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1. INTRODUCTION� H%RUT@V`i�Pq^�g�LJC�H-I�:4AZ=#An=GIGEGg�^MIGg�EGCF<cH�AZi�i�<>IG<>P�H%IGP�^�P�H-IGC�H-I�r
ABH�i`ABH|RUT@V�=GCqAZEG^Z:|C�H�h	<cH�Cn=G:�P	g�Y>ilmDC�^-AZ?4AZm�YcC�P	N.I�AZy-<>H�h%ABi�]
X�AZH-I�ABh�C�P	N@IG:�C�=GIGEGg�^MIGg�EGC(<cH�P�EGi�C�E|IGP�<cL@?�EGP�X�C�IG:�C�f-g4AZY><>I6K
� <\[ C-[>rq?�EGC�^�<>=G<>P�H�AZH�i�EGC�^-ABY>Y6�4P	N�IG:�CzEGC�=Gg�Y>IG=�[49;:�C�=GIGEGg�^�IGg�EGC�L%A7K
ABY>=GPSmDCb<>H�^�P	EG?DP�E�AZIGCMi�<>H-IGPnIG:�C�IGP	?�<>^ � <\[ C-[>r�f-g�C�EGK}�$<>HUI6j�P�jxAGK-=�[
� <>EG=GI�r�IG:�C@IGP	?�<>^UL%A7K|<>H�^�Y>g�i�CJ^�P	H�i�<cIG<>P	H�=nIG:.ABInEGC�Y\AZIGCJ^MP�H-IGC�H-I
IGP�=GIGEGg�^MIGg�EGC � C-[ hD[>r�=GP	LJC@y�C�K-j�P�EGi%=G:�P�g�Y>i�AZ?�?DC-AZE�<cH%IG:�CSIG<>IGY>C
P	NxIG:�Cki�Pq^�g�LJC�H-I��G[�s�C�^MP�H�i4r"IG:�C�IGP�?�<>^lL%A7K�=G?DC�^�<>NpK`IG:�ClC�w-]
AB^�IJNQE�AZh�L@C�H-IUP�NbIG:�C�i�Pq^�g�LJC�H-I@IG:4AZI@=G:�P�g�Yci�mDC�EGC�IGg�EGH�C�ieAZ=
ABH�AZH�=Gj�C�E�[b~"X�C�H|<>N"IG:�C�IGP�?�<>^Si�PqC�=xH�P	Iz:4A7X�CkAZH-Kl:�<>H-I@AZmDP�g�I
IG:�CS=GIGEGg�^�IGg�EGCqr�IG:�CF=GC-AZEG^Z:%C�H�h	<>H�C@=G:�P�g�Yci|=GIG<>Y>Y.mDC�AZm�Y>CSIGP�u�H�i
H�P�I;�Qg�=GI�IG:�CxEGCMYcCMX$ABH�I�i�Pq^�g�LJC�H-IG=�r-m�g�I�ABY>=GPUIG:�C�L@P�=GI�EGC�Y>C�X�AZH-I
NQE�AZh	LJC�H-I � P	E�NpE�AZh	LJC�H-IG=��4j;<>IG:�<>HlC-AB^_:li�Pq^�g�L@C�H-I�[
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i4AZIG<>P�H � ��E�AZH-IS� ���B�D� �G[
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2. TOPIC SEMANTICS AND SYNTAX9;:�C�f-g�C�EGK(Y\AZH�h�g.ABh�C�P�NSAJ=GI�AZH�i.AZEGi�=GCqAZEG^Z:�CMH�h�<>H�Ck<>=F=G<cL@?�Y>K
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=G?DCM^�<>u�C�=;IG:4AZI�=GCM^�IG<>P�H�=nAZmDP�g�IkÎ¦�7A7X$A;?�EGP	h�E�AZL@LJ<>H�h�ÏSNpEGP	LÞAZEGIG<>]
^MYcCM=zj;EG<>IGIGC�H`ABNpIGC�E ¾ ����� =G:�P�g�Y>ikmDCnEGC�IGEG<>C�X�C�i4[

ß Czg�=GCbà�IGP�i�C�H�P�IGCSA�Ä ² P	EnA�Ä � s�IGP	?�<>^-[;Õ}KlA;=GY><>h�:-I�ABm�g�=GC
P	NxH�P	I�AZIG<>P�H4r�àOAZY>=GP�i�C�H�P	IGC�=UIG:�ClY><>=GI#P�NJAZY>Yz=GIGCMLJLJC�i�IGC�EGLJ=
AB?�?DC-ABEG<>H�h�<cH|IG:�C�IG<cIGY>CFP�N"àF[�s�IGP�?�j�P�EGi�=#AZEGCFC�Y><>LJ<>H.ABIGC�i.[;à'á
i�C�H�P	IGC�=UIG:�CkY><c=GI@P�N�IGCMEGLJ=U<>H�àâIG:4AZI%ABEGC�?�EGCM^�C�C�i�C�i�m-K�A(µ
=G<>h	H.r�à�ã�i�C�H�P�IGC�=bIG:�C�Yc<>=GIbP�N.IGC�EGL@=bIG:4AZISAZEGC�?�EGC�^�C�i�C�ilm-K�AU¶
=G<>h	H.rtABH�i�à"äz<>=�IG:�CJY><>=GIFP�N�ABYcY�IG:�CJEGCML%AZ<>H�<>H�h � <6[ C-[>r}P	?�IG<>P�H4AZY\�
IGCMEGLJ=�<cHlàS[

3. AN OVERVIEW OF THE SYSTEM9;:�Cni�C�=G<>h	H�P�N�P�g�E;=GK-=GIGC�LåjnAZ=�<>H�æ�g�C�H�^�C�i�m-KUI6j�P@L%A��QP�E�^�P	H�]
=G<>i�C�E�AZIG<>P�H�=�[ � <>EG=GI�r�P	g�Exh	PDABY�jxAZ=�IGPkm�g�<>Y>iÈABH�C�w-IGC�H�=G<>m�Y>C@=GK-=G]
IGCMLç=GP%IG:.ABI@X�AZEG<>P�g�=@<>H�NQP�EGL%ABIG<>P�H�]ÆEGC�IGEG<>C�X�AZY�IGC�^Z:�H�<>f�g�C�=F^�P�g�Yci
mDCn^MP�LFm�<>H�C�ik<>Hli�<>oDC�EGC�H-I;jxAGK-=FABH�ilH�C�jWIGC�^Z:�H�<>f-g�CM=;^�P�g�Yci�mDC
CqAZ=G<>Y>K�AZi�i�C�i.[�s�C�^�P�H�i.r�IG:�C�=GK�=GIGCML°:4AZi|IGP#mDCSi�C�X�C�Y>P	?DC�i|<>H�A
X�C�EGK#=G:�P�EGI�IG<>LJC-[

9;:�Ctu�EG=GI.^MP�H�=G<>i�C�E�AZIG<>P�H@YcCMi@IGP�IG:�C�i�C�^�<>=G<>P�HJIGPz<cL@?�Y>C�LJC�H-I.C-AB^_:
<>H�NpP�EGL|AZIG<>P�H�]×EGCMIGEG<cCMX$ABY.IGC�^_:�H�<>f-g�C�AB=UAx=GC�?.ABE�AZIGCFE�AZH�y�C�E@AZH�i|IGP
<>LJ?�Y>C�LJC�H-I�AlLJCMEGh�C�EkIG:.AZI�j�P	g�Y>i�LJC�EGh	C�IG:�C�EGC�=Gg�Y>IG=�P�N�IG:�C
<>H�i�<>X-<ci�g.ABY}E�ABH�y�C�EG=�[

9;:�CS=GCM^�P�H�i(^MP�H�=G<>i�C�E�AZIG<>P�H(<>H�æ�g�C�H�^�C�i|IG:�C�<>LJ?�YcCMLJC�H-I�AZIG<>P�H%P	N
IG:�CSIGP	?�<>^ � <\[ C-[>r$f-g�C�EGK}�.?�EGPq^�C�=G=GP	E�[xa6H%a � ~�RJr�AnIGP�?�<>^SL%A7Kl<>H�]
^MYcg�i�CkC�w-?�EGC�=G=G<>P�H�=U<>H�RJ�.AZIG: � AZg�h	LJC�H-IGC�i�j;<>IG:�IG:�C�ÎZABmDP�g�IGÏ
NQg�H�^�IG<>P�H.��IG:4AZI�EGC�NpC�E;IGPSIG:�Cz=GIGEGg�^�IGg�EGC�P�N}IG:�Cbi�Pq^�g�LJC�H-IG=tIGPSmDC
EGCMIGEG<cCMX�C�i.[�9;:-g�=�r"AZH�RJ�.AZIG:�?�EGPq^�C�=G=GP	E�<c=nH�C�C�i�C�i�<>H(P�EGi�CMEFIGP
CMX$ABYcg4AZIGC�AJh�<>X�C�H�IGP	?�<>^-[kèzP�j�C�X�CME�r;AZH-K�CMw�<>=GIG<>H�h%RJ�.AZIG:�?�EGP�]
^MC�=G=GP�E#^-ABH�H�P	IJmDC�AB?�?�Yc<>C�i�IGP(IG:�C�^MP�LJ?�YcCMIGC�i�CM=G^�EG<>?�IG<>P�H�P�N@A
IGP	?�<>^xIG:4AZIt<>=�j;EG<>IGIGC�Hk<>HkIG:�C�NQP�EGL%ABY}=GK-H-I�AZwUP	N�a � ~"RUÇ�<>H�=GIGC-ABi.r
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~�AZ^Z:`Y>PqP�?`C�w-IGE�AZ^�IG=lAZY>YtIG:�C�NQE�AZh	LJC�H-IG=JNpP	E@<>IG=@^MP�EGEGC�=G?DP	H�i�<>H�h
CMYcCMLJC�H-I�[�~xAB^_:(C�w-IGE�AZ^MIGC�i�NQE�AZh	LJC�H-In<>=#AZ=G=G<>h�H�C�iWAnY>C�X�C�Y.H-g�LJ]
mDCME�rDj;:�<>^_:%<>=xIG:�CFY>C�X�C�Y.P	N�H�C�=GIG<>H�h#P�N�<>IG=�^�P	EGEGC�=G?DP�H�i�<>H�hkYcPqP	?.[
� P�EUC�w}AZL@?�Y>C-r"<>H�IG:�C�ABmDP�X�C�IG<>IGY>C-r�IG:�C�C�w-IGE�AZ^MIGC�i + C�Y>C�LJC�H-IG=
ABEGC�i�C�=G^�C�H�i.AZH-IG="P�NêIG:�CbC�w-IGE�AZ^�IGCMi 2 C�Y>C�L@C�H-IG=nAZH�i.r�:�C�H�^�Cqr	j;<>YcY
:4A7X�C%AFY\ABEGh�C�E�Y>C�X�C�Y'H-g�LFmDC�E�[n9;:�CJRJs�V�=GI6K-Y>C�=G:�CMC�In<>=�AB?�?�Yc<>C�i
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CMw�IGE�AB^�IGC�i�NpE�ABh�LJC�H-IPORQ�SlIG:�C=TJd'V�P�NzIG:�C�?.ABEGC�H-IJi�Pq^�g�LJC�H-I�rORU�SbIG:�C;?4AZIG:JP	N�IG:�C;NpE�ABh�LJCMH�I�<>HUIG:�C;i�Pq^Mg�LJC�H-I�r0O�V6SzIG:�C;=GIGC�LJ=
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�� ��-� ?�EGC�i�<>^-ABIGC�^-AZH|mDC�C�X�AZY>g.ABIGC�i|m-K
IG:�CkE�ABH�y�CMEG=�r'=G<>H�^MC�IG:�C�EGC�Y>C�X�AZH-I@NQE�AZh	LJC�H-IG=%AZEGCk<>H ó I.[�9;:�C
E�ABH�y-<>H�hSP�N�NQE�AZh	LJC�H-IG=FAZH�ikIG:�C�u�H4AZY�LJC�EGh	<>H�h|ABEGCxC�w-?�Y\AB<cH�C�i�<cH
IG:�CnH�C�w-It=GCM^�IG<>P�H.[
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«Z[x~xAB^_:(E�AZH�y�C�Ezh�<>X�C�=x=G^MP�EGC�=nIGP�IG:�CFNpE�ABh�LJC�H-IG=nIG:4AZIUABEGC
Y><>=GIGC�i�<>H�IG:�CURUT@VÈu�YcC ó I [U9;:�<>=S=GCM^�IG<>P�H�i�CM=G^�EG<>mDC�=SIG:�CUu�X�C
E�ABH�y�CMEG=@ABH�ik:�P�j�IG:�C�<>E�EGC�=Gg�Y>IG=SAZEGCnL@C�EGh�C�i4[

6.1 Word-Number Rankerd.C�^-ABY>Y�IG:.ABI'à ä <>="IG:�C;Y><c=GI'P	N$P�?�IG<cP	H.ABY�IGC�EGLJ= � <\[ C-[>r	H�P	I.?�EGC�^MC�i�C�i
m-K�IG:�C�µWP�EJ¶�=G<ch	H.�.NpEGP	L°IG:�CnIG<cIGY>C�P�NzA�h	<cX�C�HlIGP�?�<>^SàF[zs�<>LJ]
<>Y\AZEGY>K�r$à�ã|<>=zIG:�C�Y><c=GIzP�N'IGC�EGLJ=zIG:.ABIz=G:�P�g�Y>i|H�P�I@AZ?�?DCqAZE�<>H|IG:�C
EGCM=Gg�Y>I � <\[ Cq[cr�?�EGC�^MC�i�C�i�m-KlIG:�C|¶e=G<ch	H.�G[k��<cX�C�HÈA�NpE�ABh�LJC�H-I>Z#r
IG:�CJH-g�LFmDC�E�P	NtP�?�IG<>P�H.ABY�IGCMEGLJ=nIG:.ABI#AZ?�?DC-AZEn<>H[Z®<c= ; à ä K>Z ;ABH�i�IG:�CUH-g�LFmDC�ExP	Ntg�H-jnABH-IGC�i�IGC�EGL@=F<>H\Zâ<c= ; à ã KYZ ; [J9;:�C=G^MP�EGC�h�<>X�C�HkIGP]Z½m-KUIG:�Cnj�P	EGi�]ÆH-g�LFmDC�EtE�ABH�y�C�E�<>=

; à ä K^Z ; µ � ¶
LJ<>H � ; à�ã-K>Z ; ñ �Z� ��Z� _

� P	IGC|IG:.ABIUIG:�Cl=G^�P	EGC|<>=�<>H�^�EGC-AZ=GCMiWj;:�C�H�IG:�ClH-g�LFmDC�EUP	NxP�?�]
IG<>P�H4AZY"IGC�EGLJ=�AZ?�?DC-AZEG<>H�hl<>H�IG:�CSNpE�ABh�LJC�H-I>Zâ<>=n<>H�^�EGC-AB=GC�i�ABH�i
<>I�<c=bi�CM^�EGC-AZ=GCMilj;:�C�H�IG:�CnH-g�LFmDC�E;P�N.g�H-jnAZH-IGC�ikIGC�EGLJ=�<>H�Z½<>=
<>H�^�EGCqAZ=GC�i4[ � Y>=GP�H�P�IGCbIG:.ABI�IG:�C�j�C�<>h�:-I�IG:.AZI"<>=�h	<cX�C�HUIGP�IG:�CSAZ?�]
?DC-ABE�AZH�^MCxP�NtA�jxAZH-IGC�i�IGC�EGLå<>=�ABHkP	EGi�C�E;P	N}L%ABh�H�<cIGg�i�Cxh	EGC-AZIGCME
IG:.ABH�IG:�C|j�C�<>h�:-I#h�<>X�CMHÈIGP�IG:�C�AZ?�?DCqAZE�AZH�^�C%P�N�ABH�g�H-jxAZH-IGC�i
IGC�EGL%[;T@P	EGC�P�X�C�E�r�IG:�CMEGC�<>=�A;mDP�g�H�iUP�N �Z� P�H�IG:�CbIGP�I�AZY�H-g�LFmDC�E
P�N.g�H-jnAZH-IGC�i�IGC�EGLJ=�IG:4AZISAZEGCnI�ABy�C�H�<>H-IGP%AB^�^�P�g�H-I�[

6.2 Inverse-Document-Frequency(IDF)
Rankerß CSu�EG=GIzh�<>X�C@IG:�C@<>H-IGg�<>IG<>P�H%mDC�:�<cH�i%IG:�C@<>i�N�E�ABH�y�C�E�[UÄ�P	H�=G<>i�CME
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IG:.ABI�IG:�Cz<>H-IGC�EG=GC�^�IG<>P	HkP	N�Zfa;AZH�i=Zgb'j;<>IG:�à�ãk<>=�C�LJ?�I\K�[}a6HUIG:�<>=
^-AB=GC-r-IG:�Czj�P�EGi�]×H-g�LSmDC�E�E�AZH�y�C�E�EGCMIGg�EGH�=�IG:�Cb=�AZLJCx=G^MP�EGC�NQP�E�Z a
AZH�ihZ�b�[(a\NGr4:�P�j�CMX�C�E�r'îeax<>=%AJNpEGC�f-g�C�H-I@j�P	EGi`<cH�IG:�C#^�P	EG?�g�=
AZH�i�î b <>=nA;E�AZEGCbP�H�C-r�IG:�C�H%Z b =G:�P	g�Y>i#mDCzh	<cX�C�H�A;:�<>h�:�CMEt=G^�P�EGC
IG:.ABHiZfa_[
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IG:.ABI�AZ?�?DC-AZEG=�<>H[Zâ:4AZ=�AFh	EGC-AZIGCMESC�oDCM^�InP�H�IG:�CJ=G^�P	EGCUIG:.ABHÈA
y�C�K-j�P�EGi�IG:4AZIkAZ?�?DC-AZEG=FNpEGC�f-g�C�H-IGYcK%<>H�IG:�CU^�P�EG?�g�=�[U9;:�C#=G^�P�EGC
P�NêIG:�Cb<>i�NêE�AZH�y�C�E"<c=�IG:�CbNpP�Y>Y>P�j;<>H�hJ=Gg�L®P	N}IG:�Cz<>i�NêX�AZY>g�C�=�P�NêIG:�C
P�?�IG<>P�H.ABY�j�P�EGi�=SABH�i�IG:�Cng�H-jnABH-IGC�ikj�P�EGi�=zIG:4AZIFAZ?�?DC-AZE�<>H�Z#[
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