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Preview

Clustering, or partitioning of datasets into subsets (also called clusters) so that the members of a cluster are
more similar to each other than to members of other clusters is a long standing problem with rich history
of documented research. Explosive use of the Internet and recent advances in information technology bring
new challenges to this exciting research area. In many important applications the data resides in high
dimensional vector spaces. While processing of high dimensional data represents computational challenges,
in many cases the high dimensional vectors are sparse. The sparsity allows an efficient data clustering. In this
one day workshop papers will be presented by experts from academia and industry. Clustering issues that
will be covered include: high dimensional clustering using both spectral and iterative relocation techniques,
and applications to intrusion detection and text analysis. The workshop held in conjunction with the
Fifth SIAM Conference on Data Mining brings together applied mathematicians, computers scientists, and
computational statisticians working toward design of next generation clustering algorithms and software.
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u�q�vprtu�q*y�mpdi�]q�}[|9mpoHq�uevp}�u�}[rtq��sf�q�mpoH}'�Edir§�ldirty*zlrtrtq�����©Ajsu�`Yvtmpdiy��
zl{g`Yv����Gq�rtol}c�ªmpoH`Ym��
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y�{gzlrSmpq�vpdijHk)`[{ik�}Yvpdimpolf�dgr¨q*«'zldi��`Y{gq�j'm3mp}4`§rtu�q�y�mtvw`[{'vpq*{g`Ybeq���k[vw`YuHo
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�g�^�+�t���l�{�����V�x�r�}�i�l�]�c����� �<¡C�g¢X�M���@£M���@¢	��¤��i�^�¥�x¦ §X�x�r�i�i�C¨+©
ª6«x¬t­®¬|¯±°c¬S¬t¯V­�²V­�³M´ µ|´G«X¶<·¸¯V­M¬t¯V­�¹º°¸»�­A³r¬|«X¹#¼�½k¾±¿±µ�¯V«XÀVÁ ²�Â±­Ã «c»X­�²�Ä�¹t« Ã ³�ÁGÀ^µ�¬|­�¹o¾ ¿ ·¸´>¬t¯�Å ¿ »X­�³M¬|«�¹@µS¬|«�³MÁÆÀ^µ�¬t­�¹º¾CÇ�·¸´G¬|¯ÅBÇk»�­�³M¬|«X¹tµ�´ µ Ã °X²C­kÂÉÈÊ¬|¯V­-Â^°x¬t³@¯/ËÍÌ Ã ­�°�¶^µ+°xÁÆÎ�«�¹t´G¬|¯ ÃÂ^°�µ|­�²$«�¶Ï­�ÐV° Ã ´G¶±°c¬|´Æ«�¶'«�Ä�¬t¯V­Ñ­�ÐCÒV¹|­Aµ|µ|´Æ«�¶�ÓGÓ ¼+Ì2Ô ¿ ÓÆÓoÌÓGÓ ¼+Ì2ÔgÇ�ÓÆÓ>Õ×Ö�¯V­<Ò±«�µ�´G¬|´Æ»�­<µ|´GÎX¶Ø«�Ä

Ù+Ú<Û ÓÆÓ ¼+Ì!Ô ¿ ÓÆÓ Ü�ÌÝÓÆÓ ¼+Ì2ÔgÇÉÓÆÓ Ü®Þß�à ÕÆá�â�ã
Ã °9È¥¬|¹t´ÆÎ�Î�­�¹o¬|¯V­ Ã «c»�­�Õ×äP¶+¬|¯^­�«x¬t¯V­�¹�¯^°x¶±²�¬|¯V­å³@¯^°x¶VÎX­¸´G¶¬|¯V­æ»c°�ÁGÀV­¥«xÄo¬|¯^­æ«�ÂCç�­A³r¬t´G»X­<Ä�ÀV¶^³M¬|´Æ«�¶Z³�°xÀ^µ|­�²�ÂÉÈ	¬t¯V­ Ã «c»X­´Æµ

ÙèÛ Å ¿Åk¿�Ìéá ÓÆÓ ¼+Ì!Ô8¿tÓÆÓ Ü¸Ì ÅBÇÅ Ç�ê á ÓÆÓ ¼+Ì!Ô Ç ÓÆÓ Üß�à ÕÆá�ë�ã
ß µ|­�­�­�Õ Î^Õ6ìGá�í9î�ãrÕ×Ö�¯^­æ²C´>ïÍ­�¹t­�¶±³M­�Â±­�¬�·�­�­�¶�¬|¯^­<­MÐCÒV¹t­�µtµ�´Æ«�¶^µ
Ù Ì Ù+Ú<Û áÅk¿ÍÌÝá ÓGÓ ¼+Ì2Ô ¿ ÓÆÓ Ü ê áÅ Çðê á ÓGÓ ¼+Ì!ÔgÇÉÓGÓ Ü�ñ íVò
ó�¶	Ò^°�¹�¬t´Æ³�ÀVÁÆ°�¹�ô�´G¬�´ µ�Ò±«�µ|µ|´GÂ^ÁG­P¬|¯^°x¬ Ù+Ú ´Æµ�¶V«X¶CõlÒg«Xµ|´G¬|´Æ»�­�ôÉ°x¶±²¬|¯V­¥Â^°c¬@³@¯ZËÍÌ Ã ­�°x¶±µ6´G¬|­�¹@°c¬t´G«X¶-ÁG­A°9»�­Aµ6¼J´Æ¶Z³MÁÆÀ^µ�¬|­�¹�¾ ¿ Õ�ö�¬¬|¯V­¸µt° Ã ­×¬t´ Ã ­�¬|¯V­�»c°xÁÆÀV­�«xÄ Ù ´ÆµºÒg«Xµ|´>¬t´G»X­�ô�°�¶^²æ¹t­�°Xµ|µ|´GÎX¶V´Æ¶VÎ¼w¬|«2¾CÇØ·�«�À^ÁÆ²÷²C­�³�¹|­A°�µ|­Øø+ÕÊó�¶^²C­�­�²�ô®Ä�«X¹�¬t¯V­k²V°c¬@°�µ|­M¬¥«�Äù®ÐV° Ã ÒVÁÆ­ à ÕÆáå°�¶^²k¼ Û ¼ Ü «X¶V­�¯^°�µÙ Ú Ûèú ¼ Ü Ì2Ô#û ú Ü Ì ú ¼ Ü Ì2Ô Ü ú Ü Û á¸Ì÷á Û íVÞ
°x¶^²

ÙèÛýüá ú ¼ Ü Ì2Ô#û ú Ü Ì á
ü ú ¼ Ü Ì2Ô Ü ú Ü Û ü Ì

á
ü Ûÿþü òÖ�¯V­Ø¹t­ Ã °�¹��w°x¶±²w¬|¯^­�­�ÐV° Ã ÒVÁÆ­Øµ|ÀVÎ�ÎX­�µ�¬¥¬t«!°�ÀVÎ Ã ­�¶�¬¥¬|¯V­Â^°c¬@³@¯-Ë�Ì Ã ­A°x¶^µ¸°�ÁGÎX«�¹t´>¬t¯ Ã ·¸´G¬|¯-´G¬|­�¹t°x¬|´Æ«�¶^µ�¹t­�°Xµ|µ|´GÎX¶V´Æ¶VÎ�°µ�´Æ¶VÎ�ÁÆ­�»�­�³M¬|«X¹ ß µ�«��É³�°�ÁGÁÆ­�²���´Æ¶^³M¹t­ Ã ­�¶�¬@°xÁ��B´G¬|­�¹@°c¬t´G«X¶^µ@ãrÕ�Ö�¯V­³M« Ã ÂV´Æ¶^°c¬t´G«X¶¥«�ÄgÂ^°x¬t³@¯�°x¶±²�´Æ¶^³M¹t­ Ã ­�¶X¬@°xÁV´G¬|­�¹t°x¬|´Æ«�¶^µo·�°�µo´Æ¶Cõ¬|¹t«É²VÀ^³M­A²Ø¹t­�³�­�¶�¬|ÁÆÈ	´Æ¶wì ü	� î{ô#ìGá ü î{ô#ìGá � î{Õ�Ö�¯^­�°xÀVÎ Ã ­�¶�¬|­A²Ø°�Á>õÎ�«�¹t´G¬|¯ Ã ß ¬|¯^°x¬×·�­¸µ|¯^°xÁÆÁV³�°�ÁGÁ±µ�´ Ã ÒVÁGÈ�ËÍÌ Ã ­�°x¶±µ¸ì>á � îlôgì ëcîião°�Á>õ·�°9ÈCµ¸«XÀC¬|Òg­�¹|Ä�«�¹ Ã µ�¬|¯V­¥Â^°c¬@³@¯ZËÍÌ Ã ­�°�¶^µ6°xÁÆÎ�«X¹|´G¬|¯ Ã Õ¸ª�«x¬|­

¬t¯^°c¬�
�À^°x¶�¬t´>¬t´G­Aµ�ÓÆÓ ¼+Ì2Ô8¿@ÓGÓ�¶V­�­�²C­A²<Ä�«X¹ ß]à ÕÆá�ë�ã8°x¹t­�³�« Ã ÒVÀC¬t­�²ÂÉÈ�°�¶ ´G¬|­�¹@°c¬t´G«X¶�«xÄØ¬|¯V­ ËÍÌ Ã ­A°x¶^µ!°xÁÆÎ�«X¹|´G¬|¯ Ã Õ ö�¶è´Æ¶Cõ³�¹|­ Ã ­�¶�¬t°�Á�´G¬|­�¹t°x¬|´Æ«�¶÷Ä�«�ÁÆÁG«c·¸´Æ¶VÎÊ°!Â^°c¬@³@¯÷´G¬|­�¹t°x¬|´Æ«�¶÷³�« Ã ­�µ�ô¬t¯V­�¹t­MÄ�«X¹|­Xô8°c¬�»É´G¹|¬|À^°�ÁGÁÆÈ-¶V«-°�²^²C´>¬t´G«X¶^°xÁ®³�« Ã ÒVÀC¬@°c¬|´Æ«�¶±°xÁo­MÐÉõÒg­�¶±µ�­XÕoäP¶V­�°xÒVÒVÁÆ´ ³�°c¬t´G«X¶æ«xÄ^¬|¯V­�Â^°c¬@³@¯¥ËÍÌ Ã ­�°�¶^µ#°�ÁGÎX«�¹t´>¬t¯ Ã´G¬|­�¹t°x¬|´Æ«�¶J°�ÀVÎ Ã ­�¶�¬t­�²kÂÉÈk´G¶^³�¹|­ Ã ­�¶�¬t°�ÁS´G¬|­�¹@°c¬t´G«X¶^µ6´ Ã+Ã ­�²C´Gõ°x¬|­�ÁGÈBÁÆ­�°X²Vµ�Ä�¹t« Ã �
�����ð¬|«B��Õ
�º´Æ¶^°xÁÆÁGÈ�·�­×¹t­ Ã °x¹��6¬t¯^°c¬o°x¶�°�ÒVÒVÁÆ´Æ³�°c¬|´Æ«�¶<«�Ä������	���¸·¸´G¬|¯Ò±°x¹@° Ã ­M¬t­�¹@µ�� Û í^òGá�°x¶^²���� � Û íVò í�íVáB¬|«2¬|¯V­�Ò^°x¹|¬|´G¬|´Æ«�¶�
���!�BÒV¹t«C²CÀ^³M­Aµk³M­�¶�¬t¹|«X´Æ²VµØÔ û Û íé°x¶^²ÑÔ Ü Û ü ò � ôP¬|¯ÉÀ^µ¹t­�³�«c»�­�¹|´Æ¶VÎ���Õó�¶2¬|¯V­+¶V­�ÐÉ¬�µ|­�³M¬|´Æ«�¶Z·�­+°xÒVÒVÁÆÈ"�#���$����°x¶±²-¬|¯^­+°xÄ�«�¹t­Mõ

Ã ­�¶X¬t´G«X¶V­�²'³�ÁGÀ^µ�¬|­�¹|´Æ¶VÎv°xÁÆÎ�«X¹|´G¬|¯ Ã µ!¬t«v»c°x¹t´G«XÀ^µÊ²V°c¬@°�µ|­M¬tµ�ÕÖ�¯^­¸«�ÂC¬@°x´Æ¶V­�²¥¹|­Aµ�À^Á>¬@µ®°x¶^²�Òg­�¹|Ä�«�¹ Ã °�¶^³M­�«�Ä±¬t¯V­6°xÁÆÎ�«X¹|´G¬|¯ Ã µ°�¹|­å¹t­�Òg«�¹|¬|­�²8Õ
% &('*),+.-0/21 ¼�354�Ô76 +	-8/2),+ 9�:<;
ó�¶ý¬|¯^´Æµ µ|­�³M¬|´Æ«�¶ ·�­ ¹t­�Òg«�¹|¬ ³MÁÆÀ^µ�¬t­�¹t´G¶^Îè¹t­�µ|ÀVÁG¬tµéÄ�«�¹Ý¬t¯V­Ä�«XÁGÁÆ«c·¸´Æ¶VÎ�²V«É³�À Ã ­�¶�¬�³M«XÁGÁÆ­�³M¬|´Æ«�¶^µ<=
áXÕ¸ö Ã ­�¹|ÎX­�¹<«�Ä�¬t¯V­�¬|¯^¹|­�­B²C«C³MÀ Ã ­�¶�¬�³�«�ÁÆÁG­A³r¬|´Æ«�¶±µæ°9»c°x´ÆÁ>õ°xÂVÁÆ­<°c¬?>@�.�.A?B�C C8D D D?E!F.�GEIH@� �JELK.M�HNC�O<���.P$CQ=

R�SUT í ßWV ­A²CÁ °x¹@µ T «�ÁÆÁG­A³r¬|´Æ«�¶Sô�á�í þXþ Ã ­A²C´Æ³�°xÁ�°�ÂCõµ�¬|¹@°�³r¬@µtãMÕ
R�SUT á ß T óLXÉó T «�ÁÆÁÆ­�³r¬t´G«X¶8ôåá à	Y íZ´Æ¶CÄ�«X¹ Ã °c¬t´G«X¶éµt³M´Gõ­�¶±³M­æ°xÂ±µ�¬t¹t°X³r¬tµ@ãrÕ
R�SUT ü ß T ¹@°x¶�Z^­�Á ² T «�ÁÆÁG­A³r¬t´G«X¶8ô�á þ ëXâk°x­�¹t«C²CÈÉ¶^° Ã õ´ ³�µ6°�Â^µ�¬t¹t°X³r¬@µtãMÕ

ü Õ¸Ö�¯V­ ü í�¶V­�·6µ|Î�¹t«�À^Ò^µ�²V°c¬@°�µ|­M¬6°9»c°x´ÆÁÆ°�ÂVÁG­�°c¬> � �.A?B�C.C$�@M M5E!P.F �GEIHNF@P[E\K	M	HNC�M@�$�@�$]��Q�8KQ�$C
^._$` K$D��0a b��$H Ac�	C ^ _$` K$Dc�0a.b��$H	A��*Ed>@�8�7�CÕ

R Ö�¯V­e� Ã ´Æ¶V´��2²V°x¬t°Xµ�­�¬+´ µ+°2µ|ÀVÂ^µ|­M¬�«�Ä�¬|¯^­f��Ä�ÀVÁÆÁg�²V°x¬t°�µ|­M¬P·¸´>¬t¯
á�íXí�²C«C³MÀ Ã ­�¶�¬@µ¸Ä�¹t« Ã ­�°�³@¯k«�Äº¬t¯V­
ü íihPµ�­�¶V­M¬6¶V­�·6µ�ÎX¹|«XÀVÒ^µ�Õ

R Ö�¯V­j��Ä�À^ÁGÁ��÷²^°c¬t°Xµ�­�¬Ø«�ÄØá�ëXë�ë k Ã ­�µtµ|°�Î�­�µB¬t°$��­�¶Ä�¹t« Ã ü í�hPµ�­�¶V­M¬6¶^­�·6µ|Î�¹t«�ÀVÒ^µ�Õ
l!­ ¹|­ Ã «c»�­ µ�¬|«XÒCõl·�«�¹@²Vµ ß µ|­�­
m �.A?B�C.C m �.A?E�F �GE!F$��b ` K.� ��ELK	M$HNC0A H ]QC@������b �QC	K ` aQ�QP$�0>nE��0���$ACãMô°�¶^²Jµ�¬|­ Ã ¬|¯V­¥¬|­�Ð�¬@µ ß µ�­�­�ìGá�âcîiãMÕol!­æ¬t¯V­�¶!µ�­�ÁG­A³r¬qpr��Âg­�µ�¬��¬t­�¹ Ã µ�ôC°xÒ^ÒVÁGÈ�ó S �GsÝ¶V«�¹ Ã °xÁÆ´utA°c¬t´G«X¶Bµ|³@¯V­ Ã ­�ì âcî{ôC°x¶^²	ÂVÀV´ÆÁÆ²»X­�³M¬|«�¹@µ8«�Äg²C´ Ã ­�¶^µ|´Æ«�¶vpBÄ�«�¹o­�°X³@¯�²C«C³MÀ Ã ­�¶X¬×³�«�ÁÆÁG­A³r¬|´Æ«�¶ ß µ|­�­ì à î�Ä�«�¹<¬t¯V­	»X­�³M¬|«�¹¥µ�Ò^°X³M­ Ã «C²C­�Á�²C­�µt³M¹t´ÆÒC¬|´Æ«�¶
°�¶^²w³M«X¶^µ�À^Á>¬ì ë9î�Ä�«X¹Êµ|­�ÁÆ­�³M¬|´Æ«�¶$ÒV¹t«É³�­�²CÀ^¹|­Ý²C­M¬@°x´ÆÁÆµ�ô+ÀV¶VÁÆ´u�X­vì ë9îB´Æ¶è¬|¯V´ µ­�ÐCÒ±­�¹|´ Ã ­�¶�¬¸·�­å¹t°x¬|­<°xÁÆÁ�³M«XÁGÁÆ­�³M¬|´Æ«�¶Ø¬|­�¹ Ã µtãMÕ×Ö�¯V­Uw×¹t´G¶±³M´ÆÒ^°xÁ
S ´Æ¹|­A³r¬|´Æ«�¶ S ´Æ»É´Æµ|´G»X­xw®°�¹�¬t´>¬t´G«X¶V´Æ¶VÎ ß w SyS w�ã�´Æ¶X¬t¹|«C²CÀ±³M­�²
´G¶ì Y î+´Æµ!°xÒ^ÒVÁG´Æ­�²v¬|« ° »�­�³M¬|«X¹2µ|­M¬Z¬t« Î�­�¶V­�¹@°c¬t­w¬|¯^­�´Æ¶V´>¬t´Æ°�ÁÒ±°x¹|¬|´G¬|´Æ«�¶��U�u���@Õzl!­w¬t¯V­�¶ °�ÒVÒVÁÆÈ ¬|¯V­
Â±°c¬t³@¯$ËÍÌ Ã ­�°x¶±µ�ôË�Ì Ã ­A°x¶^µ�ô#°�¶^²f�#���$���Ø¬t«-¬|¯V­	Ò^°x¹|¬|´G¬|´Æ«�¶
�
������°�¶^²!¹|­�Ò±«X¹�¬

�À^°�ÁG´G¬|´Æ­�µ
«xÄ�¬|¯V­ «XÂC¬t°�´G¶^­�²{Z^¶^°�ÁBÒ^°x¹|¬|´G¬|´Æ«�¶±µ
°xÁÆ«�¶VÎ ·¸´G¬|¯¬t¯V­�¶ÉÀ Ã Â±­�¹P«�Ä×´>¬t­�¹@°c¬t´G«X¶^µ�Òg­�¹|Ä�«�¹ Ã ­�²kÂÉÈk­�°X³@¯Z°xÁÆÎ�«X¹|´G¬|¯ Ã Õ

á�â
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Design of a MATLAB toolbox for term-document matrix generation
�

Dimitrios Zeimpekis† Efstratios Gallopoulos‡

Abstract
Data clustering and many other fundamental operations in data
mining and information retrieval are built using computational
kernels from numerical linear algebra and operate on very large,
sparse term-document matrices. To facilitate these tasks, we have
built TMG, a toolbox for the generation and incremental modifica-
tion of term-document matrices from text collections. The toolbox
is written entirely in MATLAB, a powerful and popular problem
solving environment for linear algebra. It can be used in research
and education contexts to streamline document preprocessing and
prototyping of algorithms for information retrieval. We outline
the design and use of TMG and present results, from standard and
readily available datasets of moderate size, concerning the effect of
stemming and term weighting on clustering algorithms based on
the vector space model.

Keywords: Indexing, term-document matrix, Vector Space
Model, Clustering, MATLAB

1 Introduction
Two central tasks in Data Mining (DM) and Information Re-
trieval (IR) models are a preprocessing, “indexing” phase, in
which the index of terms is built, and a “search” phase, dur-
ing which the index is used in the course of queries, cluster-
ing and other operations. This paper outlines TMG, a toolbox
that i

�
preprocesses documents to construct an index in the

form of a sparse “term-document matrix”, hereafter abbre-
viated by “tdm”, and ii

�
preprocesses user queries so as to

make them ready for further IR and DM. TMG is written en-
tirely in MATLAB [4] and runs on any computer system that
supports this environment. TMG parses single or multiple
files or entire directories containing text, performs the neces-
sary preprocessing, such as stopword removal and stemming
and constructs a tdm according to parameters set by the user.

�
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It is also able to renew existing tdm’s by performing efficient
updates or downdates corresponding to the incorporation of
new or deletion of existing documents. Therefore, TMG is
expected to be particularly useful in the context of algorithm
development for research and instruction in the blossoming
area of Text Mining [31].

There exist already several tools for constructing tdm’s
since IR systems that are based on vector space techniques
(e.g. Latent Semantic Indexing) are obliged to operate on
rows and columns of such matrices; see e.g. [3, 25, 29].
The Telcordia LSI Engine, the General Text Parser (GTP)
([2, 18]), the PGTP (an MPI-based parallel version of GTP),
the DOC2MAT [1] developed in the context of the CLUTO IR
package [21] and the scripts mc [5, 16] and countallwords
(included in the PDDP package [13]), are examples of useful
tools for the construction of tdm’s, implemented in high
level or scripting languages (e.g. C, C++, Java, Perl).
In view of the significant presence of computational linear
algebra (CLA) kernels in vector space techniques for IR,
we felt that there was a “market need” for a MATLAB-
based tdm generation system, as MATLAB is a highly popular
problem solving environment for CLA that enables the rapid
prototyping of novel IR algorithms.

TMG assumes that documents are to be represented as
term vectors and can be used to complement algorithms and
tools that work with tdm’s, e.g. [9, 12, 16]. For example,
TMG was used in recent experiments included in [23, 28],
and in our work with a generalization ([33]) of the Principal
Direction Divisive Partitioning (PDDP) clustering algorithm
[12, 13] and in [32]. Even though TMG is not tied to specific
algorithms of the vector space model, it includes related
MATLAB templates to facilitate the development of routines
for querying and clustering. The toolbox makes heavy use
of the sparse matrix infrastructure of MATLAB; on the other
hand, in its current form, TMG does not employ term data
compression techniques. As a result, we expect that the
system will be most useful for datasets of moderate size,
whereas, a system such as GTP would probably be a better
choice for much larger ones. TMG and its documentation are
available from

http://scgroup.hpclab.ceid.upatras.gr/
scgroup/Projects/TMG/

This paper is organized as follows. Section 2 outlines



TMG, its core functions and the various options provided in
the package. Section 3 discusses implementation issues, in
particular the utilization of MATLAB’s sparse matrix tech-
nology. In Section 4 we demonstrate the use of TMG while
providing experimental results concerning the effect of stem-
ming and term weighting in clustering. Finally, Section 5
provides concluding remarks.

2 The Text to Matrix Generator
2.1 Outline. TMG is designed to perform the preprocess-
ing and filtering steps that are typically performed in the con-
text of IR applications [6]. Specifically, TMG can be used for
the following typical IR steps (in parentheses are the names
of the relevant MATLAB m-functions):

� creation of the tdm corresponding to a set of documents
(tmg);

� creation of query vectors from user input (tmp query);

� update existing tdm by incorporation of new documents
(tdm update);

� downdate existing tdm by deletion of specified docu-
ments (tdm downdate).

The document preprocessing steps encoded by TMG are
the following: i � Lexical analysis; ii � stopword elimination,
that is the removal of very frequent words such as articles,
prepositions, conjunctions, etc. that carry little information
about the contents of the processed documents; iii � stem-
ming, that is the replacement of all variants of a word with
a single common stem; iv � index-term selection, that is the
selection of a subset of words encountered in the documents
to form the document index; v � index construction. These
steps are tabulated in Table 1.

2.2 User interface. The user interacts with TMG by means
of any of the aforementioned basic functions or a graphical
interface (GUI) implemented in function tmg gui. The GUI
facilitates user selection of the appropriate options amongst
the many alternatives available at the command-line level.

A user that desires to construct a tdm from text will
either use tmg or tmg gui. The specific invocation of the
former is of the form:

[outargs]=tmg(‘fname’, OPTIONS);

where outargs is the output list:

[A, dictionary, global wts, norml factors,
words per doc, titles, files, update struct].

The tdm is stored in A, while dictionary is a char array con-
taining the collection’s distinct words, and update struct

Function tmg
Input: filename, OPTIONS
Output: tdm, dictionary, and several optional outputs;
parse files or input directory;
read the stoplist;
for each input file,

parse the file (construct dictionary);
end
normalize the dictionary (remove stopwords and too long
or too short terms, stemming);
construct tdm;
remove terms as per frequency parameters;
compute global weights;
apply local weighting function;
form final tdm;

Table 1: Steps in function tmg

contains the essential information for the collection’s re-
newal (see Section 3.2). The other output arguments store
statistics for the collection.

Argument ‘fname’ specifies the file or directory that
contains the raw ASCII text. If the argument is a directory,
TMG processes all files in the directory and recursively in
all its subdirectories. TMG assumes that all files are valid
inputs. Files suffixed with html[s] are assumed to be ASCII
files written in the implied markup languages and are filtered
to eliminate their corresponding tags. If a utility such as
Ghostscript’s ps2ascii is available, TMG is also able to
process Adobe Acrobat PDF and POSTSCRIPT documents.
Furthermore, it is not difficult for the user of TMG to enable it
to process other types of documents as long as the necessary
filters are in place.

The options available at the command line are set via the
fields of the MATLAB OPTIONS structure; these are tabulated
in Table 2 together with their default values. OPTIONS field
delimiter specifies the delimiter that separates individual
documents within the same file. The default delimiter
is a blank line, in which case TMG is likely to generate
more “documents” than the number of files given as input.
OPTIONS field line delimiter specifies if the delimiter
takes a whole line of text. Field stoplist specifies the file
containing the stopwords, i.e. the terms excluded from the
collection’s dictionary [10]. We note that the current release
of TMG contains the sample stoplist contained in the GTP
[2]. Field stemming controls the application of stemming,
currently performed via a MATLAB implementation of a
version of Porter’s stemmer [26, 27].

The next two parameters are thresholds used to exclude
from the dictionary’s construction terms that exceed or fall
below them; this is typical in IR filtering. Terms that are
too short are likely to be articles and conjunctions that are
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delimiter String specifying the “end-of-document” marker for tmg. Possible values are emptyline (default),
none delimiter (treats each file as a single document) or any other string

line delimiter Variable specifying if the delimiter takes a whole line of text (default, 1)
stoplist Filename for stopwords (default no name, meaning no stopword removal)
stemming A flag that indicates if stemming is to be applied (1) or not (0) (default stemming=0)
min length Minimum term length (default 3)
max length Maximum term length (default 30)
min local freq Minimum term local frequency (default 1)
max local freq Maximum term local frequency (default Inf)
min global freq Minimum number of documents for a term to appear to insert it in the dictionary (default 1)
max global freq Maximum number of documents for a term to appear to insert it in the dictionary (default Inf)
local weight Local term weighting function (default ‘t’, possible values ‘t’, ‘b’, ‘l’, ‘a’, ‘n’)
global weight Global term weighting function (default no global weighting used, ‘x’, possible values ‘x’, ‘e’, ‘f’,

‘g’, ‘n’, ‘p’)
normalization Flag specifying if document vectors are to be normalized (‘c’) or not (‘x’) (default)
dsp Flag specifying if results are to be printed in the command window (1, default) or not (other)

Table 2: OPTIONS fields.

of little value as indexing terms while terms that are too
long are likely to be misprints. The next four parameters
are also thresholds that serve a similar purpose, but using a
“frequency of occurrence” criterion.

Each element αi j of the tdm A measures the importance
of term i in document j and in the entire collection. There has
been proposed various term weighting schemes using alter-
native functions for the local and global weighting for a term.
Another usual practice is the use of normalization for each
document vector. This normalization factor is used for the
obliteration of bias towards longer documents [30]. OPTIONS
fields local weight, global weight and normalization
define the term weighting and normalization schemes used
for the construction of the tdm [10, 24]. The weighting func-
tions available in TMG are listed in Table 3.

The last OPTIONS field, dsp indicates if the intermedi-
ate results are printed on the MATLAB command window.
Function tmg query uses the dictionary returned by tmg and
constructs, using the same processing steps as TMG, a “term
query” array whose columns are the (sparse) query vectors
for the text collection. The function is invoked by means of
the command:

[Q, wds per query, titles,files]=
tmg query(‘fname’,dictionary,OPTIONS);

2.2.1 Graphical User Interface. As described so far, the
main toolbox functions tmg and tmg query offer a large
number of options. Moreover, it is anticipated that future
releases will further increase this number to allow for addi-
tional flexibility in operations and filetypes handled by TMG.
In view of this, a GUI, we would be calling TMG GUI, was
created to facilitate interaction with these functions. The in-

terface window (see Fig. 1) is invoked at the command line
by means of command tmg gui. The GUI was constructed
by means of the interactive MATLAB tool GUIDE. TMG GUI
consists of two frames: One provides an edit box so that the
user can specify the input filename expected by tmg; the
other provides radio buttons, edit boxes, lists and toggle but-
tons for the optional arguments of tmg, tmg query and up-
date routines. After specifying all necessary parameters, and
the Continue button is clicked, TMG GUI invokes the appro-
priate function. The progress of the program is shown on the
screen; upon finishing the user is queried if and where he
wants the results to be saved; results are saved in MATLAB-
mat file(s), i.e. the file format used by MATLAB for saving
and exchanging data.

3 Implementation issues
We next address some issues that relate to the design choices
made regarding the algorithms and data structures used in
TMG.

3.1 Sparse matrix infrastructure. Our objectives were to
build data structures that would achieve i � efficient process-
ing of the kernel operations in the expected IR tasks; ii � low
cost of creating and updating them; iii � low storage require-
ments. The “end product” produced by TMG is the tdm rep-
resenting the data provided to the tool. Tdm’s are usually ex-
tremely sparse. Therefore, a natural object for representing
tdm’s are MATLAB sparse arrays. It is worth noting that with
the popularity of vector space models (VSM’s) such as LSI,
sparse matrix representations have become popular for IR
applications; for example, GTP and the Telcordia LSI Engine
use the Harwell-Boeing format ([2, 15, 18]), while the mc
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Symbol Name Type
Local term-weighting (li j)

t Term frequency fi j
b Binary b � fi j �
l Logarithmic log2 � 1 � fi j �
a Alternate log [24] b � fi j � � 1 � log2 fi j �
n Augmented normalized � b � fi j � �	� fi j 
 maxk fk j ����
 2

term frequency
Global term-weighting (gi)

x None 1
e Entropy 1 �	� ∑ j � pi j log2 � pi j �
�

 log2 n �
f Inverse document log2 � n 
 ∑ j b � fi j �
�

frequency(IDF)
g GfIdf � ∑ j fi j �

 � ∑ j b � fi j �
�
n Normal 1 


�
∑ j f 2

i j

p Probabilistic Inverse log2 �
� n � ∑ j b � fi j ����
 ∑ j b � fi j �
�
Normalization factor (ni j)

x None 1
c Cosine � ∑ j � gili j � 2 �
� 1 � 2

Table 3: Term-weighting and normalization schemes [10, 24].

toolkit ([5]) uses the compressed sparse column format also
used by TMG. Furthermore, recent studies indicate the ad-
vantage of sparse matrix over traditional IR representations
such as inverted indexes [19].

Another data structure popular in the context of Boolean
searches for representing document collections is the “in-
verted index”. Such a structure typically consists of a term
dictionary and a “posting list” associated with each term; for
each term t, the posting list consists of pairs ������� ����� nt � ,
where ����� ��� is an integer document identifier and nt is
an integer recording the number of occurrences of the term
in the document. Restricting the representation to an in-
verted index, however, complicates the implementation of
non-Boolean searches (e.g. in the form of incremental com-
putations, cf. [6]), especially dimensionality reduction trans-
formations that are at the core of LSI. On the other hand,
an inverted index becomes useful as a transient data struc-
ture, when building the sparse tdm. In particular, to build
directly the target tdm as a MATLAB sparse array, one would
require very fast concatenation and access to new rows and
columns. This would become inefficient at the matrix cre-
ation phase since, typically, it is not possible to have a good a
priori estimate of the matrix size and total number of nonze-
ros. We represent the inverted index by means of two MAT-
LAB cell arrays, one for the dictionary and the other for the
posting list. Each element of the latter cell array is a nu-
meric array of size 2 � dt , where dt is the number of doc-
uments containing the corresponding term, containing the

pairs ������� ����� nt � . After parsing the collection, cleaning and
stemming the dictionary, each cell array for the posting list is
copied to another cell array each element of which is a MAT-
LAB sparse column vector of size n. Finally this cell array is
converted to the sparse array that contains the tdm by means
of the cell2mat command. We note that TMG uses MAT-
LAB functions such as unique and ismember that improve
significantly the efficiency of the parsing phase.

MATLAB provides an effective environment for sparse
computations (cf. [17]) that is utilized by TMG. Matrices
classified as sparse are stored in the compressed sparse col-
umn format (CSC) (cf. [7]). MATLAB 6.5 uses 8 byte re-
als and 4 byte integers, and the total workspace occupied
by a sparse non-square tdm A is approximately Mem � A �! 
12nnz � 4 � n � 1 � bytes (the exact value depends on a MAT-
LAB estimate of the total number of nonzeros of the sparse
matrix [17]. Therefore, for non-square matrices, the space
requirements are asymmetric, in the sense that Mem � A �#" 
Mem � A $ � , though the storage difference is 4 %m � n % , which
is small relative to the total storage required. MATLAB is
known to be much more efficient when operations are ex-
pressed in matrix or vector format rather than using loops
operating on each element1; single element access takes time
at least proportional to the logarithm of the length of its con-
taining column and inserting or removing a nonzero may re-
quire extensive data movement. By expressing and coding

1Note that this difference has been less pronounced in recent versions of
MATLAB that implement more advanced compilation techniques.
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Figure 1: TMG GUI.

the more intensive manipulations in TMG in terms of MAT-
LAB sparse matrix operations, the cost of operating on tdm
becomes proportional to the number of nonzeros in the tdm.
We can demonstrate such a linearity for an operation such as
the multiplication of the tdm with any vector, a kernel op-
eration in vector space techniques, including LSI based on
iterative methods. The plots in Figure 2 depict the time re-
quired by TMG for the construction of tdm’s corresponding
to three standard data collections, namely MEDLINE, CRAN-
FIELD and CISI, relative to the number of their nonzeros2.

3.2 TMG for document renewal. The problem of effective
updating or downdating tdm’s is of importance as it is key
to the effective maintenance of document collections in an
IR system. For example, the problem of updating and
downdating of a collection in an IR system based on LSI
leads to interesting CLA questions related to the design
of effective algorithms for the update of the SVD; see
for example [25, 34]. In our case, we are interested in
the simpler problem of modifying the tdm so as to retain
independence from the underlying vector space technique.
To that effect, TMG includes routines (functions tdm update

2All experiments were conducted on a 2.8GHz Pentium 4 PC with
512MB RAM running Windows XP and MATLAB 6.5.
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Figure 2: Runtimes (sec) of TMG versus the number of
nonzeros in the tdm.

42



and tdm downdate) for modifying an existing tdm so as to
take into account the arrival or deletion of documents. Note
that the addition of new documents, will not only cause
an increase of the number of columns of the tdm, but can
also cause an increase in the number of rows and a change
of existing tdm entries. The latter can change because the
parameters defining the weights change to reflect the new
term frequencies, etc. The number of rows can increase
either because i & new terms are encountered and satisfy
the filtering requirements; and/or ii & terms in the original
dictionary that were excluded by filtering suddenly become
valid entries. This means that to update properly, we need
to keep the entire dictionary of terms encountered during
parsing (before any filtering steps have been performed) as
well as the term frequencies of all terms. In that case, we
would also be able to update the matrix when parameters
such as the maximum and/or minimum global frequencies
change; note that in the latter case, some terms might become
invalid causing row removal from the tdm.

To perform updates, the first time TMG is run, it must
keep the entire dictionary as well as the sparse tdm resulting
before any filtering; this is done in a MATLAB structure array
object (struct) denoted by update struct. We avoid us-
ing one full and one normalized (post-filtering) dictionary by
working only with the full dictionary and a vector of indices
indicating those terms active in the normalized dictionary,
stored in the same struct object. Function tdm downdate
operates in the same way, by removing documents from the
collection. The user has to specify the update struct and a
vector of integers denoting the document indices of the nor-
malized data matrix that he wants be remove.

4 TMG in clustering experiments
4.1 The BIBBENCH dataset To illustrate the use of TMG
we created a new dataset, we call BIBBENCH consist-
ing of three source files from publicly accessible bibli-
ographies3 in BIBTEX (the bibliography format for LATEX
documents), with characteristics shown in Table 4. The
first, we call BKN, is a 651 entry bibliography contained
in the book [22], though loaded sometime before printing
and therefore not corresponding exactly to the final edition.
The major theme is clustering. The second bibliography,
BEC is from http://jilawww.colorado.edu/bec/bib/,
a repository of BIBTEX references from topics in
Atomic and Condensed Matter Physics on the topic of
Bose-Einstein condensation. When downloaded (Jan.
24, 2005) the bibliography contained 1,590 references.
The last bibliography, GVL, was downloaded from
http://www.netlib.org/bibnet/subjects/ and con-
tains the full 861 item bibliography of the 2nd edition (1989)
of a well-known treatise on Matrix Computations [20]. The

3The bibliographies are directly accessible from the TMG web site.

file was edited to remove the first 350 lines of text that con-
sisted of irrelevant header information. All files were stored
in a directory named BibBench. It is worth noting that, at
first approximation, the articles in BEC could be thought
as belonging in one cluster (“physics”) whereas those in
BKN and GVL in another (“linear algebra and information
retrieval”).

We first used TMG to assemble the aforementioned
bibliographies using term weighting, no global weighting,
no normalization and stemming (txx s) thus setting as non-
default OPTIONS

OPTIONS.delimiter=’@’;
OPTIONS.line delimiter=0;
OPTIONS.stoplist=’bibcommon words’;
OPTIONS.stemming=1;
OPTIONS.min global freq =2; OPTIONS.dsp=
0

therefore, any words that appeared only once globally were
eliminated (this had the effect of eliminating one docu-
ment from GVL). The remaining packet had 3,101 bibli-
ographical entries across three plain ASCII files KNB.bib,
BEC.bib, GVL.bib. The stoplist file was selected to con-
sist of the same terms found in [18] augmented by keywords
utilized in BIBTEX and referring to items that are not use-
ful for indexing, such as author, title, editor, year,
abstract, keywords, etc.

The execution of the following commands

varargout=tmg(’BibBench’,OPTIONS);

has the following effect (compacting for some pretty-
printing):

=============================================
Applying TMG for directory C:/TMG/BibBench...
=============================================
Results:
=============================================
Number of documents = 3101
Number of terms = 3154
Avg number terms per document (before

normalization) = 36.9987
Avg number of indexing terms per

document = 11.9074
Sparsity = 0.362853%
Removed 302 stopwords...
Removed 964 terms using the

stemming algorithm...
Removed 2210 numbers...
Removed 288 terms using the

term-length thresholds...
Removed 6196 terms using the

global thresholds...
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feature BEC BKN GVL BIBBENCH txx s

documents 1,590 651 860 3,101
terms (indexing) 1712 1159 720 3,154
stemmed terms 372 389 221 964
avg. terms/document 41 38 28 37
avg. terms/document (indexing) 13 13 8.40 12
tdm nonzeros (%) 0.74 1.00 1.15 0.36

Table 4: BIBBENCH dataset.
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Figure 3: Values of each of the 3101 components of the max-
imum right singular vector vmax of the BIBBENCH dataset vs.
their location in the set. The vertical lines that separate the
three BIBTEXfiles and the labels were inserted manually.

Removed 0 elements using the
local thresholds...

Removed 0 empty terms...
Removed 1 empty documents...

A simple combination of commands depicts the frequencies
of the most frequently occurring terms. After running TMG
as above, the commands

f=sum(A,2); plot(f,’.’); [F,I]=sort(f);
t=20; dictionary(I(end:-1:end-t+1),:)

plot the frequencies of each term (Fig. 4) and return the
top t ' 20 terms of highest frequency in the set, listed in
decreasing order of occurrence below:

phy rev os condens instein lett atom
trap comput algorithm cluster method
data ga usa system matrix linear matric
mar

We next use TMG to modify the tdm so that it uses a different
weighting scheme specifically tnc and stemming. This can
be done economically with the update struct computed
earlier as follows:

update struct.normalization=’c’;
update struct.global weight=’n’;
A=tdm update([],update struct);

Using MATLAB’s spy command we visualize the sparsity
structure of the tdm A in Fig. 4 (right). In the sequel we
apply two MATLAB functions produced in-house, namely
pddp and block diagonalize. The former implements the
PDDP(l) algorithm for clustering of term-document matrices
[33]. We used l ' 1 and partitioned in two clusters only,
so that results are identical with the original PDDP algorithm
[12]. In particular, classification of each document into one
of the two clusters is performed on the basis of the sign of the
corresponding element in the maximum right singular vector
of matrix A ( Aee )+* n, where e is the vector of all 1’s. The
MATLAB commands and results are as follows:

>> clusters = pddp(A,’svds’,’normal’,’1’,2);
Running PDDP(1) for k=2...
Using svds method for the SVD...
Splitting node #2 with 3101 documents
and 55.558 scatter value

Leaf 3 with 1583 documents
Leaf 4 with 1518 documents

Number of empty clusters = 0
PDDP(1) terminated with 2 clusters

Fig. 3 plots the maximum singular vector vmax correspond-
ing to the BIBBENCH dataset. Even though our goal here
is not to evaluate clustering algorithms, it is worth noting
that PDDP was quite good at revealing the two “natural clus-
ters”. Fig. 3 shows that there are some documents from BEC
(marked with ‘+’) that were classified in the “clustering and
matrix computations” cluster and very few documents from
BKN and GVL that were classified in the “physics” cluster.

Finally, function block diagonalize implements and
plots the results from a simple heuristic for row reordering
of the term-document matrix based on pddp. In particular,
running
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Figure 4: BIBBENCH term frequencies (left); tdm sparsity structure using spy (right).

>> block diagonalize(A, clusters);

we obtain Fig. 5 (left), while the other plot of Fig. 5 depicts
the same result when running PDDP , 1 - for k . 4. This il-
lustrates the improvement made by the clustering procedure.
We note here that experiments of this nature, in the spirit
of work described in [11], are expected to be useful for in-
struction and research, e.g. to visualize the effect of novel
reordering schemes. Finally, Table 5, shows the size and ten
top most frequent terms (after stemming) for each of the four
clusters obtained using PDDP , 1 - for k . 4. There were two
“physics” clusters, the theme of another appears to be “lin-
ear algebra” while the theme of the last one is “data mining”.
The terms also reveal the need for better data cleaning ([14]),
e.g. by normalizing or eliminating journal names, restoring
terms, etc.: For instance, numermath, siamnum were gen-
erated because of non-standard abbreviations of the journals
“Numerische Mathematik” and “SIAM Journal of Numerical
Analysis”. Terms instein and os were generated because
of entries such as / E 0 instein and / B 0 ose, where the brack-
ets were used in the BIBTEX to avoid automatic conversion
to lower case.

4.2 Evaluating term-weighting and stemming We next
use the flexibility of the toolbox to study the effect of dif-
ferent term weighting and normalization schemes and stem-
ming on clustering text collections. We used part of col-
lection REUTERS-21578, that is composed of 21,578 docu-
ments, 8,654 of which belong to a single topic. We applied
TMG in three parts of REUTERS-21578 comprising of 22, 9
and 6 classes of documents. Table 6 gives the features of
the three parts labeled as REUT1, REUT2 and REUT3, as re-
ported by TMG. We experimented on the aforementioned

I (1,033) II (553) III (633) IV (885)
phy phy matric cluster
rev instein numermath usa
os rev matrix data

condens condens eigenvalu comput
trap os siamnuman mine

instein lett symmetr algorithm
ga ketterl linalgapp york

atom atom problem analysi
lett optic linear parallel

interact mar solut siam

Table 5: Ten most frequent terms for each of the four clusters
of BIBBENCH using PDDP(1). In parentheses are the cluster
sizes. We applied stemming but only minimal data cleaning.

collections with all possible schemes available in TMG and
recorded the entropy values using two representative clus-
tering algorithms: Spherical k-means (Skmeans) [16] as a
representative partitioning method and PDDP [12], as a rep-
resentative hierarchical partitioning technique based on spec-
tral information.

The stoplist file was the default obtained from GTP,
while stemming was enabled. As shown in Table 6, stem-
ming causes a significant - up to 30% - reduction in dictio-
nary size.

There are 60 possible combinations for term weighting
and normalization in constructing the term document matrix.
Taking into account the use or not of stemming, there are a
total of 120 parameter combinations. We ran all of them on
the aforementioned data collections and recorded the results
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Figure 5: spy view of BIBBENCH tdm’s for k 1 2 (left) and k 1 4 (right) clusters.

feature REUT1 REUT2 REUT3
documents 880 900 1,200
terms (ind.) 4,522 4,734 5,279
avg. terms/doc. 179 180 175
avg. terms/doc. (ind.) 81 83 81
tdm nonzeros (%) 0.20 0.20 0.81
terms (after stemming) 3,228 3,393 3,691
dict. size reduction (%) 29 28 30

Table 6: Characteristics of document collections used in the
clustering experiments

for PDDP and Skmeans. Table 7 lists the entropy values
obtained using the 5 weighting and normalization schemes
that returned the best results. An “ s” symbol implies
the application of stemming whereas “ ns” means that no
stemming was used.

Table 7 indicates some results, concerning the perfor-
mance of PDDP and Skmeans in the context of stemming
and the variety of term weighting options that are worth
reporting. First, note that Skmeans returns good entropy
values, about 45% better than PDDP for REUT2. Further-
more, stemming seems to improve quality in clustering in
most cases resulting in lower entropy values, while it is clear
from Table 7 that cosine normalization improves clustering
in all cases (Skmeans normalizes the document vectors by
default). Although Table 7 does not provide clear guidance
regarding the selection of specific term weighting schemes
we can see that ‘logarithmic’ and ‘alternate log’ local func-
tions and ‘entropy’ and ‘IDF’ global functions appear to re-

REUT1 REUT2 REUT3
PDDP

tpc s 1.46 lec ns 1.11 aec s 0.85
tec s 1.54 afc ns 1.13 lec s 0.90
tfc s 1.58 aec ns 1.14 tec s 0.92
tec ns 1.59 tec s 1.17 tec ns 0.93
lec s 1.61 tfc ns 1.18 bxc ns 0.96

Skmeans
tpc s 1.18 axc s 0.61 bxc ns 0.66
tpc ns 1.23 aec s 0.73 lec ns 0.67
tfc s 1.28 lec ns 0.73 lxc ns 0.73
tec s 1.30 lxc s 0.73 axc s 0.74
afc s 1.31 tfc s 0.73 bxc s 0.74

Table 7: Entropy values for PDDP and Skmeans.

turn good results. More interestingly, we get high quality re-
sults using the simple ‘term frequency’ local function, while
weighting terms globally does not improve necessarily the
quality of clustering.

5 Conclusions
We outlined the design of a MATLAB toolbox for the con-
struction of tdm’s from text collections. TMG makes heavy
use of MATLAB’s sparse matrix infrastructure. Our moti-
vation was to facilitate users, such as researchers in com-
putational linear algebra who use MATLAB to build algo-
rithms for textual information retrieval and are interested in
the rapid preparation of test data. We demonstrate the use
and performance of our system for several publicly available
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datasets, including REUTERS-21578 and on BIBBENCH, an
easy to construct dataset of bibliography entries in BIBTEX
format. Extensive experiments with TMG over the REUTERS-
21578 collection and an exhaustive combination of term
weighting and normalization schemes and stemming indi-
cate the success of specific weighting schemes. They show
that stemming can improve quality and efficiency of clus-
tering but also underline that such benchmarking becomes
easy with TMG. To the best of our knowledge, TMG is the
first MATLAB toolbox possessing the range of capabilities
described herein. We expect the system to become useful in
several research and educational contexts and point users to
[22] and the tool’s website for more information. In addi-
tion to operating the tool for our experiments in the field of
IR, we are currently working in enabling the tool to process
a variety of other document types as well as in distributed
implementations. Finally, we expect that MATLAB 7.0 will
permit an even more efficient implementation because of its
support for integer and single-precision floating-point arith-
metic.
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