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Natural Language Querying with External Semantic Enrichment

FENG Xue

(Computer School, Beijing Information Science and Technology University,Beijing 100192, China)

Abstract Semantic Web is one kind of extremely important resources based on Internet technique. Querying on a se-
mantic Web only supports formal languages, which need manipulator to strictly observe certain syntax constraints,and
thus only experts that are familiar with semantic Web system and formal language are capable of querying. To overcome
this problem, this paper presented an unsupervised natural language querying system, which can convert natural langua-
ges into formal languages automatically, thus making common users query on a semantic web using natural languages
conveniently. The system first extracts all entities and attributes in a sentence based on a specific semantic Web, then
connects them to form a semantic relationship graph,and finally exploits a heuristic strategy to search for an optimum
path which is used to produce the output SPARQL expression. The key of the system is the coverage of the entities and
attributes from the semantic Web, which directly decides the quality of the inter-mediate semantic relationship graph,
and influences the final performance of system. In order to achieve a practical system, this paper enriched a human-anno-
tated semantic Web for a specific domain through using external semantic knowledge, so that the natural language
formed languages can contain more information. By this method, better semantic relationship graphs can be obtained and
more accurate SPARQL expressions for sentences are achieved. Finally, this paper used the dataset based on American
geography for experimental evaluation to verify this system. The dataset is widely acceptable for related research work
of natural language querying,which includes manually-annotated SPARQL expressions with 880 questions. The experi-
mental results show that this system can correctly answer 77. 6% of the natural queries,outperforming the best unsu-
pervised system in the literature significantly. After knowledge enriching by the external semantic Web, the system rea-
ches 78.5% in term of the correctly-answering accuracy.

Keywords Natural language querying,Semantic Web, Unsupervised learning, Formal language, SPARQL
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Query:what is the population of new york city ?

city
attr: city

population
attr: hasPopulation

newyork
attr: city

newyork
attr: state

B L S R e B 5
Fig. 1 Example of entity and attribute extraction
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Fig. 2 (entity-attribute) relationship diagram
YRR KR L RN Z G R — S start
A F] end PR AR AR H P AR S BRI
BEAE AT AR A R A TR AN T R AR AR T %
WA RSB R N, B AR R R RCR N, A H
A S I | o T (LT

core( + = NoF1
score 1\&,“‘]

Bt bR — R B SER B E L, Hm PR B
A D2 A B T BE R R, B T T L A 2R — A G i S
PRAT SRR S AN JE M H L Y U TR BV i E)
AWM BART, RYE bW AR AR S BT O s T L FE B 2
At 1961 F 1, (start) — ( population, hasPopulation) —> ( new-
york, city) = (city,city) > (end) B A3 N 1+1+2=4;1

(start) = { population, hasPopulation) = { newyork, state) —
(city,city)>(end) B B 0 0 1+1+1=3, B 2 /5143
) e PG B 42 S PR | (start) — { population, hasPopulation) —
(newyork, city)—{city, city)—=>(end) .
e R AR SCR ) T R A BN AR A 1
SR BTIGRE 45 0 R AR B B e B H e R4 2R s 1 P i T
BARHE . BORIX — S0 AN B IR IEHR B 4 )5 B f 1 42 (1
S HA RPN, A SCH IR B AR N 64,
ikl HEERER
A < SRS D SCHR 1R
fir il : beam
beam=<—{{start 15 8 } }
while (beam HFAFFE R AL end 15550 do
newbeam=<—{}
for path€ beam do
fEL path T ARG — DT v
for v A v BIIERY BT A T — AT p
# path U (v—=>p) Il A #| newbeam H
end for
end for
beam<—newbeam

end while

3.3 SPARQL iEA 4B

T 3 I P25 o BT B AR B T — A A Y AR L X AR
BEARAL A T AR A TR B SRR M . HE TR R (K Ix 2
Je e B E M AT AL A A R AR SPARQL 1E A4, S bR
b T S BT 0 SR R BN LA Ay S W2 — 2 T AR AR
i, M — KW R T —A & $, 72171 1Y 5 5 . popula-
tion 19 J& 14 3 W] HOZ — 4> BB T new york DR B &, X4
X A SIS A AT LU G — 2 R 45 & SPARQL 15 F 1Y
ke AR BRI AT T, AR B B0 e £ AR R T
M AR T A O B — AW AR A — A = o (>
BT R BRAN) A G X AN 2, R A A5 2R (start) (popu-
lation, hasPopulation) ( newyork, city)  city, city) (end)” 4R #&
L 77 2R ) SPARQL i 41 09
select 7y where {

city,new york, ?7x

7x,population, 7y

BT bk SER X 43 =22 A1, 2 1) %0 B3 2% 75 52 B B AR 9 A
TR BE ] 3R b P T AR SOR A i 2 B s T ) 35 [ B
14 o PR A S g WL AR I HEAT A L R TR 5 R OC B
T AT T Rk AL 3R, 6045 select, where,max, min #l count, H:
Ab 3Ty =X T SR A T AR L X R b Ty S
SPARQL i 5 (4 17 A L6 %5 U1 AH 56 . 3 BN SO A i A 41

4 SMERIEXWEI B

FESR 3795 o o o SO0 b s 23l ok T U 56 U . T e
LA AXMH T RDF 5 . X il AR A 15 3] L e
AR, T ELAR A 9 45038t L 32 BR . 7 49 4 48 4 Al 4 4
S A T 2K A B i B — A T A 938 SO LR AR AR
AIE 3 Wikipedia, DL T8 20 #4719 WordNet 45,

ASCH YR SO T 10 R = oo B e b
45 A Ak B B B 4 i = T Al SRR R B = T A N IR
JENE A B S, X = S0 ST BR A R T A S A
Z IR LR,

SOCAH I AR RO IR .

D) 240 E i A BT A 7 (A Wikipedia A i3 1 1)
i B e CMU HF 9 Turbo Parser® il SEMAFOR™
HEAT A N 5307, 4% o ) Framenet-Style J8 X9 3 X
G BTG5 SR A BT 4 R G G S8 R R 9 A Bl =T
H, B 3G T —AHAKNE AL R =0 A N
(New York,Boundary,New Jersey) fll{New York,Boundary,
Pennsylvania) . &l 3 #1965 7 4l B 52 9 A 524K 22 18] 19 56
B SEBR SR Y e T DU SR T R il B ok L
(bordered, Boundary,null), [ 4 " ] F il Bt 15 2] 19 2 (city,
Locale,null) o 18 FH 2L 75 1 il B S5 1) Js 2k

20 TR FIB A9 S0 5 IR L 4] 40 WordNet, 7] SCim]
LA K B8 1] 37 ) S 45 , = ST 4 (9 4 38 T = U B g iy B, T DA
5B S SRR M (IR BT R



58 Y

T AR UM PR A 0 3 R TE S AR 275

punct.
nsubjpass / coni
B N e

rep nn cc
NNP  NNP VBZ VBN’ N NNP¥ \NNP ¥CC NNP

New York is bordered by New Jersey and pennsylvania

New York is bordered by New Jersey and Pennsylvania
Boundary

Entity _
3 ATk AR XA M
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