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Abstract (WWW) browsers. An interpreter that converts IRDL
statements into metadata entities is under construction. In
In our previous work [shk94], we have discussed providing intethis paperwe demonstrate the flexibility of the language
grated and rapid access to existing heterogeneous informatiddy discussing the generation of information repositories
without any restructuring, reformatting or relocation of data.that contain images, documents, and arbitrarily formatted
Such access is achieved through the generation of metadata thgita.
encapsulates the original informatione\afre currently working i ) .
on designing a data modeling language aimed at controlling thd) section 2, we define the basic concepts employed by
metadata generation process. In this paperdiscuss applying InfoHarness. In the following section, we discuss the
this language to modeling heterogeneous information and denthain features of our modeling language designed to con-
onstrate the ease with which the information may be made avaitrol the metadata generation process. In section 4, we dis-

able for search and browsing. cuss the examples of applying IRDL to modeling
heterogeneous information. In the two final sections, we
1.0 Introduction discuss related work and outline our future plans.

The InfoHarness system [shk94] has been designed t02.0 Structure of Metadata
provide rapid access to huge amounts of heterogeneous

information without its relocation, restructuring, or refor- The important advantage of InfoHarness is pro\/iding
matting. Many researchers have investigated the use gtcess to information without making any changes in the
metadata to support run-time access to the original infollpcation and representation of data. This is achieved by
mation [boh94, fis91, gar93, gro94, hsu9l, jai94, sho93kenerating metadata and associating it with physical
as well as the use of data mining for the automatic extragnformation. InfoHarness repositories are composed of
tion of metadata [mat93,sho93].ewhave developed and metadata entities that are described in this section.
synthesized some of the ideas contained in thésesto
provide advanced search and browsing capabilities withy 1 |nfoHarness Objects
out imposing constraints on information suppliers. N . . .
We are currently working on defining a data modelingVétadata entities, which encapsulate units of physical
language, which we refer to as the InfoHarness Reposjiformation of interest to end-users, are caligidrma-
tory Definition Language (IRDL), to control the metadatation Units(IU). An 1U may be associated with a file (e.g., a
generation process. As in [kha94], we treat modeling ad'@" Page), a portion of afile (e.g., a C function), a set of
an abstraction for the purpose of understanding and utilf'€S (€-9., a set of related man pages), or a request for the
zation. Under this interpretation, related portions of infor-retrieval of data from an external source (e.g., a databa}se
mation may be grouped together by imposing Iogicaﬂu_ery_)' For example, a C file and a function that occurs in
structures on the physical data. The idea is to provide QIS file may be encapsulated by separate information
semantically-tailored view of data and facilitate searcH'M'S:
and browsing by imposing theontains is-contained-in An InfoHarness object (IHO) is defined recursively to
and part-of relationships. The modeling approach to rep-be one of the following:

resenting heterogeneous information is supported by A simple InfoHarness object, composed of a single IU.
IRDL, which aids in logically linking together heteroge- A collection object, composed of a set of references to

neous components. other InfoHarness objects (ithildren).

g tre . 9 P - aset of references to other InfoHarness objects.
and storing geo-spatial data. It provides access to the orig-

inal information from Mosaic and otheroNd-Wide Web ~ Each object has a unique identifier that is recognized and
maintained by the system. Each simple and composite
object stores the location of physical data, the logical
address of the encapsulated portion of this data, and typ-
1 ?c\nNr: Eltiroéi?fﬁggsge artment. Rutgers Univerd ing information that determines the data retrieval method.
Brunzwick NJ 08902 P ’ 9 ardityw For example, an object that encapsulates a C function
t LSDIS, Department of Computer Science, University ofwou.Id be of typéQ and would contain the path infor-

Geopia, Athens, GA 30602-7404 mation for the C file and the name of the function. The

_ type of this object serves as an implicit reference to a

™ InfoHamness is a Bellcore trademark retrieval method that would separate out a function from a

*  Bell Communications Research, 445 South Street, Morris
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Fig. 1.Indexed Collections.

C file. In addition, each object may contain arbitrary num+ion 3.3 we briefly summarize the structure definition
ber of attribute-value pairs (e.g., ownlast update, secu- component of the language.
rity information, decompression method, etc.).

3.1 Data Types

2.2 Indexed Collections )
To support new data types, we must provide methods for

Collection objects may contain references to independerincapsulating and browsing data. In the most trivial case
indices that in turn reference the child objects (Figure 1)of plain text, the encapsulation method associates simple
By the abuse of notation, we will refer to such collectionobjects with files, and the browsing method transfers the
objects asndexed collectionsand say that an InfoHar- physical data to a WWW browser

ness object belongs to an indexed collection if itis a child  her types may be more complex in encapsulating

of a _collection quect. Each indexed collection stores the 4 browsing data. In the case of C code, the encapsula-

location of the index-related data structures and a refefjon method is responsible for associating simple objects

ence to the independent query method. with individual functions, while the browsing method is
responsible for retrieving these functions and transferring

3.0 Defining the Language the retrieved data to the browsafith postscript, the
encapsulation is trivial, while the browsing requires a

The main objective of our modeling language is to prothird-party tool.

vide power and flexibility in building InfoHarness reposi-  Adding support for a new data type may be supported

tories. Each object in an InfoHarness repository may havey a declaration of the following form:

multiple children, as well as multiple parents. The reposi-

tory generation amounts to the creation of objects an®EF DATA <name> <format> <browser>

their parent-child relationships, and to indexing physica‘_| ‘ ¢ h lation f
information declared to belong to indexed collections.  ere,<format> refers to the data encapsulation format

. that is either usedefined or is supported by InfoHarness,
__The two main components of the language are responyy<prowser>  identifies the browsing method.
sible for introducing new types and for defining structures

of information repositories. Theype definitioncompo- 3
nent of the language is responsible for adding support for
new data types and new indexing technologies. In ouTo support independent indexing technologies without
experience, adding support for a new data type is quitany modifications to their implementation, we must pro-
simple. Adding support for a new third-party indexingvide a way of mapping the results of queries to InfoHar-
technology is slightly more complicated, primarily ness object identifiers (Figure 1). InfoHarness objects
because of the need to provide the run-time mappinghust encapsulate those portions of physical data that are
between the portions of data known to the indexing tooteferenced by the indices.

and the InfoHarness objects.

.2 Indexing Technologies

o For most indexing technologies [dee90,kah91], the results
_ The structure definition component allows users to of queries are references to portions of either the pre-pro-
impose desired logical interpretations on physical data. It§essed data or the original information. When generating
syntactic definition may be found in [shk95]. an indexed collection, cross-references are being created
In Sections 3.1 and 3.2, we discuss adding support fdretween these portions of data and the InfoHarness
new types of data and new indexing technologies. In Seobjects. When processing the results of a quigse



cross-references may be used to find the encapsulatiRPL to building repositories of heterogeneous informa-
InfoHarness objects (Figure 1). tion are discussed in the next section.

Many indexing tools support their own typing to per-
form filtering and browsing. When used within InfoHar-4.0 Applications
ness, the indexing tools are always made to assume that
they are dealing with plain text, making their own typef this section we discuss using the structure definition
irrelevant to both reading and presenting the origingbmponent of IRDL to build InfoHarness repositories for a

information. variety of applications. Wbegin with a very simple exam-
Adding support for new indexing technologies may bple of building an indexed collection of man-pages. Then,
supported by a definition of the following form: in section 4.2, we discuss a slightly more complex exam-
) ple of representing formatted documents. Finalysec-
DEF INDEX <name> <build> <query> tion 4.3, we use the example of an environmental library to
<typel> <type2> discuss building InfoHarness repositories from multiple

Here, <name> is the name of an indexing technology'€t€rOgENEOUS components.

(LSI, WAIS, etc.), <build> and<query> are shell-
level commands for building and querying the index strué-1 Man Pages

tures, anc<typel> and <type2>  refer 10, respec- Consider the example of building a repository of man
tively, the kinds of pre-processing of data and of run-timg,qes It is reasonable to suppose that each man page is a
mapping of the results that are utilized by the indexingni of interest, and should be associated with an informa-

technology tion unit. It is also reasonable to suppose that a single
o indexed collection should be created for all man pages.
3.3 The Structure Definition Component Given the location of man pages, their desired run-time

presentation, and the desired indexing technolty

. —_ r
The main feature of the structure definition component . : .
the language [shk95] is its non-procedural support for daﬁg’;\IIOWIng steps are required to create the repository:

encapsulation, set operations, and content-based indexihg.Create simple IHOs to encapsulate individual man
This support is conditional on the availability of the Pages.

appropriate type libraries that may be created either ind2- Create an indexed collection of simple IHOs created in
pendently or by interpreting the type definition statements. step 1 using \ide Area Information Service (MS)

Data encapsulation is supported by specifying expres- t€chnology [kah91] for indexing physical data.
sions in one of the following forms:

BEG N
ENCAPSULATE <data_type> <location> COLLTYPE WAIS;
o DATATYPE MAN
ENCAPSULATE <data_type> <object_id> VAR | HO. WAIS_Collection;

The second form should only be used in expressions VAR SET | HO: Man_IHO_SET;

which the<data type> is different from the type of
the object defined by theobject_id> . For example,
let “12345:/tmp/foo.c” be the identifier of an
object of type"TXT” that encapsulates the filémp/
foo.c” . Consider the following expression:

ENCAPSULATE C “12345:/tmp/foo.c”

The value of this expression is a set of identifiers or
objects that encapsulate individual functions which occén IRDL program consists of declarations that are fol-
in “/tmp/foo.c” . lowed by statements. The first two declarations in Figure 2
. . . . re the type declarations, whahAIS is declared to be a
The creation of the composite objects is supported by tElSIIection type, andAN is declared to be a data type. A
expressions of the form: collection type may only be declared if the methods that
support corresponding indexing technology are available
in the InfoHarness type libraries. Similarlg data type
The creation of indexed collections is supported by th®ay only be declared if the corresponding data encapsula-
following expressions: tion and browsing methods are available.

The following two declarations are the variable decla-

rations that mak&VAIS_Collectionan item IHO variable,
andMan_IHO_Set; a set IHO variable.

In addition, the language provides support for creating and The first statement of the program encapsulates man
maintaining set expressions, for accessing individual gehges located &tusr/man/man*/” and assigns the set of
elements, and for setting and retrieving individuajenerated simple IHOs tdan_IHO_SetThe encapsula-
attributes of InfoHarness objects. Examples of applyintpn is always controlled by an appropriate method. For the

Man_IHO_SET = ENCAP MAN “/usr/man/man*”;
WAIS_Caollection =
| NDEX WAIS Man_IHO_SET “/tmp/db/man”;
WRI TE Man_IHO_Set, WAIS_Collection;
END

Fig. 2. Representing a collection of man pages

COMBINE <object_id> <set_expression>

INDEX <index_type> <set_expression>
<location>



type “MAN”", this encapsulation method associates eacimatted using the TEX program) are available in the Info-
man page with an 1U. Harness type library

The next statement requests that the man pages encap-Doc_IHO andLSI_Collectionare declared to be IHO
sulated by IHOs irMan_IHO_Setare indexed using the variables, each representing a single element, while
WAIS indexing technologyand that a collection object Doc_IHO_SETand Section_IHO_SET&re declared to be
that references these IHOs is created and assigned to traiables representing sets of elements.
WAIS_Collectionvariable. The final statement results in  Tne first statement of the program encapsulates TEX
writing out the collection IHO and IHOs that encapsulatgjocuments located atuftest/docs’and assigns the gener-

individual man pages. ated set tdoc_IHO_SETIt remains to encapsulate indi-
vidual sections of all documentsoc_IHO_SETThis is
4.2 Formatted Documents done by the first statement in the FORALL looe ¥¢lect

Documents prepared by a text formatting system usuallt)beTEX—Stype to encapsulate individual sections.

have an inherent structure. The document itself is a logical Composite IHOs are created by combining the docu-
unit but it may also be considered to be a composition dgpent IHOs and IHOs that encapsulate sections of these
sections, sub-sections, paragraphs, sentences, etc. In #@suments. The composite IHO and the set of simple IHOs
example, we view a structured document as a compositigie Written out by the last statement in the loop. Docu-
of sections. The units of interest are sections that are asgpents inDoc_IHO_SETare then indexed using LSI tech-
ciated with information units. This défrs from the previ- nology and the resulting indexed collection is stored in
ous examp|e because mu|tip|e information units ma S|_CO”eCti0n.ThiS collection IHO is flnally written out
encapsulate diérent portions of data within the same file. by the last statement of the program.

Given the location of the documents, their desired run- f .
time representation, and the desired indexing techn;olog?r'3 Hetelogeneous Information

the following steps are required to generate the repositofy, gemonstrate the flexibility and the ease of use of IRDL,
of documents: we present the example of an electronic library of the envi-

1. For each document do the following: ronmental data. The library houses ayéarcollection of
1.1. Create simple IHOs that encapsulate individual diverse data about the environment, with a focus on the
sections that occur in this document. utilization, evaluation and preparation of environmental

. impact reports, statements and related documents (i.e.,
12. S&e:;?:n%omoﬁggtﬁjl:—lH%t:zEsgé?g;u'afels the docenvironmental technical reports”). The desired structure

_ P ) P o of this library is shown in Figure 4. Whenever any major
2. Create an indexed collection of the composite IHOs cijvil or industrial project is proposed, a report has to be

created in step 1, using Latent Semantic Indexing  presented on the fetts that the project will have on the

(LSI) [dee90] for indexing physical data. environment. The report should also conform to the short
These steps are implemented by the sample IRDL prénd long-term plans that have been drawn up for that par-
gram in Fig. 3. ticular area.

The reports contain frequent references to pertinent
BI(E:%_TTYPE LSl data i.e. botanical, ground wateir pollution etc. In addi-
DATATYPE TEX, TEX S : tion, other kinds of information may be crucial for the
VAR | HO: Doc_IHO, LSI_Collection; effective utilization of this material, e.g. maps, aerial pho-

VAR SET I'HO ™ Doc_IHO_SET Section_IHO_SET; tos, etc. [hol90, woo94]. In this example, we build a repos-

itory that would naturally support such a retrieval scheme.
Without any loss of generality we restrict ourselves to
plans and maps and assume that these exist for all counties

Doc_IHO_SET =  ENCAP TEX “/uftest/docs”;
FORALL Doc_IHO | NDoc_ IHO_SET

{ _ _ _ of a particular state. Each county has the above mentioned
Section_IHO_SET = ENCAP TEX_S Doc_IHO; plans composed of text and images.
Doc_IHO = COMBI NE Doc_IHO . -
Section IHO SET: Thg structure of thg repository should fa(_:lhtatg the
WRI TE Doc_IHO, Section_IHO_SET: convenient rgtneval of mformaﬂqn relgtt_ed to individual
} reports. A logical way to accomplish this is to create com-
- plex objects that encapsulate textual contents of the reports
LSI_Collection = d . f h lated inf . Th
| NDEX LS| Doc IHO SET “/ultest/db”: and contain references to the related information. The tex-
LT tual contents may then serve as a basis for indexing the
WRI TE LSI_Collection; - . .
END reports to simplify search and retrieval. The references
may be used to associate the reports with plans and maps
Fig. 3. Representing a collection of TEX documents for the afected areas (counties).

The type declaration statements in this program indicate !mplementation of the desired repository of environ-
thatLSl is a collection type and th&EXand TEX_Sare mental reports requires the following steps:
data types. This assumes that the LSI indexing technolody Create a simple IHO for each report.

methods for the typeBEXandTEX_S for documents for-



Composite Object , Collection of Composite Objects

Fig. 4. The desired structure of an Environmental Library.

3. For each report: combined withreport IHOs creating composite objects.
3.1 Find the plan associated with that report (based ofn€se composite objects are accumulatedoin_SET2
a file-name attribute). and are finally used to create the desired indexed collec-

3.2 Find all maps for each report using the association%':%nmp020”eer::(,ii"’:)?]sulateci reports and assign it to

asin 3.1.

3.3 g.rle(j:ltse;n un-indexed collection of the results of 5.0 Related Wrk

3.5 Combine this collection along with the IHO from - e access and retrieval of heterogeneous information has
step 1 to create a composite IHO for the report.  pigtorically centered on dérent application areas, includ-
4. Create an indexed collection of all such composite  ing software reuse, digital libraries, geo-spatial data, etc.
report IHOs. Software reusability now extends beyond code and

Steps 1 to 4 are implemented by the IRDL program in Figdcludes other software assets such as specifications,
ure 5. As compared to the examples in sections 3.1 af@Signs, test cases, plans, data, and documentation [pri8s,
3.2, this IRDL program has some additional complexitﬁns7l’ I'_”CQO_’ b“r87'bﬁ‘°’91' croIS_BO]. Tfhe constru_c?on of
because of the selective grouping of objects to form hetdfldita |brar|esb|_and the _modef ing d(') geo-spka)\tla;] data
ogeneous sets. Maps and plans are being associated wiff@/!r'¢ assembling a variety of media types, both struc-
report based on th&ileName attribute of the repos tured and unstrucfcured,. and conseqqently ensuring ease of
encapsulating object. The file-name prefix is treated 4SS and manipulation. The basic tradefaf these
unique for the county for which the report is being pre<’_;1pp||cat|ons lies in balancing the cost of constructing a
pared. Alternative grouping criteria may utilize otherStiJrage system versus the cost of locating and browsing
attribute(s) or an inherent language structure within thi&'€vant resources.

IRDL code. One of the most important questions in providing uni-

The initial statements of the program decldf&lS to form and transparent access to information is data repre-

first executable statement serves to encapsulate texts"gf Proved to be practical, the next best thing is a uniform

individual reports that are available on the machind@t@ modeling approach.

ftp.foo.govat the location'u/jan95/eps.Plans and maps  Research on modeling data within a dynamic environ-

are encapsulated in the similar manner ment has identified two concepts - the set concept and the
For each reportJoin_SETLlis used to accumulate P& concept. These concepts adequately capture invariant

relatedplan and map IHOs. Sets of these IHOs are therProperties of data within a database architecture [ter92].



BEGIN;

COLLTYPE WAIS;

DATATYPE TXT, MAP;

VAR IHO: Comp_IHO, Plans_IHO, Map_IHO, Comp_Collection;

VAR SET IHO: Comp_IHO_SETPlans_IHO_SEMap_IHO_SETJOIN_SET1, JOIN_SETZ2;
STRING Prefix;

Comp_IHO_SET ENCAPTXT “ftp.foo.gov:/pub/jan95/reps”;
Plans_IHO_SET ENCAPTXT “/pub/doc/plans”;

Map_IHO_SET ENCAPMAP “ftp.fake.og:/pub/maps/nj”;

FORALLComp_IHOIN Comp_IHO_SET
{

FilePrefix ATTR Comp_IHO FileName;

FilePrefix = SUBSTR(FilePrefix,0,index(Prefix,”.”));

JOIN_SET1 = {};

FORALLPlans_IHON Plans_IHO_SEBUCH THA ((ATTRPIlans_IHO FileName) =~ Prefix*);

Join_SET1 = {Plans_IHO, Join_SET1};
}
FORALLMap_IHOIN Map_IHO_SETSUCHTHAT ((ATTRMap_IHO FileName) =~ Prefix*);

Join_SET1 = {Map_IHO, Join_SET1};

}
Comp_IHO =COMBINEComp_IHO Join_SET1;

Join_SET2 = {Comp_IHO, Join_SET2};

}
Comp_Collection #NDEX WAIS Join_SET?2 “/u/design/index/ind2”;
WRITEComp_Collection;

END;

Fig. 5. Sample IRDL program for representing an Environmental Library

Our objective is to develop a simple, yet powerful, lan-This often leads users togamize and structure their infor-
guage that would support modeling heterogeneous infomation outside the context of the system, hence, defeating
mation based on the underlying notions of sets and typess intended purpose.

The structure definition component, which is currently the  \wjithin data modeling, the process of imposing struc-
most well-developed component of the language, focusggre on data has traditionally stemmed from the observa-
on defining sets. The type definition component includegon of instances [ter92]. In this respect, set theory is a
declarative support for new data types, as well as NeWatyral purveyor of data structurisgequisite tools. From
indexing technologies. a programming language perspective, set theory provides

Other methodologies exist for capturing the internalthe operations necessary for the study of structured types
structure of heterogeneous data [con87, hal87, hal88set89]. In IRDL, we emphasize the role of sets in struc-
nie90, tom91]. Representations within hypertext systemsuring data.

capture basic notions of objects (nodes) and relationships The concept of a simple, declarative language to sup-
(links) which are used to build complex structures (€.9.port modeling is not newAlthough modeling languages
hierarchies, arbitrary networks)akious implementations  porrow from the classical hierarchical, relational and net-
have enhanced this representation with additional featurggg ik approaches, a number of them incorporate and
that include: extend the relational model.8\¢ategorize the languages
« nodes for heterogeneous and tiefined data types,  examined below as algebraic model formulation genera-
+ nodes with varying functionality (content-based nodedors (AMPL [fou87], GAMS [ken87], GEML[neu94],
for capturing text versus structure-based nodes fokINGO [lin91], LPL [hur89]), graphical model generators
building hierarchies), (GOOD [gys94], GYNGEN [for94]), and hybrid/compo-

« singular links encapsulating multiple relationships,  sitional model generators with an underlying representa-
« nodes containing version histories, tion based on mathematical and symbolic properties

. : o . (CML [fal94], SHSML [tay93]). In the following discus-
* Cgﬂ?pgﬂg links with unlimited number of atmbUte'sion, we examine these languages along the structure and
, ’ . the type definition dimensions. In all cases, a language is
* graphical encapsulation of low-level data. reflective of the modeling paradigm from which it
Despite these adaptations, a common usability complairfvolved.
is the relative incongruity between the users’ own concep-
tual representation scheme and that imposed by a system.



GOOD attempts to provide ease of high-level concep- CML broadens the scope of these languages by adding
tualizing and manipulation of data. Sharing similaritiesextensibility to the process modeling representation.
with GOOD, GYNGEN focuses on process modeling byStructure in CML is domain-theory dependent, defined by
capturing the semantics underlying planning problemsa set of top-level forms. Domain theories are composed
CML and SHSML facilitate the modeling of dynamic pro- from components, processes, interaction phenomena, log-
cesses. Although GEML and LINGO belong to the samécal relations, etc. Since the syntax of CML is derived
class, LINGO is tailored for optimization problems while from Common Lisp, the types in this language include
GEML abstracts the generic semantics of algebraic forsymbols, lists, terms composed of lists, sequences, and
mulations. IRDL is being designed for data modeling, busets of sequences. An example of a “derived” tgpen-
it has common features with the process modeling lantity, captures properties such as dimension, time, and mea-
guages discussed below sure. The language promotes reuse of existing domain

GEML is a language based on sets. Structure igﬁgorieg to model processes underayariety of conditions.
defined through a sub-language, derived from the princiTh'S mirrors the_ InfoHarn(_ess class hierarchy where new
ples of the Executable Modeling Language (EML), whichtyPes may easily be defined as subclasses of abstract
evaluates numeric-valued, logical-valued, and index-setlasses. The abstract class hierarchy is stable and is
valued expressions in connection with solver interfacesdesigned to support method sharing between types.
model debuggers, etc. GEML has both primitive and
derived data types. Primitive types may be defined by th6.0 Future Work
user or built-in scalars. Derived types are recursive appli-
cations of operations such as the Cartesian product or subur future work is directed towards the type definition
typing. Like GEML, IRDL incorporates the ideas of component of our modeling language, and towards defin-
indexing expressions and set-valued expressions duringg an action language for the run-time maintenance of
object formation. In addition, GEML allows built-in, changes in active repositories.eVére also performing
primitive, derived, and usefefined functions. investigations aimed at the scalability of search by com-

GOOD, GYNGEN, SHSML, and CML all employ bining results of queries against independent indices. The
graphs for defining structures. For the individual lan-initial public release of InfoHarness on the Internet is
guages, variations arise when determining the role gflanned for the first half of 1995.
nodes/edges as representations of the “underlying” con-
cepts .and composing and interconnecting them to producg Acknowledgments
meaningful representations. GOOD relies on the opera-
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