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Abstract

In this paper we report progress on the development of ALLOY, a systcm that simplifics
automatic document indcxing and rctricval by combining techniques from scveral different
approaches: cxpert, linguistic and statistical. Thec system is being designed 1o allow a pancl of
experis to create an ALLOY system for a given ficld by providing thc nccessary input that
ALLOY necds to automatically index documcnts and to sct up a convenicnt uscr intcrface. The
input provided by the cxperts includes a hicrarchy of concepts and an cxpert dictionary. The
amount of information that the pancl must provide for given ficld is considcrably less than the
amount requircd to build a complete thesaurus or knowledge basc about that ficld.

1. Introduction

Classical kecyword rctricval [Salton83] using statistical mcthods to match documents and
qucrics has been uscd and studicd for many ycars. In reccent years, rescarchers have been consid-
cring the possibility of using linguistic and cxpert systcms approaches o document indexing and
rctricval, frequently in somc combination. A linguistic approach attempts Lo usc knowledge of the
English languagc to interpret documents and qucrics and thereby maich them effectively (sce,
c.g., [Fagan87], [Croft87], {Dillon83], [Smcaton83]). An cxpcrt systcms approach aticmpts to
incorporate the knowledge of an expert in a subject arca into a system that uscrs can casily usc to
satis{y their individual rctrieval nceds (sec, c.g., [Crofi86], [Tong87a]. [Tong87b} and
[DiBcnigno86]). Linguistic mcthods and expert methods can be combined by using cxpert
knowledge in the interpretation of the documents and querics. Two of the major problems
cncountcred in the operation of sciting up an expert system for document rctricval in a ficld are:

a) the large volume of information that must be stored
b) the ambiguity of topics and their rclationships [Salton87].

In our work, we attcmpt to make it casicr to incorporatc cxpert knowlcdge into a system for
rctricving decumcats in a specific ficld. This is accomplished by providing linguistic and statisti-
cal tools to aid in the opcration of sciting up an indexing systcm that is basced on knowlcdge about
the ficld. In pariicular, wc belicve that automatic indexing and retricval can bencefit substantially
from cxpert knowledge in a ficld without having to "understand” the cntirc ficld (as suggcsicd by
{Crolt87]). Also, by cstablishing an cnvironment that can be uscd to specify systems about many
dilfcrent subject arcas, we can provide a consistent uscr interface that makes it casy for a uscr to
move from one ficld to another.
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In recent ycars, therc has been considerable activity in the arca of building expert system
shells. The shell of ALLOY has two parts; a simplce language for the expression of a conceptual
hicrarchy about a ficld and a syntax for the cxpression of an expert dictionary about that ficld. An
cxpert panel sets up an ALLOY system for a given ficld as follows. First, the panel defines a con-
ccptual hicrarchy consisting of a sct of conccpts linked by "subconcept” rclationships. Concepts
arz not regarded as scts; they arc mercly subject arcas such as "information retricval” or
"rclevance fecdback”. The concepis form a tree with one concept at cach node. The rmost general
conccept is at the root and the offspring of a concept arc its subconcepts. The usual tree terminol-
ogy will be applied when discussing the conceptual hicrarchy. The hicrarchy may also have addi-
tional links betwecen concepts defined by "cross-references”. Specifically, a cross-reference may
be given from a concept C; to a concept C; if and only if ncither C; nor C; is an ancestor of the
other. Each concept and cross-reference is given a name. The ALLOY system is then be able to
index documents by determining how strongly they relate to cach of the concepts in the hicrar-
chy. The first implemcntation of ALLOY is being designed to index documents, but not actually
store them. Later versions will storc documcnts and provide for standard kcyword retricval at the
nodcs in the hicrarchy.

It is absolutely esscntial that each lcaf in the hicrarchy have distinctive terminology natur-
ally associated with it. For cach leaf in the hicrarchy, the panel provides a collection of represen-
tative documcnts that contains the terminclogy typical of the lcaf. This terminology consisis of
kcywords and phrascs that arc oficn used in documcents about the lcal. ALLOY then compilcs the
words that arc uscd in the union of the collections and the panel provides information regarding
the stems and possible parts of specch of these words for the expert dictionary. The fonm of the
dictionary, and its usc in identifying key phrases, is discusscd cxtensively in [Jones88al. ALLOY
employs the dictionary to study cach collection and to cxtract the keywords and phrascs used in
thec collections. This associates a list of words and phrases with cach lcaf in the hierarchy. The
lists arc comparcd, with automatic help from ALLOQY, to dctcrminc the words and phrases that
best catcgorizes each leaf in the hierarchy. These words and phrases are then be used to index
documents as they arc entered into the system. The sets of keywords and phrases can be aug-
mented at any time, and ALLOY provides a module to help with this operation.

The user is provided with a browsing facility that allows movement through the conceptual
hicrarchy and along the cross-rcfcrences. The systcm also supports the inclusion of additional
cxplanatory information at the nodcs in the hicrarchy. At cach nodc the user is able to sce the fol-
lowing information:

a) An cxplanation of the concept of the node

b) The (name of the) parcnt concept of the node

c) The subconcepts of the node

d) All concepts cross-referenced (rom the node

c) All concepts cross-refcrencing the node

1)) A list of keywords and phrascs that rclate to the node
2) A list of references 1o documents that relate to the node

When the systicm is augmented to store documents, the uscr will be able 10 browse the conccptual
hierarchy and then apply classical keyword retrieval at the nodes by scarching the list of docu-
mcnts associated with a node for combinations of words and/or phrascs. The first implementation
does not usc cross-references for indexing purposcs; they arc present only to help the users. Our
first major application arca will be in the retrieval of legal documents.

This paper outlincs our plans for the ALLOY system. Scction 2 describes an existing
modulc of ALLOY, INDEXD, that is uscd to find keywords and phrascs within a document.
INDEXD is capable of a ccrtain amount of syntactic analysis when provided with an English dic-
tionary containing information on word stems and parts of spcech. Scction 3 dcals with the
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opcration of defining the conceptual hicrarchy and cross-references. An simple cxample of a
hicrarchy is given. Scction 4 describes the usc of INDEXD to analyze the collcctions of represcn-
tative documents, sclected by the cxpert panel, to determine scts of kcywords and phrascs that
typify thc concepts in the hicrarchy, Scction 5 describes the operation of using INDEXD and scts
of keywords and phrascs to automatically index a large body of input documents. Scclions 3, 4
and 5 contain mathcmatical formulas for weighting of words, phrases and documcnts; these for-
mulas will be the subjcct of further study as more of ALLOY is implemented and tested. Section
6 prcsents a brief summary and collection of acknowledgements.

2. The INDEXD program

Onc of thec most important componcnts of ALLOY is an automalic phrasc indexing program
callcd INDEXD. The rctricval aspccts of this program arc discussed extensively in [Joncsg8a]
while the algorithms and data structures of the program arc discusscd in [Joncs88b]. This pro-
gram locatcs rcpcated phrascs in a document, gathers statistical information about them, and
ranks them according 1o an cstimate of their valuc as index phrases. Phrascs arc ranked in such a
way that frcquently occurring phrascs that contain scvcral frcquently occurring words arc given a
high ranking. INDEXD incorporatcs a dictionary for stemming, prcwcighting of words and vali-
dation of syntax of output phrases. Sample output of INDEXD is given below. A large diction-
ary has alrcady bcen built for INDEXD. It contains many common English words and legal
lerms. We belicve that a standard English dictionary can be developed, and modified to accom-
modate specific subject arcas. The problem of preweighting words in the dictionary to emphasizc
those that have great power (o distinguish among concepts is discussed in Section 4.

It is well known (sce, c¢.g., [Salton83]) that the mcrc fact that a single word occurs [re-
qucntly in a document docs not alone mecan that the word is a good content indicator for the docu-
mcent. For obvious rcasons, certain words have no valuc as content indicators. Other words may
distinguish betwcen documents: in some contexts but not in other contexts. INDEXD is an
cfficicnt program that finds keywords and phrascs within a document and gathers statistical infor-
mation about them. Our techniqucs for assigning values to the keywords and phrascs provide
results that are promising in the sensc that phrascs with high values cxpress concepts that are con-
sistent with prior knowlcdge of the content of the document. INDEXD appcars to be a good tool
for compiling statistical information about a documcnt or group of documcnts and thus is an
important component of the ALLOY system.

The linguistic analysis performed by INDEXD makes usc of a dictionary which can be
adapicd to ncw subjcct arcas by simple addition of information. This dictionary consists of a
long scrics of cntrics of the following form:

a) a word stcm, s
b) a prewceight for the stem
C) a sct of lists, with cach list of the following form:
i) a part of spcech, p
iil)  alist of words having stcm s and part of spcech p

The prewcight of a stopword is 0, and the prewcight of any other word is 1 until further analysis,
described below, has been performed. INDEXD has a built-in sct of valid phrase forms, cach
dcfincd by a scquence of parts of speech (e.g. adverb adjcct noun). A phrasc is a sequence of
words such that some choicc of parts of spccch for the words produccs one of the valid scqucnces
storcd in INDEXD. After completely reading an input documcent, INDEXD assigns a valuc to
cach word and phrasc in thc document as follows. The valuc of a word is the frequency of
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occurrcnce of the stem of that words times the prewcighted value of the stem. The program
assigns a value to a given phrasc as follows. Let W be the sum of the values of the words in the
phrasc; words that appcar morc than once in the phrase are included only once in W. Let F equal
the frequency of occurrence of the phrase in the document and let N equal the number of distinct
non-stopwords in the phrasc. Then the value of the phrase is defined to be WF*N2, (This choice
of valuc formula will be the subject of further rescarch.) INDEXD also provides a list of words
found in thc document but not included in its dictionary. The valuc of a word in the output of
INDEXD is the value of the word as a phrasc of length onc.

For demonstration purposcs, INDEX was run on Book 3, Title 7 of the Louisiana Civil
Codc [Louisiana] with a maximum phrase length of four, The resulting file of phrascs was then
sorted into decreasing order of phrasc valuc. A portion of the sorted output is given in Figure 1.
The scgment of cutput gives a clear indication of the subject matier of the document: it deals with
the contract of sale. Further cxperiments with INDEXD arc reported in [Jones88a] and
[Jones88b]l. INDEXD is currcntly being augmented to make it beticr able to cluster related
phrases and to remove redundancy among phrascs. Finally, INDEXD is also being augmented to
producc a probabilistic model of the input document that determincs the likclihood that any word
will be followed by any other word.

3. The Conceptual Hierarchy and Cross-refercences

The first stcp in preparing an ALLOY system for usc in a particular subject arca is the
specification of the conceptual hicrarchy, We will discuss the handling of a conccptual hicrarchy,
both from the point of view of the panel and from the point of vicw of a user. The dcfinition of a
hicrarchy called "City" in a prototypical form of the ALLOY script language for hicrarchics is
given below.

concept("City", "Large collection of people, their dwelling and work places™)
concept{("Building", "Structurc that shelters people and matcerial goods'™)
subconcept("Building"”, "contained in", "City")

concept("House", "Dwelling for one or a few familics")

subconcept("House", "is a small”, "Building™)

concept("Office building”, "Building containing corporatc offices and busincsses"™)
subconcept("Office building”, "is a large”, "building™)

concept("Strect”, "Paved surfacc for transportation™)

subconcept("Strcet”, "lics in", "City™)

xref("Building"”, "has addrcss on", "Street™)

The hicrarchy, with cross-refcrences, may be expressed diagrammatically as follows:

City

Building

Officc Building

An ALLOY uscr would then sce the following information about "Building” when at that nodc:
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Building: Structurc that shelters pecople and matcerial goods
Parent: Building containcd in  City

Subconcept: Housc is asmall Building

Subconcept: Officc building is a largc Building

Xrefto: Building has addrcss on  Strect

Xref from:

Accessible concepts:

City (parcnt)
Housc (subconcept)
Officc building (subconcept)
Street (xrcf to)

The uscr will then select onc of several operations from a menu: move 1o an accessible node, sce
keywords and phrases associated with node, sce references to documents associated with node,
gcet help or quit.

4. Preprocessing of Representative Documents

Assumc that the pancl has developed a hicrarchy and that concepts (L, Lj, ... , Ly} arc the
Icaves of the hicrarchy. We attempt to cstablish the terminology typical of cach leaf in the follow-
ing way. An initial group, D, of documecnts is chosen in such a way that the experts agree that

a) Each documcnt D € D belongs strongly to exactly one of the Icaves.
b) Each leaf is represented by several documents that cover the breadth of the
subjcct.

In reference to condition a), we expect that cach documcnt is devoted almost cntircly to onc Icaf,
If nccessary, existing documents about several concepts can be subdivided into picces which
satisfy condition a). It is not our purposec to index the documents in D at this point; rather, we arc
trying to analyzc thcm 1o gain information that will be usced for indexing later documents. In
rcfcrence to b), we note that it is not nccessary to cover every theory or opinion about a concept;
it is sufficicnt to discover the terminology typically associated with the concept. The documents
in cach conccpt arc concatenated into onc supcr-documcent for the concept. The program
INDEXD is then run on the concatenation of all the super-documents to sce if any words cxist in
the super-documents which are not alrcady in the dictionary. Any such words arc added to the
dictionary.

Oncc all words in the supcr-documcents have been added to the dictionary, the program
INDEXD is run on cach supcr-document individually to providc a list of phrascs and their valucs.
(We will regard a word as a phrasc of length 1.) The list of phrascs for thc super-document
corrcsponding to concept L; is denoted S;. Each list S; is trimmed by the pancl. First, they delcte
phrascs with low values as computed by INDEXD. Next, the experts deicte any oiher phrascs
that they believe are superfluous. A supcrfluous phrasc could be a phrasc that has a valid syniactic
interpretation as dcicnmined by INDEXD, but docs not have any rcasonable scmantic
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interpretation. The valucs of phrascs as delermined by INDEXD arc then used 10 define new
phrasc valucs called "inverse frequencies”. Specifically, the inverse frequency of a phrase, p,
within a list, S;, is
valucof pin§;
3 valucs of p in all S;’s

Clcarly the inverse frequency of a phrase in a super-document is 1 if and only if that phrasc
occurs only in that onc supcr-document. For a given phrase, the sum of the inverse frequencics of
that phrasc taken over all the super-documetits is 1. The inverse frequency of a phrasc in a super-
document is then used as the valuc of that phrasc in the super-document. A threshold valuc is
sclected, and phrases with valuc less than this threshold are deleted. The quality of the initial
hierarchy and choice of reprcsentative documecents is evaluated at this time by looking at the
valucs of the phrascs in each list S;. If one or more S;’s cxist which have very few phrases with
high valuces, the choices should be re-cvaluated.

Finally, the pancl examines each list, S;, and dcterminces whether or not S; can be partitioned
into subsets, cach of which indicates a subconcept of L;. If S; cannot be split in this way, the
phrasc list associated with the node L; is merely S;. If the phrasc list is partitioned, a new concept
namc is created for cach subsct in the partition, and the subscts arc associated with their respec-
tive concepts names. (A new leafl is created in the hicrarchy for cach new concept name.) At this
point, cach lcaf has an associatcd phrasc list. Each non-lecaf nodc in the hicrarchy is given an
associated phrasc list consisting of the union of all phrasc lists for nodes below the given node in
the hicrarchy. The result is a hicrarchy represenicd in the desired form. Finally, the dictionary is
modificd by assigning preweights to words. The preweight of a word, w, is taken to be

1
number of S;’s containing w

or Q0 if wis in no §;.

5. Indexing of New Documents

Alftcr the operations of Scction 4, the dictionary contains the necessary information to find
key phrascs in documcents within the arca of the pancl’s cxpertisc. We describe the operation of
indexing new documcents. The opceration should be tesied on the original input documents and on
a sclccted group of new documcents, Let the leaves in the hicrarchy be denoted {1y, La, ... , Ly}
and their respective words lists be denoted {8, S;, ... Sy). The scis S; arc put together as fol-
lows. A sct S is formed consisting of pairs of the following form:

(phrasc p, list of pairs (Icaf L; with p ¢ §;, inversc frequency of pin Sp))

When a new document, D, is enicred on the ALLOY system, INDEXD is run on D, resulting in a
sct of phrascs, Sp. The phrascs arc then put through a scparate module of ALLQOY that produccs a
veactor

(Vl' V2y e s ¥YM )

in which cach numbcr v; satisfics 0 < v; and rcpresents the relative exient to which document D
belongs to the concepl L;. When ALLOY is in usc, a user will be able to sce this vector whenever
the reference to document D is recovered. Each v; is computed as follows. (The vector will be
normmalizcd at the end so that its componcnis sum to 1.) The sct S is scarched for cach phrasc in
Sp. Each timc a phrasc p in Sp is found, cach v; corrcsponding to a concept in the list of lcaves
for that phrasc is incremented by the quantity

(valuc of p in S computed by INDEXD)*(inverse frequency of p in S))
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When all phrascs have been processcd, the vector is normalized by dividing all of its componcents
by the sum of its componcnts.

6. Summary and Acknowledgements

We have presented plans for a document indexing and retricval system called ALLOY. The
system combines expert, linguistic and statistical mcthods to providc a gencral cnvironment for
the specification of a system for retricval of documents within a specific subjcct arca. To set up an
ALLOY system in an arca, a cxpert pancl provides a conceptual hicrarchy and a collection of
documents reicvant to the leaves in that hicrarchy. The ALLOY system then provides aid to the
pancl in the form of statistical and linguistic tools for thc analysis of the collcctions and for the
automatic indexing of ncw documcnts cntcred on the system. A standardized uscr inlerface is pro-
vided that allows a user to move among diffcrent subject arcas without having to lcam diffcrent
intcrfaccs. A component of ALLOY, called INDEXD, has alrcady bcen implemented and an
cxample its oulput was provided. The rest of ALLOY is currently under devclopment and testing.

The authors wish to thank Donald Kraft and Bert Boyce for their helpful conversations
regarding the content and exposition of this paper. This work was pairtially supported by grant
LEQSF(86-87)-UNEXP-3 from thc Board of Regents of the Stale of Louisiana. The authors also
wish to thank the Louisiana Statc Law Institute for its support.
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Ilustration
9035874 | salc
6411440 | buyer
4419314 | scller
3355344 | timc of the sale
2434536 | right of redcmption
1643264 | thing
1379952 | price
1113300 | contract of sale
938800 | delivery of the thing
930800 | posscssion of the thing
929200 | vices of the thing
912000 | reduction of the price
653568 | dissolution of the sale
563712 | valuc of the land
511600 | casc of cviction
396000 | case
371952 | part of the scller
367575 | right
361375 | action
336816 | payment of the price
335232 | part of the thing
328176 | rcstitution of the price
281394 | salcs
274500 | salc of immovablcs
‘274500 | salc of immovable
272250 | liabilily of scller
259632 | rise to the redhibition
239400 | casc of eviction
221400 | sclleris bound
219312 | nccessary for the genceral
209250 | rcduction of price
197325 | vices of body
178848 | ordinary contract of sale
176448 | part of the buyer
175744 | obligations of thc buyer
174272 | neglect of the buyer
169856 | pricc of the sale
165669 | purchascr
164096 | object of the salc
163008 | salc of the danper
163008 | datc of the salc
146688 | preservation of the thing
145664 | supplement of the price
145600 | diminution of the price

Figure 1
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