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Figure 1.1 Growth rate comparison of technology between in 1990 and in 2010
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2.1. Big data and in-memory computing

gligjo]El= dlo]Ele] &3 (volume), AAF &= (velocity), Z8]3 T}FA (variety)= Al 7HA] &3
Q1 3VE Azttt &, tlolel7} BikE s &5 (velocity) 7} wi-¢ w21, dloj8e] F& (%A, #4l,
=4, 94 5)7F Wi ohFEty (variety), £%F (volume)o] wi¢ Woidithes 2 9 v|dtt} (Kim3}
Cho, 2013).

Hdo]ElE A3t Z4HHE A7 zedYPIE otuhA| &5 (apache hadoop)o] thiEAoltt. W ES
3= AZ9 oy AWl dioleE B4t A &, PelFas 248 E Xeshe Walolt) (Park 5,
2013). 2} 3E2 ti&F tlolE 243 At d&A ] (batch processing)oll A2, AA]
Z+ dlole Aglolle AEsHA] dth. Az dlole Al 7]E ta3 7|6k dlojy A% 2 A
A1S do] %9 WRe] 7|k tlolg A2l 7|&o] Aisitt.
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IMC+ tia3e] Astd dolelg vz #d 9 Aegste AF% 7= Yv|dtt. Figure
2.1 IMC 7|€24E A% FzxF o2 Yehdth IMCY 2 7]1¢2 DRAM, tEZ 2 A4 (multi-
core) 52 st=9oj¢} IMDB, IMDG 59 ¢uxg] dlojg & AzES ] I8lx CEP 59 v
2o $§ SRl xFHALH

In-Memory-Enabled Applications

HERERRRRNN

In-Memory Application Platforms

In-memory Complex Event In-Memory
Analytics Platforms Processing Application Server

In-Memory Data Management High Performance

In-Memory In-Memory Message infrastructure
DBMS Data Grid

Memory-intensive Computing Platform
(DRAM, Flash, SSD, Multicore, InfiniBand, Clusters, Grid, Cloud)

Figure 2.1 Gartner taxonomy of in-memory computing technologies

2.2. In-memory database

dHe] & 4%%E F31 Uty IMDBE BE dloje|E HlRe o AFAIA a3 [/0F HAssa 2
973 71N, FAA], 25 A, 2211 ERAA A2l HARte e ta3 7]w DBMSH R w
& #1217} Ps et (Han 5, 2011).

Qe o AETAL AaAE B A2del SEdo] AR Jaalols WAl SR (scale-
up)d 9] =2 FAAE 24 AFE SHAN =2 S WA £HEEA (scale-out) 0 E
Tadh Az =dle] A9 adel= Ths/do] AFAR] W] glon, Tk AL k&
9] ZAF et Aol F7FBHAIT M E I mi-% wiztsithes @3 o] &A%t}
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EEstqtt
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StAV ThA] sl okstthe S ZEe
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2.3. In-memory data rid

IMDG+ ¥2 #3834 vize 7|¥ke] wlE dlo]y A8 58& AFsttt. IMDG+ 24 &
< 74317] $13 API (application programming interface) & A|&3lH, Fe|Foz He|g of
YEYIE AN2ES dZste =gFog dhte] A2dxd WreE #Editt. G Kim (2006)2
BT AFHE Ve gL AEARUoEE A A A7 Alersirt. =3 Kim (2007)2
agl= AFH 7|eS &83t9 OLAP (Online Analytical Processing) 2 2] & 34A]7]+= #HH < Hy-
parDBE Akstgon Aol HAAE 3] BE TPOR WAMAE S9ske] 452 9Zsac 1 4
B0l M= 9 40 £= 57100 wel SRATE BAS FolALt. HyperDBE INDG /1$:€ 415
A AT, ole] AREE Ae 2o AR /16S et A5TAS BT 5 YAk

Park (2015)= key-value A7&22] Redis, IMDG®] Hazelcast, 18|11 2Z4 2 7]¥ke] DBMS
MariaDB 7te] Asu|nw A3 £33ttt 1 237} Hazelcaste} 2 IMDG 7} Redisol] nvlsf <k
17.5% A% o] @2 ¥ EMAANAS 4T 5 dx Ao e, £3 MariaDBo|| vlsiA = oF
5738 A= ©] £ *g]F (throughput)S Rtk IMDGE £A4F 87 Ao 7 & Z7}d) uel ¢
F2 A5 HoFYrh IMDGS 243 452 HoR: gi&Eolt}

Aroraﬁ]— Gupta (2014)h Zﬂf&% A4S /1A AEA ¥rale] DBMS thAl IMDGE A L3 223

A4S BTN AR fSUAHE Ao R S FAPE 20 £k T Bahl
(2012)% w2 53 Q‘%“é o] 845+ GIS (Geographic Information System) ofZ & A oA 7
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Figure 2.2 In-memory data grid asynchronous DB writing
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3.1. ®A] ol ZE]Alo]Ae] 2 A

2ol neAret 5, =A] o Z g Alo] A ollA Aol WA R FH = BE2 )EAY] AR
ﬁﬂ]O]Eg}l) Aol ZHEMA] AMo g AT 4= QIth. Figure 3.1 8%

fﬂ_‘

F7HAE SEid Aoy, AU e i A2 Table 3.1 2t
Table 3.1 Description of Components
Component Description
Passenger Passenger’s application
Taxi Taxi’s application
‘WebServices List of Web Services
DB Database Management System
— Request
IMDG Instance of in memory data grid
Other Applications Other Applications
Speedment Data synchronizer; Synchronizing the changes in database to the instance of IMDG
Passenger —
Request
Search Nearest Taxi
— —S8earch:Read®
ebServices
DB
Request —Update:write-#>

Update Location

|

Taxi

—_—

Figure 3.1 Simplified workflow diagram of read/write requests and processes using DBMS

Figure 3.2& "A] o Z2|Alolde] 234 /A2 AAHS =4S ME=ER, SEA 0 A A4
27F B9t i e] 245 DBMSel FZste] dloly A4 2 ulolE 235 Aelske Fxolth ©]
2gh Fxo 9L 1A "Ale] 23] ] S A FAn|2e] 5] DBMSS A2
of FEdthe Holth. 459 572 BAS M2 AslA o] oA 47hE Park (2015)=
IMDGE 883 725 AlsHAIRE, B of Z2|Ao]xde] DBMSE 57 dolgol tisf Hulo|=EE &
- IMDG2} DBMS 7+e] o8 7} M=z 2A] ok FAQ Hlol ] 44’ 2A17F Al71E 5 ek
ol gl SAHS FH3Y] A3l & AFolAE IMDG 7&S E83UAME ‘Hole o 4 A
HEE e e 7t B ok} 7]Ee] DBMSE frAsHHA 8% 0% DBMSH s}
B2 5 Aok olHE 27ARRE S5A717] Al 7] AN 23 RES e )
=35l 917 IMDGOA, <227’ DBMSOA @i3te] 28 she Wi AHg3int
AL As] % AEE2 2 22 SAR 71T o+ Aok AN Y7 B i) 1
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Passenger
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Search:Read ﬁd‘:R“d Specc;mcm

WebServices Syne

— , ;
 Update: Write Update:Write e Other

“&—Insert, Update, Delete—
Taxi Applications

Figure 3.2 Simplified workflow diagram of seperating read/write processing using IMDG

3.2. 7o) FHE Al A Wy At

Al R R R
£ FHUEA A S 37 R re] AWsta, ZH Y] AU .
FHEA YA F 37HA] R casel, case2, case3 0 ® RF3to] AWsrt. AA caselS A7 X

B izt FAAA P1, P2 4 5 W] AAsk: ol e g AA], case3-S 3

W 7 oA e BF AR S elth A WA R Casel2 A9 W 9)9] A (Great
Circle Distance)& AAlsl= 9oz F AF 71 o AgE ALy A (3.1)2 £d7Fs3c}
Gade (2010).

d = arccos(sin(lat1) - sin(latz) + cos(lat1) - cos(latz) - cos(loni—lonz)) - R (3.1)

Figure 3.32 F A|57ke] A€ 7IWte g gAle] Ao g FHEAE 2713 Zoz njg] A9
g A=lEo AA A7t 9 B ALtk A8 S 242 Aod At Jlenw FHEA
off sstA Rk, WYL Ao s getA] k=Tt o] W F AT ARE v B ALt
SHAIRE BjA19] 7} S7hetell weh AAtEE wiEste] SrletRR HAIZF A oF2 A-p-oll ares)ofst
£ ol

Figure 3.3 Casel search method
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Figure 3.4 Case2 search method

Al WA Y Case32 Caseld} Case2E ZF3) sto]lHe|= WPH O 2 Case2 HYAM & Ao
OA = S0l AGe Casel?) AALE FHow Ao 423 A7} ANE Faex 2z}
£ Wit o) "A7L W A Caseld] A Atgo] golvte A HAAAE 58 =49
GIERE DRTE T Y POR AR IS G AN She BA0IT Figure 155

Figure 3.5 Case3 search method
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4N A= 3.2l A] A okat W ol et ASS WAletn ATE s|esith A Hrke 9v) e
of thste] 3714 thE WS 24zt DBMSS} IMDGol| A48 &, A& Z7o w2 23 e Alzk)
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Table 4.1 Experiment environment

Item Specification
DBMS MySQL 5.5.28
IMDG Hazelcast 3.3.5

CPU intel i7-4770

Memory 24GB

HDD 2TB

Network lgigabit Ethernet

Figure 4.13} Figure 4.2 B8] +& 5RhA S7MA7]0] Z42ke] S EiA] HARbgo] mhg &
T Azg shtel 23e AElskedl 285+ Ale A% Zlolth. Figure 4.1014 DBMS$}
IMDG®] Aol whet E5 Ae|sFo] Atel7h v S 8¢ & 4 9lon IMDGE] AHel&=7t A
WAoo g whe s & T 5 Uk

Figure 4.2% 3hte] 230] A= & Ha AZe vehdin] ZF e DBMS$H IMDGZE A 2] Al
Zko] 6uloll A 9u A= Xpo] 7} U5 FQlT 4= Utk Table 4.2 zF DBMS2} IMDGE| - A ] A]
& vrehditt. DBMSE] ¢ Case29} Case32] B A 2] £E7} Caselol vlaf Z+zh 570, 468) &
= Gtk IMDGE] Z$E Case29} Case32] B A g] £E7} Caselol] uls Zhz} 43nf, 48vf 344

2 9 ¥ 4 gk,

¢

Throughput per Minute Average Processing Time

|
\

—4—DBMIS_CASEL g DBMIS_CASE? g DBMS_CASES —4—DBNIS_CASEL g DBMS_CASE? emgem DBMS_CASES
== IVIDG,_CASEL === IMIDG_CASE2 =g IMDG_CASES == IMDG._CASEL === IMIDG_CASE2 =g IMDG_CASES
Figure 4.1 Throughput per minutes Figure 4.2 Average processing time

Table 4.2 Average processing time all of cases  Unit(second)

CASE1 CASE2 CASE3
DBMS 106.04 1.86 2.30
IMDG 12.13 0.28 0.25

Table 4.3-2 XS] =7} S71gHol w2 IMDGS} DBMSS| A el% Z4an&S vehdth. gAY 5
7} 59k Rl Z7)sk] ulgl DBMSe] A9 22|30 Casel2 H 34%, Case2:= 29%, Case32 31%
Aastgon, IMDGE A% Casel2 41%, Case2+= 11%, Case32 10% 74 3o Casel S A2 3 1}
M Case29} Case3ol|Al A 2]=F 47} DBMSH T &S &2 & 4 gtk

Table 4.3 Decrease rate in average throughput

CASE1 CASE2 CASE3
DBMS 34% 29% 31%
IMDG 41% 11% 10%

Figure 4.3 Casel®] "Ho =z BAIE 5 F7MA17]n] DBMSS IMDGE] Ha 8348 Al
R vag Aoz, IMDGSF DBMS B5F EAIZF S7be] wl# st} A 2jAzko] S7Fst3itt. Figure
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Figure 4.3 Casel average processing time
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Figure 4.4 Casel average throughput
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Figure 4.5 Case2 average processing time
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Figure 4.6 Case2 average throughput

Figure 4.7 Case3 ZFZ Case22} vl gS w], DBMSS] A% 1.8%A 2.5%F 38% *]2|A|7t
o] Z7Fetlar, IMDGY] A 0.28%04 0.252 =2 10%2] A Az Azt At Asbge] S7t&
3l IMDG E3t A2 AIZte] S7taf ool = A g|Alte] ZFadt A2 A4rE =7 ekl 2 Boke
Ef3 §54S 2t IMDGY &4 w9l ZleZ AT Figure 4.8 19 W& A= W3}
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Figure 4.7 Case3 average processing time
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5. A€ 2 3% A7 3

B ATE IMDG 7162 B ojEelAeldd] A=kl 71ze doleuelzd WA Qo] A%
& W A7 NS AASGEE 71E2] DBMS/ A ofEelAolde] WAL 9] (A
A3t 27) (QUelE) AeePoR BF F, ‘92 Aele3e IMDGE aeu ‘27 e
& DBMSE A2I98 Selsjol Aus A2 de S4AAn. 4/ Aeene § o daos
vhro] 77k DBMSSE IMDCS] A2l wsh Ael%e SAsIGch 1 a3, 22 PHe A48T 4%

IMDGY] A5o] ¢3-S Felslaith
w3 B Ao dee gy /) B HEtzE 712 dolgWolxd ¥ glojx IMDG 7]
=g 71E Alz"d 2“17%6}@ Bk ofuzl <979} 27 it %fﬂ% EA4kskal, DBMSS}
IMDGZ} ‘Hlole] 434 EAE AT = ot wekA 71E diojgno]la WA o] AP AY 71
sk AlgHE Q1 FH7 ol A Z*xﬂ Al*E“«l A5S =Y doed 9o E 2=
3R] gk DBMS«] £ FHAAE o] &3t AF5S FAAATE o 7W A=)
A A 7] el FHAAS o]&-3
Aok f?}ﬂW = 7VJD} o] 3t A H-S K37 ﬁﬁﬁ f‘%i A= IMDGY &
SEA ]

o] AetE 9o

=
=3
we Aeaa 2o

ok F7d ol E ol o]

2 Aol H AHEE 22T bitbucketo] BANF 0] AFUTH £ATEE TFS Faol A Uee
2 AUt

https://bitbucket.org/charisma0629/high_thoughput_and_scalable_imdg_server_git.
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Abstract

Recent studies in Big Data Analysis are showing promising results, utilizing the
main memory for rapid data processing. In-memory computing technology can be
highly advantageous when used with high-performing servers having tens of gigabytes
of RAM with multi-core processors. The constraint in network in these infrastructure
can be lessen by combining in-memory technology with distributed parallel processing.
This paper discusses the research in the aforementioned concept applying to a test taxi
hailing application without disregard to its underlying RDBMS structure. The appli-
cation of IMDG technology in the application’s backend API without restructuring the
database schema yields 6 to 9 times increase in performance in data processing and
throughput. Specifically, the change in throughput is very small even with increase in

data load processing.
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