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Distributed Index Construction for Big Data Streams

YANG Liang-Huai', LU Chen-Xi!, FAN Yu-Lei’, ZHU Zhen-Yang', PAN Jian?

Y(School of Computer Science and Technology, Zhejiang University of Technology, Hangzhou 310023, China)
%(zhijiang College, Zhejiang University of Technology, Shaoxing 312030, China)

Abstract: Efficient storage and indexing of big data streams are challenging issues in the database field. By segmenting the temporal
data stream into continuous time windows, a distributed master-slave index structure is proposed based on double-layer B+ tree called
WB-Index. Lower B+ tree index is built on stream tuples in each time window. Upper B+ tree index is built on each successive time
window. Lower B+ tree index is constructed by combining both batch loading and parallel sorting techniques. The core idea of the
construction method is to slice the time window and isolate the parallelable operations from others in the time window. Sorting and data
stream receiving between slices work in parallel, while the B+ tree skeleton (a B+ tree without value) construction for the time window
and the merge-sorting operation are parallelized as well. These techniques effectively expedite the B+ tree construction. Due to the
monotonous increasement of timestamps of time windows, a split-less method for upper B+ tree index construction is adopted to avoid the
node splitting and memory movement overhead, and improve the space utilization and update efficiency. In WB-Index, data stream tuples
and index are separated, and index and hotspot data are cached as much as possible to improve query efficiency. Finally, theoretic analysis
and experiments have both demonstrated that WB-Index can support efficient real-time data stream writing and stream data querying.
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curNode<«curNode.parent;
assignKey(key,curNode);
}
2.3, WG Pingex=B, UZ 7511 sl 23, 72 20 T ] expandSpace(P), &R #1542 17
2.4, SERERT.
52204 %% expandSpace(P) /P24 BT T Y
1. LAP ol i U 1) B 2R A AR S0 BT AE L5 B Pepan, I A 1 F
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% P CL, 5% U 7 3k 3R 1] findNotFullParent(P.parent) ) 45 5
}
2. L Poxpana JFE ST, 1) N 30 ) B G T AR AN T CRATE 2R 5 LAH DA S e RE
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}
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Fig.8 Upper B+ tree index segmentation
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Table 2 Parameters used in WB-Index construction
F 2 WB-Index # & -h H 2 2 H g%

Eitipy

Tw
Tm
Ts
Ns
Ng
Nw
Nm
Passign Key
Precover
thuildLower
treleaseLower
tupdaﬂeUpper
tsort
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tpreLoad
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Nheight
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AN I ) B 11K
— R I AF Vg ] T
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B 1) 7 1 90 i
BETE I 2% 17 56 (Mbls)
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o T A 18] 159 A1 2R 5 1 S ) i )

PRA MM o, 0 G 2 B 2 2 TR K VR Al O R A R R 1 CPU TSI ] T 48
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sortDelay
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B OB AR5 2E Poassigniey 4712, I ) JFA1S
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4 n 10(5)~ A 2 (10) AT 15 HE 7 e B KT JE F 5 VHE SR I 3 (tpara A topen (31552 N2 2% SCHR[56]),
B tparastskim tpreLoad 7 HEJF IFEAT LB F )2 R IR TT 4 N
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tdeserie\lize ~ I:serialize - 5TM ( m xm+ m x2+ m2 + m2 xm+ mZ
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Pt Tk
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Gl afe S
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TRERIIMETE NG, FTEEN EERT EERIE ARSI GO IR A2 R O(Nneigny), I [0 T

(14)

1 2T, N, (m?*+3m+1)
m?P

recover

(15)

tupda\teUpper:IOg(nheight)TM (16)
[ 24 2 (L6) A, 15251 S B AR B U3 R R T T 2 0 A
4.4 WB-IndexEE k1% 58 4> #7
HHEA B4R B A] 4L WB-Index A4 PR RE Bk T T )2 B 25 R gl R AT P g — AN 18] 23 11 1) 40 A
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AL TN T, BE Wi LT S BB Ny 55 taeay IEAH S, IR AT AL 55 B JC A Bfr A B IR
NmaXlXﬂ"ﬁmﬁﬁ?}ﬁﬁ NmaX/TW Epﬁ%%]@?ﬁ%%% n‘]ﬁj{?}ﬁﬁ]ﬂli,?}%%%lﬁ%ﬁﬂﬂ—& treleaseLower ‘7 IXXJ é%{%iﬁ'lﬁﬁ
B Ng AH G, 23 52 Wi 48 VAR S I S , DR AP B A 9 PR 24 TR 9 g 3000 90 A I R E A SR 2R 3 LI 1 3
(A7) thsE

5 SKEEM

51 SRIGINE
AR S e R BT L 20 6 AEREFABE 20 A~ ECS SEi 9 s AL B 2 A sUR 51 ] JAVA 1B 55L& 3 0
ECS SEIVEANL E A T 8 TRk, | ECS01~ECS20 X715 fidh T, % 17 s Mz WAk 4,30 rh K 580/ (178
MR AL ', A KA BRI .
Table 3 ECS instance’s software/hardware configuration

%3 ECS Ll Al A

2 Hic

4 Ubuntu 16.04,64bit

CPU 4 cores Intel Xeon Platinum 8163@2.50GHz
WAE 32GB

BES 1Gbps

Tl ik 100GB

Table 4 Types of nodes in WB-Index cluster
R4 WB-Index HEBE fi MK

Eike) K
ECS01 R R
ECS02,ECS03 Ca RV RN
ECS04 P A O R T A, AT
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Fig.9 Construction delay of the lower B+ tree vs. the number of slices
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Fig.10 Construction delay of the lower B+ tree vs. the varying stream rates
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Fig.11 Update time vs. the number of the upper B+ tree updates
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Fig.12 Construction delay of WB-Index vs. the varying stream rates
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Fig.15 Query time vs. query scope on WB-Index
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Fig.16 Time comparisons between each query stage on WB-Index
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