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Find houses with 
four bathrooms 
and price under 
$500,000

mediated schema
homeseekers.com

wrappersource schema

greathomes.com

wrappersource schema

realestate.com

wrappersource schema
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listed-price
 $250,000
 $110,000
   ...

      phone
(305) 729 0831
(617) 253 1429
  ...

   comments
Fantastic house
Great location
  ...

realestate.com

 PRICE    AGENT-PHONE     DESCRIPTION

Mediated schema

  <listed-price> $ 110,000</listed-price>
  <phone> (617) 253 1429</phone>
  <comments> Great location </comments>

  <listed-price> $ 250,000</listed-price>
  <phone> (305) 729 0831</phone>
  <comments> Fantastic house </comments>

If “phone” occurs in 
the name => 

AGENT-PHONE

If “fantastic” & “great” 
occur frequently in 
data instances => 

DESCRIPTION

Learned hypotheses

(a)

    price
 $550,000
 $320,000
   ...

 contact-phone
(278) 345 7215
(617) 335 2315
  ...

   extra-info
Beautiful yard
Great beach
  ...

greathomes.com

(b)
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2. PROBLEM DEFINITION�wl�S�U�W	L�f�W�g3X1`Tl�S�[nLh[nL�M;`Tl�O�Q�UhORX?MTW�\�V1W�J5d�`�SzXjS�[nL�Q�M1O8`,[nL�\�N
\�O�Q�U	X3MTl�L�M3S�Q�L r f�S�MTVTL�Q�X%g�W(V1[�O�Q�UzJ�L�M;LwO�Q�X%M;L�Q�`�S�X3g�V1W�[�W�Q�S!X1`Tl�S�[nL



<house-listing>
   <location>Seattle, WA</location>
   <price> $70,000</price>
   <contact><name>Kate Richardson</name>
                   <phone>(206) 523 4719</phone>
   </contact>
</house-listing>

<!ELEMENT   LISTING   (ADDRESS, LISTED-PRICE, CONTACT-INFO)>
<!ELEMENT   ADDRESS          (#PCDATA)>
<!ELEMENT   LISTED-PRICE   (#PCDATA)>
<!ELEMENT   CONTACT-INFO  (FNAME, LNAME, AGENT-PHONE)>
<!ELEMENT   FNAME              (#PCDATA)>
<!ELEMENT   LNAME              (#PCDATA)>
<!ELEMENT   AGENT-PHONE  (#PCDATA)>

(a) An XML house listing in a source S

<!ELEMENT   house-listing   (location?, price,contact)>
<!ELEMENT   location   (#PCDATA)>
<!ELEMENT   price       (#PCDATA)>
<!ELEMENT   contact  (name, phone)>
<!ELEMENT   name   (#PCDATA)>
<!ELEMENT   phone  (#PCDATA)>

(b)  The schema of source S (c) The mediated schema
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�Ñ1¯ ± J�L�M;L�o��%Qe[nL�Q�Z{J�L�M;L�N
O�Q�MTS�U�VTL�M1O�W(QEL�\�\�f�OR`�L�M1O�W�Q�X � O�M{ORX{Q�S#`�S#X1X1L�VjZ~MTW�\�V1S�`�S#J�S_X1`Tl�S�[nL
[nL�M;`;l5O�Q�U r Z{L ±	³�´=³ ¯ Â�´ Ñ ³	¶�´ ² Ô�¹ \�l�L�XjS(o��yQ{MTl5O8X?\�l�L�XjS � d�Q�X%MTV1d�`AN
MTd�V1S#J�J�L�M;L{� S(o U�o � MTS���M � �����7� ª O8X?[nL�\�\�S#JkMTW�XjW�[aSwX%MTV1d�`AMTd�V1S#J
g8W(V1[q� S�o U5o � MTd�\�f�S#X � ���7� ª o�Ä�L�M;LzS���MTVTL(`AM1O�W(Q{l�L�X r S�S�QkMTl�S,g�W�`Ad�X
W�g4O�Q�MTS�Q�X%O�^	SCV1S#XjS#L�VT`;ltW(QbxzVTL�\�\�S�VTX � O�Q�g8W(V1[nL�M1O�W�QsS���MTVTL(`;M1ORW�Q �
L�Q�J@XjS�U([aS�Q�M;L�M1ORW�Q�� S(o U�o �z¡ ¦�¥�� �#©�ªA� W�gRMTS�Q�L�fRXjW r S�Q�S���M1O�Q�UCg�V1W�[
[nL�`;l5O�Q�S4f�S#L�V1Q�O�Q�U�MTS#`Tl�Q5OR��d�S#X�o

2.1 Schema Matching for XML DTDs�4�7� ¡ ¤ + © ORX�O�Q�`�V1S#L(X%O�Q�U�f�Z r S�O�Q�Usd�XjS#J L�X@Lt\�V1W�MTW�`AW�f�g8W(V
MTl�S�J5ORX1XjS�[�O�Q�L�M1O�W(QsL�Q�JES���`;l�L�Q�U(S7W�g4O�Q�g8W(V1[nL�M1O�W�Qsg�V1W�[]J�L�M;L
XjW�d�VT`�S�X�o(�4S�Q�`�S � x/S�J5S#`AORJ�S�J�MTW_`�W�Q�X%ORJ�S�V4MTl�S0\�V1W r f�S�[­W�g/J5ORX%N
`AW�^(S�VjO�Q�U~XjS�[nL�Q�M1OR`�[nL�\�\�O�Q�U(XeO�QtMTl�S�`�W(Q�MTS���MaW�gk���7��J�L�M;L5o
� S#`�L�f�f�MTl�L�M}O�Q0L(J�J�O�M1ORW�Q{MTWzS�Q�`�W�J5O�Q�U+V1SAf8L�M1O�W(Q�L�f�J�L�M;L � ���7�_`�L�Q
S�Q�`�W�J5S,W r
	 S#`AM1N=W(VjO�S�Q�MTS#J � l�O�S�VTL�VT`Tl�OR`�L�f � L�Q�JkXjS�[�O�NyX%MTV1d�`AMTd�V1S#J�J�L�M;L5o
I+Q��4�7�~J�W�`Ad�[aS�Q�M�`AW(Q�X%ORX%M;XzW�g�\�L�O�VTX�W�g?[nL�M;`Tl�O�Q�U{W(\�S�Q5N,L�Q�J
`;fRW(XjS�NPM;L�U(X � S�Q�`Af�W	X%O�Q�Us¯ Ò ¯A®a¯ ¹�´ µ oi�,L(`Tl�S�f�S�[aS�Q�M0[nL�Z~L�f8XjW�S�Q�N
`;fRW(XjS0L(J�J5O�M1O�W(Q�L�f?Xjd r N=S�f�S�[aS�Q�M;X!W(V�d�Q5OR��d�S�f�Za^�L�f�d�S#J_L�M1MTVjO r d�MTS#X�o
I­J�W�`Ad�[aS�Q�Ma`AW(Q�M;L�O�Q�XaLmd�Q5O8��d�SCV1W�W�MnS�f�S�[aS�Q�M � O�Qbxzl�OR`Tl�L�f�f
W�MTl�S�VTX,L�V1S+Q�S#X%MTS�J3o ½ O�U(d�V1S ¨ o LeXjl�W�x+X,L�l�W�d�XjSzf�ORX%M1O�Q�U{X%MTW�V1S#JnL(X
L�Q@�4�7�EJ�W�`�d�[aS�Q�M#o��%Q�U�S�Q�S�VTL�f � L�Qi���7�ES�f�S�[aS�Q�M4[nL�Z7L�fRXjW
l�L#^	SnL�XjS�MeW�g ³�´ ´ Ñ ²�� 
 ´ ¯ µ o ½ W(V0MTl�Sa\�d�V1\�W	XjSaW�g�MTl�ORX0\�L�\�S�V0x/S
MTV1S�L�MzO�M;X+L�M1MTVjO r d�MTS�X+L�Q�JCXjd r N=S�f�S�[aS�Q�M;X/O�Q_MTl�S0X1L�[aShg L(Xjl5O�W(Q}o
|cSw`�W�Q�X%ORJ�S�V!�4�7��J5W�`�d�[aS�Q�M;X3x�O�MTl�L(X1XjW�`AORL�MTS#J�Äk�wÄkXw�PJ5W�`AN

d�[aS�Q�M4MyZ�\�S�J�S#X1`AVjOR\5MTW(VTX ª o�I¬Äk�wÄ�O8XkL � Õ4½ NyX%MyZ5f�S�U�VTL�[a[nL�V
MTl�L�M/J�S���Q�S#X�f�S�U	L�f
S�f�S�[aS�Q�M;X�L�Q�J�V1S�fRL�M1O�W(Q�Xjl�O�\�X r SAM%xwS�S�Q�MTl�SzS�f�N
S�[aS�Q�M;X�o�|~S7L�X1Xjd�[aS_MTl�L�M�MTl�S�[aS�J5ORL�MTS#JbX1`Tl�S�[nL�ORXaLmÄ��wÄ
W�^	S�V+xzl5O8`Tl�d�XjS�VTX+\�W(XjSe��d�S�VjO�S#X � L�Q�JCMTl�L�M4S�L(`TliJ�L�M;LaXjW�d�VT`�SkORX
L�X1XjW�`AORL�MTS#J�x�O�MTlnL�XjW�d�VT`�SzÄk�wÄ�o�ÄkL�M;L4[nL�Z r SzXjd�\�\5f�O�S#J r Z0MTl�S
XjW�d�VT`�SzJ�O�V1S#`AM1f�Z0ORQ{MTl�ORX?Äk�wÄ � W(V�\�V1W�`�S#X1XjS#J{MTl�V1W(d�U(l�L+xzVTL�\�\�S�V
MTl�L�M{`�W�Q�^	S�VjM;XhMTl�S�J�L�M;L_g8V1W([ LafRS�X1X{X%MTV1d�`AMTd�V1S�Jig8W(V1[nL�M#o ½ O�U�N
d�V1S#X ¨ o r Ny`�Xjl�W#xÐX1L�[a\�f�S�XjW�d�VT`�S�N+L�Q�Ji[aS#J5ORL�MTS#J5N=Äk�wÄkXzO�QmMTl�S
V1S�L�f�N=S#X%M;L�MTSkJ5W([nL�ORQ3o��wl�V1W�d�U�l�W(d5M/MTl�S+\�L�\�S�V � x/S�Xjl�L�f�f
d�XjS $���� �
-8����$ MTW�J5S�Q�W�MTSkXjW(d�VT`�S�NyX1`;l�S�[nL0S�f�S�[aS�Q�M;X � L�Q�J Ü ÝwÙ 2
� Þ Û?Ü g8W(V
[aS�J5ORL�MTS#J�NyX1`;l�S�[nL{SAfRS�[aS�Q�M;X�o

� O�^	S�QcLn[aS#J5ORL�MTS#J�Äk�wÄqL�Q�JiLCXjW�d�VT`�S�Äk�wÄ � MTl�S µA¶;· ¯A® ³ °
® ³�´=¶;·�²�¹�»4º Ñ Ô ��Ò ¯A®�ORX,MTWk��Q�JaXjS�[nL�Q�M1OR`�[nL�\�\5O�Q�U	X r S�MyxwS�S�QaMTl�S
MyxwW@Äk�wÄkX�ob�%QbMTl�ORX�\�L�\�S�VexwS7X%M;L�VjM r Zb`�W�Q�X%ORJ�S�VjO�Q�U@MTl�SCV1S�N
X%MTVjOR`AMTS�Jm`�L(XjS�W�g���Q�J�O�Q�U Ô�¹ ¯�° ´=Ô ° Ô�¹ ¯����(°����a® ³Aº	º�²�¹�»�µ{r S�MyxwS�S�Q
M;L�U~Q�L�[aS#X�W�ghMTl�S�XjW�d�VT`�S�Ä��wÄ¿L�Q�JEMTl�W(XjS7W�g4MTl�S7[aS#J�ORL�MTS#J
Ä��wÄ�o ½ W�V�S���L�[a\5f�S � O�Q ½ ORU�d�V1S#X ¨ o r Ny` � M;L�U � ������$T� ��� [nL�M;`;l�S#X

B 'z'+Ø 652�2 � L�Q�J �A����$1���A$ [nL�M;`;l�S#X . Þ Û?Ü
B�.}Ü�Ö Ù Û�� Þ o��%Q�MTd�O�M1O�^	S�f�Z �
M%x/W�M;L�U	X!��OPo S�o � X1`Tl�S�[nL,S�f�S�[aS�Q�M;X ª [nL�M;`;lhO�g�MTl�S�Z4V1SAg�S�V3MTWhXjS�[nL�Q�N
M1OR`�L�f�f�Z~S���d5O�^(L�fRS�Q�M{`AW(Q�`AS�\�M;X�oC�wl�SaQ�W�M1O�W(QcW�gzXjS�[nL�Q�M1O8`�S���d5O�^�N
L�f�S�Q�`�S�ORX_Xjd r
	 S#`AM1O�^	SiL�Q�Jtl�S#L#^�O�f�ZtJ�S�\�S�Q�J5S�Q�MnW(QtMTl�S�\�L�VjM1O8`;N
d�fRL�VkJ�W�[nL�O�QmL�Q�Ji`�W�Q�MTS���Mhg8W(V�xzl�OR`TlmJ�L�M;LaO�Q�MTS�U(VTL�M1ORW�QmORX4\�S�VjN
g�W�V1[aS#J3o��4W#xwS�^	S�V � L(X�f�W(Q�UkL(X�MTl5O8X?Q�W�M1O�W(Q0ORX�O�Q�MTS�V1\�V1S�MTS#J r ZkMTl�S
d�XjS�V ¶TÔ�¹�µ;²8µ;´ ¯ ¹�´PÒ Á L�`�V1W	X1X�L�f�f�J�L�M;L_XjW�d�VT`�S�X+O�Q7MTl�S{J�W�[nL�O�Q � MTl�S
S#��d�O�^�L�f�S�Q�`�SnV1S�fRL�M1O�W(Q�XC� 2 ' fRS�L�V1Q�Xkg�V1W�[ÆMTl�S�MTVTL�O�Q�O�Q�U@XjW�d�VT`�S�X
\�V1W�^�ORJ�S#J r Z4MTl�S,d�XjS�V?Xjl�W(d5f8J0X%M1O�f�f�L�\�\5f�Z�MTW+Xjd r XjS���d�S�Q�M � d�Q�XjS�S�Q
XjW(d�VT`�S#X�o
2.2 Schema Matching as Classification�4d�VhL�\�\�V1W(L(`TlmV1S�\�l�VTL�XjS#XhMTl�S{\�V1W r fRS�[ W�g,��Q�J5O�Q�U ¦ N ¦ [nL�\�N
\�O�Q�U	X+L(X4L ¶�Ò�³�µ;µT² �,¶T³�´ ²PÔ�¹ \�V1W r f�S�[ ¾ U�O�^	S�Q7MTl�Sk[aS#J5ORL�MTS�J5N=Äk�wÄ
M;L�U@Q�L�[aS#X�L�X�J5ORX%M1O�Q�`AM Ò�³ � ¯ Ò µ�������������������� x/S7L�M1MTS�[a\�M{MTWcL�X%N
X%O�U(QvMTWbS#L(`TluXjW(d�VT`�S�NyX1`;l�S�[nLcM;L�UEL�[nL�M;`Tl�O�Q�U~f8L r S�fPoK� �=g{Q�W
fRL r S�f�[nL�M;`Tl�S#XwMTl�S0XjW(d�VT`AS�NyX1`;l�S�[nLeM;L�U � MTl�S�Q�MTl�S4d�Q�OR��d�S�fRL r S�f
Þ Ü Ý 6 Ø ORXzL(X1X%O�U(Q�S#J3o ª
Ã,fRL(X1X%O���`�L�M1O�W(Q�\�V1W�`�S�S#J�X r Z~MTVTL�O�Q5ORQ�U~L�f�S#L�V1Q�S�V���W(QtL@XjSAM
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�&%{ORXhL�Q�W r'	 S�`AMkL�Q�J � ! %eORX+MTl�S{W r XjS�V1^(S#JCfRL r S�f�W�g�MTl�L�M4W r
	 S#`AM#o
Ä�d�VjORQ�U�MTl�S ´ Ñ ³�²�¹�²�¹�»0º�·�³�µ ¯ � MTl�S4f�S#L�V1Q�S�VzORQ�Xj\�S#`AM;XwMTl�S�MTVTL�O�Q�O�Q�U
S���L�[a\5f�S#XeL�Q�J r d�O�fRJ�X{L�Q ²�¹�´ ¯AÑ ¹�³(Ò�¶�Ò�³�µTµT² �/¶T³�´ ² Ô�¹ ® Ô#± ¯ Ò � S(o U�o �
MTl�S4l�Z5\�W�MTl�S#XjS#XwO�Q ½ O�U�d�V1S ¤ o L ª W�Q7l�W#xYMTWa`AfRL(X1X%O�gRZ7W r'	 S�`AM;X�o
�%Q~MTl�Sm® ³�´=¶;·�²�¹�»�º�·�³�µ ¯ � U�O�^	S�QEL�QEW r'	 S�`AM��bMTl�Saf�S#L�V1Q�S�V��

d�XjS�X4O�M;X�O�Q�MTS�V1Q�L�f,`AfRL(X1X%O���`�L�M1O�W(Q�[aW�J�SAf!MTWC\�V1S#J�OR`AMkfRL r S�f!g�W�V(�}o
�%Q_MTl�ORX�\�L�\�S�VwxwS{L(X1Xjd�[aS4MTl�S4\�V1S#J�O8`;M1ORW�Q�ORX�W�g�MTl�Shg�W(V1[
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¦(� L�Q�J * � � % - � � � ª ORX3f�S#L�V1Q�S�V5�z¸ X ¶TÔ�¹��,± ¯ ¹�¶ ¯ µ�¶TÔ Ñ1¯,MTl�L�M��0[nL�M;`;l�S#X
fRL r S�f � % ob�wl�S�l5ORU�l�S�V�L@`�W�Q���J�S�Q�`�S�X1`AW(V1S � MTl�S_[aW(V1SC`�S�VjM;L�O�Q
MTl�S0f�S#L�V1Q�S�V4ORX+O�Q�O�M;X4\�V1S�J5OR`AM1O�W(Q3o�� �%Q�[nL�`;l5O�Q�S0fRS�L�V1Q�O�Q�U � XjW([aS
f�S#L�V1Q�S�VTX�W�d�MT\�d5MaL ·�³ Ñ ± \�V1S#J�O8`;M1ORW�Q � xzl�OR`TlbORX�LmX%O�Q�U�fRS_fRL r S�fPo
�4W#x/S�^	S�V � [aW(X%MhXjd�`Tl7fRS�L�V1Q�S�VTX4`�L�Q r S{S�L(X%O�f�Z�[aW�J5O���S�JCMTWa\�V1W�N
J�d�`�Sk`�W�Q���J�S�Q�`�S�NyX1`�W(V1Sk\�V1S#J5OR`AM1O�W�Q�X�o ª
½ W�VaS���L�[a\�f�S � `�W�Q�X%ORJ�S�V�MTl�S ¹�³ ®n¯�® ³�´=¶;· ¯AÑixzl�OR`;lsL(X1X%O�U(Q�X

fRL r S�f�MTW0L�Qn���7�iS�f�S�[aS�Q�M r L�XjS#JaW(QaO�M;X ¹�³ ®n¯+�PXjS�S�«�S#`AM1O�W(Q ¨ o ¨
g�W�Vw[aW(V1S+J5S�M;L�O�fRX ª o � OR^(S�QnL�Qn���7�iS�f�S�[aS�Q�M � Xjd�`TlnL(X � ) \�l�W�Q�S 0
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location: Miami, FL
comments: Nice area
contact: (305) 729 0831
location: Boston, MA
comments: Close to river
contact: (617) 253 1429
house-addr: Seattle, WA
detailed-desc: Fantastic ...
phone: (206) 753 2605
house-addr: Portland, OR
detailed-desc: Great yard
phone: (515) 273 4312

T(NaiveBayes)
(“Miami, FL”, ADDRESS)
(“Nice area”, DESCRIPTION)
 ...
(“(515) 273 4312”, AGENT-PHONE)

T(NameMatcher)
(“location”, ADDRESS)
(“comments”, DESCRIPTION)
 ...
(“phone”, AGENT-PHONE)

CV(NaiveBayes)
<ADDRESS:0.8, DESCRIPTION:0.2, AGENT-PHONE:0.0 >
<ADDRESS:0.3, DESCRIPTION:0.3, AGENT-PHONE:0.4>
  ...
<ADDRESS:0.2, DESCRIPTION:0.2, AGENT-PHONE:0.6>

CV(NameMatcher)
<ADDRESS:0.6, DESCRIPTION:0.2, AGENT-PHONE:0.2>
<ADDRESS:0.2, DESCRIPTION:0.5, AGENT-PHONE:0.3>
  ...
<ADDRESS:0.1, DESCRIPTION:0.3, AGENT-PHONE:0.6>
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Cross validate
by Naive Bayes

Cross validate
by name matcher

Mediated schema: ADDRESS, DESCRIPTION,  AGENT-PHONE

realestate.com: location, comments, contact                  
homeseekers.com: house-addr,  detailed-desc,  phone        

1-1 Mappings Provided by the User
location <=> ADDRESS, comments <=> DESCRIPTION, contact <=> AGENT-PHONE

house-addr <=> ADDRESS, detailed-desc <=> DESCRIPTION, phone <=> AGENT-PHONE

(a) (b)

(c)

(d)  

(e)

(f)

(g)

T(ML,ADDRESS)
   (0.6, 0.8, 1)
   (0.2, 0.3, 0)
     ...
   (0.1, 0.2, 0)

(h)

  
Learner Weights

   WNameMatcher   =  0.3

   WNaiveBayes      =  0.8  

ADDRESS

ADDRESS
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Constraint
Types

Examples
Can Be Verified

With
Frequency At most one source element matches HOUSE.    Exactly one source element matches PRICE. Schema of target source

Nesting
If a matches AGENT-INFO & b matches AGENT-NAME, then b is nested in a.
If a matches AGENT-INFO & b matches PRICE, then b cannot be nested in a.

”

Contiguity
If a matches BATHS & b matches BEDS, then a & b are siblings in the schema-tree, and the elements
between them (if any) can only match OTHER.

”

Exclusivity There are no a and b such that a matches COURSE-CREDIT & b matches SECTION-CREDIT. ”

H
ar

d

Column
If a matches HOUSE-ID, then a is a key.
If a, b,  and c match CITY, FIRM-NAME, and FIRM-ADDRESS, resp., then a & b functionally determine c.

Schema + data from
target source

Binary Number of elements that match DESCRIPTION is not more than 3. ”

So
ft

Numeric
If a matches AGENT-NAME & b matches AGENT-PHONE, then we prefer a & b to be as close to each other
as possible, all other things being equal.

Schema of target source
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x�O�MTl{MTl�Sw`�d�V1V1S�Q�M?[nL�\�\�O�Q�U	X � l�S!W(V�Xjl�Sw`�L�Q�Xj\�S�`AO�g8Z{`�W�Q�X%MTVTL�O�Q�M;X �
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<contact>
   <name> Gail Murphy </name>
  <firm> MAX Realtors </firm>
</contact>
<description> 
     Victorian house with a view. Name your price!
     To see it, contact Gail Murphy at MAX Realtors.
</description>
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td        AGENT-NAME
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Edge Tokens
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(a)
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½ O�U�d�V1S ��¾ �PL ª N;�P` ª �wl�Skx/W(V1p�O�Q�U�W�g!MTl�S Õ L�O�^	S(��L�Z�S#X�f�S#L�V1Q�S�VhW�Q�MTl�Sk�4�7�~S�f�S�[aS�Q�M ������$1���A$ O�Q~�PL ª #�L�Q�Jc�PJ ª N;��g ª MTl�S�xwW(V1p�O�Q�UaW�g�MTl�S
�4�7�cf�S#L�V1Q�S�VzW(Q�MTl�SkX1L�[aSkSAfRS�[aS�Q�M#o

XML Classifier - Testing Phase
Input:     an XML element E        Output:  a predicted label for E
1. Create T, a tree representation of E. Each node in T represents a 
    sub-element in E.
2. Use LSD (with other base learners) to predict for each non-leaf & non-root
    node in T a label; replace each node with its label.
3. Generate the bag of text-, node-, & edge-tokens: B = {t1, t2, ..., tk}.
4. Return label c that maximizes P(c) * P(t1|c) * P(t2|c) * ... * P(tk|c).

XML Classifier - Training Phase
Input:    a set of XML elements S = {E1, E2, ..., En};
               the correct label for each Ei and each sub-element in Ei.
Output: the set of all text-, node-, & edge-tokens: V = {t1, t2, ..., tm};
               probability estimates for tokens P(ti|c) & classes P(c)
1. For each Ej:   (a) Create Tj, its tree representation.
                           (b) Replace Tj’s root with the generic root tR; replace 
                                 each non-root & non-leaf node with its label.
                           (c) Create the bag of text-, node-, & edge-tokens Bj for Tj.
2. Compute V, P(c) & P(ti|c) as with the Naive Bayes learner (see Section 3.3).
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�yQ�`AW(Q�MTVTL(X%M � MTl�Sh���7�if�S#L�V1Q�S�Vw��VTX%Mz`AV1S#L�MTS#XwMTl�ShMTV1S�S+ORQ ½ O�U�N

d�V1S � o J � xzl�OR`Tl�M;L�p	S�X�ORQ�MTWkL�`�`�W�d�Q�M�MTl�S�S�f�S�[aS�Q�M#¸ X?Q�S#X%MTS#J�X%MTV1d�`AN
MTd�V1S(o Õ S���M � O�M�d�XjS#Xw� 2 ' ��x�O�MTleMTl�S/W�MTl�S�V r L�XjS/f�S#L�V1Q�S�VTX ª MTWh��Q�J

MTl�S r S#X%M/[nL�M;`Tl�O�Q�U�fRL r SAf8X!g�W(V/L�f�f
Q�W�Q�NPf�S#L�g�L�Q�J�Q�W�Q�N=V1W�W�M/Q�W�J�S�X
O�Q�MTl�S�MTV1S�S � L�Q�J�V1S�\�fRL(`�S�X,S#L�`;laQ�W�J�S�x�O�MTl�O�M;X�fRL r S�fPo ½ O�U(d�V1S � o S
Xjl�W#x+X/MTl�S4[aW�J5O���S#J�MTV1S�S(o!�wl�S�QnMTl�S4�4�7�c`AfRL�X1X%O���S�V�U(S�Q�S�VTL�MTS#X
MTl�SeXjS�MkW�g,MTW�p	S�Q�X�Xjl�W#xzQ�O�Q ½ O�U(d�V1S � o gyo{�wl�S�V1S�L�V1S{M%xwWnM%Z5\�S#X
W�g�MTW�p	S�Q�X ¾/¹�Ô#± ¯ ´=Ô !	¯ ¹�µ L�Q�J7¯ ±#» ¯ ´=Ô !	¯ ¹�µ o!�/L�`;l�Q�W(Q5NyV1W�W�M/Q�W�J�S
x�O�MTl~fRL r S�f 3 ORQ@MTl�S�MTV1S�S�g8W(V1[nX{L�Q�W�J5S�MTW(p	S�Q ���yoC�/L�`;l�Q�W�J�S
x�O�MTlmfRL r S�f 3 � L�Q�J7O�M;Xk`;l5O�fRJiQ�W�J5Sex�O�MTlmfRL r S�f 3 / g8W(V1[¿L�Q@S�J�U(S
MTW(p(S�Q������������(o ½ O�Q�L�f�f�Z � MTl�S0`AfRL�X1X%O���S�V4[ed�f�M1O�\�f�O�S#X/MTl�Sk\�V1W r L r O�f�O�N
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Mediated Schema Source Schemas
Domains

Tags
Non-leaf

Tags
Depth

Sources Downloaded
Listings Tags

Non-leaf
Tags

Depth
Matchable

Tags

Real Estate
I

20 4 3 5 502 – 3002 19 – 21 1 – 4 1 – 3
84 – 100

%

Time
Schedule

23 6 4 5 704 – 3925 15 – 19 3 – 5 1 – 4
95 – 100

%

Faculty
Listings

14 4 3 5 32 – 73 13 – 14 4 3 100 %

Real Estate
II

66 13 4 5 502 – 3002 33 – 48 11 – 13 4 100 %
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d�XjS�MTl�S�MTS�V1[nXhg�V1W�[ MTl�SaXjW�d�VT`�S(oC�wl�S�Q@x/SnJ�W#xzQ�f�W	L�J�S#JcJ�L�M;L
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MTl�L�M+l�L#^	S�L ¦ N ¦ [nL�M;`;l5ORQ�Uex�O�MTl�MTl�S�[aS#J5ORL�MTS#JCÄk�wÄeo
)��
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J�W�[nL�O�Q~� � S#L�f��/X%M;L�MTSe�1� ª l�L#^	Sk[nL�Q�Z_Q�W�Q�NPf�S#L�g�M;L�U	X{� ¦#¨	ªA� U�O�^�N
O�Q�U�MTl�Sk���7�~f�S#L�V1Q�S�V+[aW(V1SkV1W�W([Àg�W�V4Xjl�W#x�ORQ�UaOR[a\�V1W�^	S�[aS�Q�M;X
��+ )�ª o
�%Qs«5S�`AM1O�W(Q � xwS�ORJ5S�Q�M1O�gRZbMTl�S�V1S�L(XjW(Q�X�MTl�L�Mn\�V1S�^	S�Q�M;X�� 2 '

g�V1W�[ `AW(V1V1S#`AM1f�Zn[nL�M;`;l5ORQ�U4MTl�S+V1S�[nL�ORQ5O�Q�U ¦&+ N ¨ + ) W�g
MTl�S�M;L�U	X�o
�hÍ��&������Ê@É���
�Í �3Í*���&��%&� ����% � � ½ O�U�d�V1S#X ¢ o r Ny`eXjl�W#x MTl�S{^(L�VjO�N
L�M1O�W�Q�W�g�MTl�SnL#^	S�VTL�U(S_J5W([nL�O�Q�L�`�`�d�VTL(`AZ~L(X{LCg�d�Q�`AM1O�W(Q�W�g�MTl�S
Q�d�[ r S�V4W�gzJ�L�M;L_f�ORX%M1ORQ�U	X0L#^(L�O�f8L r f�S�g�V1W�[ S#L�`;lcXjW(d�VT`AS � g8W(VkMTl�S
� S#L�f5�,X%M;L�MTSw�}L�Q�Je�/O�[aSz«5`;l�S#J�d5fRS,J�W�[nL�O�Q�X � V1S#Xj\�S#`;M1OR^(S�f�Z�o��wl�S
V1S#Xjd5f�M;X�Xjl�W#x�MTl�L�M�W(QnMTl�S#XjS4J�W�[nL�O�Q�X,MTl�S4\�S�Vjg8W(V1[nL�Q�`�ShW�gw� 2 '
X%M;L r O�f�O���S�X!g L�O�Vjf�Z���d�OR`;p�f�Z ¾ O�M,`Af�O�[ r X!X%MTS�S�\�f�Z{ORQ{MTl�S�VTL�Q�U(S § N ¤'+��
[�O�Q�O�[nL�f�f�Z�g8V1W([ ¤'+ MTW ¤'+ +�� L�Q�J7f�S�^	SAf8XhW���L�g8MTS�V ¤'+'+ ok���5\�S�VjO�N
[aS�Q�M;X}x�O�MTl�W�MTl�S�V?J�W([nL�O�Q�X�Xjl�W#x�MTl�SwX1L�[aS/\�l�S�Q�W([aS�Q�W(Q3o/� 2 '
MTl�d�X�L�\�\�S#L�VTX�MTW r S�V1W r d�X%M � L�Q�J�`�L�Q�xwW�V1pexwSAf�f�x�O�MTlaV1SAf8L�M1O�^	S�f�Z
f�O�M1M1fRS4J�L�M;L5o,�4Q�S+W�g3MTl�S+V1S#L�XjW(Q�X!MTl�ORX/W r XjS�V1^�L�M1O�W(QnORX!O�[a\�W(VjM;L�Q�M
ORXhMTl�L�Mhx/S�`�L�QiV1S#J�d�`�SkMTl�S{V1d�Q�Q5O�Q�U�M1O�[aS0W�gh� 2 ' O�g,x/SeV1d�Q7O�M
W(QCg�S�x/S�VhSA��L�[a\�f�S#X�o
6.2 Lesion Studies½ O�U(d�V1S £ o L�Xjl�W#x+X?MTl�S/`�W(Q�MTVjO r d5M1O�W(Q�W�g�S#L�`;l r L(XjS/f�S#L�V1Q�S�V!L�Q�J
MTl�S�`�W(Q�X%MTVTL�O�Q�Mzl�L�Q�J5f�S�VwMTW{MTl�S�W�^	S�VTL�f�f�\�S�Vjg8W(V1[nL�Q�`�S(o ½ W(V�S#L�`;l
J�W�[nL�O�Q � MTl�Sh��VTX%Mwg�W�d�V r L�VTX���g�V1W�[ f�S�g8M�MTWeVjORU�l�M ª V1S�\�V1S�XjS�Q�MwMTl�S
L#^	S�VTL�U(SkL�`�`�d�VTL�`AZn\�V1W�J5d�`�S�J r Z�� 2 ' xzl�S�Q_W(Q�ShW�g}MTl�Sh`�W([a\�W�N
Q�S�Q�M;X�ORX4V1S�[aW�^	S#J
o0�P�wl�Se`�W(Q�MTVjO r d5M1O�W(Q�W�g!MTl�S0�4�7�bf�S#L�V1Q�S�V+ORX
L�f�V1S#L�J5Z@Xjl�W#xzQmORQ ½ O�U(d�V1S ¢ o L ª on�wl�S���gRMTl r L�VkV1S�\�V1S#XjS�Q�M;X4MTl�S
L(`�`�d�VTL�`AZiW�g!MTl�S�`�W([a\5fRSAMTSC� 2 ' X%Z�X%MTS�[ � g�W(V0`AW([a\�L�VjORXjW(Qm\�d�VjN
\�W	XjS�o/�wl�SkV1S#Xjd�f�M;XzXjl�W#xvMTl�L�M+S#L(`Tl7`AW([a\�W(Q�S�Q�Mz`�W�Q�MTVjO r d�MTS#X/MTW
MTl�S4W�^(S�VTL�f�f?\�S�Vjg�W(V1[nL�Q�`�S � L�Q�J_MTl�S�V1SkL�\�\�S#L�VTX�MTW r S�Q�Wa`;fRS�L�Vjf�Z
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½ O�U�d�V1S ¢5¾ �PL ª I+^	S�VTL�U�Sa[nL�M;`Tl�O�Q�U�L(`�`Ad�VTL(`;Z�#�SA��\�S�VjOR[aS�Q�M;X4x/S�V1SaV1d�Q@x�O�MTl ¨ + + J�L�M;LCf�ORX%M1O�Q�U(X0g8V1W([ S#L(`Tl�XjW�d�VT`�S #�g8W(VeXjW(d�VT`�S#Xkg�V1W([
xzl5OR`;lng�S�x/S�V�MTl�L�Q ¨'+ + f�ORX%M1O�Q�U(XwxwS�V1S�SA�5MTVTL�`AMTS#J � L�f�f
f�ORX%M1O�Q�U(XwxwS�V1Shd�XjS#J
oz� r�ª N;�P` ª �wl�S�L#^	S�VTL�U(SkJ5W([nL�ORQ_L�`�`�d�VTL�`AZCL(XwL0g�d�Q�`AM1O�W(Q_W�g}MTl�S
L�[aW(d�Q�MzW�g�J�L�M;L�L#^(L�O�f8L r f�S0\�S�VzXjW(d�VT`�S(o
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(a)

(b)½ O�U�d�V1S £5¾ �wl�SnL#^	S�VTL�U(Sn[nL�M;`Tl�O�Q�U7L(`�`�d�VTL(`AZcW�g0� 2 ' ^	S�VTX%O�W�Q�X
�PL ª x�O�MTl�S#L�`;l~`�W([a\�W�Q�S�Q�M r S�O�Q�U7f�S�gRM�W�d�M{^	S�VTXjd�X0MTl�L�M{W�g�MTl�S
`AW([a\�f�S�MTSa� 2 ' X%Z�X%MTS�[ � � r�ª x�O�MTl7W�Q�f�Z7X1`Tl�S�[nLeO�Q�g�W�V1[nL�M1O�W(Q�W(V
J�L�M;LeO�Q�X%M;L�Q�`AS#X+^(S�VTXjd�X/MTl�L�MzW�g�MTl�S�� 2 ' ^	S�VTX%O�W(QCx�O�MTl r W�MTl}o
J5W([�O�Q�L�Q�M+`�W([a\�W�Q�S�Q�M#o

� O�^	S�Q_MTl�L�Mz[aW	X%Mw\�V1S�^�O�W(d�X,xwW�V1p_SA��\5f�W�O�MTS#JCW�Q�f�Z_X1`Tl�S�[nLkO�Q�N
g8W(V1[nL�M1ORW�QeO�Q0MTl�S/\�V1W�`�S#X1X?W�g�X1`Tl�S�[nL�V1S#`�W�Q�`AO�f�ORL�M1O�W(Q � xwS,x�L�Q�MTS#J
MTWhMTS#X%M�MTl�SwV1SAf8L�M1O�^	Sz`�W(Q�MTVjO r d5M1O�W(Q�W�g�f�S#L�V1Q5O�Q�U4g8V1W([ÐX1`Tl�S�[nLhL�Q�J
f�S#L�V1Q�O�Q�U�g8V1W([­J�L�M;L�O�Q�g�W�V1[nL�M1O�W(Q3ow�yQ ½ O�U(d�V1S £ o r}� MTl�S���VTX%M r L�V
W�g�S#L(`Tl7J5W([nL�ORQ�Xjl�W#x+X�MTl�SkL#^	S�VTL�U(S{L(`�`�d�VTL�`AZ_W�g�MTl�S�� 2 ' ^(S�VjN
X%O�W�QmMTl�L�M0`�W�Q�X%ORX%M;X4W�g/MTl�S Õ L�[aS{��L�M;`Tl�S�VkL�Q�J7MTl�Se`�W�Q�X%MTVTL�O�Q�M
l�L�Q�J5f�S�Vi��x�O�MTlvW(Q�f�ZsX1`;l�S�[nL�N=V1S�fRL�MTS#J�`�W�Q�X%MTVTL�O�Q�M;X ª o��wl�SmXjS#`AN
W�Q�J r L�VwXjl�W�x+X!MTl�S+L#^	S�VTL�U�S�L�`�`�d�VTL�`AZnW�g
MTl�Se� 2 ' ^	S�VTX%O�W(QaMTl�L�M
`AW(Q�X%ORX%M;X�W�g�MTl�S Õ L�O�^	S ��L�Z�S#X�f�S#L�V1Q�S�V � MTl�Sw`�W�Q�MTS�Q�M�[nL�M;`Tl�S�V � MTl�S
�4�7�sf�S#L�V1Q�S�V � L�Q�J@MTl�S�`�W(Q�X%MTVTL�O�Q�M�l�L�Q�J�f�S�Vn��x�O�MTlcW(Q�f�ZcJ�L�M;L�N
V1SAf8L�MTS#J_`�W(Q�X%MTVTL�O�Q�M;X ª o/�wl�ShMTl5ORVTJ r L�V/V1S�\�V1W�J�d�`�S#X,MTl�S4L�`�`�d�VTL(`AZ
W�g4MTl�S�`�W�[a\�f�S�MTS�X%Z�X%MTS�[ � g8W(Va`AW([a\�L�VjORXjW(QE\�d�V1\�W(XjS(oE�wl�SCV1S�N
Xjd5f�M;XhXjl�W�xYMTl�L�Mzx�O�MTl�MTl�S0`�d�V1V1S�Q�M+X%Z�X%MTS�[ ��r W�MTl7X1`Tl�S�[nL�XzL�Q�J
J�L�M;L�O�Q�X%M;L�Q�`�S#X+[nL�p	S�O�[a\�W�VjM;L�Q�Mh`�W(Q�MTVjO r d5M1ORW�Q�XzMTW�MTl�S0W�^	S�VTL�f�f
\�S�Vjg�W(V1[nL�Q�`�S�o
6.3 Incorporating User Feedback|cS�\�S�Vjg�W�V1[aS#J�SA��\�S�VjOR[aS�Q�M;X7W�Q�MTl�Sb�/O�[aSE«5`;l�S#J�d5fRS~L�Q�J
� S#L�f?�,X%M;L�MTSk�1��J5W([nL�O�Q�X/MTWa[aS#L(Xjd�V1S4MTl�SkS��
S�`AM1O�^	S�Q�S�X1XzW�gz� 2 '
O�Q_ORQ�`�W(V1\�W�VTL�M1O�Q�U�d�XjS�Vwg8S�S#J r L(`Tp�o ½ W(V�S#L�`;l�J�W�[nL�O�Q_x/Sk`�L�V1VjORS�J
W�d�M�MTl�V1S�SwV1d�Q�X�o��%Q{S#L(`Tl�V1d�QexwS�VTL�Q�J5W([�f�Z{`;l�W	XjSwMTl�V1S�SzXjW(d�VT`�S#X
g8W(V�MTVTL�O�Q5ORQ�U�L�Q�J0W(Q�S/XjW(d�VT`�S/g�W�V?MTS#X%M1O�Q�U5o��wl�S�Q{xwS!MTVTL�O�Q�S#J_� 2 '
d�X%O�Q�U0MTl�S�MTVTL�O�Q�O�Q�U�XjW�d�VT`�S#X�o ½ O�Q�L�f�f�Zax/S4L�\�\5f�O�S#J�� 2 ' L�Q�Ja\�V1W�N
^�ORJ�S�Jkg8S�S#J r L(`Tp�MTWzO�M � O�Q{W(VTJ�S�V�MTW+L(`Tl�O�S�^	S!MTl�S!\�S�Vjg�S#`;M�[nL�M;`Tl�O�Q�U
W�Q�MTl�ShMTS#X%M1O�Q�UaXjW�d�VT`�S(o
�wl�ShO�Q�MTS�VTL(`;M1ORW�Q_x/W(V1p5XwL�X,g�W�f�f�W#x+X�o ½ O�VTX%M � xwS4L(X1XjW�`AORL�MTS�x�O�MTl

S�L(`TlCM;L�UeORQ_MTl�S4MTS�X%M1ORQ�U�XjW�d�VT`�S0LeX1`�W(V1S�MTl�L�Mz[aS#L�Xjd�V1S#X/MTl�S�S���N
MTS�Q�M�MTW@xzl�OR`TltO�Ma\�L�VjM1OR`AO�\�L�MTS#X�ORQbf�O�p	S�f�ZtJ�W([nL�O�Qs`�W�Q�X%MTVTL�ORQ�M;X�o

Ã/d�V1V1S�Q�M1f�ZaMTl�SkX1`�W(V1S4W�g�L0M;L�UeORX�L�\�\�V1W#��O�[nL�MTS#Jax�O�MTlCMTl�S4Q�d�[�N
r S�V?W�g
J5ORX%M1O�Q�`;M?M;L�U(X�MTl�L�M�`�L�Q r S/Q�S�X%MTS#J0x�O�MTl5ORQ{MTl�L�M?M;L�U �(r L(XjS#J
W(Q7MTl�Skl�S�d�VjORX%M1O8`�MTl�L�M+MTl�SkU(V1S�L�MTS�V+MTl�S0X%MTV1d�`;MTd�V1S r S�f�W#x�L�M;L�U �
MTl�SaU�V1S#L�MTS�VeMTl�Sn\�V1W r L r O�f�O�M%ZmMTl�L�M{MTl�S�M;L�U�O8XkO�Q�^	W�f�^	S#JmORQcW(Q�S
W(Vh[aW(V1S0`�W�Q�X%MTVTL�ORQ�M;X�o Õ SA�5M � xwS{W(VTJ5S�V+MTl�SkM;L�U	XzO�Q7MTl�SkMTS#X%M1O�Q�U
XjW(d�VT`�S�ORQ0J5S#`�V1S#L�X%O�Q�U+W(VTJ�S�V}W�g5MTl�S�O�V?X1`�W�V1S#X � o��wl�S�Q�xwS!S�Q�MTS�V
MTl�S
g�W�f�fRW#x�O�Q�Uif�W�W(\~d�Q�M1O�f,S�^	S�VjZmM;L�U7l�L�X r S�S�Qc[nL�M;`;l�S#Jc`�W�V1V1S#`AM1f�Z ¾
� ¦�ª xwS�L�\�\5f�Z~� 2 ' MTWnMTl�SkMTS#X%M1O�Q�U�XjW�d�VT`�S � � ¤�ª � 2 ' Xjl�W#x+XhMTl�S
\�V1S�J5OR`AMTS#J7fRL r S�fRX�W�g,MTl�S{M;L�U	X � ORQ�MTl�S�L r W�^(S�[aS�Q�M1O�W(Q�S#J7W(VTJ5S�V �
� ¨	ª xzl�S�Qnx/S+XjS�S4L�Q�O�Q�`�W�V1V1S#`AM/fRL r S�f � x/Sz\�V1W�^�O8J5S0� 2 ' x�O�MTlaMTl�S
`�W�V1V1S#`AM!W(Q�S � MTl�S�Q�L�XjpC� 2 ' MTW�V1S�J�W4MTl�Sw[nL�M;`Tl�O�Q�Uh\�V1W�`�S�X1Xz��OPo S(o �
V1S�V1d�Q_MTl�Sk`�W(Q�X%MTVTL�O�Q�Mzl�L�Q�J5f�S�V ªA� M;L�p�O�Q�UeMTl�S�`�W(V1V1S#`;M�f8L r S�fRXzO�Q�MTW
`�W�Q�X%ORJ�S�VTL�M1O�W(Q}o
�wl�S�Q�d�[ r S�V}W�g3`�W�V1V1S#`AM�fRL r S�fRX�xwS�Q�S�S#J�S#J{MTW4\�V1W�^�ORJ�SwMTW�� 2 '

r S�g8W(V1ShO�MwL(`Tl�O�S�^	S#J�\�S�Vjg�S#`AMw[nL�M;`Tl�O�Q�U � L#^	S�VTL�U�S#JaW�^	S�V�MTl�SzMTl�V1S�S
V1d�Q�X � x�L�X ¨ g8W(Ve�/OR[aS_«5`;l�S#J�d5f�SnL�Q�J +5o ¨ g�W(V � S#L�f/�/X%M;L�MTSC�1�;o
�wl�S�L#^	S�VTL�U�S�Q�d�[ r S�VhW�g/M;L�U	X4O�QmMTl�S{MTS�X%M0XjW(d�VT`�SaX1`Tl�S�[nL�Xhg�W�V
MTl�S!M%x/W�J�W�[nL�O�Q�X�ORX ¦�� L�Q�J ¨�¢ o + � V1S#Xj\�S#`AM1O�^	S�f�Z�o?�wl�S#XjSwQ�d�[ r S�VTX
Xjd�U�U(S#X%MkMTl�L�Ma� 2 ' `�L�Q@S��n`AO�S�Q�M1f�Z�O�Q�`�W�V1\�W(VTL�MTS�d�XjS�V4g8S�S#J r L(`Tp�o
�%Qi\�L�VjM1OR`�d�fRL�V � O�M4Q�S�S#J�XhW�Q�f�ZiLag�S�x�S���d�L�f�O�M%Zi`AW(Q�X%MTVTL�O�Q�M;X 	 d�J�O�N
`AO�W(d�X%f�Zc\�V1W�^�ORJ�S�J r Z�MTl�S�d�XjS�V�O�Q~W�VTJ�S�V�MTW�L(`Tl�O�S�^	S�\�S�Vjg�S#`AM{W�V
Q�S�L�VjN=\�S�Vjg�S�`AM+[nL�M;`Tl�O�Q�U5o

7. DISCUSSION|~SaQ�W#xqL�J�J�V1S�X1X{MTl�S�f�O�[�O�M;L�M1O�W(Q�XeW�g�MTl�S_`�d�V1V1S�Q�M_� 2 ' X%Z�X%N
MTS�[7o��wl�S���VTX%MkORX1Xjd�S�MTW�L(J�J5V1S#X1X4ORX�xzl�S�MTl�S�V4xwSn`�L�QiORQ�`�V1S#L�XjS
MTl�S0L�`�`�d�VTL(`AZ�W�g+� 2 'br S�Z�W(Q�JCMTl�S0`Ad�V1V1S�Q�M+VTL�Q�U(S{W�g ��¦ N £	¤*) o
�wl�S�V1SnL�V1SnXjS�^	S�VTL�f,V1S#L(XjW�Q�XkMTl�L�M0\�V1S�^	S�Q�Ma� 2 ' g8V1W([ `�W�V1V1S#`AM1f�Z
[nL�M;`Tl�O�Q�UCMTl�S�V1S�[nL�O�Q�O�Q�U ¦&+ N ¨'+ ) W�g/MTl�S�M;L�U	X�o ½ O�VTX%M � XjW([aS
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� �wl5ORXhORX+MTl�S{X1L�[aS{W�VTJ�S�Vhd�XjS#J r ZCW(d�V4I��eO�[a\�f�S�[aS�Q�M;L�M1O�W(Q�MTWV1S���Q�SeX%M;L�MTS#X � MTl�L�M4ORX � MTW_J5O�V1S#`AMhO�M;X4XjS#L�VT`;liMTl�V1W�d�U(l7MTl�S�Xj\�L(`�SW�g�[nL�M;`;l5O�Q�Ue`�W([ r O�Q�L�M1ORW�Q�X�o



\�W(X1X%O r f�S º5³ Ñ ´ ²P³(Ò [nL�\�\�O�Q�U5o��=g,W�d�Vh[aS#J5ORL�MTS�JiÄ��wÄ `�W�Q�M;L�O�Q�XhL
fRL r S�f4l5O�S�VTL�VT`Tl�Z � O�Qtxzl5OR`;ltS#L(`TlEfRL r S�f�� S�o U5o � �(�����5� $ ª V1S�g�S�VTXaMTW
LC`�W(Q�`�S�\5Mk[aW(V1SeU(S�Q�S�VTL�f!MTl�L�QmMTl�W	XjS�W�g/O�M;XkJ�S#X1`AS�Q�J5S�Q�M�fRL r S�fRX
� S�o U5o � ����&����1�;Ö%���R���5� $ L�Q�J �1���A$T� ����Öy�(�����5� $ ª MTl�S�Qmx/Sn`�L�Q@[nL�M;`TlmL
M;L�U�x�O�MTl�MTl�S�[aW(X%M+Xj\�S#`AO���`�d�Q�L�[ r O�U�d�W(d�X/fRL r S�f}ORQ_MTl�Skl5ORS�VTL�VjN
`Tl�Z~��O�Q�MTl�ORX4`�L(XjS � �(�����5� $ ªA� L�Q�J�f�S#L#^	S0O�MhMTWaMTl�S{d�XjS�V+MTWC`Tl�W�W(XjS
MTl�S0L�\�\�V1W(\�VjORL�MTS0`Tl�O�fRJ_fRL r S�fPo
Ç�� 

�8Í*��
'�[� �wl�SwMTVTL�ORQ5O�Q�U�\�l�L(XjS�W�g�� 2 ' `�L�Q r SzJ�W�Q�SwW���O�Q�S �
XjWkMTVTL�ORQ5O�Q�U�M1O�[aSwORX!Q�W�M/L�Q�ORX1Xjd�S(o?�%Q�MTl�S�[nL�M;`;l5O�Q�U�\�l�L(XjS � � 2 '
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8. RELATED WORK|cS7J5S#X1`�VjO r S7xwW�V1pEV1SAf8L�MTS#JEMTWt� 2 ' g�V1W�[ XjS�^	S�VTL�f4\�S�VTXj\�S#`AN
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�yQkMTl�S,f�S#L�V1Q�S�VjN r L(XjS#JeL�\�\�V1W	L�`;l � MTl�S 2��(*4����$ X%Z�X%MTS�[ ¡ ¦ + © d�XjS#X

L7Q�S�d�VTL�f�NyQ�S�M%x/W(V1pmfRS�L�V1Q�S�V�o��yMe[nL�M;`Tl�S#X0X1`Tl�S�[nLCS�f�S�[aS�Q�M;Xkd�X%N
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