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Development of Retargetable Hadoop Simulation Environment
Based on DEVS Formalism

Byeong Soo Kim' - Bong Gu Kang - Tag Gon Kim - Hae Sang Song

Hadoop platform is a representative storing and managing platform for big data. Hadoop consists of distributed
computing system called MapReduce and distributed file system called HDFS. It is important to analyse the
effectiveness according to the change of cluster constructions and several parameters. However, since it is hard
to construct thousands of clusters and analyse the constructed system, simulation method is required to analyse
the system. This paper proposes Hadoop simulator based on DEVS formalism which provides hierarchical and
modular modeling. Hadoop simulator provides a retargetable experimental environment that is possible to change
of various parameters, algorithms and models. It is also possible to design input models reflecting the
characteristics of Hadoop applications. To maximize the user's convenience, the user interface, real-time model
viewer, and input scenario editor are also provided. In this paper, we validate Hadoop Simulator through the
comparison with the Hadoop execution results and perform various experiments.

Key words : Hadoop, DEVS formalism, Retargetable simulation environment
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gt 87} 71A|AL Qlck(Hashem, 2015). of2{gt ] H|o]
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Fig. 2. Structure of HDFS
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Table 1. Example of OAI matrix

Analysis Index

Attribute

Object Variable

Storage

Throughput Util

Latency

SIW

# of mappers 0
# of reducers 0
Job scheduling
algorithm : 0 0 0
Heartbeat period
Data management
policy
Chunk size 0
Heartbeat period
Blockreport period 0 0

MapReduce

HDFS

# of nodes 0
# of task slots
CPU clock speed
# of CPU cores
Storage type
Storage access
speed
Bandwidth 0
Topology 0

Platform
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Fig. 3. Analysis of Hadoop process for modeling
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Fig. 4. Overall structure of Hadoop model
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Fig. 5. Example of coupled model: jobtracker model

job %in_heartbeat ttask
@in_heartbeat msg — READY,
%in_heartbeat m_tasknum = TASKNUM

@in_hearbeatmsg — FINISE,
m_finishcount = REDUCENUM

%in_heartbeat
@in_heartbeat msg = SUCCESS
m_successount —MAPNUM

phase: {WAIT, TASK, SHUFFLE, FINISH} = WAIT |

Fig. 6. Example of atomic model: heartbeat model
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Table 2. Execution of Hadoop for application modeling

Parameter Value
Application WordCount, TeraSort, TestDFSIO
Chunk size (MB) 64
Input data size (GB) 0.05, 0.1, 0.5, 1, 2, 4, 8
# of nodes 1, 2, 4, 8, 15

nnnnnnn

146,402 124170 270,572
o 100,000 100.000

102,012 o 102,012
1.000 o 1.000

1.000 1.000 2.000
100,000 o 100,000

1870 3140 5.010
nnnnnnn
164 o 184

1,000 1.000
o 1.000 1.000

319561728 65,662,976 | 385,224,708

1.000

Fig. 7. Execution result of Hadoop application
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Table 3. Value of internal parameters

Type Parameter Value
MapReduce | Shuffle time per node (sec/MB) 0.064
Write (MB/sec) 24
HDFS
Read (MB/sec) 67

Table 4. Value of application parameters

Type Parameter Value
WordCount | TeraSort
MapperSizeRatio 1.58 2
Mapper MapperProcTime 0.24 0.051
SortSizeRatio 0.0000534 0.49
Reducer SortProcTime 0 0.0015
ReducerSizeRatio 0.0089 1
ReducerProcTime 5.52 0.026

3.3 k& AlE2o|M & 7

2 Ho|Al= oFA] DEVS &4l gi welg ot 51
TS 1EET oo WDt 27120] s 1E)

Sha AlEdo]d 274 Figure 87 7*01 A shs &
g, shs ARAL SEEols, o Alue]e HR e A
AIZF 2e Holg A= 3 Bule oF HojA s
o ke B3l /e mEEE, DEVS 3422 A

3}o] o]AREA A|AHL AMA Z|3FH oz muals)al
*lgﬂﬂow g 4 9l 17491 DEVSim+H+ZS 0|83}
T3 U A 7153 cHKim et al., 2011). E3F 7HA|3E
ATt =9l Shw AREA QIEH|o] A= AlEF o)A Ao
A2 AdE, o Aage s Algdold At
29 So| 7hs3fek

e de Aluraz B271s A Alkele by
9 Ay 75 S Z9E A9 29 59




DEVS @AE 7IEto| MiAGY ots AlE20ld & JHe
g -
= o
<Input Scenario Editor= <Hadoop User Interface>
simulator control l ' result graphing
: - L= =
L =
L X
u--. = L
s = — Br "
= == I;[ I'I
I o
= gt
<Hadoop Model (Enge}> <Real-time Model Viewer>
Fig. 8. Hadoop simulation Environment
THEol7l ofZ Aol Rl = HH 1 1Y glo] ol tiet A, B2 A7) Mgl wE Ad, dads
El Alof] et JH 5= dsto] ARGAE E4A Al WA w2 AYH 52 st & Aol 7= oA
2o et o5 Fa Algeoldo] stk % of el Hojzrh
Ae F2of wet AlEolg 8 Aol Wi uj vtk
uietulg, darelE, 2 w7 olgt AAEA shE 41 5k 2¥ 43
Aledold e Alssie: Aok S AR ol ShA A Bdl A5
whuto 2 AlAZE mEl Holt= ok AlEAolEZt A ol Baslth mu AEe A4 B mde] A7) A4
e v mel P2 Ao BN 0k A4 =B 9 AR mosn QA sk ez A4
ol thet A9 7 o= o] Bellap iR w7k ke EHE 4 “3 %‘49} Algdold At vlals F
o] A& 47%74], O3 mdlo] )15y XE 52 TAFE gl o]Folr}. E =g A= WordCount, TeraSort &

. olo} e Zzre] Aol B4 of
s3] Ak&x}— AUl e s, S AEEold

shul, 7wt A7k BAE 4 Qe AR Q)

e ApeA
4. A%
3 oAl QoA Eeld sHE RS AFsh
e ARG 5HE ARl B4 olgsle] 2y

7HA ) 71 ﬂﬁﬂﬂlolﬁoﬂ thsto] oF 49 Table 29]
A AAE AU E o]8sto] s3It o] off shE AlE
gloj el Zagt ojEgA o] BE2 324804 ThEo]
Zl weo] ARG Flrk. E3F A8 Auke} Algdold At
O HlRE 3 A= 2} gezes AY 4o o
2} ookt geEnlEEol ol 4= qlem, & =wolAe
3 AlbL Aol diet AukE wjwgith
Figure 99} Figure 102 Z+Z} WordCount o]Z2]#|0]

_1L7_11—
Aol tiafiAl lreaE S7F AFS W} TeraSort o1&

He6 M4s 2017H 12



Aoldol tisl T Ajol=2E WEAAL uje] AR =
Szl 3t 45 A7kt Al galolde] A 4 Azt o
3 2 vl 2efzolch emelq B 4 glso]
ofZel7ol o] dialA viS AT oS Aus B 4
QLo o2 gkt AR 7ol Aol Hojzid] de A}

5= 232 Hit Al HAHRoot Mean Square
Error, RMSE) % Z}7} 2433} 49.98 <=8 AJ7} tfju] o
o g Mge B 4 gk

Job Completion Time (sec)

# of Nodes
se@-sExecution Result === Simulation Result

Fig. 9. Validation result: WordCount
600

500

400

Job Completion Time (sec)

Input File Size (GB)

oo @oe Execution Result  ——g=— Simulation Result

Fig. 10. Validation result: TeraSort

42 AI%-I A17;"

P 5T ks AlEdlolE o a8A4S Hol7] S8t
o] & =20l Table 59} o] dod& AASIAH A
A= B340 et Asloz wr 2o ol go]g
o A7] St w2 3 8 AR 9 AR dlS3to]
Shs AlEdold 7ol B kB oyt 9E Hlolg7t
S7Fdol= AlEEold 7hsdt Ze B F WAl
Aol Higt AP oz o) upet siehulE, darg
& 22 55 Hr "a'%* %‘ T ‘Zl“" & HojEth 2
wllAe whehEet ¢ H7gel7he dddst
o, vjetulEl 2= HDFS LH HR} [EQl A= Afol=
Hgol w2 s HluE AR B3 daelgors

[ 58 IEEINE=RISECIEISV

Table 5. Experimental design for Hadoop simulation

Experiment Parameter Value
Experiment 1 | Input data size 2~64GB
. Scalability # of nodes 4~1024
Experiment 2 Chunk size 32~128MB
+ Chunk size # of nodes 1~256
(Parameter)

Fair scheduler,
modified fair scheduler
# of nodes 1~32

Experiment 3
: Job scheduling
algorithm

Algorithm types
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Table 6. Experimental design for Hadoop simulation

Parameter Value
. Experiment 1 (TeraSort),
Application Exper?ment 2,3 ((WordCO)unt)
# of mappers / reducers 32/1
# of files 8
# of replications 3
Input data size 2GB
# of nodes 4
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Fig. 11. Experimental result 1: job completion time
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Fig. 13. Experimental result 2: job completion time
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Fig. 12. Experimental result 1: throughput
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