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Abstract: Web user reviews are the important information source for many popular applications (e.g. monitoring
and analysis of public opinion), and they need to be extracted accurately from Web pages. Web user reviews belong
to user-generated contents, whose presentation is not restricted by the Web page template. Therefore new challenges
are raised. First, the inconsistency of review contents on both DOM tree and visual appearance impait the\similarity
between review records; second, the review content in a review record corresponds to a complicated Subtree rather
than one single node in the DOM tree. To tackle these challenges, a comprehensive solution is proposed to perform
automatic extraction of Web reviews by employing sophisticated techniqugs. ‘l‘he review records are extracted from
Web pages based on the level-weighted tree similarity algorithm first,'and then, the pure review contents in records
are extracted by comparing the node consistency. T‘he experimental results on news Web sites and forum Web sites
indicate that our solution can achieve high extragtion accuracy and efficiency.

Key words: Web user review; structu‘red data record; Web data extraction
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Fig.3 Ageneral case of the %?/iéw re‘ords in the Web page and in the DOM tree
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Y 52.7% . ,
Table 1 Validity of the extraction features
1
Visual features VF1 100% VF3 100%
VF2  98.9%
DTF1 99.1% DTF3 100%
DOMtree features | nrpy 99300 DTEA  52.7% \ \
3 \ ! P
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, . \ ‘ *
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[9] 4 \ 4 1) :2)
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ID , ;
4 LSTA .LSTA : (max tree similarity
algorithm, MTS) (max sequence similarity algorithm, MSS). MTS
DOM A B , O(mn),m n (
).MTS . , A B a b (MTS 3 ),
, , 0; A B a b a b
(MSM 5 )a b : Y\
level (a,b) — avgDepth(T.. . > ¥
NI (a.b) = exp (a,b) —avgDepth(Tiegion) " > 1)
avgDepth(Tegen)
,Ievel(a,b) a b Tregion avg Depth(Tregion) tegion \ \ - ¥ . (l) a
b Nl(a,b) level(a,b)  avgDepth(T,egion):level(a,b) avgDepth(T egion) ,NlI(a,b)
level(a,b) Ni@b) ¢ & ! C (Tregion )
.MSM $

{allazr"'lam} {b11b2x--‘-:bn} ’
v {ana...,ant  {byby....bo} )

*

ap by . ) ag b,
{ay,....an} {0....b:} (MSS 3 ) ,
{a1,3,....an} {ba....bn} (MSS 4 ) {as....an} {b1,bs,....bn}
(MSS 5 ).
Algorithm MSS //Max Sequence Similarity.
Input: {a1,az,....am}, {b1,bz,...,bn}; //Two node sequences \
Output: s; //Areal value
Begin
1 If(mis0)or(nisO0)then 1 >
2 return O;
3 5p=MTS(A1,B1)+MSM({ay,...,am},{b2,...,.bn}); //A; and B; are the subtrees WhOS& root no_des are a; and b; respectively
4 5;=MSM({as,az,....an} b, ...br}); L } N
5 5=MSM({ay,....an} {b1.b2,....bn3); )
6  return max{so,51,52}
End " A \
Algorithm MTS  //Max Tree Similarity. ‘
Input: A, B; //Two subtrees
Output: s;  //The similarity between A and B
Begin ' L
1 a=the root of A;
2 b=the'root of B;
3 if'NodeMatching(a,b) is false then
4 return O;
5 s=NI(a,b)+MSM(Children(a),Children(b));
6 returns;
End

Fig.4 LTSA algorithm
4 LTSA

y Tregion . ’

KAFFFET  hitp:/ www. jos. org. cn




3226

3.2

n-1

Tregion

RENnd
T7,T,

(0,4.2)

Treview

11

2.5,

Ts

Tnoise-

Journal of Software Vol.21, No.12, December 2010

n-1 LTSA , n-1
gsi(global similarity) T, n-1 . ,
xTreview (3-5125) ’ Tnoise
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o =

ooy 4 ¥ . % T T, T

Fig.5 Change trend of the'global similarities of subtrees in Tyegion
3 5§

,ﬁlgohthm RNI //Removing Noise Information.
Input: Tregion  //The review region;
Output: RStart, REnd  //RStart is the start position of the first review record,
RENd is the end position of the last review record.

Begin
1 TSet=getChildNodes(Tregion);
2 tsm[i,j1:=0; //Initialize matrix TSM, i=0,...,n, j=0,...,n
3 fori=1tondo
4 for j=1tondo
5 if i=j then
6 Ti=the ith child sub-tree of Ty;
7 Ti=the ith child sub-tree of Tq,; \
8 m[i j]=MTS(T;,T;); //The tree similarity of T; and T; » \ \
9  fori=ltondo \ 2 ®
10 gsi=Max{m([i,j], j=0,...,n}; | >
11  RStart=Max{gsi/gsi_1}; //i<n ! v
12 REnd=Min{gsi-1/gsi}; //i<n \ >
13 If RStart<A then /I2 is the predefined thre\hold\ -
14 RStart=0;
15 If REnd<A then \‘ - &
16 REnd=n; \
17 Return Rstart & RENd;
End .,
Fig.6 ’ Algorithm of removing noise information
§ e 6
1 Treview Treview . ) LTSA
, ,  TSM[n,n] (6 1
( 6 9 10 ),
1 Treview RStart Treview REnd(
12 ) ’ Treview Tnoise:
25 Thoise; 1/25
,RStart
3 ’ 2 7 ' 1 Treview Treview TZ
Tregion
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N Treview n/l’ ’
(8 ~ 12 ) 8
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Algorithm DBRR //Detecting the Boundaries of Review Records.

Input: Tq, T2,...,Tn; /N TreviewS €xtracted by Algorithm RSEA
Output: I;  //One review record consists of | TreviewS
Begin

1 For i=1tondo

2 Tj=getMaxSimTree(T;); //Find the most similar sup\—tree\vj
3 dli-l;

4 I’= MaximalCommonDivisor (dl,...,gn); - §
5 IfI"is a prime number then §

6 I=I'; Return I;

7 Else \

8 For k=0'to n/l'<1 do

Q I'=DBRR(Tk+1, Tks2, .. Tisr);

10 Af 1>

11" I=1;

12 Return [;

End

7

Treview
T T
1 I,
Treview
3 -

:}‘_Ti based on GSRG

Fig.8 Algorithm of detecting the boundaries of review records
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Fig9 An examp‘le of tree alignment

423 TA Tcontent \

g !
p e ConsisDiff(T;)=Consis(Ta—T;)—Consis(T;) 4)
@ LT Ta . , ,ConsisDIff(Teonent) ,
Ta Ti, ConsisDiff(T;)>ConsisDiff(Tcontent)- Teontent T 3
Ti Teontents Teontent Ti Teontent T .
1 ,Ti—Tcontent , Consis(Ti—Tcontent)>C0oNSiS(Teontent)s
ConsisDiff(T;)>ConsisDiff(Tcontent)- 2 y Teontent—Ti , Consis(Teontent—Ti)<
Consis(Ta—Tcontent) Consis(Ta—T;)—Consis(T;)<Consis(Ta—Tcontent) —CONSIS(Tcontent) - 3 ,
Consis(Ta—T;)<Consis(Ta—Tcontent)» Ta—Tcontent , o Ta-T;
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Th. ) Ta (1 ~ 3 ) Ta, Q{ap.ay,...,aq}(
4 ~ 10 )Q Ta ; Q A{agay...a}l an Q TR
A 4 . Q ,  Q a;
ConsisDiff(T;), T; a; . Q ConsisDiff(T;) , a;
Teontent( 11~ 17 ).
11 . a Qa b c,
ConsisDiff(T,)<ConsisDiff(T,), c Q, . , .
{a,cfi}, 11 . , ConsisDiff(T,),ConsisDiff(T.),ConsisDiff(Ty)
ConsisDiff(T;). ConsisDiff(T,) . To Teontent

Algorithm Teontent €Xtraction.
Input: Ty, To,..., Ti;  //1 the TreviewS that are obtained by the metho
Output: Teontent;
Begin A\
1 Ta=TreeAlignment(T1, Ty, ..., T))
2 For each node a in T do \‘ -
3 Compute Consis(a);
4 Initialize queue Q;
5 ap=the root of Tp;
6 Put a, into Q;
7 While a, is'not a leaf node do
8 Ya. is the child node of n, whose Consis(T¢) is minimum;
9 Put a; into Q

ap=ac;
11 Spax=t+o0;
12 While Q is not null do

13 aj=get a node from Q;

14 If (Consis(Ta—Ti)—Consis(T;)<Smax) then

15 Smax=(Consis(Ta—Ti)—Consis(Ti); //Tiis a;’s subtree
16 am=ai;

17 Return an

End

Fig.10 Algorithm of review content extraction
10

\

\\

3 o

d‘roposed in section 4.1
/[The root of the minimal tree that contain‘all eviewseontents in T
-

\
//Sto\ng a-path (from the root to a leaf node) of Ta

/[T is a;’s subtree

\ )

3 -

)\ ¢

Fig.11 An example to illustrate the algorithm Tconent €Xtraction
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WeRE : wrapper
wrapper ,
WeRE ,
Wrapper . wrapper, wrapper wrapper.
wrapper . 3 :Html
2 3 wrapper ,
wrapper Treview
Table 2 Three types of features in wrappers \
2 Wrapper 3 y > .
Wrapper Html tag path Position and width Font

Review record | The tag path from root of DOM Position fegture refers tcr)]thle‘fcilsta?x:e frfpm t_he left bocrid.er of the
wrapper tree 10 T, review page to the le bord_er of reviewrrecords;
review width feature refers to the width of review records
Position featlire refers to the distance from the left border of the| The shared fonts

The shared fonts
in review records

Review content | The tag path from root of Treview

Wranper T review records to the left border of review contents; in review
PP oot width feature refers to the width of review contents contents
L)
Wrapper Y wrapper , wrapper
R wrapper , DOM Html
, & body\div\...\table\tr, Treview- ,
Treview Treview ’
wrapper )
6
6.1
X
10 20 )
. | < URL
, 99.9% . , \ \ _~(news data set, NDS)
(forum data set, FDS). N = 3 4
\ i . URL,
DOM ‘DOM , :
3
3 Table 3 Details on NDS
. 3
LY
' News sites Number of review pages Number of review records
www.xinhuanet.com 242 4401
www.people.com.cn 999 20 889
www.southcn.com 227 1811
www.mofcom.gov.cn 999 19 980
www.sohu.com 964 19 223
www.xinhuanet.com 1000 19 958
www.sina.com 999 19 367
www.huangiu.com 1000 9971
news.163.com 931 27 928
www.qg.com 1000 10 025
Total 8 361 153 553
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Table 4 Details on FDS

4
Forum sites Number of review pages Number of review records
forum.ubuntu.org.cn 1001 8911
bbs.winos.cn 1001 8118
wordpress.org.cn 1000 7983
bbs.zdnet.com.cn 1000 1800
bbs.tech.china.com 998 6018
bbs.zhcw.com 999 8172
bbs.chuguo.cn 999 5780
www.hupub.com 1000 8339
www.jd-bbs.com 998 12173
bbs.55bbs.com 1014 8411 L\
bbs.imobile.com.cn 1000 17 186 .
sq.k12.com.cn/discuz 1000 16 726 4
bbs.cqzg.cn 999 8343
forum.jiangmin.com 1001 \ 9127
bbs.ikaka.com 1001 3 L M3
itbbs.pcshow.net 981 \ 7428
forum.livetome.cn 1000 4302
bbs.mydrivers.com 1000 5129
huatan.net/bbs Y N\ PFooo 8594
bbs.canet.com.cn 1000 11 401
Total 19 992 165 644
% ]
6.2 *
§
3 ! (Precision) (Recall)  F-measure
( ) ( )
( ) ( )
F-measure=2xRecallxPrecision/(Recall+Precision).
: ( ) :
3 Web , 2.5. 6.6 ,
\
6.3 3 -
WeRE IE ,
) =
, Web \ MDBRE!_ ViDRE™
.MDR DOM Web .‘ViDRE wrapper
5 WeRE Y NP6 Web
5 6 3 3 WeRE ,
precision £ 99.9% « 100%, ,
: . 3 e wrapper ,
3 " ; ; \WeRE MDR
ViDRE. MDR  VIDRE , DOM
,MDR  VIDRE

© W

AT

http:// Www. jos. org. cn



Web

Table 5 Experimental results on

review record extraction
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Table 6 Experimental results
on MDR and ViDRE

6 MDR VIiDRE
Direct extraction MDR
Precision  Recall F-measure Precision  Recall F-measure
NDS 99.9% 98.6% 99.2% NDS 77.3% 89.2% 82.8%
FDS 100% 98.9% 99.4% FDS 64.6% 81.5% 71.9%
Wrapper based extraction VIiDRE
Precision  Recall F-measure Precision  Recall F-measure
NDS 99.9% 98.8% 99.9% NDS 92.7% 90.3% 91.5%
FDS 99.9% 99.0% 99.6% FDS 86.4% 82.2% 84.2%.
\ \
-
6.4 3 -
, WeRE : ‘\ -
-
\ e, 7'
-
\WeRE \ , FDS
3 97% ; , wrapper NDS
)
A FDS wrapper ,
-
¥ , FDS NDS
|
|
[11] Web , 20
, [11] 20 100
8 WeRE , 8 [11]
J\WeRE MLNs-PVV,; \WeRE
MLNs-PVV, recall 10%. ] ‘\ \
Table 7 Experimental results Table 8 Comparison results bétwen .
on review content WeRE‘and MLNs-PVV
-
7 8 WeRé MLNs-PVV
Direct extraction - 4 WeRE
Precision Recall F-measure, % ‘ Precision Recall F-measure
NDS 97.5% 97.1% 97.2% Review record 99.4% 99.1% 99.3%
FDS 90.1% 87.3%., 88.6% Review content 97.3% 95.8% 96.5%
Wrapper based extraction MLNs-PVV
Precision Recall " F-measure Precision Recall F-measure
NDS 1 99.9% 99.2% 99.5% Review record 99.6% 94.1% 96.7%
FDS 98.5% ~ 98.3% 98.4% Review content 91.4% 85.3% 88.2%
‘ .
6.5
' ) WeRE
9 WeRE , wrapper
wrapper 3 wrapper wrapper,
wrapper 500ms, ( 100),
\WeRE WebBrowser
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, 60% . ,
wrapper )
Table 9 Experimental results on efficiency (ms)
9 (ms)
Direct extraction Wrapper based extraction
Page presentation 314.6 314.6
Record extraction 136.8 6.9
Content extraction 110.2 7.4
Total time per page 561.6 328.9
o6 L\
N -
: 130" R FDS
NDS , F-measure . , 2.5/ . F-measure
99.4%  99.2%. N | B .. , precision
: , > ‘eca’rl r IS 12 , ,
F-measure. \
w,
—DNS —FDS
« 100.00%
. gglmo/z N
N\ 96.00% / AN
: L 94.00%
L 92.00% —_— \\
90.00%
88.00%
86.00%
84.00%
82.00%
80.00%
1.5 2.0 25 3.0
Fig.12 Effect of the threshold on the extraction performance 3 \\ \
12 \ 2 *
. A 3 \ & -
7 ) \ -
Web Web a . - - 7Y
. ) \ \ 3 .
) [12-14] \ " ,
‘! “\ ‘ ‘ ’ .
\ s ¥ :
\ i omini™ IEPAD!®! RoadRunner?””, MDRP®!  DEPTAI®,
L , , Omini. wrapper,
, : [4]
, Web , DeLal¥ DEPTA [20]
DelLa Html wrapper, Web . DelLa ,DEPTA
Html , Web
DOM Html , 1 Html .
, Web , ViINTSE! ViPERS!L.
VINTS Web , Html

CRAFIFSCT hitpy/ www. jos. org. cn

© PHF




Web 3235
.VIiPER , Web
Web DOM
, , DOM
Web , )
[1-3,21]. , ,
) ) . [22]
' , . [11]
1 i) i) ‘
) Web , :
3 -
] i ‘ i)
(22 ) )\ =
8
AY A \
Web
*
3 Web WeRE. 10 20
+
i ) )
+
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