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l. | ntroduction

For many, Tim BeneslLegs Semantic Web symbolizes the next generdtion in the
evolution of the WWW. Its capability to represent rich information and enable machines
to interpret that information may mean that next generdion intdligent searching and
information filtering services will make our lives better. However, what if not enough
people represent information a dl, or not richly enough, or not in numbers sufficient, to
make these services viable? The “informetion” that appears to be the bottleneck for the
adoption of the Semantic Web is not data; it is not ‘7 or ‘cat.’ It is the rules and
meanings about data defined precisdly enough so that machines, not dow, eror prone
humans, can correctly interpret and quickly process that daa it is knowledge like
‘sabbaticas occur every 7 years’ or ‘cat and dog are mammals’ Ontologies from the Al

fidd are used to codify this kind of knowledge.

The future of the Semantic Web seems linked with the future of ontologies on the
Semantic Web. In order to predict the future of these ontologies, why not look at the
higory of something smilar. As opposed to modes to codify knowledge on the WWW,

what about going far back and examining modd s that codified knowledge on paper?
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I. Evolution of Business Forms

In smple paper (eg. memos) and HTML use, the author is respongble for authoring, and
the reader, interpretation and processng. Paper dissemination requires a mechanicaly
enabled physcd infragtructure symbolized by the printing press HTML dissemination,

an dectronicaly enabled virtud infrastructure symbolized by the Internet.

However information is disseminated, the human mind's processng cepacity is smadl
relative to the Sze of the problems requiring processng for an objective solution. Smon
[1] cdls this bounded rationality. Fox [2] States that bounded rationdity compes humans
or processors to seek techniques to reduce complexity in information, task, and
coordination. His modd of evolution of organizationd <ructures to reduce complexity

can be gpplied to explain the evolution of paper based information manipulation.

Information is too complex when it requires more processng than available in order to be
properly andyzed and understood [2]. This complexity is reduced by omisson and
abdraction. Simple paper documents may be poorly written, or contain unnecessary or
incomplete information. Requiring dl documents to be interpreted and processed by the
reader would be too taxing. An omisson grategy forces the author to only submit sets of
information required for processng. An abdraction drategy dlows sets of information to
be abstracted from one document so that processing can be performed on a set rather than
the whole document. For paper documents, this drategy is executed using business

forms, which ddlineate the structure of the document from its contents.

According to Barnett [3], the firg business form was a form letter for digpensation of

gns, developed by Gutenberg himsdf in 1454. What used to be the responshility of a



smple paper document author was decomposed into forms design, and forms data entry.
Dedgners were unlikey to be entering data, so they developed standard operating

procedures that data entry clerks could use.

When volume of actions necessaty to accomplish a tak becomes too great, the
complexity of the task must be reduced [2] through division of labor. What used to be the
responsibility of the reader of the smple paper document was decomposed into design of
forms processng tasks, and task execution. Forms and task design were centralized and
performed by professonds, data entry and task execution, de-centrdized and performed
by clerks. Innovations (circa 1890-1930) [3] enabled further divison of labor: Counting
machines for punch cards and register machines sped processng, and one-write systems

and carbon paper eliminated unnecessary task steps.

One way to guide divison of labor to reduce the complexity of coordinaing different
tasks is near decomposability of a system [4]: Congruct the units so that interactions
between units ae minima. Strategies for reducing coordination complexity ae
predicated upon this principle [2]. One is contracting, wheren informationd complexity
is reduced to a price, and task complexity, to contractual terms with a near decomposable
unit, the contractor. Many businesses outsourced forms desgn and production to
oecidized printing houses such as Moore Business Forms because large-scde forms
production was prohibitively expensive. Low-cost office typesetting (circa 1950) changed
this A near decomposable unit—the organizationa systems department (often subsuming
a forms department)—was created by many businesses, equipped with typesetters, and

daffed by forms and task designers. Hence, a specidized functiona divison arose. The



explanation for this is that coordination complexity can be reduced by organizationd sub-
dructuring towards functional or product orientation—depending on characteristics of

problems faced by an organization.

Lag dgnificant eectro-mechanica innovations (circa 1960-70) were eectrogtatic and
xerogrgphic  photocopying, which enabled inexpensve, high qudity, large volume
replication. As photocopiers became avalable outdde the organizationd systems
department, forms users reduced their dependency on the department by copying extra
legitimate and customized, “bootleg” forms. The use of dack resources to de-couple
dependent tasks is a third coordination complexity reduction drategy. However, these

“bootleg” forms aso introduced uncertainty:

“The ease with which forms can be reproduced has resulted in the proliferation of
“bootleg” forms—those forms which can be produced outsde of the control of the
forms department... I'm not suggesting that forms should never be photocopied
or that “bootleg” forms should never exist: sometimes the cost of control just isn't
worth the effort. However, the red cost lies in the clerica processng and from
my experience in deding with forms for amos 30 years, | have found few
designers of “bootleg” forms who give processing efficiency much consderation”
[3]

For example, a data processing clerk could not process a “bootleg” form that seemingly
contained required information, though expressed ambiguoudy; or, a sysem tuned to
process a certan volume of completed forms could not cope with additiona volumes of
user-copied forms.  Uncertainty introduced by “bootleg” forms to an efficient forms

processing system led to efficiency loss.

With the advent of widespread computerized data processing, systems based on paper-

based busness forms were trandformed to those manipulating digitized data;



organizationd systems depatments of forms and process designers gave way to MIS
departments of database and programming andysts. One am of process re-engineering
(circa 1990's) was to re-dedgn computerized systems that had gradudly evolved from
forms-based sysems, and hence ill predicated upon some mechanisic and manud

restrictions of forms use that no longer applied.

[11.  Implicationsfor Evolution of Ontologiesfor the Semantic Web

If re-engineers understood how adoption of innovations led to changes in an
organizaion's forms-based systems, they would have been able to systematicaly identify
components of the evolved sysem most amenable for re-design as ones developed to
implement outdated innovations. Moreover, if they could explan changes to forms-based
systems using a modd such as Fox's, they may have been able to make some predictions
about how their re-desgned sysem would evolve as vanguard innovations were
eventually adopted. Taking this approach, in the early 1990's, would some prescient BPR
expat have dedgned a flexible not necessxrily optimdly efficent, inventory
management system that could be integrated with customers systems using the Internet?
In this section, such an gpproach is taken to predict how ontologies for the Semantic Web

may evolve.

XML vs. Ontologies

XML and ontologies are two means of explicitly representing knowledge applied so that
a reader interprets shared data as intended by the data author. XML use for the WWW is
andogous to busness forms use, snce informationa dtructure represented in DTD’s

(terminology) is ddineated from content represented as XML data (eg. <f 0o>7</f 00>).



The definition of ‘ontology’ used in this paper is that it “condsts of a representationa
vocabulary with precise definitions of the meanings of the terms of this vocabulary plus a
st of formd axioms that condrain interpretation and wel-formed use of these terms’ [5].
Ontology use for the Semantic Web then is andogous to use of busness forms with
dandard operating procedures, since informationd dructure is represented as
terminology; rules governing proper interpretation of the dructure, as forma definitions
and condraints (semantics or meanings); and content, as ontology ground terms (eg.

f0o(7)).

Shared understanding about a community—knowledge that its members possess—is
dways goplied in solving problems in that community. The terminology used by
community members can be codified as the community’'s DTD’s. Ontologies, as “explicit
representations of shared understanding” [6], can be used to dso codify the terminology’s
semantics. For example, it must be assumed in usng XML tha the author and reader of
<f 00>7</ f o> have the same underdanding of what ‘foo’ means. This assumption need

not be made in ontology use, since ‘foo’ can be explicitly defined.

XML for the WWW is a much more mature technology than ontologies for the Semantic
Web in terms of dze of usr community, avalability of support tools, and viability of
busness modds relying on the technology. Therefore, ontologies can be adopted in
situations where the capability to represent semantics is important enough to overcome
XML’s maturity advantages. What are characteristic of these stuations? To answer this,
pros and cons of XML and ontology uses are andyzed in terms of the three complexity

reduction principles.



(1) Bounded rationality: XML use is less complex since semantics are not represented.
Whereas many people can identify and classfy terms, only some can systematicaly
express meanings of these terms, never mind, represent them in a formd language.
With XML use, however, there is increased uncertainty that crucid information for
interpreting shared data is not represented. In Stuations where it is reasonable to
assume that shared understanding can be implicitly applied (by assuming for example
that everyone has been uniformly traned) or informaly applied (by assuming for

example that user manuds are referenced), the uncertainty of omission is mitigated.

(2) Division of labor: There is a clearer ddinegtion of respongbilities in XML use. DTD
and data sharing task designs are done by professonas, data entry and data sharing,
by computers with some manud intervention. It may not be possible to automate data
entry or even apply mere clerica sKills for entering ontology data because users may
need to be sophisticated exough to understand what semantics is. Therefore, tasks for
manipulating XML data ae likdy more efficient. However, because it is more
automated, and not cgpable of agpplying semantics, an XML based system will be
more sendtive to un-interpretable data han a semi-automated ontology based system

that is able to gpply semantics for interpretation.

(3) Near decomposability: If interactions between near decomposable units are minimd,
a corollay dates that interactions within a unit are greet. Such a unit can then
organize to reduce complexity of interactions, guided by principles of bounded
rationdity and divison of labor. As long as a unit can be conddered nearly

decomposable, (1) and (2) provide reasons for why XML use reduces complexity.



However, if near decomposability cannot be assumed, ontology use increases the

likelihood that data can still be shared.

The folowing summarize the “XML vs Ontologies’ andyss A unit is nearly
decomposable for purposes of data sharing if it is reasonable to assume that shared
understanding can beimplicitly or informally applied to interpret data within that unit
(a community). Within a near decomposable unit, it is important to reduce complexity
in data sharing. If near decomposability cannot be assumed, reducing uncertainty of
data sharing by explicitly and formally defining semantics in ontologies may be
warranted. Unless reducing uncertainty is more important than reducing complexity*,

XML will be a better or more proven data sharing platform than ontologies.

Using XML for Complexity Reduction

Figs 1 presents models in which shared understanding is codified. They reflect structures
borne to reduce coordination complexity. In the contracting mode, the business network
can be consdered a near decomposable unit, since data is greatly shared between its
companies and service, which are more strongly near decomposable.  According to the
“XML vs. Ontologies’ andyss, XML use for data sharing within the network then is
aopropriate. An example of this moded is Covisint, an online automotive industry
exchange usng Commerce One's XML based xCBL™. In the functiond orientation

modd, the enterprise is more near decomposable than its departments and function, so

! This reflects Fox’s statement that as an organization structures to reduce complexity, it simultaneously

facesincreased uncertainty [2].



XML use within the enterprise is quite appropriate. For example, WebMethods provides

XML based tools to enable companies to perform the data integration function.

Figure 1. Near Decomposable Unitsfor Data Sharing: XML Appropriate
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Using Ontologies for Uncertainty Reduction

Photocopiers were used as dack resources that loosened the forms user’s dependence on
the designer, which led to users assuming some forms design responshility. A padld
effect for data sharing is the assumption of some of the enterprise’s data integration
respongbility by depatments or other entities within the enterprise. The following

presents one such dack resources mode!.

Figure 2. Near Decomposable Unitsfor Data Sharing — Ontology Appropriate
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In this mode, the andog to the photocopier is the data modeling tool. Using the tooal,
knowledge workers—not specidized data modeers—who agpply shared understanding
for ther jobs dso codify it. Codified shared understanding is then used to trandate data
and prepare it for use by an externa entity. “Bootleg” forms produced with photocopiers
introduced uncertainty because tasks had not been desgned to handle them. Similarly, the
data modeling tool gives knowledge workers the ability to codify idiosyncraic shared
understanding that will result in data requiring unforeseen or unexpected idiosyncratic
interpretation by another entity. One way to acknowledge that uncertainty is inevitable is
to not commit to how data from an entity will be interpreted, hence the *? shown in the

modd.

In this modd, it cannot be known a priori whether an entity and another with which its
data needs to be shared are enclosed within a near decomposable unit. Complexity
reduction afforded by the data modding tool’s use is offset by the uncertainty introduced
that un-interpretable data is produced, if XML is used. In contrast, knowledge workers

can explicitly represent semantics for interpretation and introduce less uncertainty if they



use ontologies. Therefore, it is predicted that: Ontologies may be widely adopted, if there
are ontology development tools that can be practically used by knowledge workers, not

necessarily by ontologists (specialized ontology modelers).

The tool will be evauated on factors such as ease of use and capability to express rich
concepts without complex knowledge representation expertises However, ontology
adoption will not depend primarily on these factors In Fig. 3, the rationde for
consdering an entity as a near decomposable unit is not to codify shared understanding;
if it were, ontologists would codify. The raionde is a busness need tha can be satidfied
by knowledge workers with useful skills. A popular knowledge management (KM)
principle is that people will not contribute to a knowledge base if doing so takes too much
time and effort away from ther own jobs [7]. Many KM tools (e.g. Intraspect’s) are
desgned using this principle. Knowledge to be shared is codified as a by-product of

workers using the tool for tasks like e-mail processng important to their jobs.

Jasper and Uschold [8] categorize ontology applications as. neutral authoring, ontology
as specification, common access to information, and ontology-based search. Only in
ontology as gpecification—domain ontologies are created and used as a basis for
gpecifying and developing software—is the ontology developed in the course of doing
some other work, namey software development, and produced as a by-product.
Therefore, it is predicted that: Ontologies are likely to be widely adopted, if an ontology
developed by the knowledge worker is of use to the worker irrespective of whether itis
used for data sharing. Therefore, ontologies may be widely adopted first for software

specification.
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An ontology for software specification is useful even if goplied only once, say for a large
software project [8]. For ealy authors to the WWW, intdlectua curiosty was
compelling enough reason to develop web stes about which most people would not
know. Isolated ontology development for software specification, uncoordinated with
other ontology-like efforts, i.e. a de-centrdized gpproach, is a way of getting practica
ontologies onto the Semantic Web. Few assumptions can be made about how such
ontologies will be used by others, s0 they should be desgned for flexibility and
adaptability, and commit little to how they would be used. Therefore, it is predicted that:
The first phase in the evolution of the Semantic Web may be the development of de-

centralized, adaptive ontologies for software specification

V. Concluding Remarks

This paper attempts to predict the future of Semantic Web ontologies (web based analog
to busness forms cum standard operating procedures) by andyzing the history of paper
based business forms. The predictions are supported not merely by a computer scientist’s
intuitions about data sharing, XML, and ontologies, but supported more systemdticaly by
goplying organizationd science theory of dructuring to reduce complexity to historica

evidence of busness forms evolution. These predictions confirm what some in the

ontology community suspect may happer?, and place emphasis on:

2 once the infrastructure technologies for representing ontologies in the Semantic Web are put into place,

i.e. after languageslike RDF, DAML, and OIL are further developed and standardized

11



Designing an ontology development tool demondrated to be useful and usedble to a

knowledge worker, who is not a knowledge representation expert.

Development of de-centrdized, and adaptive ontologies, which have vdue in of
themsdves, but whose full potentid will only be redized if they ae used in
combination with other ontologies in the future to enable data sharing. The immediate

vaue may be use of ontologies for software specification.

How does this tool work? How are de-centralized, adaptive ontologies constructed? How

are such ontologies organized for data sharing in the future? The main contribution of this

paper is that it provides a rationale as to why these are the pressng questions to ask to

understand how ontologies and the Semantic Web will unfold.
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