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MRQUTER: A Parallel Qualitative
Temporal Reasoner Using MapReduce Framework
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ABSTRACT

In order to meet rapid changes of Web information, it is necessary to extend the current Web technologies to represent both the valid
time and location of each fact and knowledge, and reason their relationships. Until recently, many researches on qualitative temporal
reasoning have been conducted in laboratory-scale, dealing with small knowledge bases. However, in this paper, we propose the design
and implementation of a parallel qualitative temporal reasoner, MRQUTER, which can make reasoning over Web-scale large knowledge
bases. This parallel temporal reasoner was built on a Hadoop cluster system using the MapReduce parallel programming framework. It
decomposes the entire qualitative temporal reasoning process into several MapReduce jobs such as the encoding and decoding job, the
inverse and equal reasoning job, the transitive reasoning job, the refining job, and applies some optimization techniques into each
component reasoning job implemented with a pair of Map and Reduce functions. Through experiments using large benchmarking temporal
knowledge bases, MRQUTER shows high reasoning performance and scalability.
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Fig. 1. Temporal Ontology
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Fig. 2. lllustration of Possible Temporal Ordering
Relationships between Two Events
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Disjunctive Relations(28)

after, metby, meets, during, starts, equals, before, contains, finishes, overlaps, startedby,
finishedhy, overlappedby, before | meets| overlaps, after| metby| overlappedby,

during| overlaps| starts, contains| overlzppedby| startedoy,

equals| startedby| starts, equals| finishes| finishedhy,
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before| during| meets| overlaps| starts, after| contains| metby| overlappedby| startedby,
contains| during| equals| finishes| finishedby|overlappedby| overlaps| startedby| starts,
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startedby | starts, before| contains| during| equals| finishes| finishedby| meets|
overlappedhy | overlaps| startedby| starts
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Fig. 4. Example of Encoding
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Job 1 : Deconstruct statements

~

term_ID (statement_ID term_position)
100 (1 subject )

R

Job 2 : Reconstruct Statements

-

<100> <41> <101>

~

Dictionary

~

<101> <42> <102>

Fig. 5. Encoding Process
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Input Map Reduce Output

-, <h before a>)—-:r<b before a>
1
1

|
I
|
-, <a equal a>)——|-<a equal a> I
!
I

(<b before a>, -

-, <h equal b>)

-, <¢ equal ¢> J——=<c equal ¢> l

-, <c metby b>)——1<c methy b>.
1

(<c metby b>, -

Fig. 6. Example of Inverse & Equal Reasoning

map (key, value) :

/ key : irrelevant, value : triple

if valuegy, |= valuey, then
inversePred — inverse( valuey.)
write(triple(value,,, inversePred, value,,), null)

end if

else
if value
end if

ored = EQ then exit // Inconsistency
reduce (key, iterator values) :
write(null, triple(keygy, EQ, keygy))
write(null, triple(keyy,, EQ, keyyy))
write(null, triple(keygy, Keypea keyoy))

Fig. 7. Inverse & Equal Reasoning Algorithm

Fig. 791 % 5ol w4 Eg
U A

omw_ of BeE A4 Holx

F O, equal(EQ) A=atE
Exo] ke Y #

44 ol A F= =A

o8} #A FE ZY(Transitive Reasoning)> A A<
gk o]y A 2F HE o]&3lY, EYE EHEZ ndd
2 M9 AMEREH A2 off #A AHEE frslvie 7

dolt}. oA, “a contains(di) b” ¢ “D metby(mi) ¢’gh=
2 7hel 7] AAEZFE “a overlappedby(oi) | contains(di)
| startedby(si) ¢"gl= M2 o] FAl(disjunctive relation)
AV S FrEsi
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Input Map Reduce Output

a, <a contains b>)—sla, <s, a contains b>)

1 . I R AY
! b, <a contains b>)—sl(b, <o, a contains b>){
1 I I
: : ]
1 1
1 J

(b, <b metby c>) —" (b, <s, b metby c>) '

/ ....................

\‘(c, <b metby ¢>)——»(c, <0, b metby c>)

<b metby ¢> 1

Fig. 8. Example of Transitive Reasoning
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| s AE E
o e Fol ast
el 49 ATE

< nEe AA AR o] #A FEo

oA “a after b”, “b before a"¢} o]

5w HHo] a7t AR At A

[4, 5lFe @E 2 AFoxs o8 #A FE9 oA

AAA AT 1 o]FE o] Aol old #A FEY AR
o

1o

Adojx] = AL “a equal a” Moy o] AL ojm okd o
A 2 5Y #A FE AAS T 4R AHHE F g
ol7] wEelth, 53] dsPor iy o A4 4 F
d A FE AT 9y oy #A AYE ol W oW
E Fguojof gt #golr] witel o]e} Zo] o]g A
FE Ao BZed F2 ArE AYE Zole= AAe
F2 Awo] Ao £ 228 F 4 otk

map(key, value) :
// key : irrelevant, value : triple
write(valuegy, ‘s’ + value)
write(valuem, ‘o' + value)
reduce(key, iterator values) :
for each value in values do
if value[0] == ‘0’ then add value to rows
else add value to columns
for each triple row in rows do
for each triple_col in columns do
if triple_row,,; == triple_colyy; then
derivedPred <
composition(triple_row,.q, triple_col,.q)
inversePred < inverse(derivedPred)
write(null, triple(triple_row,,y;, derivedPred, triple_colyy)
write(null, triple(triple_coly, inversePred, triple_row,y,))
end if
end for

end for

Fig. 9. Transitive Reasoning Algorithm

A A A (Refining) ZF ol A=
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EFeta Joerzr ANE RES ZEA gdetal s,
MR e F A T EA J‘{r?ﬂ—‘é— v 23 gt
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A AAE = A

i

St M5 M5=(2016. 5)

Fig. 10. Example of Refining

Fig. 102 349 MapReduce Zgo® F3EHE A
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map(key, value) :
// key : irrelevant, value : triple
write(value,y,; + valueyy, valug)
reduce(key, iterator values) :
for each value in values do
refinedTriple « triple(value,yy;, refinedTripleye; 1 valugys, valuey,)
end for
if refinedTriple,,,; = null then exit// Inconsistency
end if
write(null, refinedTriple)

Fig. 11. Refining Algorithm
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Table 4. Knowledge Bases

Knowledge Number of Number of Size of Files
Bases Events Facts (mB)
TG250K 250,000 426,701 66
TG1000K 1,000,000 1,701,701 258
TG1750K 1,750,000 2,976,701 455
TG2500K 2,500,000 4,001,601 610
TG3250K 3,250,000 5,526,701 840

(event) AAEQ ol we} TG250K, TGI000K, TG1750K,
TG2500K, TG3250K So2 ¥-21 Table 491 7+ A4
Hlo] 2o E3E oHIEE AZF &#A #HAE HEE A
AE(facts)d] Mot F Y A715 7 2olsta ok
A WA A= BE AR FE7]¢1 MRQUTERS
B B3 AR A A 58S Hrpslngit. A
= Fig. 133 2th Fig. 139 Z#Zox 7te3e A
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(triple) 72 BEAIG AAe F& yvepdith, 2 ZoA
AL A o= FE29] YHoR ARgH 27| A FE
v, Blg 2 Eh)
%S v ok
adzE B3, e 2] AAY ol FhEel upet
AE fFEEe A4 4w vdEA S7ie 238 39
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Fig. 12. Organization of MRQUTER
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Fig. 13. Number of inferred facts
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Fig. 14. Reasoning Time for Individual Reasoning Jobs

Table 5. Comparison between Before and After Optimization

Test Cases I?ef.o re. A ﬂ.:er .
Optimization | Optimization
Knowledge | Number of Number of | Reasoning Time | Reasoning Time
Bases Facts Inferred Facts (Min) (Min)
TG250K 426,701 5,547,120 28 18
TG1000K 1,701,701 22,466,340 46 32
TG1750K 2,976,701 39,318,776 68 45
TG2500K 4,001,601 52,793,560 78 58
TG3250K | 5,526,701 | 73,014,753 97 7
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