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8719 9 #A S, DC(disconnect), EC(externally
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TPP(tangential proper part), TPPi(tangential proper part
inverse), NTPP(non-tangential proper part),
NTPPi(non-tangential proper part inverse)Z ¢]w]3tc}.
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v

Yes

(29 D #de] #49% 55

31 d=49%#% =24
(17 DA B vkl o], |4 4= dlo]E (Input)
o w3t dxd #<(Dictionary Encoding)e] 23 %},

of Age FAAR HAH Tk A4L Qe £AR
waste] T3k Ao 7+ @ xR s Ste] &
= AP wEE Aglolth o] [l6A WAl vhsh o],
Qlzg Ag] o] ¥ FE wAR ohiel volE A%
OME EEYS £ 5 9 WHolth A=my Hge]
A= (19 2)9F &2

URI Number

A 100
A northOf B northOf 31 100 31 101
B northWestof C W) | B 101 » 101 32 102

northWestOf | 32

c 102

(2™ 2) Dictionary Encoding <l A

(28 2)9 9&%& I3+ A4S N-Triple HE| =
W Aotk olAH F A el FA(A, B, C)
7F 42 (northOf, northWestOf)7} &) &t} o] of
MeEAe F 1THAR A7) wzdd vg geold
2 d9dE, A 499 x5 gt A=
A a9 8% o] EFZE(Triple)d
ok 4= dolgol uigk 9 AYds AT He=
A =W 57HA 9 FE AYE ¢4 Ee HEFHo=R
gheh mpA o R e dlol g
utput) 2 JEW7] A A9
Fxdg #H3slr] e

ecoding)S =3 3,

Eoﬂﬂ%olﬂﬁ_‘ﬁ
fu o 4 AN ofd T

21

= e ol
gl (N

o2

2]
=22 2384
g=zd 2 (Dictionary

o S

)

.9 #A 2 5 #A FE
A2 dlolEe] tidt =9 2] (Dictionary Encoding)
o] ¢mE ¥ 9 #A H A7 FEZ(nverse &
Equal Completion) 2F< FP3) o] P
dPoz S0 BE FI A2 E U] <(inverse) T
At Hd(equal) BAES 4 . o= Eo (A
northOf B)gle dhuel &3k A & o9 @A (B
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map(key, value) :

/ key : irrelevant
// value : triple
if (value.subj != value.obj) then

inversePred = inverse_table.get(value.pred)
lwri‘oe(triple(value.obj, inversePred, value.subj, CSD/RCCflag), null)
else

if (value.pred '= EQ || value.pred != O) then

exit // not consistency

reduce(key, iterator values) :
write(null, triple(key.subj, O, key.subj, CSDflag))
write(null, triple(key.subj, EQ, key.subj , RCCflag))
write(null, triple(key.obj, O, key.obj , CSDflag))
write(null, triple(key.obj, EQ, key.obj , RCCflag))
write(null, key)

(2g 3) 712 AA F2 244
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e N RN Y e

weba o] Y A% FHH A4S A A(Cleaning) 2.
24 gL FHJea  oyxd %3 FE(Transitive
Composition) 219l H3t8 £d &= d=s AAFI )

33. 1P =% F&

G Aol gmE ¥, ool o4y xg =
(Transitive Composition) Z+9& st} o] 22
dow mole ¥ ANE 23 AT A o
59], (A northOf B)2} (B northWestOf C)g}+= F+ &
A2 o] &34 (A [northOf | northWestOf] C)gl&= A
2 A4E fEDY
map(key, value) :

/ key : irrelevant

// value : triple

write(value.CSD/RCCflag + value.subj, ‘0’ + value)
write(value.CSD/RCCflag + value.obj, '1’ + value)

iz rhl
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reduce(key, iterator values) :
for triple in values
if (value[0] == 0) then
join_right.add(triple)
else
join_left.add(triple)

for left in join_left
for right in join_right
if (left.obj == right.subj) then
composedPred = composition_table.get(left.pred, right.pred)
inversePred = inverse_table.get(composedPred)
write(null, triple(left.subj, composedPred, right.obj)
write(null, triple(right.obj, inversePred, left.subj)

(2% 4) o]FA =3 FE2 A4
olg 2 %3+ FE(Transitive Composition) 2] oA}
I+ (29 499 29 W dAMAE FE AAH(match
point) = A& URIL & Fol¢ HHolg 717t 9] 7]

=
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A TR AAsk Yo Sl T3 AHew T
At ol st 7| FE UAAE VFoE A4 o]
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oR SolE Ui fs 7ol MR e JPeR U
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AdE 7 o e o] A 99 2
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map(key, value) :
/ key : irrelevant
// value : triple
write(value.subj + value.obj + value.CSD/RCCFlag, value)
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reduce(key, iterator values) :
for value in values
refinedTriple = triple(value.subject, pred.intersect(
refinedTriple.pred, value.pred), value.object)

if (refinedTriple.pred == null) then
exit // not consistency

if(isIntersected) then  write(null, refinedTriple)
else  write(null, value)
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map(key, value) :
// key : irrelevant
// value : triple
conversionPred = conversion_table.get(value.pred)
write(triple(value.subj, conversionPred, value.obj), null)

reduce(key, iterator values) :
write(null, key)

(24 6) g 2 24
b

W3k F2(Conversion) 2 =
2o W gAdME <E 1> e WHE 7EHS o83}
of AE & &Y T A4S FEsidn. o] g
02 P53 s g=24 A2 o] EFe
= 3
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7] wiitel, duelFe 284S ¥Y 4 Utk o] FYol
A4EHH B FEES T dojx AER T AHE
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28 fFEsjofsly] wEel, nx} F2(Intersection) %

| gt 2 g AEA FEE Aol A=
dArgtth, AlEA fFEE A Aol dud ogH =3
nsitive Composition) ZFgj o2 Zo}l7} thA] 57
THHo R FPite S WEST digE A
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A #A x4 o] gitkH vl 9 (Dictionary Decoding)

Ae FPsta F2 FPS vpA.
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B ool Actet ti§Fe] T3 2 duEEY A4
T RN AES Yo, wEFE ZYYPaE o] 83 gg
2ol T3 F27] MR_QUSARS @39t 78 g4
S Zuk 16 WA FF 12 HAS AEEda, 2 &
AL 59 ==& FAHE dE g B BRE FE o
S AMgEdth mEaE(Master)  =Ev Udx=E=

(Namenode)} FE #7 (JobTracker)S, U™ A 4719 <&
o] B(Slave) ==+ dH o] ¥ x==(Datanode)9} Ej~ZE g
71 (TaskTracker)2 TAA3IAt. 7 EdolH =& =
30] CPU¢ 8GB ®l¢l ®W x|, 500GB 8t= tx==2
5o

5,000

.
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w
(=]
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[=]

--- QUSAR
— MR_QUSAR

Reasoning Time(s)
=]
k=)
(=]
[=]

1,000

70 220 370 595 745 1120
# of input triples(M)
(2" 7)) F8 AR
3H747d (Scalability) = #2F Al Z=glo] wERajof af= v

+ F83 Qxolt) wEtA A wA AFolAE dolH
g4 (Data Scalability) ®ollA QUSARI[2]3 # =&
Al Aeret MR_QUSARS A2 wlus|rotoen Ay 2
I} (ag DY 2y 298 58, $ds oF 100 v
EYZE A" g&Fe T AAdlo]xd ik
MR_QUSAR®] 247+ ¢F 4500% WHYdS & 5 4
oh S Q1" FIF XA Moo AV} FUtEE B o=
oA Aersk MR_QUSAR® 8 $9 AIzke A&z
ognk Z71e AL g = itk o)Yyd Ay B o=

[e)

oA A¢ts MR_QUSARZF 83k dolg gAAS
7R dueE AL ov)di. 33 QUSAR[2]S] 7§
3 AA Y AT o 409kl =Esld o o)

=1

= oy
% 2o ®APsahac olel@ As QUSARSE 2
B M B RE tueFos dolE BAAd @
A%} A%L Sua
E 2> H8d I FE719 AT v i
OE Ee 2z EEE
EdE ¢ | EAE & | FEAG) | EEER0
70588 1038928 1213 0.84
220525 3123294 1557 0.93
370360 5198708 1808 2.62
595487 8335376 2727 0.33
745416 10407516 3223 0.68
1120798 15622324 4622 0.51
S8 (Stability) 4 ¥AL A= dlol W alof s
g Fad asoln Axdel HRAS BUY AYe
MR W ol AE EAF S Aol 2RHEAD

SA o=z FET F Jdota A ek T o
Al AP B Aol MR_QUSARS eHAHAS HA37)
At AgozA ZF ¥ doly HE ¥=Z 5N FAdsh
AdE Fst 3 NS SAHARST o] A Z
e <FE 2>9 Zrh o] BE Fd, $uE U3 Ay
of sl MR_QUSARY F& $9 Alte] Ad %+ A
Z}(relative standard deviation) #keo] =5 3%°]3F < A
S & F e, oF T B =golA Ak
MR_QUSAR7} &2 dAAES 7HA 12 I8 19T +

250 25
Cleaning
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__200 20 ©
H E Conversion
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£ 100 w10 &
-':' | - g E i Transitive
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70 220 370 595 745 1120 #-Productivity

# of input triples(M)

(17 9) AT ¥ A4

Al HA Aol e B =R A Aord MR_QUSAR
o] A (productivity) @ 2+ H(workload) S AlF- 24
H o B R o] A Ade (2Y 99 #rh
q7|A ArtgeE BE Zjle] v T AIFEA f=dE A
21e] olgta pAgstth A He 7F Ade &9 "ol
St 9je deoly o A= FA3cta spgeieh upEhA
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A
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o1y
\ S
ok

A xA]
= _ '“‘l‘ =
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AA Aol AR A W o 8% AEE AT
Ae g 5 9
5. 48

2 =wdlAE shE/dEs ZYUdgas ol 8oy
B 9 94 wlE FEete 249 el ¥
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Aeg gl & 5 AT
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