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Abstract With the continuous growth of the total of human knowledge., semantic analysis on the
basis of the structured big data generated by human is becoming more and more important in the
application of the fields such as recommended system and information retrieval. It is a key problem to
calculate semantic similarity in these fields. Previous studies acquired certain breakthrough by
applying large scale knowledge repository, which was represented by Wikipedia, but the path in
Wikipedia didn’t be fully utilized. In this paper, we summarize and analyze the previous algorithms for
evaluating semantic similarity based on Wikipedia. On this foundation, a bilateral shortest paths
algorithm is provided, which can evaluate the similarity between words and texts on the basis of the
way human beings think, so that it can take full advantage of the path information in the knowledge
repository. We extract the hyperlink structure among nodes, whose granularity is finer than that of
articles form Wikipedia, then verify the universal connectivity among Wikipedia and evaluate the
average shortest path between any two articles. Besides, the presented algorithm evaluates word
similarity and text similarity based on the public dataset respectively, and the result indicates the great
effect obtained from our algorithm. In the end of the paper. the advantages and disadvantages of

proposed algorithm are summed up, and the way to improve follow-up study is proposed.

Key words large scale knowledge repository; semantic similarity; Wikipedia; shortest path;

connectivity
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Table 1 Comparison of Our Method with Previous Work
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Referenec Purpose Method ! 1ple “ oneepts Dataset Evaluation
Version Number
Explicit
Word *P lu_ Mar 2006 WS-353, Lack of the utilization of the network relation-
Ref[6] o Semantic . 1187839 L. . .
Similarity . (2.9Gb) Lee ship in Wikipedia.
Analysis
. WS-353, Improve the effect of the previous methods by
Word Concept . . . . .. .
Ref[7] . Feb 2007 682982 M&.C, making use of Wikipedia; Limit the improvement
Similarity Vectors .
R&.G of performance.
Cross- Concept WS-353 Measure the cross relationship between two
Ref[8] lingual Vectors, Oct 2008 2221980 ME.C ’ concepts; Establish the vector expression of
Relatedness ESA - concepts.
Take the titles in Wikipedia as the ontology;
Ref[9] ‘Doc'u‘mer?l 'CoAsin'e Nov 2006 9557939 Selected lCombine the keywords and lheme?s Wil.h the text
Classification Similarity Documents  in three ways; Lack of the consideration of the
relationship between the paths of the titles.
Establish the relational graph of concepts and
. classifications; Propose an automated classifica-
Concept and . .
Document . . tion method; Unable to solve the following
Ref[10] o e Category Jul 2008 2750000 150 Articles e
Classification Granh problems: the number of classification is limited,
rrap and one concept may belongs to several classifica-
tions.
Only based on the text content; For the
Ref[11] Document ESA, Cosine Nov 2005 910989 Short relationship between the concepts, only consider
¢ Clustering Similarity (1.8Gb) Documents  the relationship between the classifications they
belong to, while ignoring the path of hyperlinks.
Evaluate the correlation of two concepts by the
Word Shortest WS-353, path length of two classifications, while all the
o
Ref[12] Simil r o Categories Feb 2006 971518 M&.C, concepts mapped to the classification they belong
Aty Path R&.G to; The path of the relationship between
classifications is just a simple tree structure.
Wond " - WS.353. EvalLfa‘le the c;)rr}elalli‘orll{ by czlllct]la‘ling' 11he
S tit at t R ta titles;
Ref[13] ‘ .or‘ ypér 1T1 S Nov 2007 2000000 ME.C. repetitive rate o . 1e links (fon ained in ti ‘es
Similarity Similarity R&.G Unable to do precise calculation of the relation-
-~ ship between the concepts.
. WS-353, Only based on the relationship of the classifica-
Word and Personalized . . . .
Ref[14] . N/A 1000000 M&.C, tions or the overlaps of the hyperlinks contained
Doc Similarity ~ PageRank ) . ;
Lee in two particular titles.
WS-353 Unable to accurately simulate the human
Word and Visiting A thinking pattern because the people who take
Ref[4] o o Jun 2006 1264611 Me.C, ) i
Doc Similarity  Probability I part in the test are under the time pressure due
“oe to the special nature of the game.
Ref[15] AVV.ordA Random Feb 2015 N/A WS-353 Simulatc huma}n's behavior of clicking OIAI hyper-
Similarity Walk links by applying the random walk algorithm.
WS-353, Make full use of the network relationship of the
Word and Shortest Jun 2016 . X . . .
Our Method R . X 12269222 M&.C, titles in Wikipedia; Introduce the concept named
Doc Similarity  Link Path (53.4Gb) . . .
Lee bidirectional distance.
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(WS-353 extend version) , X 42 [ 2y H i — & P 5]

T 1 e Gy 380 4 B T B B 3 4% b 2 B B F 5 vh — s
MRS F AR I T 3 — R R (H 2 — B 15 2 AL
(i . Milne % N5 £ B2 BR 60 A4 1Y
Hiii). Singer AU W R I T XA LT
U R 4 B4 4E WikipediaSimilarity-353 4 B3 %F
i 2 308 4> {H & Singer 5 AN Z ML 1 51 X A7)
R EE . AT & . B M 2002 4F WS-353 $2
MZE AR A 14 R R ML fE R &
P b kAT BT RS G S B0 23 5 R T 12 A
P AEHE [ B AP R AT B AR R R A LA WS-353 H
— &6 B g A T E () T A s L T A
PeIX A a) i A T 2 WU AR

D) o 5 ) 19 BRG] BE 47 B . 49 i Diego
Maradona” B i & “ Maradona”, “ theater” B # N
“theatre”;

2) A 4 5L T B b JC v A B AY SR I B 0 40
“defeating”.

FATXT 2002 4F B K 4 WS-353 #EAT T et
FUEIE B R WS-353Ex, fig /5 IR B T 344 Xf ).
M 3 frs, WS-353 FE e 0 1 3 A 4k BF (Wordl1,
Word2, human mean) fJJEAH L 3400 T 3 A5 W) 4
JE < 1) S B AR A BE R ) B S AR K O FIF
B AR B a. U tiger”F1* cat” 25 5] , N EXF 2
A BEARRLPE R AT 20 2 7. 35, N tiger” K 22T 2
B AEREBERE ] “cat”, N “cat” i K 43T 3 A e Sk 2
F|“tiger”, “tiger” 5“cat” )RR N 2. 5.

Table 3 Demonstration of WS-353Ex Dataset
£ 3 WS-353Ex HiF&ERG

Word 1 Word 2 Similarity f b a
love sex 6.77 2 4 3
tiger cat 7.35 2 3 2.5
tiger tiger 10 0 0 0

computer keyboard 7.62 2 2 2

3.2 ENHEHMMEITR

FEARAT L FR AT 40 A4 ] WS-353Ex Al Lee™
B A DR 50 E S5 12 A PR3] I SCAS AL EE DEAR 14 A AL
V. B el B WS-353Ex BdE 4 o 47 2058 A1 L 1T
il s AR BENF .

D) BETAE 3.1 5 hAH S Bk B i B i i WS-
353Ex HHAEXT IR Z (B Y £ b LR

S+o
5 (13)
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2) SR W 15 75 vk 23 )l T SR XS 1 f by a
555 0 B N R AT 43 AT LA
h(w, p)=ws+w pr++w,p. , (14
Hr,h REANERFT 55 w= (w s ws sy w,) R
e RH oo AR AT FRATT AT [ 5K fi -
min || Po—h [l i Fall ol (15)
H,o BRI ERE o MEBK, B ESLr . W
LTS 2 B0 A B ) B AR
3) FRATTR I B IR 2 A GO 5 ZR B e R i A
KRBUMBA ZHC R DT T 45175 A5 A8 (1) 1
P IEAG B 4r BOX TR R 0~ 1.k #EE F 1 BRI
125 B A PR Ry S0 U 2 R G IR T A A A B AR A
AT R R T AR 0 o At
ARSCUAT T 3 W, E fabsa 5N
FI o0 (E AT 20 A T - 52 55 Fifi ML 6 B 1 0 3K 4 N 56
WEEE W% 3:7,5:5,7:3 WL , EEE 500 Ik
BOPBE. SLe g R sk 4 foos SR/ £ D B
i HAEIA R 0.51 A1 0. 53 A48, 1 FH a BEWS Kt
SRR ETE 0. 84,y T HE— B By VEAL  FRATTRE A SC
53k 5 2 Y — S AR G I A R AE T R
% 5 Wow . Milne 85 A 748 0 — Bl 5 18 56
FARARLRE £ 07 12 7T LUK 0 B4 i 3 0. 78, FEA Uk
AT7 kLA B FRATI B A WS-353Ex £di 4R
A — S B A R R AR Kl L N T R X R 2 A
A5 HOF AT PP AN BE A5 R T R = F) 0. 90, A
F 5 PATLUE Ml A ORI SR S 8 R g 4
SR HB SR T T R B A A AR LR
A RCPE T A R
Table 4 Comparison of Word Similarity Using Three Kinds of
Shortest Path
F4 ETF3MBEERFEGRABEUEN ST

Train Set: Test Set

Path
3.7 5:5 7:3
/ 0. 46 0.51 0.48
b 0.49 0.53 0.52
a 0.77 0.84 0.79

N T ARFEAEVEAL SCAS AL BE B9 ROR AT T
R Ji] 5 B B AR S AE Lee B4R AR LilEAT T RIE,
XABAE A T 50 NSO LR BE— R SO
9N AT H 04 AR AU 2 K. 52 56 b AL Ak B 1 000
X SCAS HEAT S5 4% B o AP M. sk 6 i

Hassan % AW 2 H 358 /N BB TE BL I 2847 U1 25 1
LSA B ¥, 686515 3] 0. 69 %4> %L, Gabrilovich %
ANV T ESA L R R 0. 75 43 B A
A o XL o] g e % A B 9 R AT SCAR AR AL o BT 5 BE %
E] 0. 77 B4R BE T 00 A i e A A0 B4k A B3]
ARARLE A EAl 1 AR T AR A RS (2 76 SCAR A
LR - OR S Z 00 B 5 CR A Y L IR AT X
B R IR AR /N AN 3 F U dls 4 WS-353Ex, Hfg
344 XF B 5y — AN 52 ) PR 2RO R AT A 2 Se AR
P23 B4 P B 4 OC R AEATITAL A S G
oA 5 22 11
Table 5 Comparison of Word Similarity Scores with

8 Methods
RS AXEEESHMELETERAMENHMLLE

Scores
Method Spearman Pearson Tanimoto
Correlation  Correlation  Coefficient
Ref[21] 0.56 0.53 0.52
Ref[23] 0.55 0.61 0. 49
Ref[12] 0.48 0. 44 0. 50
Ref[24] 0.55 0.47 0.57
Ref[11] 0.75 0. 67 0.76
Ref[25] 0.78 0. 85 0. 86
Ref[4] 0.70 0.76 0.71
Ref[13] 0.79 0.74 0.77
Our Basic Method 0. 84 0.83 0.82
Our Advance Method 0.89 0.90 0.89

Table 6 Comparison of Text Similarity Scores with
3 Methods
F6 AXEES52HEEETIABUESHBILR

Scores

Method Spearman Pearson Tanimoto
Correlation  Correlation  Coefficient

Ref[8] 0. 64 0.69 0. 66

Ref[11] 0.75 0.72 0.71

Our Basic Method 0.75 0.70 0.73

Our Advance Method 0.77 0.76 0.73

4 B %

AR SR YT — Tl ik T A S 1 R v B 4 A
Ao SOMAPEIEAG 19 07 125 31X 02 1 IRTE 8 S0 2% 1
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) 2 A B Z A0 0) B AR A AN R] L IR UE B T 4L T R
rh i % B S R L R B T AT =2 ) Y P X R
AR LY 3. 84, % B E 28 XL 1) R 4E 1 J7 5
FAT IO XL 1) i L A A JRE B T T — bR A B
A RPNT S D E Y ER R R AL R R NS
P RSO TR B 5005 2 M Sl AR R P L R T AR
U RCR AR RS Al b 4 — ol o R I ik 4T
SCAARABME 20 A7 049 07 3k IR T R AF B ROCR. 53 b
FATR AL G WS-353 JEAT T B IEFITH 2. A S
KA TTHRAE T« A2 Al 4 56 77 B b i 4 5C R %L
D UG RE B 1 D0 T L U T B PR A AL
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