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ko

Aol ash= Apoll disiA 2334 vs A 2AEdS AlTstA] ®ohe AR AL 9
(http://hadoop.apache.org/docs/current /hadoop-yarn/ hadoop- yarn -site/YARN.html).
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2.1. ofu}E el YelFA (o}l EMR)

ofutE EMR-E ¥ HloJE Z2AGE adete] $Hoz &4 o+ e obikE EC2 adso|
e vlolHE Ha, Wai, v a8Aor wjxsta A ¢ Qe #e shy 992 E ’E}%
YAl P2 AlFsks Arglolth. ofnkE EMRES ARSSHH AHAGH A2EAE T H°ﬂ/\1 T A
EE AR A W7HA] Aok the ZzuA e tolHE AHeld & k. dx"ds £5 ﬂﬂ] =
gAY 24 5 don, ARRSE o tisiATt 8 F& XL} (http:/en.wikipedia.org/wiki/Apache
_Hadoop#Amazon_Elastic. MapReduce).

ofu}E EMRI 2 9] 2po]H-2, EMR2 &2 1380] A|ZtE = Al Fol|A SF3j2Ee] FAo] H3
oz ggue] glojof gt EMRe] Wobe “eH 27| ojnj= Ze|2E e FA4o] e ool &Y
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Aoz & 4 Arke gulolA Artddel BelHoE vE £A7 2.4HE AL ohin, ool &
2ot A = Aol ol

2.2. WaHA] v.2.0 (YARN)

obstA) SHES] WelTA v.2.0 (YARN)S 712 3H5-2 93] A7 A W0z 718 ofolt]o]
£ 7lee) 3 Ede  Alwe #ol @ 20 Atk 3, AlasdeAel aAEY/ B g 247t
S84t zeAlaz Belasirk. of ololtio] Sl shjel Txw AuBeA (RM)% 82
2a9de SzeaduaE (AM)E 2 Aolt. hie $EZRIUL 12 WelFACIAE o
U] FolE7 &2 FAE2] ot DAGE % dF Ut} (Park, 2013; Song, 2015; Go2} Kim, 2013).
YARNZ 2 A58 zto]2 YARN o] Hldo]e]e] 4t Ae]E 93l vkt 7]15S Alssta X
g 2 AFlA s HdlolEle 4 ARl E A% 7MY AFE EAES Adske 7sS Alweta gle
o, 53] YARNOA A gstal QA 942 AAF L E ~A|LY 7|&S AlF sk

=

2.3. A3tz

—

4
of,
Kl

2~39}3 (Spark):= UC Berkeley2] AMP Lab.ol|A] 7] 7|&H B4 S22 7 ZYelaz
A1, WA (map reducer) o M 71 2 Aol B TE2Y ol 1w o) YOS
Bolth. Wwe) 47e] ] S-5x2 1ol ART A S5 WeAFANCE 1009 B2 A
Hol7|& sh=d ol t&3 [/OE tF Eolal vlo|HE wRe] ol 4FA A% vHEZ <l A ”% °—*?
N23t7] wj & o]2 3k Asol 7FsE 4 Jth. 23k3= RDD (resilient distributed dataset)zh= 9
7] A& A8FL2E AR RDDoA] Th2 RDDE9] W3S dAdog AXFoZHR eite] o]
o] At} (http://spark.apache.org/).
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HFSP+ 89 FPTHAIA A74 4y 3+
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2 3F Aladol A AHgSHe dlold w4

gofl A 0% Y DAY ARG AU YolA HelHE

ARAT F, 71 HFL vlole R4S 99 AN ¥ §F AFY A¥e] Yk o /7 3
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B2 2AYY ALY o8 RDF RAFE7)0] $-83 AW/HIs S9F A2 B
oFel Figure 3.13} 2tk o] Al28e 2 37) AS 0= 4ol 5 ofe) BRolA 212 ez 4
3.

of. rlo

AL .Q_g.ii =1 ]53.
3.1. AH SR=F 79 A=
App layer Parallel inferring layer
Client
Hive Hive ive HDFS
Schedule Rule transform Ontology model Thit e et e Name
Manager Manager Manager erver ode
I ¥
l J \ f

Server Mapping Ontology
Manager

Node 1 N
Manager Design tool oce ode2

[ v | [ ]

: ] B ==
Collection rule  Transform rule  Ontology model 1 1
|

| |
| L | REST2RDF Converter l o

‘ SubClass of Table Range Table ‘

‘ SubProperty of Table ‘
. | Triple s Triple Triple JDBC —
Scheduling Collection [~ Mapping > B Verification export [ omain Table ]

| | MapReduce MspReduce
¥

Type Table ‘

Instance Table |

Job
Estimate

Master Node

Job Tracker

Client

Slave Node Slave Node Slave Node
Task Task Task
Tracker Tracker Tracker
ek

Slave Node

Task
Tracker

q7lEo] IEE A7 243 B2 glo] RDBMSOIA] ALgshe Ao Ee 53 Hold Jejz A3 o
22 lolgol] tgt B4 AE 48 5 Ark. vpAE wE9 slolH EzjolwE ZejodE R RE
AL Ao BL BAsle] A3 WelFe A AFow £ahw, 7 w29 Baa sefA ol
A HEe Ageis 39S B AAe ATk webA e Hole B4 9 Aels 93 o8 =
239 78 9 #2)7} £ol5} (Lee 5, 2014).
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3.2. Y 287 AF

249 287 ASIAE 6709 RDFS #2 722 53} Aze =28 volge F2ath 7|
% 29E YolHE B3 4 HolBe AYse A Aol AW Fol Al FE 44 AW
th. AAe FPAE HDFS) AFE Y085 $of AU ruton Fes, m2sie, v
2, AN, B, Azdao] The 6709 AL ol B AT o]F ZetoldEt nhaH wEof
RDFS #& o) e Aelee Ageha, vhae] =Bt g 4o)ve BAasel A458 PelF
2 A4S AU FELS U3 24 HolRoA HolHE BHYSE 44 W BAE B3 S

=
ko 2B AL PRa BAE Bo) 2R 7}

3, 9699 PolHES RDFS 732 7t %
£ FHSL ofg e WelFa APos 7AW el ol Hu, B4 WY S A% 4 ==
o Blam EaAEe A4E A9 B3t A5 A9 SA) SAHA Aek. LUBM wolElAg 14
o2 RDFS & F4% 4854 4, 9 0% Axel Selel 37402 AAT A Fof &

g

£ 77 FolA g Be EelFo] 2 H& =0l 719 39 270 Gro] BAE 54 me
o Fol7} 4o TAAE B4 MRS B AuE 2,

r

_I_4

Table 3.1 Domain inference algorithm

inst : instance table

domain : domain table

SELECT inst.subject, “rdf#type”, domain.object
JOIN domain.subject AND spo.predicate
INSERT result of join INTO type table
Remove Duplication

AA LUBME] 27)u} A B of|= “<advisor> <rdf-schema#domain> <Person>"2} 22 Tl A
B7F &A% o]y s =l FEE T A ATt TEHEE & “<UndergraduateStudent01>
<advisor> <AssistantProfessor3>”9} -2 oAE 20 Fol7} &3l ZH2E 22 5 Q). 2
T Folo] gl o] th23 Zo] “<UndergraduateStudent01> <rdf#type> <Person>"FZH T} (Lee
= 2014).

3.3. S sk 2P A<l L Y AW AS

S AZS T AR AFoR TEHLH R LEAAAE BN He) B Alad $R

3} 5h32e) 7pgst Ae Azl

3.3.1. QEAAYE F1h8E He shEAl2d A

SEAAAE B3 Aol ok Aaw AR AZY 4L BRAIY St Fe Al Az 2
#3lel ARieek. A DAE 9 (map)olekn et el A8 22U G4 el o
Aoz F7 UolHAES BE F o 22 A Ade] A Hold AEES 9
el a@ 3 B@u, 1 A% BasdA Ao AgaT o 22 AN AR S Felad

Z2 valel] gtk o] F7k HolHAESS £9H T FEAYH F A A A5
th. olF el (reduce) HAZE AldEH] AEHE AERANNE o] $7 HolHAEE0] FFa
o o5 ThAl #e) b HRER FE HelgEel 2951 Y=o} 28 HolE s} v} Ak

eEAAQE BadAE SF AL AN A 27 579 SEaAEd R TR o

2AFEE T e ATES B V18, 1 Bl Ae) 7%, FeSE A% Axd ew TA9Th
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=edAE & 27 BA7)0) ASNAM =1z st ymA] Zes2 FF ==dlA Rt @

AAZE 3 327] A57])

3ol AT el 715 B4 I 327] dF A]2~H” (job estimate system)2 ofH $-8Z 27
o] drpt A5t lE AJA7te] it 77k vEiAE A S Aottt AL tid &
st ol &2 AFE IAA 2AED AT BokollA ohddt Aoz 5t A7 o] ot &
Axo =z AeE wsk ¢S Al obd gitt (Agarwal 5, 2012).

B A= AT ETEY V)& T8 242 Hrlete 223t %_1‘-‘%‘ =9 NeE et
£ 948 PAS AL AT BAG ABHE Past g9 dolg Aelx, CPU ALEF, YEN o
TP AETE AR T A9 ATE AU o1g A0l A6 o1, BB ot
FERE Bl 2280 Al wAR FE A7) 425 E BeBAE obd 4 e} BAdox
A R SRS ISl VAo Y ol A (It £2 T 1 TN
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shel ZeheE E ol the 3719 nole] AFE AM == 2F o7 hrojith

o>, (Wix X +Y;) : 3t} Zehe= U § == 75

o Wi 3 ZERPE Fofl £3 =7t ofd A ool £33 = a5
o X W; AFo £8 =29 A

oY WiE ®¥Y 25 75
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22 dolel7t 37

4714, 3] 2717} de] AA oz wRH o] AlFe] HAW, FEe] AR =
& Qo] APl e} Ag HBHOR

st sl o] S7keks EdEY AeE w2k stk ol e ™
S7HTh olgA F71E EREE dste] 27 £3H S, aFA 5
2EE 2 U] e AFE =SS U S8ZEIS 57
T Atk 2 =552 o] o] #H = HeAEe g 88 5 Y fﬂl%tﬂ] E*E‘r°‘°ﬂ X1+14 Oi =
7t EwE = Ak o7)ol FuEHe ARE 25w 4% s fE AAT ==7HA] ohget
ok webA ol HAFE ==F 5353 o= AL BEsitha At
ole|d AFH =9 ETjEe] 27|58 E7I87] H8to] Dijkstra®l Banker ¥a12]E3 FAFS 3
7S ARSI Stk A 2700l Wl S, = [S1, 2, S] 42 FEIT ARE ==
AQe g W, = Wi, Wa, -+, W,| 28 ZEIITE 71RAFDS A, = [A1, Ao, -+, A 22 E7)
th 2 32 #A FFH AL (current allocation) & Cy, = [C1,Co,--- ,Cr], 2718 e =&
R, = [Rl,R2,~~ , Ry 2 A gk

rsL' r{r =]

g 59, EgjZo] 7] wet S, =" o3, 1w H~5A% o] 3E, 58P ~2 7 o],
2%*7H~5%*7H oJ3h, 5A7~1027] oJsHZ 3k, AFE ==EA W, = [F4F, 2%, 53, ¥, S
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Table 3.2 Ex: server node and triple vectors

Existing Resources W, = 1[2,0,1,0,1]
Available Resources A, = [1,0,1,0,0]
Current Allocation Ch = [1,0,0, 0, 1]
Request R, = [1,0,1,0,0]
Triples Sn = [2,0,1,0,1]

%, A A o817k 270, 5A% A~20] A o187} 1], 59 AA~109] A7F 1) Qlrhe Seltk 7]
ez AT 7 o]at EEZ tlolE 2/0: #A) P YL Bl 24 AFY L= 1747 FH A
1, 2712 1] 9 235 9= AEolH, 53 u~29 0|37} 17] Qe o)AL =3 AFEE I}
17) Bt A7) B = 2w glo] thrletkn e Aeloln, 59~109 wlolEl7} 17] Qlewl, o)&
2® AFE =27 sht 23 gtk Seolth

EE9 A7]¢} o] ERlES 24 E Aokt 483 AR =2 A7)0 wE ige dhe &
Ag™d LaelsL et 2ok

AW w2 2AEYL 2+ S ol thall A Oy Joll Al ]

= = $o A4 8T BE A 9T B
OB TS W Folw oA FEHA AN Y 5 glewl, T AL R[] o 3] Frh
9 9, el 27 150l wel B ARY wTE Y ¢ 4 AL VF  F AL A
S 9k 4 F RS wE Ao B 83 ARE R[]0 Pob glonz A7 F72 4 u)
A2AEY L S Ak o3 FEo] Aol Hul A AFT ule} o] Fro) ANEeA =elF
Sol 3712 4ol Hrd, o] A4 EUBER 74 22 a5 F/} H1, o] F7bd E¢E
Soll ohshA 12 AFY =7 2AAGE SUA A2l @ 5 £ 9T oh Mo s} ol

g 4+ = gk

ANNA, ERE HoIE7 2 AR wEolA 99 FuelFel mek FES S,
wEe) 2R A5 22 (194)7 Arks Feltk of Held 237
9ol 7Fse AAAES TPk T olft dlolg zAEY AFY 2Bt
S olg AA717 A3 Hlole Fe AHY volagfolde] Dojujok s o]2
7] wlgol] Msknzt s Aoloh
s 27159

SEold HEAAL Had SeAR AAVAES Beldh (Figure 3.1). A7) A7 #a37] 2
A7NA Cif | B2 EdA =29 458 A8 ned }° g gaoleh O ol B8 wE
So] o)A B2 FESEu) 7HguA Bel N FYHL

SE9E A2 g vlolE AelE 98 AP Bl A2HH 0E 2AY-¢, 279
Aedos AR FPE LT AL B AN ARG BT Al b F43)
o, 748 Aol WA A9 Aol A2 AN T T 5 A=S Ful@ch =9, M4 wEst =
2 ol ABHEE A AATYE A7) A ANEY GnelEel det 2R, AU 2
£ o] FeiaEd Soled AAFHE ofe A W HAZES 98 wlolEy shElA o et &
Fe @k ot wolge o] A% 2AEE ned 2AEY FAol/E Sk B AT AL
shtel ATiE 22 o] Solghe Wl F7F wE ¥ nW 2AFYLS S ZAolth T FE
Aol SAlo] HUR olg] 7} Solet A9t ¥ =FlAE LT 94 g,

FES R NP EaE AMSol HIHE Feje AusbdE @ R4 (VM) o R A3E
S S 209 A2 AZNA AR AL I e B 9P Aol 2k W, o A
W AZANE F8 AFY 4D A WA GelE AT

8 o

£
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3.3.2. 78t AW A%

7138 A ASL Xen 719 solsfutel A2 TS o] Itk 7HIE AW AZNAE Al
WE Bel 15 SRk A B 1SS AL 8, A, £ 59 7152 F8sa,
FYE AL BFY AL B8] 03 RUHPS F3 A ASARS setain

HgeAe] AFY A9 Bl B BUHYL B3 A8 AFY Ae] HA Ayriae
e Fstel MAS U T 5 Yt AR Y o)) gElE Asste], LEAAYE By
Hel SEAl2E AZNA ARAe] e 250) 98w 783 7hg HAS BPd

ul

B QTN S ARBA] e AN AEE Y e 2ok Aol shuel Zelaw)
& 7ol BhAE wmo) a7ke] Seloln wEe TAET. shie] AR wEt 47hel vOPUS} 40GB
RAM, £#o]H == 4719 vCPU%} 34GB RAMOoZ FAH T

o] ZeaE Aol S5 1E L PANE AAE Stk HDFS B837]% 128MBe} 37)9] &
AEoz A4S 2 Had AL 249 wsh 1 RAZ TAHo] Arh o] ZelxEel A
= HH 10709 i) 5749 2 FAE ek

B APl AT BAEL 99 Figure 41014 3749] ZRF: BEIFEAPLEAE, SR
QE BANEEAE, 2513 BAE, & AL 4 Yk olF BESE BAYLBAEL A4 A
¥ gat Ulol AsSHe At metd Tl FAES olgdel $U $8x=IY, 59
Y 327, 59 SAE AW edlo] gl Agsaon 4% Holeg S9sarh

Distributed Parallel Auto-scaled
Inference Platform on Distributed Parallel
Hadoop

Query Processing

Figure 4.1 Comparison of architecture: Standard hadoop, autoscaled hadoop, Spark platform

$19] Figure 4.1014 &L 2F e B4 E 32 S22 2doly Heldo kx9 F7to]
ATk TG & AFNA Adst LEAALE HEEAE Bdojn, 952 H2 3A e

9= ~ula ZYEo|r) dltke] Table 4.1 W, HIVES o] &31= Holqgi FIAE AW LE A4
£ 10} 571 = WA 4S5 BHTE AT E o] & WAdAME FUS AW =8 F8&
o] A553E 3k Table 49 A5 AFE AR

Table 4.1 Performance: Auto-scaled MR vs. SPARK platform

0 %

Ao
=
O

t

o

o
30
o

Inferred time Inferred time
Test cases

(Single node) (5 nodes)
Number of triples Data size Number of inferred Elapsed time Elapsed time
Ontology Platform L . L ) .
(Million) (GB) triples (Million) (Min) (Min)
SPARK 3.15 1.1
LUBM1 _— 1 1. .1
U 00 Auto-scaled MR 3 8 5 12.1 11.2
SPARK 12.7 3.5
LUBM500 ——m——————— 65 8.7 25.6
Auto-scaled MR 33.7 28.3
SPARK NA 7.4
LUBM1000 ——————————— 133 17.9 54

Auto-scaled MR 61.7 49.6
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= 719 ZaZ) s Z+z LUBM100, LUBM500, LUBM1,0002 {8t ﬂ lE}E 283k 248
22715 FIPPSul NS B9 5% dlolgo|th. LUBM100¥Y 73-% 1,3009H19] E&Z&
A2 oIl thaiA 2 A8l 1.8GBelH, FEAFNA 712 4| ﬂ%%ol 5109k 7t}
FE Aol &Y koA, &, nkRERES} SEo]H =27 247 IVMA e Aol 12.1.89]
agFen, 5, 5, v2EREE1S} SHlo]H k= 47, dufj= 11.280¢] 2853tk o, ukx
H Lo HaIEHA 937t 35 7] wfEo] JAA f13+E 570lth o] AL, EE vl A

w2 o]l Lc*ﬂ Z71ste ek Aol 2 ko= ot Ol% dlolEE &
= At LUBM1,000¢] 3¢ LEAALE 52 F¢ oo
‘;__OJ ¢ 49.6%0] 22Fdc}t o= < 20%2 A%
t}. LUBM5009] % 54t B304 16.1%<] /A E3E HojET)

s EarEE XM SHEAlAEE A dehs 7 SZEHeE Al2"E A8t ERE /Tt 4139
A= He 2719 Wdlo]l8 LUBM3000S A-&3te] A2t A3} & sy ZE tiv] oF 3.59) ke
el 45S 2tk o] LUBM3,0009 3% vtz 282 s v S3o] 99 Ax A3
< o] 7|3)q 3 B 4 Y Ao] ot} (Lee 5, 2014; Leel} Park, 2015; Zaharia 5, 2012; Song,
2015).

rl

5. 48
eERA $ERPL 27) 9HY oA 2elE2 2R Uulolde Frh2 44T 20% o4
=% HolEE Ak tol meAAolth B4 Hd £871% £8 HgFel Br) Be AFY
gaczt Bas) Ack o] AFY Past B84 5 BAFAY Bao] o3 T FeSE AFY
N2 Bl £ANZS 2D 5 Ytk £ ATo)AE A4S A7)0

=] T :g_ A

wiel | e shal =3 AW AR = A5HEE JHENES) & & AR vjgshe 3EE 2Y
Z AN 2 ¢1uyEE L3Rk

A AY A0E 2d LUBMlOO;ﬂE* zZr2ao] Eg)Ee e 45 NAETE vu)shy, LUBM
500, Z, 6,5005H9] 98 EgjZe] AL ASo] 16%5E LUBM1,000 & Z-$ A5 20% /WA
o] Hn, B =72 HY dro|x 0%“‘011 A st e A A3} vas) B LUBM3,000 1 ¢
300% oA MAEE &4 9,1211:} (Lee 5, 2014).

o] Bell2 ¢ 2 A RE 27 e o] gk ¢

—

29139} Hws) & o g FEe] Aol A

<l —C el
ol WAL ghout the 2e RS AL ek AR, B SRS BE 5o AuslelnE
Iz olgetnE RS AT F, HE/N JE FE dudBEe £A%00] A AT 5
Qithe Aol itk 29k 49 SPARKQLYA 02 A8 Aelsior sh} sHEol AL Hive 4]
o= AT & Ak BA, £ HolEE AT o] 7] AFY PanE Bt Aelshe
B9 Fol fF AFY A9e] ThE $ 822U FEE JHA 4D Al ol 18 BFY AL Y
3to] AT 5 Atk A, AFY A9o] Wkl Hlolg A Azre] oo} APt 42 AFY A
o] HY mE2 o|dste] AYFOZA WA A2 ATHS D & Atk DEA 5 o= RO

2 A5j0] 54 ¥ 3 A9 AA LA KEASUAN o) Yrim 2o,

& ATolAE st Aol disiA et A" she LaEEs Ao, AA) ol & st
T el disiN 2AlEEE e A7 7F AW Sl Ao o] B B Wt dwkskd daes
BA A a"Hog A2 AL 7#FT Q)

lo L&
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Abstract

Inference process generates additional triples from knowledge represented in RDF
triples of semantic web technology. Tens of million of triples as an initial big data
and the additionally inferred triples become a knowledge base for applications such as
QA (question&answer) system. The inference engine requires more computing resources
to process the triples generated while inferencing. The additional computing resources
supplied by underlying resource pool in cloud computing can shorten the execution
time. This paper addresses an algorithm to allocate the number of computing nodes
?elastically” at runtime on Hadoop, depending on the size of knowledge data fed. The
model proposed in this paper is composed of the layered architecture: the top layer for
applications, the middle layer for distributed parallel inference engine to process the
triples, and lower layer for elastic Hadoop and server visualization. System algorithms
and test data are analyzed and discussed in this paper. The model hast the benefit
that rich legacy Hadoop applications can be run faster on this system without any
modification.

Keywords: Bigdata platform, distributed parallel inference engine, elastic Hadoop sys-

tem, server virtualization.
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