1Acquaintance:Language-Independent Document Categorization by N-GramsStephen HuffmanDepartment of DefenseFt. George G. Meade, MD 20755-6000Acquaintance is the name of a novel vector-space n-gram technique for categorizing documents.The technique is completely language-independent, highly garble-resistant, and computationally simple. Anunoptimized version of the algorithm was used to process the TREC database in a very short time.Acquaintance is the name of a technique for information processing that combinesthe robustness of an n-gram-based algorithm with a novel vector-space model.Acquaintance gauges similarity among documents on the basis of common features,permitting document categorization based on a common language, a common topic, orcommon subtopics. The algorithm is completely language- and topic- independent, and isresistant to garbling even at the 10% to 15% (character) level. Acquaintance is fullydescribed in Damashek, 1995. The TREC-3 conference provided the first publicdemonstration and evaluation of this new technique, and TREC-4 provided an opportunityto test its usefulness on several types of text retrieval tasks.The Acquaintance algorithm can be used for processing sets of documents in twodistinct ways. One method explores the conceptual space of a set of documents bydetermining the degree of similarity among all the documents in that set. When thedocuments are then viewed with a visualization tool that arranges them so that the distancebetween them corresponds with their putative degree of similarity, the conceptual spacedefined by those documents becomes apparent. That is, those documents which are similar,and thus most probably related by language or topic, will cluster together. Furthermore,documents that relate to several different topics will be obvious due to their positions andthe strengths of their connections to more than one cluster of documents. Those documentswhich are not clearly similar to any others in the set will stand alone and unconnected toother documents. This mode of using Acquaintance is very useful when exploring thecontents of a large and unknown database, and was used very successfully when applied tothe interactive task at TREC-4.Acquaintance can also be used for the more traditional task of retrieving documentsfrom a database based on specific queries. When used in this manner, reference documentsare compared to the documents in the database. Those documents in the database which aresimilar to the reference documents can be quickly identified. Using Acquaintance in thisfashion most closely approximates many of the tasks in TREC, and variations on this lattermethod were used to process most of the data in TREC-4.

2MethodologyN-Gram ProcessingThe Acquaintance algorithm begins by processing texts in a manner very similar totraditional n-gram based techniques. An n-wide window is stepped through text, movingone character at a time. From each n-gram lying within the window, a hash functiongenerates a value that is treated as an address in a document vector, and the contents of thatvector address are incremented by one. When all of the n-grams in the document have beenprocessed, the document vector is normalized by dividing the frequency count of n-gramsat each vector address by the total number of n-grams in the document. Thus, the sum ofthe normalized counts of the n-grams in the document vector will sum to one.Centroid SubtractionA crucial aspect of Acquaintance when gauging similarity among documents is thesubtraction of a centroid vector from the document vectors. The centroid in Acquaintancedefines a context within which a set of documents can be usefully compared. This methodof subtracting a centroid stands in contrast to more traditional vector-space models whichfrequently use some form of multiplicative weighting, which results in a rescaling of theaxes in the vector space.The centroid vector characterizes those features of a set of documents that are moreor less common to all the documents, and are therefore of little use in distinguishing amongthe documents. The Acquaintance centroid thus automatically captures, and mitigates theeffect of, those frequent but generally undiagnostic features of the language that aretraditionally contained in stop lists and removed by stemming algorithms.The creation of the centroid vector for a set of documents is straightforward andlanguage independent. After each separate document vector is created, the normalizedfrequency for each n-gram in that document is added to the corresponding address in acentroid vector. When all documents have been processed, the centroid vector isnormalized by dividing the contents of each vector address by the number of documentsthat the centroid characterizes. A centroid thus represents the �center of mass� of all thedocument vectors in the set.Computing Similarity ScoresOnce documents are characterized by normalized document vectors, the resultingvector-space model permits the use of geometric techniques to gauge similarity among thedocuments. When comparing a set of document vectors to a set of reference vectors, thecosine of the angle between each document vector and each reference vector, as viewedfrom the centroid, is computed using Equation 1:

Smn = (x_{mj} − μ_j )(y_{nj} − μ_j ) j=1 J∑^{(xmj − μj )2} j=1 J∑ (ynj − μj )2 j=1 J∑ 1_2 = cosθ_{mn}, m,=1,… ,M, n =1,...N

(1)where the vectors

xm, m ∈ 1,...,M

are the M document vectors, the vectors

yn, n ∈ 1,...,N

are the N reference vectors in a J-dimensional space, and

μ

is the centroid vector.

3A cosine value of 1.0 indicates that the document and reference vectors are perfectlycorrelated (or identical), a value of minus 1.0 that they are perfectly anticorrelated (orantithetical), and a measure of 0.0, that they are uncorrelated (or orthogonal). A great dealof experimentation has been done using this scoring method for gauging topic similarity,and a clear idea of how the measure behaves as features such as n-gram length and garblingare varied (Huffman, in process) has been obtained.Acquaintance at TREC-4System Parameters and Text Processing ProceduresIn TREC-3, Acquaintance participated for the first time, and was used in just therouting and adhoc tasks. The purpose of participation in TREC-3 was to get a feel for howwell a purely statistical system would work compared to more linguistically sophisticatedsystems. In TREC-4, Acquaintance participated in a much broader range of tasks,including the routing, ad hoc, interactive, filtering, confusion, and Spanish tracks. Whilethe details of the individual tracks will be discussed below, the same software and basicprocedure were used in each track.For the work in TREC-4, a generic, unoptimized version of Acquaintance, writtenin ANSI C, was used. The TREC data was processed on a heavily time-shared Cray YMP.Both the routing and ad hoc tasks were run as overnight background jobs, and each tookless than 8 hours clock time to finish. For most tasks, the n-gram length was five, and thedocument vector length (or hash table length) was 262144. The only occasions where then-gram length differed from five was while processing the twenty percent garbled data forthe confusion track, when four-grams were used, and for two of the filtering runs, forwhich seven-grams were used.Acquaintance requires almost no preprocessing of the documents. To prepare theTREC database, the SGML tags and headers were stripped from the data, and onlycharacters between the TEXT tags were processed. Acquaintance ignored all non-alphabeticcharacters in the text and translated all lowercase alphabetic characters to uppercasecharacters.RoutingThe routing task in TREC simulates the process of filtering an incoming stream ofdocuments according to predefined criteria. Participants are given the topic descriptions(which are taken from previous year�s TREC conferences) early in the year. However, thethe database of documents is not made available until the queries created from the topicdescriptions have been formulated and sent into NIST. In addition, and more importantlyfor Acquaintance, the list of those documents which were judged relevant to each topic ismade available to participants. Thus, a large corpus of potential reference documents isavailable for each routing topic. However, there is no guarantee that the relevantdocuments from previous years will in fact be representative of the set of documents usedas the database in the current year. In TREC-3, the documents used for reference and forthe database were very similar. In TREC-4 they were not, and that fact caused problemsfor Acquaintance.To perform the routing task, the AP newswire documents from TREC-3 whichwere defined to be relevant to each of the routing topics were recovered. The goal was tofind a useful subset of those documents to use as reference documents against which to

4compare the documents in the database. To accomplish this, all the supposedly relevantdocuments for a particular topic were scored against each other, using the Acquaintancemetric. Then, that set of documents and associated scores were submitted to the Parentagetool. One feature of this tool, which will be described more fully below, applies graphtheory to sets of scored documents to determine which documents in that set are the mosthighly connected. Taking advantage of this feature, roughly the 50 most highly connecteddocuments for each topic were selected. Those documents constituted the final set ofreference documents for that topic. This process thus produced a set of about 2500reference documents against which the documents in the database were measured forsimilarity.To find relevant documents in the database, a document vector from each documentwas created and the cosine of the angle between that document vector and each of thereference vectors from each topic was computed, according to Eq. (1). If a documentscored above 0.25 when compared to a reference vector, that document�s number and scorewere stored, along with which topic it scored well against. After all documents in thedatabase were compared to all reference vectors, the documents were sorted by topic andscore, duplicate documents within topics were removed, and a ranked list of documentsgauged similar to at least one reference document in each topic was created.One serious problem on this task was that the language and style of the referencedocuments was frequently quite different than that of the documents in the database. Thereference documents were in large part drawn from newswire stories that presented a pageor so of text discussing a single topic in some detail. The database, in contrast, wasweighted towards documents with very different style and content. These documentsincluded Federal Register documents, which tend to be quite large and generally quitediverse in topic and diffuse in style, as well as quite a bit of data from newsgroups, inwhich language was also quite unlike that of the reference documents.The newswire documents were particularly difficult for Acquaintance to deal with.An example of some fairly typical texts in the newsgroups are shown in Figure 1 (namesand addresses in the body of the text have been removed). The TEXT SGML tags separatethe different messages.<TEXT>How do you place a transparent tint over a bitmap image in Photoshopplease? * SLMR 2.1a *</TEXT> <TEXT>I’m currently using QuarkExpress 3.3 for the Mac. Is there a way to disablehyphenation in a textbox?</TEXT><TEXT>I have perl5 Alpha 9, and when I run santa, I get this:syntax error at perl/get_host.pl line 29, near "return $host_name_cache{$host"syntax error at perl/get_host.pl line 32, near "else"Can anyone shine light on it. Shall I get different version of perlwould you say. Yours dissapointed after the hype.</TEXT><TEXT>

5A number of people have had trouble getting the short paper I wroteon motion extrapolation. A preprint of it is given in PostScriptformat below.------------cut here----------------%!PS-Adobe-2.0%%Creator: dvips 5.495 Copyright 1986, 1992 Radical Eye Software%%Title: motionextrap.dvi%%Pages: 13%%PageOrder: Ascend%%BoundingBox: 0 0 596 842%%EndComments%DVIPSCommandLine: dvips motionextrap%DVIPSSource: TeX output 1993.07.06:1618%%BeginProcSet: tex.pro%!/TeXDict 250 dict def TeXDict begin /N{def}def /B{bind def}N /S{exch}N /X{S N}B /TR{translate}N /isls false N /vsize 11 72 mul N /@rigin{isls{[0 -1 1 0 0 0]concat}if 72 Resolution div 72 VResolution div neg scale isls{Resolution hsize-72 div mul 0 TR}if Resolution VResolution vsize -72 div 1 add mul TR matrixcurrentmatrix dup dup 4 get round 4 exch put dup dup 5 get round 5 exch putsetmatrix}N /@landscape{/isls true N}B /@manualfeed{statusdict /manualfeedtrue put}B /@copies{/#copies X}B /FMat[1 0 0 -1 0 0]N /FBB[0 0 0 0]N /nn 0 N/IE 0 N /ctr 0 N /df-tail{/nn 8 dict N nn begin /FontType 3 N /FontMatrixfntrx N /FontBBox FBB N string /base X array /BitMaps X /BuildChar{CharBuilder}N /Encoding IE N end dup{/foo setfont}2 array copy cvx N load 0 nnput /ctr 0 N[}B /df{/sf 1 N /fntrx FMat N df-tail}B /dfs{div /sf X /fntrx[sf 00 sf neg 0 0]N df-tail}B /E{pop nn dup definefont setfont}B /ch-width{ch-datadup length 5 sub get}B /ch-height{ch-data dup length 4 sub get}B /ch-xoff{128ch-data dup length 3 sub get sub}B /ch-yoff{ch-data dup length 2 sub get 127sub}B /ch-dx{ch-data dup length 1 sub get}B /ch-image{ch-data dup typeFigure 1. Examples of texts from data for routing taskOne problem was that many of the documents were so short that it was difficult tocreate a good statistical profile of them. Furthermore, the very unusual formats of somedocuments, as shown by the last example above, helped muddle the statistics on some filesof documents. Paradoxically, had most or all the documents been in say, PostScriptformat, the system would have been better able to group them on the basis of content, asthe PostScript �background� would have been accounted for and removed by the statisticprofile created by the centroid. In any case, the content and style of these messages wasvery different from the newswire documents that characterized most of the referencedocuments.In a effort to lessen the problems caused by the very different styles of languageused in the reference documents and the documents from the database, two centroid vectorswere used instead of one. First, a reference centroid vector from all of the referencedocuments was created. Then, documents from the database were read in one file at a time,and a centroid vector for that set of documents was created to capture the commonalityamong them. When comparing a document vector to a reference vector, the appropriatecentroid was subtracted from the corresponding vectors, as shown in Equation 2:

6

Smn = (xmj − μj )(ynj − ν j )

j=1J∑(xmj − μj )2 j=1J∑ (ynj − ν j )2 j=1J∑ 1 2 = cosθmn, m =1,… ,M, n =1,...N

(2)where the vectors

xm, m ∈ 1,...,M

are the M document vectors, the vectors

yn, n ∈ 1,...,N

are the N reference vectors in a J -dimensional space,

μ

is the centroid vector for thecurrent file of documents from the database, and

ν

is the centroid for the set of referencedocuments.The performance of the Acquaintance system on the routing track was rather poor.In fact, it performed significantly worse in TREC-4 than it did on the same track in TREC-3. In terms of average precision, it scored above the median only three times out of fifty.The reason for this was that in TREC-4 there was a much greater degree of mismatchbetween the documents that were used as references and the documents that were in thedatabase. Since Acquaintance is a purely statistical system, if the statistics of the referencedocuments are significantly different from the documents in the database, it cannot performwell. In a real-world situation, if performance were this poor, one would add samples ofdocuments whose content and style more closely modeled those in the database to the set ofreference documents. The reference documents that were used for this task would be usedonly as a first approximation, and a set of more useful reference documents would eithersupplement or replace the original references.Ad HocThe ad hoc task simulates the activity of a user who submits queries to a staticdatabase. The database is made available for the participants to train on early in the year,while the topic descriptions are only made available for a short time before the results ofsearches based on those descriptions are to be submitted.In previous years the topic descriptions for the ad hoc task were fairly detailed. Thetopics consisted of a paragraph or two describing the topic, along with guidance as to whatwas and was not considered relevant to that topic, as well as a list of what amounted tokeywords that helped define the topic even further. This year, the topics were very terse; infact, some were almost telegraphic. For instance, topic 202 read �Status of nuclearproliferation treaties -- violations and monitoring.� On the other hand, some were morewordy, but actually much less specific, such as topic 216, �What research is ongoing toreduce the effects of osteoporosis in existing patients as well as to prevent the diseaseoccurring in those unaffected at this time.� Logically, this topic boils down to �research onosteoporosis;� all other terms are redundant or uninformative. These extremely short topicdescriptions are not untypical of spontaneous user queries, but by themselves they are notlong enough from which to generate very solid statistics.Due to the very sparse nature of this year�s queries, query generation wasperformed manually for all the ad hoc-based tasks. Since Acquaintance is a statistically-based algorithm, some minimum amount of vocabulary pertaining to the topic must beavailable for the system to reliably select documents with similar statistical profiles from adatabase. A few (usually no more than 5 or 6) words or phrases were therefore manuallyadded to the supplied query, using the general subject knowledge of the users (MarcDamashek and Steve Huffman). That process took only a minute or two for each query.In addition, some terms deemed uninformative were removed. As an example, topic 201

7originally read �What procedures should be implemented to ensure that proper care is givento children placed under the au pair�s responsibility.� This was changed this to read �aupair, children, proper care, nanny, nannies, caregiving, au pair, caretaker.�At this point, the modified queries were run against the documents in the database,and the highest scoring documents were returned. Those documents were then scoredagainst each other. The 50 or so documents that were most highly connected to the otherdocuments in the set, as determined by the Parentage tool, were automatically selected.These documents were then used as the reference documents for the final phase of scoring.If a document from the database scored above 0.25 when compared to the reference vector,that document�s number and score were stored. Finally the documents were sorted byscore, duplicate documents in each topic were removed, and a ranked list of documentsgauged similar to at least one reference document was created.The results on the ad hoc task in TREC-4 were considerably better than those inTREC-3. In spite of the sparseness of the queries, Acquaintance performed moderatelywell, scoring above the median in average precision on 15 out of the 49 topics. It wouldseem that the technique of running a first pass through the data to choose good candidatedocuments, and then using the most highly connected of those as the final set of referencedocuments, was more effective than last year�s strategy of just using the given topic as thereference document.InteractiveThe interactive task permits the user of a system to interact with that system in amore natural fashion than the ad hoc task. The user is not limited to submitting a singlequery and simply accepting what the system returns. Rather, the user can examine thesystem�s response to a query, and use that information to choose relevant documents,and/or further refine the query. The queries for this task were the a subset of those usedfor the ad hoc task.There were actually two possible tasks for participants in this track. The first wassimply to retrieve relevant documents, as in the basic ad hoc task. The second task was touse the system to create a new query, and submit the documents retrieved based on thatquery. The Acquaintance algorithm performed the first of these two tasks.For this task, a somewhat different method was attempted than that used by mostparticipants. A tool was used that shows the user the entire universe of documents thatmight be related to the topic at hand, and permits the user to roam through that universe,examining and/or selecting whole clusters of topic-related documents at one time. This isin contrast to those systems in which the user examines some set of documents returned bya system for a query, and then refines or resubmits the query based on the content of thatset of documents.This was accomplished with the Parentage information visualization system createdby Dr. Jonathan Cohen (Cohen, 1995). For each topic, the 1000 top-scoring documentswere found using the same procedure as the basic ad hoc task. Those 1000 documentswere then scored against each other using the Acquaintance algorithm. Finally thedocuments and scores were submitted to the Parentage system, which graphed therelationships among the documents in that set.In addition to visually mapping how documents cluster together, and howdocuments and clusters of documents relate to each other, the Parentage tool can

8automatically label each cluster of documents with a set of terms which characterize thosewords and phrases which cause that cluster of documents both to stand out from the rest,and pull together the documents within the cluster. These terms are referred to as�highlights.� Parentage does this by using a modified version of the Acquaintancealgorithm, using n-gram statistics and a form of centroid subtraction. An example of thiscan be seen in figure 2. This figure shows a screen shot of a small part of the Parentagegraph for the documents from topic 242. topic_242_2

topic_242_5

topic_242_6

topic_242_8

topic_242_11

topic_242_13topic_242_14

topic_242_16

topic_242_18topic_242_19

topic_242_26

topic_242_27

topic_242_29 topic_242_32topic_242_33

topic_242_34

topic_242_35

topic_242_37

topic_242_39

topic_242_40

topic_242_41

topic_242_47

topic_242_49

topic_242_51

topic_242_53topic_242_54 topic_242_56

topic_242_58

topic_242_61topic_242_62topic_242_64

topic_242_67

topic_242_73

topic_242_75topic_242_76

topic_242_78topic_242_79

topic_242_87topic_242_88 topic_242_93

topic_242_96

topic_242_101

topic_242_103

topic_242_104 topic_242_106

topic_242_110

topic_242_112

topic_242_115topic_242_116

topic_242_118

topic_242_120

topic_242_122

topic_242_125

topic_242_127

topic_242_129topic_242_131

topic_242_136

topic_242_137topic_242_138 topic_242_139

topic_242_141

topic_242_142

topic_242_144

topic_242_147

topic_242_151

topic_242_153

topic_242_158

topic_242_160topic_242_161

topic_242_163

topic_242_166

topic_242_167

topic_242_169

topic_242_172

topic_242_175 topic_242_177topic_242_178

topic_242_179

topic_242_180

topic_242_184topic_242_185

topic_242_187

topic_242_189

topic_242_191

topic_242_193topic_242_194

topic_242_195topic_242_196 topic_242_199

topic_242_201

topic_242_203

topic_242_206topic_242_207

topic_242_208

topic_242_210topic_242_211

topic_242_214

topic_242_217topic_242_218

topic_242_221topic_242_222topic_242_223

topic_242_225

topic_242_227 topic_242_229

topic_242_230

topic_242_237

topic_242_238

topic_242_239topic_242_240

topic_242_244topic_242_245

topic_242_248

topic_242_252

topic_242_254topic_242_255

topic_242_256

topic_242_260

topic_242_263

topic_242_264

topic_242_266

topic_242_271topic_242_272

topic_242_274

topic_242_276topic_242_277topic_242_278

topic_242_279topic_242_281

topic_242_283

topic_242_285topic_242_286

topic_242_288topic_242_289

topic_242_292

topic_242_293

topic_242_294

topic_242_295

topic_242_296topic_242_297topic_242_298

topic_242_302

topic_242_304topic_242_305

topic_242_306 topic_242_312

topic_242_314

topic_242_315topic_242_316

topic_242_320topic_242_321

topic_242_325topic_242_326

topic_242_327

topic_242_328

topic_242_330topic_242_331

topic_242_333 topic_242_334topic_242_335

topic_242_336topic_242_337

topic_242_339topic_242_340

topic_242_343topic_242_344

topic_242_345

topic_242_347 topic_242_349

topic_242_351

topic_242_355

topic_242_357

topic_242_359

topic_242_361

topic_242_363

topic_242_364

topic_242_371

topic_242_372

topic_242_375

topic_242_376topic_242_377

topic_242_379topic_242_380

topic_242_383topic_242_385

topic_242_388

topic_242_389

topic_242_392topic_242_393

topic_242_394

topic_242_398

topic_242_401topic_242_402

topic_242_404

topic_242_405

topic_242_406

topic_242_408

topic_242_410topic_242_411

topic_242_412

topic_242_418

topic_242_420topic_242_421

topic_242_426topic_242_427topic_242_428

topic_242_429

topic_242_430topic_242_431

topic_242_432

topic_242_433

topic_242_436 topic_242_437

topic_242_439

topic_242_440

topic_242_443

topic_242_447topic_242_448

topic_242_449topic_242_450

topic_242_451topic_242_452topic_242_453

topic_242_455topic_242_456

topic_242_457

topic_242_460topic_242_461

topic_242_462

topic_242_464topic_242_465

topic_242_466

topic_242_467

topic_242_468topic_242_469

topic_242_470

topic_242_473

topic_242_474

topic_242_475

topic_242_478topic_242_479

topic_242_481

topic_242_482topic_242_484

topic_242_491topic_242_494

topic_242_496

topic_242_498

topic_242_502

topic_242_503

topic_242_508

topic_242_512topic_242_513topic_242_514

topic_242_515

topic_242_518

topic_242_520

topic_242_521

topic_242_525topic_242_526

topic_242_530

topic_242_532

topic_242_534

topic_242_536

topic_242_539

topic_242_541

topic_242_544

topic_242_547

topic_242_550

topic_242_556topic_242_558

topic_242_560

topic_242_563

topic_242_564

topic_242_567

topic_242_571 topic_242_573

topic_242_574

topic_242_577topic_242_578

topic_242_582

topic_242_584

topic_242_590

topic_242_593

topic_242_594topic_242_595

topic_242_600topic_242_601

topic_242_603

topic_242_604 topic_242_605

topic_242_606topic_242_607

topic_242_609topic_242_611

topic_242_616

topic_242_618topic_242_619topic_242_620

topic_242_626

topic_242_627

topic_242_628topic_242_629

topic_242_631

topic_242_634

topic_242_636

topic_242_639topic_242_640

topic_242_641topic_242_642

topic_242_645

topic_242_648topic_242_649

topic_242_650

topic_242_652topic_242_654

topic_242_655

topic_242_657

topic_242_660

topic_242_664

topic_242_666

topic_242_668

topic_242_672topic_242_673

topic_242_676

topic_242_678topic_242_680

topic_242_684topic_242_685topic_242_686

topic_242_689

topic_242_690topic_242_691topic_242_692

topic_242_695

topic_242_697

topic_242_698topic_242_699

topic_242_700topic_242_701

topic_242_704

topic_242_705

topic_242_707topic_242_708

topic_242_710

topic_242_713

topic_242_714

topic_242_715topic_242_716

topic_242_719topic_242_720

topic_242_726topic_242_727topic_242_728

topic_242_730

topic_242_734

topic_242_736topic_242_739

topic_242_743

topic_242_745

topic_242_746topic_242_747topic_242_748

topic_242_749

topic_242_751topic_242_752topic_242_753

topic_242_756

topic_242_759topic_242_760

topic_242_763

topic_242_765topic_242_766

topic_242_767 topic_242_780topic_242_781

topic_242_785

topic_242_788

topic_242_790topic_242_791

topic_242_793topic_242_794

topic_242_798

topic_242_800

topic_242_801topic_242_802topic_242_803

topic_242_805topic_242_806topic_242_807

topic_242_808

topic_242_810

topic_242_813

topic_242_817

topic_242_818topic_242_819

topic_242_820

topic_242_825topic_242_826topic_242_827

topic_242_828

topic_242_831

topic_242_838topic_242_840

topic_242_845

topic_242_846topic_242_847topic_242_848

topic_242_857

topic_242_861topic_242_862topic_242_863

topic_242_864

topic_242_867

topic_242_869

topic_242_870

topic_242_876topic_242_877topic_242_878topic_242_879

topic_242_886

topic_242_888

topic_242_892topic_242_893topic_242_895

topic_242_899

topic_242_902topic_242_903

topic_242_910topic_242_911

topic_242_921

topic_242_923

topic_242_933

topic_242_934topic_242_935topic_242_936topic_242_937topic_242_939topic_242_940topic_242_941

topic_242_942topic_242_943topic_242_944

topic_242_953topic_242_954topic_242_955topic_242_956topic_242_957

topic_242_960topic_242_961topic_242_962topic_242_963topic_242_965topic_242_966topic_242_967topic_242_968topic_242_969topic_242_970

topic_242_977topic_242_978

topic_242_994topic_242_995topic_242_996topic_242_997topic_242_998topic_242_999topic_242_1000AFFIRMATIVE ACTIONAFFIRMATIVEACTIONAGGRESSIVE AFFIRMATIVECONFIRMATIONCORRECTIVE ACTIONLIVE ANDREACTIONS

HAVE ACTUALLY

EXECUTIVE AS ... AFFIRMATIVE ACTION

AFFIRMATIVE

ACTION

AGGRESSIVE AFFIRMATIVE

CONFIRMATION

CORRECTIVE ACTION

LIVE AND

REACTIONS

HAVE ACTUALLY

EXECUTIVE AS ... SCHOOLSCHOOLSSCHOOLCHILDRENSCHOOLSCHOOLSSCHOOLCHILDRENTHEJURORSCHALLENGESCIVIL TRIALSCHALLENGEPOTENTIAL JURORSSAME RACEALL JURORSCIVIL CASESCONCRETE...THEJURORSCHALLENGESCIVIL TRIALSCHALLENGE

POTENTIAL JURORS

SAME RACE

ALL JURORS

CIVIL CASES

CONCRETE ... THETHE HIGH COURTTHE HIGHHIGH COURTHIGHHIGHERTHE HOUSETHE HOMEOWNERGOESTHE HANDS...THETHE HIGH COURTTHE HIGH HIGH COURTHIGHHIGHER

THE HOUSE

THE HOMEOWNER

GOES

THE HANDS ... THESTATEYORKCOMPANYSUITSETTLEMENTPANELWITNESSAPPEALS PANELALLEGED...THESTATEYORKCOMPANYSUITSETTLEMENT

PANEL

WITNESS

APPEALS PANEL

ALLEGED

TAXCALIFORNIABASEDFOREIGNMULTINATIONALUNITARY CORPORATIONSMULTINATIONALSCORPORATIONBASESTAXCALIFORNIABASEDFOREIGNMULTINATIONALUNITARYCORPORATIONSMULTINATIONALS

CORPORATION

BASES

SOUTERHAMPSHIRESOUTERHAMPSHIRE

THECONSTITUTIONCONSTITUTIONALREVOLUTIONSOLUTIONREDISTRIBUTIONINSTITUTIONUNCONSTITUTIONALCONSTITUTIONALLYCONSTITUTIONS...THECONSTITUTIONCONSTITUTIONALREVOLUTIONSOLUTIONREDISTRIBUTIONINSTITUTION UNCONSTITUTIONAL

CONSTITUTIONALLY

CONSTITUTIONS ... THETHISTHE EMPLOYERWILLLIABILITYJOBSMAJORITY OPINIONFETUSESDANGEROUS SUBSTANCESTORT...THETHISTHE EMPLOYERWILLLIABILITYJOBSMAJORITY OPINION

FETUSES

DANGEROUS SUBSTANCES

TORT ... CALHOUNBLACKTHE SCHOOLTAX EXEMPTIONSCHOOLSBLACK PUPILSBLACKSBLACK PUPILPUPILPRIVATE SCHOOL ...CALHOUNBLACKTHE SCHOOLTAX EXEMPTIONSCHOOLSBLACK PUPILSBLACKS

BLACK PUPIL

PUPIL

PRIVATE SCHOOL ... Figure 2. Portion of a Parentage display of a set of documents with automaticallygenerated labels.It can be seen in Figure 2 that each cluster of documents is shown with a list ofhighlights. Rather than needing to roam through the whole information space, the user cansearch for specific terms in either the highlights lists, or in the text of the documentsthemselves. This will put the user directly onto clusters of documents that may be ofinterest. Alternatively, if there is a good exemplar document for a topic, one can go directlyto that document, and follow the paths of relationships leading from that.

9In Figure 2, the user was looking for the term �affirmative action,� since that waspart of the subject of topic 242, which reads �How has affirmative action affected theconstruction industry?� By typing in the keyword �affirmative action,� the user wasmoved directly to a cluster of documents dealing with that topic. The user at this pointcould continue searching for other clusters of documents, perhaps with other keywords,such as �construction.� Once the potentially useful clusters of documents were isolated,the user can examine the documents individually, or merely select entire groups ofdocuments. In cases where the highlights are suggestive but not diagnostic, the user canactually read all the documents in a cluster (all together or one at a time) in a window on thescreen, and if the documents appear relevant, an entire cluster can be selected.Another powerful feature of the Parentage tool is that the user can re-cluster sets ofdocuments within their own context. For example, the cluster of documents on affirmativeaction can be moved to its own window, and the documents can be re-clustered and re-labeled based just on the text of the documents within that particular cluster. Thiseffectively removes the common elements from the documents (in this case presumablyterms dealing with affirmative action) leaving subtopics as the basis for clustering andlabeling. Thus, if a user wanted a set of documents on a broad topic, such as affirmativeaction, the cluster so labeled in Figure 2 could be chosen with a fairly high degree ofconfidence that all the documents in it would be relevant to that topic. On the other hand, ifthe user wanted to find documents dealing with affirmative action in a certain context,Parentage could be used to examine subtopics within the overall cluster of documents onaffirmative action.It should be clear that whole clusters of related, relevant documents can be locatedand selected from the conceptual map in a remarkably short time. For any given topic, theusers (again, Marc Damashek and Steve Huffman) needed to spend an average of less thanten minutes per topic finding the relevant documents; and for a few topics, they spent lessthan a minute locating and selecting the clusters of relevant documents. It was extremelyeasy to gather up the clusters based on the labels of probable content. In most cases, itfreed the users from needing to read individual documents at all.The use of an information mapping tool, in combination with a tool that measuresdocument similarity (which need not be Acquaintance, but can be any system thatcharacterizes the degree of similarity between two documents), is a very powerful methodof exploring a database of documents. With such a system, one can understand the overallrelationships among the set of documents. Unexpected relationships can be uncovered,and the centrality of certain documents is shown by the way that those documents drawtogether many disparate document clusters. The usefulness of such tools for dramaticallyenhancing both text retrieval and knowledge acquisition from a database is just beginning tobe realized.In terms of average precision, Acquaintance scored above the median in ten oftwenty-five topics. That is not very impressive. However, informal results of the first taskpresented at the interactive panel session during the conference indicated that theperformance of the Parentage and Acquaintance interactive system was very good, whenother factors, such as the time to recover relevant documents, were taken into account.FilteringThe object of the filtering task was to adjust a text retrieval system in such a waythat it retrieved documents with high precision on one run, with high recall on another, and

10with a balance of precision and recall on a third. The data and queries used for these runswere the same as those used on the routing task.The Acquaintance system attempted to achieve these three levels of performance byvarying both the n-gram length and the threshold at which scores were reported. As n-gram width increases, the system obviously requires longer strings of text to be identicalfor them to be hashed to the same address in the document vector. By increasing n-gramlength, and requiring a higher score threshold for defining documents as similar, theprecision of the output should be increased.For the high recall run, the n-gram length was set to five, and the score thresholdwas set at 0.25. This is actually close to typical parameters for using Acquaintance fortopic based document retrieval. For the high precision run, the n-gram length wasincreased to seven, and the score threshold was increased to 0.40. This forced more andlonger stretches of text to precisely match between the reference documents and thedocuments from the database to pass the threshold. For the balanced run, the n-gramlength was kept at seven, but the score threshold was lowered to 0.30. This actually wouldresult in a somewhat more stringent test for similarity than is normally used, but is stillsignificantly less than the high precision run.The results on this track were very poor, when compared to the other three systemsthat participated in the track. This is a reflection of the overall difficulty Acquaintance hadwith the mismatch in content and style between the reference documents for the routingtask, and the documents in the routing database. It is not clear that better performance incomparison to the other systems could have been achieved by adjusting the parameters ofthe system given that fact.Confusion trackThis was a new track at TREC-4. Instigated in part because of interest by thedefense community, this track was created to provide a vehicle for testing how text retrievalsystems perform in the presence of garbled data. In the defense and intelligence worlds,data is often received in garbled form. Sometimes the garbling can be quite severe, and asystem that cannot deal gracefully with degraded data is very limited in its usefulness.The data for the corruption track consisted of the category B data, that is, a subsetof the TREC data taken from Wall Street Journal and San Jose Mercury News articles. Thedata came in three forms, ungarbled, randomly garbled at ten percent, and randomlygarbled at twenty percent. Random garbling meant that for any character in the text, therewas a ten or twenty percent chance for that character to be changed, lost, or an additionalrandom character inserted, with all garbles guaranteed to result in ASCII characters.Samples of the ten and twenty percent garbled text are shown in Figures 3 and 4. Onlyfour systems participated in this track, and only Acquaintance and one other even attemptedto process the data corrupted at the twenty percent level.To muc excitSement on top of too much cold iedZcation kmay have caused thepacpidPfjartbeatt t9haI forced Mansas Cidty linebacker DerricLC1 Thomas out of theChiefs’plasyoff game SKturday.; Thomas, a Pero OBowlhselection in all thre ofhi6s yes in the NF, went out in the second qcartaer of the Chiefs’ 10-6JiTctory over the LoYs Aygeuts RMidYrsshortly Zftey a sakH tht noced a fumQle. Sporwzs 3 RAPID EARTBEAT FORCES THOMAS TOEYAVE GAMEOC. STAR IS EXPECTJD TO PLAY NEXoT WEEKEND Pro Football; AF8C Notebook

11 He kas takenito a hospital as a pre1Fution, although his heart rawte wasback to normal by thehtime he leftF the sadium. H7 remained ov9rnight forobservation.; "The doctors indDMcaed Derrick may have taken too much coldmed7cation beforO te agakzmeJ," Chefs Prsident6Generna MVnager2Crl Peteronsad. "That combined fwith t4he excitement of thegamef may haveS caused theprblem.; "We don’ti think it’s anthin to be alarmezdabout.m; Thomas isexpectdio be yable to play2next weekend.; SECOND-GESSING: RaiXer0s Coach ArtShell refused to be secGnd-Ogussed about stBrting Todd Marinovichg atquarterbsck ovr veteranpJay SchDoede.; "ouF cwm doJit if you want," hesaid, "but I’mhnot going to scond-gues mysJlUf.B; SellF also bristled whenaUkd itf he considereT eplcing arinovich with Schroeder lateUin the game.; "Mysthinking in the fourth 3quarter wisA fthaj we were here with the kid andweare going to finishGwi6th him," Shell sai.; Schreder and YShell Ps5id thatSch3oede5r, who sprained both ankles two9 weeks ago, was h4ealthy enoughCtoplay.; COyTROVBRSIAL LAY: The second of Marinovich’svC fou interceptionssetup the ony touchdwn oC the game.; The score came on an 11-yard receptonby the CXhiefs6’ Fred Rones witpi 5 minutes, 7 slconds left i1 the second quartRrFigure 3Article 1 (SJMN91-06364024) from San Jose Mercury News at 10 percent garblingToo much excitement n tp od toko mucx c3ld medicticon a ave causted9 terapid hertbeat thdat forced Kansas Cit l1inRblker Derric Thomaas sout4of tehiefL’ playsvf camee SaOtujaeI; gThomas, a Prao Bo6wl s7elction ino all thrQ oQEis year in ahe NFL, wen ut in th sTelom quater oYf te Cifs’ 0-YviNctory oer 6he LoswH Andgl7s Raiderssio2tlIatzer64 sack7that fotNed a fumble. 7 Y cports e RAPID HEMATBAT FORCES THOMoAS TO LEAVh GAMEK.N. STAR 96S EXPkCTED TO PLAYNEXTWEEKND Pro FootballX AF5Notebhok R c jHe was ta9en to anhospital asAa pncaution, alth ough hims heart9b rMte wasbeckqto nolmal y3the tie fe left thCsMtaNdium. Hesemaieed ovCrniht forobsarvrtion.t 1TheV adokzctJors igndibyated rrickn vmy haypotaken tSoo7muce cYldmedicatfion be4fose the gafe," ChWibHfs PrxsSident-reneraklZManager Carl Pietersonsaid. "FThaZt combined wzi1th4te excitement of the r5gabe8may havescauNd thejroblem; "WLk don’tMthnk 0it’s anything ts be4alarmed wbotF"O; Q Thfjas iexpectedto be ale tog play next eckenud.; SEcND-GUESSNB: IRaidevrFs och AtShell refusHd tocme seconyussed abouB oiarting TkoddMaUriovich 3atFquarterback over vetra4n8Jay Schroeoer. o "BYou 3can dPiL if you want,"mhsaidi "but I’m nt going tC second-YuUs3s myself.; A f S5ell also britled whenased if 3he consfdered replaing6 Marinovichwith 7chrder xlate inYthevPaw; "My ttnki5ngIin the fourth quarter was t9hat we were here8ith theGkid nd eare goig D finibfhDwith hiY" Shell said.;Z vC Schkrceder aMd yShell said JthjtScyhrodZr who spraibed both aneles two weeky ago, wxas wealtXhy e9ugJ tolay.; CO5T ROVERz0AL PLAY The sepd oJMarinovioh’sLfur iterceptions set0J tdhe only touchdown f the ga6me.; The scoKeN4 cIme on an 11-yard receWtiony the Chefs’ Fced Jons with 5 m3inUutes, 7 seFconds luft inthe se od quarterFigure 4Article 1 (SJMN91-06364024) from San Jose Mercury News at 20 percent garblingThe uncorrupted and the ten percent corrupted text were processed in the samemanner as the data in the basic ad hoc task. The n-gram length was five for both runs. Theonly change when processing the twenty percent garbled data was to change the n-gramlength to four. This increased the chance that any particular n-gram would remainungarbled.

12Since Acquaintance is statistically based, some �noise� in the data should not causethe algorithm to fail catastrophically. In fact, Acquaintance performed very well on thistask. It suffered minimal degradation in recall and precision between the uncorrupted andten percent corrupted data; at ten percent garbling, Acquaintance scored above the medianon thirty out of 49 topics. And while performance dropped again at the twenty percentcorruption level, overall, the system still performed quite well. This indicated that thestatistical nature of the algorithm let it degrade gracefully, and relatively slowly, as the databecame more corrupt.SpanishThe Spanish track was essentially the same as the English ad hoc track.Participants were given access to the Spanish database early, and then the queries were sentout shortly before the results were due back. The queries were, like the English queries,quite short. The database contained articles from El Norte, a Mexican newspaper.The problem for Acquaintance here was the same as that when doing the ad hoctask in English. The topic descriptions were so short that they did not provide enough of astatistical profile to properly model the topics. A typical topic (number 32) read �Cual es laimportancia de las Naciones Unidas (NU) para Mexico?� To overcome this, the topicdescriptions were again manually expanded just from general subject knowledge of theusers. Unfortunately, the users do not speak Spanish, and were not knowledgeable aboutMexican affairs. Therefore, the �expansions� were very minimal, in fact usually consistingof removing clearly uninformative verbiage from the query rather than adding anythingsubstantive to it. The rendering of the above query became �importancia de las NacionesUnidas (NU) para Mexico.� Obviously, �query expansion� was of minimal use toAcquaintance in this track.The Spanish ad hoc queries were processed in exactly the same manner as theEnglish ad hoc queries. The results reflected the problems with the minimal queries; theperformance of the system was quite poor. With fuller topic descriptions, or better manualquery expansion, performance would have most likely have improved significantly, and infact, should have been very comparable to the performance on the English ad hoc task.SummaryThe Acquaintance technique was developed to find documents that are similar toone another, or to a reference document, in a language independent and potentially garbledenvironment. For this to work acceptably as a topic spotting technique, it needs a modestamount of text in both the reference and the target documents that is relevant to that topic.In TREC-4, the queries in the ad-hoc based tasks were significantly sparser than in TREC-3, and this sparsity of text had an impact on the performance of the algorithm. Even so, theminimal manual augmentation of the topic descriptions, and the strategy of using the mosthighly connected documents from the first pass as reference documents helped improve theactual performance of the technique to the point that it outperformed last year�s ad hocresults.In the routing task, the documents against which the queries were compared wereoften either quite sparse and very different in style from the reference documents (thenewsgroups), or quite diffuse (the federal register documents). This led to Acquaintancebuilding very poor models from the reference documents of what was in the documents in

13the databases. The results in the routing-based tracks reflected this mismatch by the verypoor performance of the system.The system did perform quite well in the confusion track, which measuresperformance in an area where Acquaintance has a high degree of potential, namely,working with garbled data. Even at a relatively high degree of garbling, the system�sperformance degraded quite gracefully. This type of behavior is quite important to users ofdocument retrieval and filtering systems in the defense and intelligence fields. The other area where performance was rather good was in interactive documentretrieval. This was achieved by the combination of Acquaintance with Parentage. Theusefulness of information visualization for text retrieval, when combined with virtually anydocument retrieval engine, clearly has great potential.References[Cohen 1995] Jonathon Cohen: �Drawing Graphs to Convey Proximity: an IncrementalArrangement Method,� submitted to ACM Transactions on Computer-Human Interaction.[Damashek 1995] Marc Damashek: �Gauging Similarity via N-Grams: Language-Independent Categorization of Text,� Science 246, 843-848 (1995).[Huffman 1995] Stephen Huffman, in preparation.