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Helius: a lightweight big data processing system
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Abstract: Concerning the limitations of Spark, including immutable datasets and significant costs of code execution,
memory management and data serialization/deserialization caused by furning environment of Java Virtual Machine (JVM), a
light-weight big data processing system, named Helius, was implemented in C/C ++. Helius supports the basic operations of
Spark, while allowing the data set to be modified as a wholes In Helius, the C/C ++ is utilized to optimize the memory
management and network communication, and a stateless® worker mechanism is utilized to simplify the fault tolerance and
recovery process of the distributed computing platform. The experimental results showed that in 5 iterations, the running time
in Helius was only 25.12% to 53. 14% of that in Spark when running PageRank iterative jobs, and the running time in Helius
was only 57.37% of that in Spark when processing TPCH Q6. On the basis of one iteration of PageRank, the IP incoming and
outcoming data sizes of master node in Helius were about 40% and 15% of those in Sparks, and the total memory consumed in
the worker node in Helius was only 25% of that in Spark. Compared with Spark, Helius has the advantages of saving memory,
eliminating the need for serialization and deserialization, reducing network interaction and simplifying fault tolerance.
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Fig. 4 Data transmition mechanism in Helius
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1£ PageRank 4% 1 IRFERE |, B8 5 s 257 worker
RNFRIREDR, K3 2R 20 s HEFRIC Y worker
WA N AR (BA2: MB), Helius 76 50 s A4 B1T45
BB N AE 5 IR, Spark {34 T LARRAS, EF] 210 s 2
HEEH . 1€ worker BT FE T, Helius 5 B I7E6758 MB,
Spark (5 FH PN 7£26 648 MB, Helius )4 Spark Y 25% .

%3 Helius 1 Spark W7FEFFESXIEE
Tab. 3 Memory performance comparison of Helius and Spark

AT s Heliuljsj)EH |jxﬂ?/M];pa.lrk
0 5413 4794
20 8129 18232
40 12171 25017
60 5417 25900
80 — 26316
100 — 26648
120 — 29315
140 — 29533
160 — 31264
180 — 31442
200 — 5124
Bt 6758 26648

3.3 TPCH Q6 £k
L TPCH [y Forecasting Revenue Change Query( Q6) A4/,
B Scale Factor & 100( 304 79. 8 GB) , 3z, Helius A1 Spark i}
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BATHTE] . Spark 7RI h ABINBCE . SLHEE RN Helius
3R 271. 595 s, Spark {6 %% 473. 382 s, Helius i #E B [R[{U K
Spark B9 57.37% .

Helius A SCAIRIUR A B & — P ik -E il 22, AR
I P RALR A B R ZIME, 78 SR CCAT SR 1 U
B T B A M AR AR , 5 S T A AR o 7 B R B T B Y
Bim SO HEAL b5 0 Spark 72 5 78 B i B X 7 Bt
Frifise , @ ATl B, TR BRI B AT R R T
ASCA B BT 7B
3.4 BPD E#iEsk

£ PageRank £48 1 YRE9FEA] L, 0378 BPD BEH 5AE
FREM T , worker 47 UDFListCombine R I 45 ] , 1L
N master 1247 P IAZ A YR ZN TR BT R B9 B A 18], PageRank
IR 1 REYHERR B 25217 1 I UDFListCombine pR#Y

M 4 T LUE i, £ BPD BT 1915 BL T, worker 1217
UDFListCombine f% 33 F Lt A4S B 57 A (R ; master ia 47 8 R F
WA, B3k 4 MRS , BPD B Hi7eia4Ty i A Jy T AY #
BERRTEA K, X FREE RAR KR |52 2] Helius SCEURIBRH , 3¢
TR TR 5 SR1%) TAE Y #E— P B5E BPD BB

®4 FE BPD EFHAEITH A
Tab. 4 Running time comparison with or without BPD update

BATAE/s

THEHS

BPD F 3 BPD AREH
workerl 19.918 20.055
worker2 20.624 20.715
worker3 23.394 25.889
workerd 20.412 20.731
master( driven program ) 53.839 546895

3.5 W RYE

LA 3.3 ity TPCH Q6 S5, iliX Helius 52550 574 &
£ 2.4.6.8 5 worker (WizfTH} [H], 5 R UK 5 FiN. 1E24HT
S RNT BB, XY worker 5 S BN 1 55,
Helius JZ1THES BTG RO B> 50% 2645

F5 Helivs ATH RAEMERE
Tab. 5 Helius scalable performance

worker J 55K Helius izfTHfE]/s
2 552.982
4 286. 620
6 186.794
8 141.545

4 #iE

AXNBT —MBRELNETHFIHTEN AR EER
4 Helius, Helius i C/C ++ 155 LB, #4501 Spark [H JVM
BATIE T R TF 8 , R B0 R B R E BOX — Rt S
BT, SR Fl—Fb stateless worker HI#LHI A 4L 25 45 AL 2, 3418
YR — BT A BOPLHI TR AR T 508 — 5k, Helius 7ERY
6] P4 A = T HEREAE X Spark 39 FriR . BiEUIRESE
BEHTE BB 5, Helius 77 7E 1R KX W2 A 25 B, b4, B AT
Helius 38R SCI 7 o3 AR 5, 50 I Ak 38 A B IR 2 IR 1 — 3
PN A R R IR A

£k (References)

[1] DEAN J, GHEMAWAT S. MapReduce: simplified data processing
on large cluster [ J]]. Communication of the ACM — 50th Anniversa-
ry Issue: 1958 —2008, 2008, 51(1): 107 —113.

[2] ZAHARIA M. An architecture for fast and general data processing
on large clusters, UCB/EECS-2014-12 [R]. Berkeley: University
of California at Berkeley, 2014.

[3] ZAHARIA M, CHOWDHURY M, DAST, et al. Resilient distribu-
ted datasets: a fault-tolerant abstraction for in-memory cluster com-
puting [ C]// NSDI "12: Proceedings of the 9th USENIX Conference
on Networked Systems Design and Implementation. Berkeley, CA:
USENIX Association, 2012: 15 -28.

[4] The Apache Software Foundation. Apache Spark [ EB/OL]. [2016-
05-30]. hitp: //spark. apache. org/.

[5] The Apache Software Foundation . Apache Hadoop [ EB/OL].
[2016-05-30]. http: //hadoop. apache. org/.

[6] SARIMBEKOV A, STADLER L, BULE] L, et al. Workload char-
acterization of JVM languages [ J]. Software: Practice and Experi-
ence, 2016, 46(8): 1053 —1089.

[7] ISARD M, BUDIU M, YUY, etal. Dryad: distributed data-paral-
lel programs for sequential building blocks [ C]// EuroSys 07: Pro-
ceedings of the 2nd ACM SIGOPS/EuroSys European Conference on
Compyfter Systems 2007. New York: ACM, 2007: 59 -72.

[8] BERKHIUT J. Google’s PageRank algorithm for ranking nodes in
general networks [ C]// Proceedings of the 2016 13th International
Workshop on Discrete Event Systems. Piscataway, NJ: IEEE,
2016: 163 —172.

[9] PAGE L, BRIN S, MOTWANI R, et al. The PageRank citation
ranking: bringing order to the Web, Technical Report 1999- 66
[R/0OL]. California: Stanford University, 1999 [2016- 04- 11].
http: //ilpubs. stanford. edu: 8090/422/1/1999-66. pdf.

[10] Transaction Processing Performance Council. TPC Benchmark™ H
Standard Specification Revision 2.17.1 [ S/OL]. [2016-05-30].
http: //www. tpc. org/tpc_documents_current_versions/ pdf/tpe-h _
v2.17. 1. pdf.

[11] MALEWIEZ G, AUSTEM M H, BIK A J C, et al. Pregel: a sys-
tem for large-scale graph processing [ C]// SIGMOD ’10: Proceed-
ings of the 2010 ACM SIGMOD International Conference on Man-
agement of Data. NewYork: ACM, 2010: 135 -146.

[12] CARSTOIU D, LEPADATU E, GASPAR M. Hbase — non-SQL
database, performances evaluation [ J]. International Journal of

Advancements in Computing Technology, 2010: 2(5): 42 -52.

This work is partially supported by the CAS Hundred Talents Pro-
gram, the General Project of the National Natural Science Foundation of
China (61572468), the Innovative Community Project of the National Nat-
ural Science Foundation of China (61521092).

DING Mengsu, born in 1993, M. S. candidate. Her research inter-
ests include big data processing, parallel distributed computing.

CHEN Shimin, born in 1973, Ph. D., professor. His research in-
terests include data management system, big data processing, computer ar-

chitecture.


http://www.joca.cn
http://www.joca.cn

