSB IR AT R AR
T F A R . A R A 8 .

W o L friis~gs [COERY
Name | Age | Income | ! Age 1‘7 15‘“'33
Bob | 21 | 000! | 12 My
Jerry 30 | 10000 % 21
Ron | 30 | 20000 | ! 30
Simon 42 22 000 % 42

Tom 12 500 | 1 |

(b) AR — Bk A A FVETHL R 51 A7 (KA AR 5

THERTE15~35
Z A Hid

Pﬂﬁ%ﬁﬁf ,30

1713 i

rh
Rl ANAT

() B P 3 T M 1) P AE T iR B R
K8 HT o EaUR G| A i AR

{{Jerry, {Income: 10 000})}
{{Ron, {Income: 20 000})}

@ B 8Ca) J& % F i AR 4% 25 180 25 1 1) {6 & R
A R e P i K R (B 2R A i) . HBase 3R
[l {f 2% v A7 A8 ol 2 A i) 2R PRI 3 SR G183
W P R B AR I8 MRS th AE 15~35 Z I E A 21
5 30.

@ % F v AR A — BOME G A S I R T &R
SIME S R B2 S Z A B o &,
K 8(b) itz 21 B 5 B N A7 R 5l ik 55 i 72 A7 fif 2
030 WG BINAER B IR 55 HERRAEA 3 L.

Q % F v I A b ) HR 55 ERRAE A 2 S AEAE 3 &
AT, WE 8 (o) TR » & 7 ity [] B[] 76 2 5 4F
fitt 3 &R T X 21 5 30 W), TE4A06 3 h NAESE
fEHE e a, 307, 02 B8R [l 45 5L, 1 76774 2
o NFERAE I R R S IE 5 “a, 217, I 76 2
B 1B 3 SR 5 & B 5L T HBase W45 A7 062 - I
24 HBase H) 45918 [0 45 % F s

@ feJa & il ok B fE0E 2 517406 3 I H
THIEE S S8 L U B A 9 ) AR

5B A —FE R A7 A R IR m SRR
L A 16 174 e 7 BN ). 9 L A 9 o O 09 1 1)
HiBase i A & 51 AT H A4, (H 2 i T8 ki
Ao i) HA 25 a]— B 2% U5 [ A o7 2 4 3
BRI R .

6 L SERESD HTITM

6.1 SEWIRTEEHEE

FRATT I K dh A iR PR RE R A VAR IRy
JEPES I T HiBase #9468, AT A9 8 BF D ik
WEICH 10 AR REES WE 1

Rl HETREERR

J& 1 i 15 B,
CPU 2 #% 4 Core Intel Xeon E-5620 2. 4GHz
Memory 24GB
Disk 6 TB 7200RPM SATA 11
Network Bandwidth 1 Gbps
OS Red Hat Enterprise Linux Server 6. 0
JVM Version Java 1. 6.0

Hadoop 1. 2. 1
HBase 0. 94. 14
ZooKeeper 3. 4.5

Hadoop Version
HBase Version

ZooKeeper Version

S 36 2R FH ) 00 B AL 45 A1 B O 2 1 R B ol 2 vfe
I [ N LA 32 7 A R TS T P b R SR

Y FRATTE A P B R S B A [
AR GER AL WE NI ] 8 AR S 1072868 115 2%
S B AR BAR L SR A FE KL I YR 200 ASFEAY
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@ M8 URL #x i) KA~ i) 8] Be Y % 5% 1% URL
i P 51 3.

A7 1) 7 SR R S IsF ) B I 3 LA 0,
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RS R 3R E M LA A A,
BRG] X PL AR R AT Lk T 10 A4S
D3P ) A A 0 3 48] 40 i 0 4K 9% A R A v
F18Y ¥4 A A1) W 7 T ) 71T 8 A7 i v F A A 76 Wi o B[]

SRIG s FRATTFF R4 T A3 B R 2 1) RS 56 v gk 52
6. A B K2 1 RO 5 o T 2 A B K 2% A Sk
C13]rp R T % b G 2 84 5 it Hadoop 78 K #4
P18 5 T R I 42 ) ik o 00 3K 4177 P 92 35 o 0 3k
FE 4 A1 8 BB R EAT 10000 IRAF & 55 K401
114 47 S 25 1) CRL G A5 25 v A0 51 L ) o 00 3k 7 AN [
(853080 % A7 LU D) 92 A 1) i v 238 R0 A 1) g o B[]
6.2 KIWHERKERHSW

(D) dE F R 51 AR PR REXT L S50 5 45 R 4 it

BATH 10 A2 5 3E F P B e s 5 xF HiBase
SCELR AR 5 F T M R AT X EE I, X e an TR
3 FIE N O ANAAL A IE F 8 R 51 945 i HBase £
EHEATH R AR RE ; © 4 A B IR HBase
JEF RS R4 Hindex H) & i) 1 RE; © HiBase 3%
T BB R A S 1 i Al T B R 51 B A v e,
9 g5 T A4 A D3R ) F A v e R S D P B X
L. B9 v i A B 2 Sl 2 A R AR A5 I 25 AR RN
DN A I A 18] e N7 B[R], B T HBase 1 HiBase fy
A ) ) 7 B ) 506 A 2 R KL TGk FH A L A A
FE 3% B FH 48 48 .

SCUAE LT LLE Y, HiBase B # 18 0 57 B[R]
KR F Te Ak 4R 51 1% 45 . HBase 1T U 1
Hindex JE HHR 5| R M A HERE. X T 245 R 4ER
AN O 3 1 B0 45 4R K/ 0) 1 45 9 . HiBase
MICIE F#ER G| 19 4rE HBase S M L. B
) P RE SR 3K B 116 912 4%, #4025 18 14 7 g 4R
FEAT LAGE B 131732 fi5. X F 45 AR/ (S5 R E N
1155) A 1, ¥ 2 i 1 MR RE$2 TH ik 3] 3082 £%, i

PR RE SR TR B 17 751 A5, X T 45 RAR B K (4
RAER 97515) YA i), v AF ih) 1Y R RE 4 T2 65 1 .
AT Pk BE 4R TH 2 343 f%. MIJF IR Y Hindex JE
FHERD| R M H . HiBase #4025 1) 1 M RE 42 7 ] L)
K| 5~20 f%. I\ HiBase fI#5 # HBase 7 fE X} 1
KA AR LN PERE R T AOR B L X2
X F bR ifE HBase, N 4h 42 KN A 88 % -
18 5 1) R 7 2 I 4 AN L 1 HiBase | Y dE &
HER G A DL A B 1 S, 2 VR R B () B 4
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R AR BT A P RS D U TR R 4 A OB A R
VA 960 e 157 P [ P O iy o 3R R A SR e Y
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@ Benchmark of Brown University. http://database. cs.
brown. edu /projects/mapreduce-vs-dbms/
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query leaves much to be desired. Some research works try to
provide a solution by building secondary index in HBase.

HiBase is our high-performance storing and management
system based on HBase to provide efficient query on non-key
column, It builds secondary index according to global secondary
index model, which outperforms local secondary index model
(adopted by Hindex) for it saves much unnecessary computa-
tion overhead. In local secondary index query process accesses
index table in all Regions, but some Regions return null
result set. Furthermore, HiBase provides efficient memory
caching policy, so as to reduce the index’s disk access
overhead, and as a result, query performance is improved in
a large degree. Thus, HiBase offers the realtime or near-
realtime capability for big data analysis.
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