
Automatic Text Decomposition
Using Text Segments and Text Themes
���������	��
���
�������� ����������
������ ����
!�#"$�%�&�('*),+%-/.�
(�10 �2�3�%�54��3�%���3�647�8�����

9 ��:��3�&���;��� �<��=>"$���?:�+������*
@-A�(�B��-B���#",� �	�%�A
8
DCE�F��G��B�	'H���I0J '	�(�%� �K�L
!��-/�%�&�('�MN�K���8������O3P�-�'BQR-B���	�%�A
8
IQR���%+

ABSTRACTSUTWVIXYVZXL[�\]T_^L[	`baLc![	dA^7eL`![;fhgig�ekjWjWl8VZ[ZmBVnT_okg�fAc!pqd/VbT_f1o7c![&lVZcrT_[&s/dhj�t$aLdA`!`bd1uA[&l�cb[&VZcrT_[&s/d/jvVZ[	wIXLokT_x�eL[	`�dAc![;y�[	w	f1pzT_oLu;T_oklw	c![	dA`{T_o�u/jW|}a�fAaLekj_dAcH~���dAc!uA[	cDVI[ZmkVI`>w	d1onVZXL[	ony [qc![	akj_dAw	[	^yA|�T_p6a�f1crVZdAo1V#VI[ZmkVD[Zm�w	[	cbakVZ`&tLVIXL[	c![	yA|<`{T_p6aBjWTWg�|�T_oLuiVIXL[>c![&lVZcrT_[&s/dhj/VZdA`!�]dAoL^vT_p6aLcbf	s�T_oLu#c![&VIc{T_[&s/dhj/[&� [	w&VbTWs1[	oL[	`b`H~@��d1`b`!dAu1[&lj_[&s1[&j2[&s�T_^L[	oLw	[>d1y�fAekVDVZX�[$eL`![$fhg�\#fAc!^L`�T_o�j_fkw	dhj%w	f1oAVZ[ZmBVI`T_`#d/j_`bf>eL`![&g8ekjkg�fAc�cb[	`!fhjWs�T_oLu�j_d1oLuAeLdAu1[#dAp$ykT_uAekTWV!T_[	`Kd1oL^zT_pilaLcbf	s�T_oLuic![&VIc{T_[&s/dhj fAekVIaLekV�~
� \#fip6dhT_o6VI[ZmBV�^�[	w	f1pqa fA`{TWVbT_f1oi`rVZcbd/VI[	u/T_[	`Kd1cb[DT_oAVZcbfk^LeLw	[	^T_o;VZXBT_`i`{VIeL^k|/t2T_oLw&j_eL^BT_oLu}dnwZXLcbf1o�f/j_fAu/T_w	dhj�^�[	w	f1pqa fA`{TWVbT_f1oT_oAVZf$�(�!�1�3�����/�q�Z�����&tkdAoL^>`![	p6dAoAV!T_wK^L[	w	f1pqa fA`{TWVbT_f1oNT_o1VIfz���!�1����L�Z�q�!�&~ � XL[KT_o1VI[	c!dAw&V!T_fAo�y�[&V�\#[	[	o�VI[ZmkV%`b[	u1pq[	oAVZ`@d1o�^�VI[ZmBVVZX�[	p6[	`2T_`DVIXL[	o�eL`![	^�VIf6wIXLdAc!dAw&VZ[	c{T_�	[NVZ[ZmBV�`{VIc!eLw&VIeLc![/tBd1o�^VZfNg�fAc!p$ekj_dhVZ[%`ba [	w&TW�3w	d/VbT_f1oL`�g�fAc�T_okg�fAc!pqd/VbT_f1ovc![&VZcrT_[&s/dhj�t�VI[ZmBVVZcbd	s1[	cb`!dhj�tLdAoL^<VZ[ZmBV]`!e�p6p6dAc{T_�	dhV!T_fAo ~

KEYWORDS:
� [ZmBV�`{VZcbeLw&VZe�c{T_oLuktIVZ[ZmBV@^L[	w	fAp6a�f1`rTWV!T_fAo t&`![	uhlp6[	oAVI`Ht3VZX�[	p6[	`HtBT_okg8f1cbp6dhV!T_fAo*cb[&VZcrT_[&s/d/j�t�a�d1`b`!dAu1[>c![&VIc{T_[&s/dhj�tVZ[ZmBV]`!e�p6p6dAc{T_�	dhV!T_fAo ~

TEXT PASSAGES AND TEXT RELATIONSHIP MAPSSUTWVIX}VIXL[6dA^ksA[	o1V$fhg#g�ekjWjWl8VZ[ZmBVi^Lfkw	eLpq[	oAV�aLc!fkw	[	`b`{T_oLukt@VIXL[T_oAVZ[	cb[	`{V#T_o�p6dAokT_aLekj_dhV!T_o�u�VI[ZmBV�a�d1`b`!dAu1[	`#c!dhVZX�[	c�VIXLd1o�fAokjW|g�eBjWjWl�VI[ZmkVvTWVZ[	pq`DXLdA`�w	fAo1VbT_o�eL[	^�VZfqu1cbf	\�~>�D[&VIc{T_[&s�T_oLuij_dAc!uA[VZ[ZmBVI`$T_o�dAoL`{\#[	c$VZfneL`![	czxBe�[	c{T_[	`$VI[	oL^L`>VZf�y�[6T_oL[&�qw&T_[	o1Vy�[	w	d1eL`b[�VZX�[�eL`b[	c@T_`�VZX�[	o�g8f1cbw	[	^�VIfDw	f1a�[%\]TWVIX>j_d1cbu1[2p6dA`!`b[	`fhgDVZ[ZmBV�t2dAoL^;T_oL[&��[	w&V!TWsA[*y�[	w	dAeL`![qc![&j_[&s/dAoAV$VZ[ZmBV6aLdA`!`bd1uA[	`fhg�VZ[	o�aLcbf	s�T_^L[�y [&VbVZ[	c�d1oL`r\N[	cb`�VZXLdAo;w	f1pqakj_[&VZ[i^�fkw	eLp6[	oAVVZ[ZmBVI`H~F�{o$d1^L^BTWV!T_fAo tAaLdA`!`!dAuA[&l�j_[&sA[&jL[&sBT_^�[	oLw	[�dAw	w	fAeLoAV!T_oLu]g8f1c\#f1cb^ieL`!dAuA[�T_ozj_fkw	d/jkVI[ZmBV�[	oAs�T_c!fAoLp6[	oAVZ`@T_`2fhg�VZ[	o$X�[&j_akg�ekjkT_oT_p6a�c!f	s�T_oLu]cb[&VZc{T_[&shd/j/[&��[	w&V!TWsA[	oL[	`!`&t	y�[	w	d1eL`b[@VZXL[Kp6[	dAokT_oLu2f/gdAp$ykT_u1e�f1eL`#VI[	c!pq`Ny�[	w	fAp6[	`2w&j_[	d1c]\DX�[	oEVIXL[vj_fkw	d/j�w	fAo1VI[ZmBVT_`DaLcbf1a�[	c{jW|i`ba [	w&TW�3[	^ ~ �W�Zl��h�
  T_oLw	[zg�ekjWj#VI[ZmkVI`>d1cb[6oL[	w	[	`b`!dAc{TWjW|}w	fAp6a�f1`b[	^�f/g]T_o�^kTWs�T_^LeLdhj
¡I¢@£	¤¦¥D¥8§�¨�©Hª6«@¬H¥�¥�¨�­�­�®	¯°§�±!©q¤¦²*­�¬H¯°§�³&ªq§�£	±i´@¬I§8¤µ®	²�¬I¶�·	¸�¤ ±!²�¸�±¹ ®	¨�²�©�¬I§�¤ ®	²D¨�²�©	±b¯ º	¯8¬&²&§ »(¼�»F½&¾&¿&¿hÀbÁIÂ/Ã

VI[ZmBV�aLdA`!`bd1uA[	`HtAd�`{VIeL^k|$f/g3VZ[ZmBV�a�d1`b`!dAu1[	`�T_`2dhj_`!fvT_p6a�f1crVZdAo1Vg8f1c�^L[&VZ[	cbpiT_okT_oLu>f	sA[	c!dhjWj�VZ[ZmBV]`{VIc!eLw&VIeLc![/~KÄÅ`rVZc!e�w&VZeLcbd/j�^�[&lw	fAp6a�fA`{TWV!T_fAoDfhgkVZ[ZmBVZ`�T_oAVZf�aLd1`b`!dAu1[	`�p6dH|�VZX�[	o�c![&sA[	d/jAT_okg8f1crlpqd/VbT_f1oqd1y�fAekV�VIXL[]V�|ka�[�fhg�VZ[ZmBVNe�oL^L[	c2w	f1oL`rT_^L[	c!dhV!T_fAo t�dAoL^��oLfH\]j_[	^Lu1[#fhg�VI[ZmkV�V�|�a�[2d1oL^>VI[ZmBV�`{VIc!eLw&VIeLc![�T_o$VZeLcbo$d/��[	w&VZ`pqd1oA|iVI[ZmBV�XLdAoL^kjWT_oLu>fAa [	cbd/VbT_f1o�`HthT_oLw&j_eL^BT_oLu>c![&VZcrT_[&s/dhj�tAVZ[ZmBVcb[	d1^BT_oLu$d1o�^EVIc!d	sA[	c!`bd/j�t�d1o�^EVI[ZmBV�`beLp6pqd1crT_�	d/VbT_f1o�~
� X�[�`rVZc!e�w&VZeLcb[�f/gkT_oL^BTWsBT_^�eLd/j�VI[ZmkVI`Ht�f1c�`b[&VZ`@fhgLc![&j_dhVZ[	^DVI[ZmBVZ`Htw	dAoÆy�[*`rVZeL^BT_[	^Æy1|ÆeL`rT_oLu}dnVZ[ZmBV6cb[&j_d/VbT_f1o�`!XkT_a;p6dAa;VZX�d/V[Zm�XkT_yBTWVZ`#VZX�[Dc![	`bekjWVZ`2f/g%`rT_piTWj_dAc{TWV�|<p6[	dA`!eLcb[	p6[&oAVZ`%y�[&V�\N[	[	oa�d/T_cb`Df/g�VI[ZmBVZ`Ht�fAc]VZ[ZmBV][Zm�w	[	c!akVI`H~ � |�aBT_w	d/jWjW|/t�[	dAwZX<VZ[ZmBV	t�fAcVI[ZmBV%[ZmLw	[	cbakV@T_`%c![	a�c![	`![	oAVI[	^�yA|,d�s1[	w&VIf1c�fhgk\N[&T_uAXAVZ[	^�VZ[	cbp6`fhg]VZX�[ig�fAc!pÈÇiÉ�ÊÈË8ÌkÉ�Í&Î$ÌkÉ�Ï	Î&ÐWÐWÐWÎ&ÐWÐWÐWÎ{ÌkÉ�Ñ&Ò�\DXL[	cb[$ÌkÉ�Ó<c![	aLcb[&l`b[	oAVZ`%dAo>T_p6a�f1crVZdAoLw	[�\#[&T_u1XAVKg�fAc�VZ[	cbpYÔFÕDdhV!VId1wIXL[	^vVZfv^Lfkw&le�p6[	oAV,Ç É ~ � XL[iVI[	c!p6`vd/VbVZdAwZX�[	^�VZf�^Lfkw	eLpq[	oAVZ`]g8f1c>w	fAoklVI[	oAVzcb[	aLc![	`b[	oAVZdhV!T_fAo�aLeLc!a�fA`![	`�p6d	|}y�[i\#fAc!^L`>fAc,a�XLc!dA`![	`^�[	c{TWs1[	^;g8c!fApÖVZXL[<^Lfkw	eLpq[	oAV�VI[ZmkVI`$yA|×dAo;d1eBVZfAp6dhV!T_w$T_okl^�[ZmkT_o�u�aLc!fkw	[	^Le�c![/t�dAoL^}VIXL[$VI[	c!pØ\#[&T_uAX1VI`>d1cb[iw	f1pqaLekVI[	^yA|<VZdA�AT_oLu>T_oAVZfidAw	w	f1e�o1V2VZX�[�fkw	w	eLcbc![	oLw	[#wIXLd1cbd1w&VI[	c{T_`rV!T_w	`%fhgVIXL[%VI[	c!pq`LT_o�VZXL[FT_oL^kTWs�T_^LeLdhjB^�fkw	eLp6[	oAVZ`�d1oL^vVZX�[%^Lfkw	eLpq[	o1Vw	fhjWj_[	w&V!T_fAo<d1`]dz\DXLf/j_[/~@� Ù��
Äv`!`beLpiT_oLu�VZXLdhV�[&sA[	c{|>VZ[ZmBV�t1f1c�VI[ZmBV�[Zm�w	[	c!akV�T_`2c![	a�c![	`![	oAVI[	^T_o*s1[	w&VZfAc#g�fAc!pÚdA`Dd<`![&VDfhg%\#[&T_u1XAVZ[	^�VI[	c!pq`HtBTWV�T_`Da�f1`b`{T_ykj_[VIf�w	f1pqaLekVZ[�aLdhT_c{\]T_`b[$`{T_piTWj_dAc{TWV�|nw	fk[&�6w&T_[	oAVZ`]`!X�f	\]T_oLu<VZXL[`rT_piTWj_dAc{TWV�|�y�[&V�\N[	[	o�a�d/T_cb`�fhg�VI[ZmkVI`DyLdA`![	^�fAo}w	fhT_oLw&T_^L[	oLw	[	`T_onVZX�[$VZ[	cbpÛdA`!`{T_uAoLpq[	o1VI`]VZf<VIXL[$c![	`ba [	w&VbTWs1[>TWVZ[	pq`H~ � |kaklT_w	dhjWjW|/t2VZX�[6sA[	w&VZfAc,`rT_piTWj_dAc{TWV�|�piT_uAX1V$y�[6w	fAp6aLeBVZ[	^�dA`>VZXL[T_o�oL[	ciaLcbfk^LeLw&V$y [&V�\#[	[	o;w	f1cbc![	`ba fAoL^kT_oLu<sA[	w&VZfAc$[&j_[	p6[	oAVZ`&t
VIXLdhV�T_`Ht�Ü&Ý(ÞßË(Ç É ÎbÇ$à�ÒáÊ âäãÕ&å�æ Ì É Ó,Ì�àrÓ�t�dAoL^�VIXL[$`{T_pzTWlj_dAc{TWV�|qg�eLo�w&V!T_fAo6piT_uAXAVNy�[DoLfAc!pqd/jWT_�	[	^,VZf>jWT_[�y�[&V�\#[	[	o6ç>g�fAc^BT_`�è{fhT_oAVDs1[	w&VIf1cb`#d1oL^��vg8f1c]w	fAp6akj_[&VI[&jW|$T_^L[	oAV!T_w	dhj sA[	w&VZfAc!`&~
é T_u1eLcb[n�q`bXLf	\D`$d�V�|kakT_w	dhj�VI[ZmBVzcb[&j_d/VbT_f1o�`!XkT_anp6dAa�g�fAc$`{TRmVI[ZmBVZ`vT_oLw&j_eL^L[	^nT_o}VIXL[ é e�oL�}dAoL^nSêdAu1oLdhjWj_`>[	oLw&|kw&j_f1a�[	^kT_d^�[	d/jWT_oLu<\]TWVIX�VZX�[$u1[	oL[	cbd/j@VIf1akT_w$fhg#ë�eLw&j_[	dAc�ì2oL[	c!uh|/~ � XL[^�fkw	eLp6[	oAVZ`>dAaLa�[	d1c>dA`ioLfk^L[	`EË�s1[	c{VbT_w	[	`ZÒ�T_oÆVIXL[<u1cbd1aLX;fhg
é T_u1eLcb[v�hthd1o�^�d]jWT_o��qË�yLc!dAoLwIX�Ò�dAaLa�[	d1cb`�y�[&V�\N[	[	ovV�\#fDoLfk^L[	`\DX�[	o�VIXL[%`{T_pzTWj_d1crTWV�|�y�[&V�\N[	[	o�V�\Nf#VI[ZmkVI`�T_`�`bek�6w&T_[	oAV!jW|�j_d1cbu1[/~
� X�[$`{T_piTWj_dAc{TWV�|�VIXLc![	`bXLfhj_^�eL`![	^�VIf6yLeBTWj_^�VZX�[$p6dAa�f/g é T_u/le�c![���T_`�çk~ çL�/tHVZXLdhV�T_`Hthd/jWj�yLcbd1oLwIXL[	`3c![	aLcb[	`![	oAV!T_oLu2d#VZ[ZmBV@`{T_pzlTWj_dAc{TWV�|idAy�f	s1[#çk~ ç3�2dAc![#`bXLf	\Do$fAo>VZXL[2p6dAa ~ é T_u1e�c![D�]`bXLf	\D`VIXLdhV$VZXL[q`{T_piTWj_dAc{TWV�|;p6[	dA`!e�c![iy�[&V�\N[	[	o�^Lfkw	eLpq[	oAVZ`i��Ùhç3��ídAoL^î��Ùhç3�H�äË�ë�eLw&j_[	dAc$ì2oL[	c!uh|?dAoL^�ëveLw&j_[	dAc$Sê[	dAa fAoL`IÒ>T_`d<XkT_uAX�çk~¦ï1Ù�t3\DXL[	c![	dA`]oLfq`{T_uAokTW��w	dAo1Vv`{T_piTWj_dAc{TWV�|�[ZmBT_`{VI`�y�[&lV�\#[	[	o>ð1ñAç�ÙvË�ë�eLw&j_[	dAc é T_`!`rT_f1o�Ò�dAoL^$í1íhòAðBÙDË � X�[	c!p6fAo�eLw&j_[	dAcé eL`{T_fAo�ÒZ~



22387--Thermonuclear Fusion 
19199--Radioactive Fallout 
17016--Nuclear Weapons 
17012--Nuclear Energy 
11830--Hydrogen Bomb 
8907--Fission, Nuclear 
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Figure 1: Text Relationship Map: Encyclopedia arti-
cles related to Nuclear Energy.
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Compare 2138521385--Smoking 

Figure 2: Well-Connected Map (Smoking – 16 para-
graphs, 28 links above 0.20). Smoking: History,
Health Effects, Cessation.
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Figure 3: Poorly-Connected Map (Symphony – 20
paragraphs, 15 links above 0.20). Symphony: Italy,
Germany and Austria, Haydn and Mozart, Beethoven,
19th Century, 20th Century.
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Figure 4: Text Relationship Map (17016 Nuclear
Weapons).
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Figure 7: Segment Similarities Reveal Text Structure
(semi-detached S1, closely related S2 through S6).
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Figure 9: Simple Text Structure – Single Theme (Encyclopedia Article 78: Abortion). a) Segmentation, b) Theme and
Theme-Segment Relations.
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Figure 12: Complex Text Structure – Large Theme (Wall Street Journal 1022). a) Segments (all links), b) Segments (local
links), c) Themes, and d) Theme-Segment Relations.
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Figure 13: Complex Text Structure – Small Themes (Wall Street Journal 493). a) Segments (all links), b) Segments (local
links), c) Themes, and d) Theme-Segment Relations.
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Table 1: Query Processing for Simple Document
Structure: Encyclopedia Article 859 American Rev-
olution.
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Figure 14: Segment-Theme Relations (24411 World
War 1).

p6[	oAVI[	^�\]TWVZX�VIXL[   pqd1crV,`r|k`{VZ[	p g�fAc$p6dAoA|�|1[	dAc!`&tK\DXkT_wIXc![&VIc{T_[&sA[	`�g8ekjWj@VZ[ZmBV�t�fAc#s/d1crT_f1e�`]`!eLy�^kTWs�T_`{T_fAoL`#`!eLwIX�d1`]a�d1cbd/luAc!dAaLXL`�f1c@`![	w&VbT_f1o�`Ht	^�[	a [	oL^BT_oLu�fAov\DXkT_wZX�VI[ZmkV@aLdA`!`bd1uA[%aLcbf/ls�T_^L[	`�VZXL[zXkT_u1X�[	`{V�`rT_piTWj_dAc{TWV�|�\]TWVIX}VIXL[$x�eL[	c{|/~<S7XL[	o�VIXL[VZX�[	p6[	`�w	f	s1[	c�dA^/è{dAw	[	oAV VI[ZmBV%akT_[	w	[	`Ht�`!eLwIX>dDpiTRm�[	^>c![&VIc{T_[&s/dhj`{VIc!dhVZ[	uh|DaLc!fHsBT_^�[	`�dDeL`![&g8ekj�d1aLa�c!fAd1wIX�VIf#VZ[ZmBV%c![&VIc{T_[&s/dhj�~1�W�H�h�
	 fAoL`{T_^L[	c�dA`�dAo$[Zm�d1pqakj_[2d�x�eL[	cr|,^L[	dhjWT_oLu�\]TWVZX$VIXL[�cb[&s1fhj_eklV!T_fAoLdAc{|�\#d1c>aLcbfkw	[	`!`b[	^�d1uAd/T_o�`{V>[	oLw&|kw&j_f1a�[	^kT_d<d1crV!T_w&j_[ið�ï/ñË(Ävp6[	crT_w	d1o$�D[&sAf/j_eBV!T_fAo�ÒZ~ � d1yBj_[,��w	f1oAVZdhT_oL`KVZXL[]`rT_�	[DfhgFVIXL[x�eL[	c{|q`{T_piTWj_dAc{TWVbT_[	`�g8f1cKs/dAc{T_fAeL`#aLdA`!`!dAuA[	`�fhgF^Lfkw	e�p6[	oAV�ð�ï/ñk~
� XL[#j_[	dA`{V2d/VbVZc!dAw&V!TWsA[#a fA`!`rT_ykTWjWTWV�|6w	fAoL`{T_`rVZ`�T_oqc![&VZcrT_[&s�T_oLu�VIXL[g�eBjWjDVZ[ZmBV�t�d1oL^?VZXL[�y�[	`{ViT_`<aLc!fHsBT_^�[	^�yA|ÆVZXL[�c![&VIc{T_[&s/dhj]f/g`![	w&VbT_f1onïnË�ðBïhñk~ w�ï1Ò#\DXBT_wZXnT_oLw&j_eL^L[	`vaLdAc!dAu1cbd1aLX�`�ÙBtFð�tFd1o�^ñk~ � dAykj_[?� `!XLfH\D`iVZX�d/VqVZXL[�x�eL[	cr|×`rT_piTWj_dAc{TWV�|�^L[	w	cb[	d1`b[	`\DXL[	oqy [	`rV�`![	uAp6[	oAVDË(ð�ï/ñk~   ��Ò%fAc�y�[	`{V2VZXL[	pq[�Ë(ð�ï/ñk~ � í1ÒKdAc![w	fAoL`{T_^L[	cb[	^ ~

���������
	���
 �#í � �L�A��SêfAc{j_^<SêdAc��
� ��	���� � � e�c!�AT_`!X�Ä�w&VbTWs�TWV!T_[	`2T_o�SêfAc{j_^<SêdAc��h~
� eLc!�AT_`bX��Df/j_[�Ä�uAdhT_oL`{V � c{TWV!T_`bX�T_o���T_^L^kj_[�ì�dA`{V
� d1`b[&jWT_oL[qË�g�ekjWj@VI[ZmkVDí � �L�A��Ò ç�~_��Ùk�	ð�%dAc!dAu1cbd1aLX<�D[&VIc{T_[&s/dhj ��í ���3�A�/~ a�ò1� ç�~ òA��í1Ù
  [	w&V!T_fAo<�D[&VZcrT_[&s/d/j �2í � �L�A�/~ w1�H�Ë(a ~ òA�kt òBÙAÒ ç�~ ò�ÙAï��
  [	uAp6[	oAVN��[&VZc{T_[&shd/j �2í � �L�1�h~   �Ë(a ~ òA�kt òBÙ�t ò1ñ�Ò ç�~ ò�í �1ç
� XL[	p6[v�D[&VZcrT_[&s/dhj ��í ���3�A�/~ � ïË(a ~ òA�kt òBÙ�t¦ï��ht¦Ùk�/t¦ÙhðBÒ ��� �"!�#"$
%'&(&�)()'* +�,(-�.0/21'3�46587958:<;�583�58=9;�>'5@?�AB3DC6:�E"F8;�CHG(583JI6K<Læ K æNM LO?�>'58:P/21'3�4<QSRT>U?�AV3WRX>'Q YZR[F8C\CHY(583XAV;W58=U?�Q ;�>U]^583W_`AB:?�AV3�RT>'QSY'RUQ :aA�:(A8b6ABcdG(C6_eG(AV3W='_f58:<;@CHgihj1ZRTRTQkAB:mlOcnAVFo4p 5VAdY(CH3�;WRBq�hj1ZRTRTQkArgkCH3�_`ABcSc 7D='58F8cnAV3�58=U?�AB3eC6:@/21'3�46587iC6:s CVbH58_eG(583OI\L(AB:Z=d]"3�5VAB;tlO3�Q ;XABQS:uAV:'=uv'3XAB:ZF85�gkC6c cSCB?t58=eRT1ZQ ;CH: s CVbH58_eG(583�w<x^yVyVy
%'&(&�)()'* +�,�z(.|{}:|;�>'5J~u58RTC6Y(CH;XAB_fQnAV:@�OAVc cS587VL�_�5VAV:<?�>'Q cS56Ll�3�Q ;�Q RX>�gkC63WF858R�gk3�CH_�{ :'='QkA�='5Ngk5VAV;�58=�;W>Z5�/�1'3�4<RUQS:�RT58b<�583TAVc�G(AV;�;WcS58R�='1'3�Q :'� æ K æNM � æ w<L�Y(AB3�;�Q F81'ckAB3�c 7u;�>(AV;�CHg��"1';W�WABc �{}_`AV3TA\qZGZ1';"QS:u;W>Z5eljAV;�;WcS5�CVgj�t;�58RTQ YZ>'CH:2L�yVyVy
%'&(&�)()'* +���)'.@�tCH:'RXQ ='583XAVG'c 5d_fQ cSQ ;XAB3�7UAVF8;WQSb<QS;}7P;WC\CH4UYZcnAVF85Q : æ K æV� QS:@;W>'3�585�Y(AB3�;�RuCVg�/�1'3�4H587��P~u58RXCHY(C6;XAB_fQnA\L��"3XAB�G'QnA\LOAB:'=P��AVc 58RT;�Q :Z56x�{ :i~u58RXCHY(C6;TAV_fQnA�;�>'5�G(58RXQ 58�658=�;�CV?�:CVg��"1Z; �WAVc �}{ _`AB3XAfgk58cSc�;�Cu;W>Z5�/�1'3W4\ReCH:D�"YZ3WQScOIHK\L æ K æV� xe{ :� 58F858_eG(583tCVg�;W>'5e765VAB3�RT;�3�CH:'�`lO3WQS;WQSRT>`g�CH3�F858R�G(58�\AV:Jy8yBy
%'&(&�)()'* +Oz�)'.e{}:���AVc 58RX;WQS:'5�='1'3�Q :Z� æ K æB� ;W>'5`lO3WQS;WQSRT>d_`AB=Z5;}?tC^1':'RT1ZF8F858RTR�g�1'c(AV;W;�58_�YZ;WRO��~dAV3WFo>`AV:'=��^Y'3�Q cn��;WC�;TAV4H5�;�>'5F8Q ; 7dCVg�]�AV�VA<xd��:'='583fAu:'58?�F8C6_�_`AV:'='583NL�]^58:'583TAVc��}ckAB;�583v�Q 58cS=i~dAV3WRX>(AVcn� p Q 3`��='_e1':'=P�"c cS58:<G\7VL�;�>'5DlO3�Q ;�Q RT>JG'3�CH465;W>'3�C61'�H>D;�>'5e/21Z3W4\Q RT>rc Q :Z58R"AV;"lO58583�RT>'58G�AuyVy8y
%'&(&�)()'* +Oz'��. � 1'3�Q :'� æ K æV� ;W>Z5i�"cSc QS58RuAVc RTCPG'3WC61'�6><;D;�>'5FVAB_fY(AVQ �6:'Q :'�`Q :���AVc 58RX;WQS:'5�;WC�A�RT1'F8F858RXR�gk1Zc2F8C6:'F8c 1ZRTQ C6:�x�{ :p 58Y';�58_[G(583�;�>'5fl�3�Q ;�Q RX>`gkC63WF858R�G'3�CH465�;�>'3WC61'�6>�;�>'5e/�1'3W4\Q RX>c Q :Z58R�AB;[~u58�HQS='='CdAV:'=�3WC61';�58=�;�>'5u/�1'3�4<Q RX>�AB3�_e7DAB:'=�;�>'5]"583W_`AV:uF8CH3�Y'R^;W>(AV;"?�AVR"AVRTRXQ RX;WQS:'��Q ;Nq�yVyVy

Table 2: Query Processing for Complex Document
Structure: Encyclopedia Article 24411 World War 1.

� X�[*`rTWVZeLdhV!T_fAonT_`i^kTW� [	cb[	oAV$\DXL[	o�VZXL[qVZfAakT_w<d1cbc!dAoLu1[	pq[	oAVT_`>w	fAp6akj_[Zm�~ 	 f1oL`rT_^L[	cHt�g�fAc�[Zm�d1pqakj_[/t�VIXL[>VZXL[	pq[&l�`b[	u1pq[	oAVcb[&j_d/VbT_f1o�`#g�fAc][	oLw&|kw&j_f1a�[	^kT_d$dAc{V!T_w&j_[>í � �L�1�$Ë�SêfAc{j_^�S�d1c���ÒZ~
é T_u1eLcb[�� �v`!XLf	\D`FVZXLdhV%`![	uAp6[	oAVZdhV!T_fAo�uAdAaL`%[ZmBT_`{V%g8f1c�`![&s1[	cbd/jVIXL[	p6[	`&tkT_o�w&j_eL^kT_oLu$VIXL[	p6[$�6Ë�c![&j_dhVZ[	^qVZfi`b[	u1pq[	o1VI`#ò�t@ï�t�ÙBtðktkdAoL^iñ�yLekVKoLf/VKVZf�`![	uAp6[	oAVZ` �kt�dAoL^i��ÒZtAVIXL[	p6[ �iË(c![&j_dhVZ[	^VIf6`b[	u1pq[	o1VI`DíBt@ï�t�dAoL^�ð�t�y�ekV�oLfhV�òkt ��t��kt@dAoL^�Ù1ÒIt�VZXL[	pq[��Ë(cb[&j_d/VI[	^6VIf6`b[	u1pq[	o1VI`#ò�t�dAoL^�ï�t�yLekVDoLfhV ��ÒZt�dAoL^<VZXL[	pq[Ù�Ë(cb[&j_d/VI[	^iVZf$`b[	u1pq[	oAVZ`2��t3dAoL^Eñkt3yLekV]oLfhV�ÙBt�dAoL^�ðBÒI~
S7XL[	o6d$x�eL[	cr|$T_`]aLc!fkw	[	`b`![	^�VZX�d/V#w	f	s1[	cb`�VIXL[D`beLykè{[	w&V�pqd/VblVI[	c�fhgNfAoL[$fhg�VIXL[$^kT_`bw	f1oLo�[	w&VZ[	^qVZXL[	pq[	`Ht�d�`{VId1oL^�d1cb^*a�d1`rl`bd1uA[�c![&VIc{T_[&s/dhj#p6[&VZX�fk^êVIXLdhV$j_fkw	d/VI[	`$VZXL[�y�[	`{Vi`rVZc![&VIwZX;fhgdA^/èrd1w	[	oAV�VI[ZmBV�t�T_`�oLfhV�jWT_�/[&jW|nVZf<y [$fAakVbT_p6dhj�~>�{oL`rVZ[	dA^ t3VZXL[y�[	`{Vqf1ekVIaLekV6`bXLfAekj_^�y�[*a�c!f	s�T_^L[	^�yA|�dnVZXL[	pq[/t#fAc6d�`![&Vfhg�^kT_`bw	f1o�oL[	w&VZ[	^q`![	uAp6[	oAVZ`&~ 	 f1oL`rT_^L[	c]dA`]d1o�[Zm�dAp6akj_[/tBVZXL[fAekVIaLekV�fhg � dAykj_[	`�ívdAoL^iòvT_oi\DXkT_wIXix�eL[	c{T_[	`Kw	f1cbc![	`ba fAoL^kT_oLuVIf�VZX�[	p6[	`>ï�d1o�^×Ù�tKc![	`ba [	w&VbTWs1[&jW|/tKd1cb[6aLcbfkw	[	`!`![	^nd1uAdhT_oL`{VVIXL[�VZ[ZmBV6fhg�^Lfkw	e�p6[	oAVií ���3�A�}Ë�SêfAc{j_^;S�d1c���ÒI~ä�{o�y fhVZXw	dA`![	`&t#VIXL[�w	f1cbc![	`ba fAoL^kT_oLu�VIXL[	p6[�fAekVZa�ekViT_`<y [&VbVZ[	c>VZX�d1odAoA|*w	fAoAs1[	oAV!T_fAoLdhjFa�d1`b`!dAu1[Dfhg%dA^/è{dAw	[	oAVNVI[ZmBV�~
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Table 3: Similarity Computation Between Query and
Text Excerpts.
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Table 4: Global Text Traversal (20% Global Path): En-
cyclopedia Article 78, Abortion: p3–5–9 segment-1.
Single Theme Article.

dA`!`beLc![	^×y [	w	dAeL`![<dhjWj�aLdhT_c!`qf/g>d1^hè{dAw	[	o1VqoLfk^L[	`6dAc![�a�c!fAakl[	crjW|UjWT_oL�h[	^ ~ ��f	\#[&s1[	c&t�^�[	akVZXkl8��cb`{V�aLd/VIXL`<d1cb[�u1[	o�[	c!dhjWjW|o�f/V>w	f1pqaLc![	X�[	oL`{TWsA[�y�[	w	d1e�`![vVZXL[$`beLykè{[	w&V�pqd/VbVZ[	c]w	f	sA[	c![	^yA|�VZXL[qaLdhVZXnT_`$j_d1cbu1[&jW|nw	f1oAVZcbf/jWj_[	^�yA|êVIXLdhVzfhg#VZXL[qT_okTWVbT_d/ja�d/VIX*o�fk^L[/~

� TWs1[	o VZXL[�[	dAc{jWT_[	c�VZ[ZmBV�w&j_dA`!`rTW��w	d/VbT_f1o�t�s/dAc{T_fAeL`��AT_oL^L`�fhgVIc!d	sA[	c!`bd/jA`{VZcbd/VI[	u/T_[	`3w	d1ovy [Fg�fAc!p$ekj_dhVZ[	^ �3g8f1c@XLfAp6fAuA[	oL[	f1e�`Ht`rT_oLuhj_[&l�VIXL[	p6[vd1crV!T_w&j_[	`Ht3dqu/j_fAyLdhjFVIc!d	sA[	c!`bd/j@`{VIc!dhVZ[	uh|iT_`�y�[	`{Ve�`![	^�T_o T_oLw	c![	dA`{T_oLuzVZ[ZmBV�fAc!^L[	c&t�`!a�[	w&TW��[	^�[&TWVZX�[	cDd1`vd�w	[	oklVIc!dhj%f1c�dE^L[	aBVZXkl8��c!`rV]aLd/VIX ~ é fAc�p$ekjWVbTWl�VIf1akT_w>dAc{VbT_w&j_[	`#\]TWVZXd�`b[	xBe�[	o1VbT_d/j�VZfAakT_w$`{VIc!eLw&VIeLc![/t�VZX�[$c![&j_[&s/dAoAV�dA^/è{dAw	[	oAVDVZ[ZmBV`b[	u1pq[	oAVZ`�w	dAo6y�[]T_`bf/j_dhVZ[	^ tBd1o�^6d>VZcbd	s1[	cb`!dhj�aLdhVZXqw	d1ozVZXL[	oy�[#eL`![	^>VIXLdhV%f1a�[	c!dhVZ[	`�\]TWVZXBT_o$VZXL[#cb[&j_[&s/d1oAV�VI[ZmkVK`![	uAp6[	oAVZ`&~
é T_oLd/jWjW| g�fAc�w	fAp6akj_[ZmEVZ[ZmBVZ`N\DXL[	c![�VZX�[>VZXL[	pq[	`]w	f	s1[	cvoLf1oBldA^/èrd1w	[	oAV�VI[ZmBV�akT_[	w	[	`&t@d<VZc!dHs1[	c!`bd/jKaLd/VIX�T_`>^L[&��oL[	^�\]TWVIXkT_oVI[ZmBVDVZXL[	pq[	`H~ � cbd	s1[	cb`!dhj�\]TWVZXkT_o�VI[ZmBVDVZXL[	pq[	`2T_`�[	`!a�[	w&T_dhjWjW|T_oAVI[	c![	`{VbT_oLu<g�fAc�j_dAc!uA[/t�w	fAp6a�c![	XL[	oL`rTWs1[>VIXL[	p6[	`&~iÄ V�\#[	o1V�|a�[	c!w	[	oAV$VIc!d	sA[	c!`!dhjDaLdhVZX;T_`<u1[	o�[	c!dhjWjW|?`bek�6w&T_[	oAV!jW|;j_fAoLu}VIfT_o�`!eLcb[iVZX�d/V�VZXL[qp6fAc![$T_pqa fAc{VId1oAV�d1`ba [	w&VI`�fhgNVIXL[6`beLykè{[	w&VdAc![�dAw&VZeLdhjWjW|6w	f	sA[	c![	^ ~
	 fAoL`rT_^L[	cHt>dA`�dAo�[ZmLdAp6aBj_[/tvVZXL[;í/ç×a [	cbw	[	o1V�uhj_f1y�d/j�VZ[ZmBVVIc!d	sA[	c!`bd/j$aLdhVZXYg8f1c�[	o�w&|�w&j_fAa�[	^kT_dÆd1crV!T_w&j_[;Ù/ðÅË(Ävy fAc{VbT_f1o3Ò`bXLf	\Do$T_o � d1yBj_[ ��~ � XL[]`b[	u1pq[	o1VId/VbT_f1o�p6dAaifhg é T_uAeLcb[]ñ3Ë�dBÒw	fAoAVZdhT_oL`���ï$oLfk^L[	`&~ �v[	oLw	[/tBVZXL[>í/çza [	cbw	[	o1V#aLdhVZXL`#\]TWjWj@T_oklw&j_e�^L[6ò�a�d1cbd1uAc!dAaLXL`&~ � XL[6[ZmBVZcbd1w&V�`!XLfH\D`�VIXLdhV,VIXL[ipqd/T_odA`!a�[	w&VZ`#fhg�VZXL[�VZfAakT_w�d1cb[�T_oL^�[	[	^Ew	f	sA[	c![	^�yA|EVIXL[vVZc!dHs1[	c!`bd/ja�d/VIX ��XLf	\#[&s1[	c&tkdhjWj�VIXL[#aLd1cbd1uAc!dAaLXL`FT_oLw&j_eL^L[	^>T_oqVZXL[]uhj_fAyLd/j[ZmBVIc!dAw&V6d1a�a [	dAc>T_oU`b[	u1pq[	o1V*�E\DXL[	cb[EVIXL[�g�dAw&VZ`zf/g�d1y�f1crlVbT_f1o�dAc![6^BT_`!w	eL`b`![	^ ~�ÄvoêdhjWVZ[	cboLdhV!TWs1[,VZc!dHs1[	c!`bd/j2aLdhVZX tFd/j_`bfw	fAoL`rT_`{V!T_o�u6fhg%VZXLcb[	[>aLd1cbd1uAc!dAaLXL`&t�T_`�aLc![	`b[	oAVZ[	^qT_o � d1yBj_[iïB~�v[	c![Kd1o>dA^L^kTWV!T_fAoLdhj1cb[	xBeBT_c![	p6[	oAV3T_`%d1^�^L[	^�VIXLdhVF`bf1pq[�aLdAc!dhluAc!dAaLX;p$eL`rVzy�[<wZXLfA`![	o�g8c!fAp [	dAwIX?`b[	u1pq[	oAV�~ � XkT_`$j_[	dA^L`



� /2C6;TAVc���AB;�>���58:'�H;�>��}CVb6583"AVc c�RT58�6_f58:<;�Ro� � �
� ��AV;W> p 1Z_�_`AB3�7 ��6� x Y(w �6� x Y(K � p æ�6� x Y(I æ � p I
	
�

æ w � lO1'RT>\7�Y(AV;W>dQS:uRT58�6_f58:<; æ � ='58�63W585�� å*æNM � 	 �
	
� ��AV3TAV�63TAVY'> �H� x Y�w 	
��^G(CH3�;WQSCH:|_`A87UG(5�RXY(CH:\;TAV:'58C61'RdC63�Q :Z='1'F858=�x0���<Y(58cSc 58=Jgk58;�1'RX58R?t58Q �6>'QS:'�Dc 58RTRe;�>(AV: �<x M wD4<��� æB� C6�V�[C63�CHg^cS58RTRe;�>(AB:|I��d?t58584<R
��658RT;XAB;�Q C6:dAV3W5�1ZRT1(AVc cS7�F8C6:'RTQS='583W58=�ABG(C63W;�Q C6:'RBx
	
� ��AV3TAV�63TAVY'> �H� x Y�K 	
�/t>'5�_fCHRX;jF8C6_f_�C6:�RX7<_fY';WC6_mCVg�;�>'3�5VAB;�58:'58=DAVG(CH3�;�Q C6:�QSR�b6AV�HQS:(AVcG'cS5858='Q :Z�'L'?�Q ;�>�C63j?�Q ;�>'C61';tQ :\;W583�_�QS;W;�58:<;OY�ABQS:�x��^G(CH1Z;�C6:'5N��gkC61'3�;W>CHg"ABcScOY'3W58�6:(AV:<;e?tCH_f58:dG'cS5858=�AV;�RTC6_f5[;�Q _f5e='1'3�Q :'�D5VAV3WcS7dY'3�58�V�:(AV:'F87VL">ZCB?t58b6583oLtAV:'=@1'YU;�C � wDY(583WF858:\;�CHg^;�>'58RT5r?jC6_f58:iFVAV3W3�7;�>'5�gk58;�1'R`gkC63�;�>'5�gk1'cSc";�583W_rx9/23�5VAV;W_f58:<;�gkCH3f;�>'3W5VAV;�58:'58= ABG(C63 �;�Q C6:�1ZRT1(AVc cS7uF8CH:ZRTQ RX;WR�CVg�G(58=�3W58RX;oxe�"c _fC6RT;�F8CH:\;WQS:<1'C61'ReG(58=D3W58RX;;�>'3�CH1'�6>'C61';DY'3�58�H:(AV:'F87@QSR�3�5
�<1'QS3W58=|Q :@RXCH_f5uFVAVRT58R`CVg[3�58Y(5VAB;�58=AVG(CH3�;�Q C6:�L�AV:'=eb<QS;TAV_fQ :fAB:Z=[>ZCH3�_�C6:'5^;W>'583XAVY<7fABcSRTC^_�A87�G(5��HQSbH58:2x{ :fAB=Z='Q ;�Q C6:�L<RT1Z3W�6Q FVAVc<F8C63W3�58F8;�Q C6:�CVg�1';�583�Q :'5^ABGZ:'CH3�_`ABcSQ ;�Q 58R�_�A87�G(5QS:'='Q FVAV;�58=uQ :uF8583�;XABQS:uFVABRX58R�CHg�3�58Y(5VAV;W58=DAVG(CH3�;�Q C6:�x
	
�

æ w � lO1'RT>\7�Y(AV;W>dQS:uRT58�6_f58:<;�I�� ='58�63W585�� å*æ I6� 	 �
	
� ��AV3TAV�63TAVY'> �H� x Y�I æ 	
�E"YZY(CH:'58:\;WRDCHg�;W>'5 æ K � � p 1'YZ3W58_f5i�tC61'3W;r3W1'cSQ :'�ZLeAB3��H1ZQ :'�U;�>(AV;A`gk58;�1'ReQ R�58:\;WQS;WcS58=�ABRfA��6Y(583WRXCH:��D;�CdF8CH:ZRT;�Q ;�1';WQSCH:�ABctY'3�CH;�58F8;�Q C6:�LAV;W;XAVFo4H58=J;W>Z5�='58F8QSRTQ C6:DCH:JAub6AB3�Q 58; 7dCHg�g�3WC6:<;�R8x p ;XAB;�5ucS58�HQSRTcnAV;�Q b65G(C\='Q 58R^?j583�5�cSCHG'GZQ 58=`gkC63�RT;XAB;�1';�58R�:(AV3W3�CV?�QS:'��;�>'5eQ _fY'cSQ FVAV;WQSCH:'RtCHg;�>'5u='58F8QSRTQSCH:�AV:'=iF8QS3WF81'_fRTF83�Q GZQ :'�uQS:�RX58bH583XAVcO?�A87\R�;W>'5r_�C6;W>Z583 � RAVG'Q cSQ ; 7@;�CUCHGZ;TAVQ :�AB:�AVG(CH3�;WQSCH:2x � :(AB;�Q C6:<?�Q =Z5�FVAV_�Y�ABQS�H:@?�AVRQS:'RT;�Q ;�1';�58=U;WCJAV_�58:'=P;W>'5��jC6:'RT;�Q ;�1';�Q C6:U;�C�Y'3�C6>'Q G'QS;�C63�RX58bH583�58c 73�58RT;�3WQSF8;�ABG(C63W;�Q C6:�x��<htQ �6><;W�};WCH�}c Q gk5����63WC61'Y'R^ABcSRTC�58:'�\AV�H58=`Q :��63XABRXR��3�C<C6;WR^Y(CHcSQ ;�Q FVAVc�ABF8;�Q b\Q ; 7�='58RXQ �6:'58=�;�Ce='5Ngk5VAV;"AVG(C63W;�Q C6:dY'3�CHY(C6:'58:<;�RAV:'=i58cS58F8;�AVG(CH3�;�Q C6:iC6Y'Y(CH:Z58:<;�R8xu�"G(C63W;�Q C6:�G(58FVAB_f56L�3TAV;�>'583�;W>�AB:RXQ _fY'c 7DAucS58�<AVctAB:Z=iF8C6:'RT;�Q ;�1';�Q C6:(ABctQSRTRT1Z56L�CH:'5`CVg";�>'5u_`A��WC63�Y(CV�cSQ ;�Q FVAVcOAB:Z=�RXC<F8QnAVc�F8C6:<;�3WCVb6583WRXQ 58R�CHgj;�>'5�ckAB;�5 æ K � �VReAB:Z=�;�>'5�� � �VR8x~dAV:<7eRT;XAV;W5tc 58�6Q RXcnAV;W1Z3W58R�3W58RXY(CH:'=Z58=�?�Q ;�>eA"RT1'F8F858RXRTQSCH:�CHg2RT;XAB;�1';�58RQS_�Y(C6RTQS:'��AV='='Q ;�Q C6:(AVc2YZ3WC\F858='1'3XABc�G'1'3�='58:'R�CH:`?tCH_f58:e?�>'C�RXCH1Z�H>\;AVG(CH3�;�Q C6:'R8q�gk58=Z583TAVctF8CH1'3�;f='58F8Q RXQ C6:'Re>'CHcS='Q :Z��;�>'58RT5`:'58?0RT;XAB;�1';�58R1':ZF8CH:'RX;WQS;W1Z;WQSCH:(AVc�1'RX1(AVc c 7�gkC6c c CV?t58=f5VABFo>rc 58�6Q RTckAB;�Q b65�Q :'QS;WQkAB;�Q b656x
Table 5: Equivalent Traversal Within Segments (15%
Path Within Every Segment): Encyclopedia Article 78,
Abortion: p5–9 segment-1, p21 segment 2. Single
Theme Article.
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Table 6: Important Properties for Different Traversal
Paths
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Table 7: Final Modified Traversal Path for Article 78
(Abortion).
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Table 8: Text Summary for Segment 1 (24411 World War 1).
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Table 9: Text Summary for Specialized Segment 3
(24411 World War 1).
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