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The complexity and scope oftelecommunications systems equipment
brings special challenges for the order-realization process. In particular, one
wants to maintain a simple-to-use interaction between the sales force and
the customer, and yetsupply downstream engineering and manufacturing
processes with sufficient information for manufacturing, billing, and installa­
tion. In thispaper, we describe a unique approach to developing expert
configurators for AT&T Network Systems equipment, using knowledge­
based technology thatmeets the needs ofa diverse setofusers.
Introduction

Fromthe point ofview ofsomeone
who develops and supports customized
configuration applications, the equipment
used in modemtelecommunications net­
works is modular indesign, applicable to a
wide rangeand scaleofproblems, andvery
complex. Customized solutions are an essen­
tial partofdoing business, partly because
theyare the key to providing the mosteco­
nomical networking solutions. Configurators,
software applications used to configure sales
orders one level upfrom a bill ofmaterials,
play an important rolein the processofdeliv­
eringthe rightproduct to customers. We
believe that knowledge-based configurators,
systems that encode configuration rulesas
data that canbe extracted andmanipulated
byexternal programs, have something special
to offer.

Perhapsthe best known knowledge­
basedconfigurator is Rl/XCON, developed in
the late 1970's. 1 The Rl/XCON configurator
wasgroundbreaking in several ways. It not
only demonstrated the feasibility of
knowledge-based systems in the realworld,
but it helped establish production rule sys­
tems as the dominant method ofknowledge
representation used bydevelopers ofexpert
systems. Production systems have three
major components:
- Alocal database, also called the knowledge

domain,
- Aset ofproduction rules that operate on

the database, and

- Acontrol system that determines what rule
is to be applied at anygiven time.

Programming for thisparadigm is sometimes
referred to as rule-based programming.2

Bytheir nature, configurators contain
a great dealofknowledge aboutproducts.
Suchknowledge is an important resource,
muchlikethe datain corporate databases.
Because knowledge ofa product is a valuable
commodity needed bymany different people
ina company, expertconfigurators provide an
excellent starting point from which to exam­
ine the practicality ofreusinga knowledge
base by otherorganizations. While the reuse
ofknowledge encoded inexpertsystems
often has been discussed within the expert­
systemcommunity, there are,asyet,few
working examples.

Although proven effective formany
kindsofexpertsystem applications, in prac­
tice, the reuse ofproduction ruleshas some
drawbacks. Forone thing, there is a tendency
to mix control anddomain knowledge in the
sameset ofrules. Consequently, production
rulesseldom contain purely declarative
knowledge. This makes domain knowledge
difficult to reuse,because the control struc­
ture implicit in the rulesmustbe adapted to
the newapplication.

The PROSE (PRoduct OfferingS
Expertise) configurator platform developed
at AT&T Bell Laboratories is based ona
knowledge-representation system, that is,a
subsystem ofan intelligent system that pro­
vides knowledge representation services.
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Panel 1. Acronyms and Terms Used In This Paper

Assertions - Seeforward-chaining rules.
C-Classic - C language implementation ofthe

researchlanguage Classic usedby PROSE.

Classification - Anautomatic process (using sub­
sumption) that adds newinformation to a
C-Classic knowledge base.

Completion or propagation - The processofmechan­
ically adding to a knowledge base the logical
consequences ofnewfacts andassertions.

Contradiction detection - The identification ofinfor­
mation mismatches and the provision ofalternate
choices.

Dependency maintenance - Asystemofrecordsthat
maintain information aboutthe relationships
among facts, rules,andassertions in a knowledge
base.

DACS - Digital Acess and Cross-Connect System
trunktermination equipment

Description logic - Afamily oflanguages derived
from the KL-ONE knowledge representation
language.

DS3·16 - 45Mbits/sdigital signal transmission rate
FPQ - Firmpricequote
Forward-chaining - C-Classic is saidto be forward

chaining becauseit derives the logical conse-

PROSE uses a classofknowledge-representation systems
called a description logic. This classoffers distinct advan­
tages to applications which requirethe reuse ofa knowl­
edgebase. The description logic used by PROSE is called
C-Classic. 3 It is a C-Ianguage implementation ofthe
researchlanguage, CLASSIC.4 Assuch,C-Classic has
close tiesboth to researchon knowledge representation
andto database theory."

C-Classic wasselected by the PROSE project
largely because the reuse ofthe knowledge encoded in
expertconfigurators suggested a possible solution to an
important businessproblem-inconsistenciesin product
knowledge within the order-realization process. Briefly,
PROSE synchronizes product knowledge by making avail­
able a single base ofinformation on a product, or
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quencesofanynewinformation it receives as
inputand savesthemforlateruse.

Frames- Ahierarchical representation ofdata.
Individuals - Instances ofC-Classic concepts used to

representequipment configurations in PROSE.

Iterative deepening - Asearchalgorithm usedbythe
PROSE systemto derive configurations that meet
the customer's specifications.

Legacy - An embedded, pre-existing systemused
downstream from the order-processing flow to
pricequotes, orders,etc.

Logic rulesdocument - Standardized specification
format usedby PROSE to develop a knowledge
base.

OA&M - Operations, administration, andmaintenance
Object-structuring primitives - Asmall set ofprimi­

tive operations.
Roles - Away ofdescribing structureand linking

individuals together.
PROSE - PRoduct OfferingS Expertise
RFP - Request forproposal
Semantic nets- Agraphical representation ofdata.
srsi - 53Mbits/s synchronous transfersignal
TeE - Telephone company engineered

products, that satisfies the needsofthose who both
order andengineer products.

In addressing the product synchronization issue,
PROSE contributed to someimportant innovations in
knowledge-based systems. In particular, PROSE repre­
sents an interesting synergy between researchanddevel­
opment inwhich both benefited significantly from the
interaction.' This reinforces the notion that technology
transfer is bi-directional, andnot simply a process of
handing offtechnology to developers.

Among the innovations ofthe PROSE project are:
- Oneofthe firstsuccessful applications that uses a

description logic forknowledge representation,
- Apurely declarative-knowledge base inwhich a lim­

itedform ofknowledge reuse is demonstrated,



Equipment
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contracts
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List of
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Figure 1. This illustra­
tion provides a hlgh­
level view of the
stages Involved In
ordering and deliver­
ing products within
an assemble-to-order
or manufacture-to­
order Industry.

- Ageneralarchitecture forconfigurators, not tied to
anyspecific product,

- Close integration withthe order-processing infrastruc­
ture at AT&T Network Systems, and

- Aspecification technique, similar to an application
generator, that allows non-programmers to maintain
productknowledge.

Product Syncronlzatlon
Figure1provides a high-level view ofthe stages

involved in orderingand delivering products within an
assemble-to-order or manufacture-to-order industry. In
such industries, the expenseand complexity ofindividual
productsrequire the producerand consumerto contract
for the purchaseofproducts before they are actually
manufactured. In largepart, the manufacturing of
telecommunications equipment fits this description.

Salesoftelecommunications equipment are often
organized around large-scale contractsforwhich ven­
dors bid afterthe customerannounces a requestfor pro­
posal (RFP). Typically, engineering beginsafterthe bid is
accepted by the customer. An engineering stage is
requiredforseveral reasons:
- The manufacturing entitymustbe provided with an

unambiguous specification ofthe productthat was
purchased by the customer, and

- Typically, the equipment is customized fora specific
site and, therefore, installers must be provided with
site-specific instructions.

Eachstage shown in Figure1is associated with
a slightly different view ofthe product. The view at the
customer/sales level, by necessity, is simplified and

feature oriented. In contrast, downstream processes,
such as manufacturing and installation, requirea low­
level, detailed description that focuses on the physical
designofthe product. Engineering, in thiscontext, is the
processthat translates the high-level view, sharedby
customersand the salesteam, intothe detailed, lower­
level views required bythe downstream stages.

Typically, each stagehas its own supporting sys­
tems and businessprocesses. Forexample, a salesteam
mightrelyon customized computer spreadsheets to
return quick estimates ofequipment quantities andpric­
ing. While useful in the salescontext, these tools lack the
detailed structural information andtechnical accuracy
requiredby manufacturing and installation.

Onthe other hand, computer systems usedbythe
engineering community often require users to have a level
ofproductknowledge expected only ofexperienced engi­
neers. In addition, engineering tools require many inputs
and do not often provide the quick turnaround needed for
a salesteamto explore price/functionality tradeoffs that
are an integral part ofthe bid-and-proposal process.

The use ofseparatesystems to support each
stage has both positive andnegative consequences.
While allgroupsofusers have toolsthat are closely tai­
loredto their jobs,the task ofupdating and maintaining
separatedatabases, as products changeand new prod­
ucts are introduced, must be closely synchronized forall
databases if they are to worktogetherproperly. In effect.
productknowledge is distributed invarious forms across
the databases shown in Figure1.The supporting sys­
tems associated with each stagealsoneed to be updated
together,adding to the complexity. The potential is
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Figure 2. The
hierarchical structure
for a DACS IV-2000®
cross-connect system
Is a very common
characteristic of
telecommunications
equipment. The
conflgurator problem
Is how to map, from
this high-level view, a
description of the
Internal structure
that Is required by
manufacturing and
Installation.
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enormous forthe databases to get outofsync, requiring
rework andcausing delay as equipment orders are pro­
cessedthrougheach stage.This is often described as the
product synchronization problem.

Knowledge Representation for Expert Configurators
Aconcrete example may helpexplain someof

the main issues in knowledge representation forconfig­
urators. Figure 2 shows a lineup ofa pieceoftransmis­
sionequipment fora DACS IV-2000® cross-eonnect sys­
tem. It plays an important rolein automating the cross­
connection ofhigh-speed optical andelectrical trunks for
bothswitched-voice and leased-line voice and datatrans­
mission in the toll network. For our purposes, the most
important point to notice aboutDACS IV-2000 is that it is
hierarchically structured, which isverycharacteristic of
telecommunications equipment. Aworking DACS IV­
2000 lineup consistsoffrom two to ninebays, eachof
which contains shelves or assemblies ofelectronic gear
called modules. Information processing is accomplished
bycircuit packs that fit intoslots in the modules. The
baysare connected to each other and to the network
bycabling.

Engineers build configurations by specifying, in
largepart, the internal structureoftelecommunications
equipment-the location ofshelves andcircuit packs,
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interconnections ofthe cabling, and so on.This datais
simply too detailed forthe customer/salesinteraction,
and toolaborintensive to be costeffective forbid-and­
proposal work. Consequently, configurators written fora
salesteamcontain a great dealofinformation beyond the
physical structureofa product, such as information
aboutfeatures andordering conventions, andconstraints
on feature combinations.

Customers and salespeople tend to thinkofa
DACS IV-2000 system in terms ofhowit functions within
a working telecommunications network. In that context,
a DACS IV-2000 is a network elementor node with a cer­
tainsignal capacity and, perhaps, a small numberof
high-level features. The configurator problem is oneof
howto map, from this high-level view, into a description
ofthe internal structurethat is required by manufactur­
ingand installation.

Figure 3 shows a high-level view ofa database
in which knowledge aboutordering products is keptsep­
arate from knowledge aboutthe physical structureof
products. Examples ofthe types ofknowledge that can
be encoded in the order model are the acceptable values
and rangesoffeature choices, constraints on the legal
combinations offeatures, and ordering conventions or
standards that are used to structurethe output from
the configurator.



Feature information Descriptions of

Mapping
physical and structural

(assigment layout)
relationships

Ordering constraints Integrity checks
Order model feedback

Ordering conventions Engineering rules

Order model
Physical or

structural model

Rgure 3. A high-level view Is shown of a data­
base In which knowledge aboutordering prod­
ucts Is kept separate from knowledge aboutthe
physical structureof products. Examples of the
types of knowledge that can be encoded In the
ordermodel are the acceptable values and
ranges of feature choices, constraints onthe
legal combinations of features, and ordering
conventions or standards that are used to struc­
ture the output from the conflgurator.

Adescription ofthe physical structureofthe
product is the most important partofthe physical model.
Noteverydetail ofthe product needbe represented,
however, only whatis required to properly feed the
downstream processes. Physical dimensions, forexam­
ple, may be largely irrelevant, but knowledge about slot
locations for shelves andcircuit packsmay be essential.

Integrity checksand engineering rulesare also
basic partsofthe physical model. Integrity checksare
used to prevent incompatible equipment types from
beingincluded in the sameorder.Engineering rules are
statements ofhowto compute certain quantities ofequip­
ment in the language ofa product expert. Theyare
implemented as simple forward-ehaining rulesin
C-Classic. Suchrules, wheninvoked, triggerother rules,
which in tum can invoke other rules, etc.When an item
is listed fora system, the forward-ehaining software trig­
gers a listofadditional equipment that mustbe added to
complete the order forthat item. Forexample, if a cer­
taincapacity is exceeded on a shelf, engineering rules
may be activated to add power to that shelf. Engineering
rulesare a labor-saving device forpeople with a deep
knowledge ofa product, because theyare saved from
having to specify everylast detail ofthe order.Sales peo­
pleor customers, however, who may have less product
knowledge, depend heavily on engineering rules to pro­
ducetechnically correctconfigurations.

Mapping between the high-level order model
and the detailed physical model is a crucial aspectofa
telecommunications configurator. In the context of
telecommunications systems, the generic term

describing this mapping is assignment. In the abstract,
assignment is a special caseofa constraint-satisfaction
problem inwhich demand generated from the order
model mustbe satisfied, given the constraints imposed
bythe physical model. Optimization can, andoften does,
playa rolehere and,although it mayor may notbe
heuristic in nature, is often required to find an economi­
calsolution.

Feedback from the physical model to the order
model is anotherimportant aspect to consider. Oneform
offeedback takes place when equipment is added after
engineering rulesare triggered. Such equipment is not
explicitly requested bythe user,andyet mustbe
accounted for in the final order.

The PROSE Conflgurator Platform
Fifteen configurators have been successfully

developed usingthe PROSE configuration platform. Most
ofthese employ a knowledge-representation scheme
similar to that shown in Figure 3. Oneinteresting aspect
ofthe PROSE project is that,foreachconfigurator, one
C-Classic knowledge basedrives different user interfaces
forsales, engineering, andcustomer service users.

Figure 4 shows the main screenforthe
sales/customerinterface, called the firm price quote
(FPQ) interface forDACS IV-2000. To obtain a meaning­
ful DACS IV-2000 configuration, including pricing, the
salesteamneedonly specify a release identifier andsix
numbers representing the desired signal capacity ofthe
system. The terms Wired andEquipped are jargon that
refer to a distinction between planned andworking
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UID: Prose Test

Customer: AT&T Bell Laboratories

Wired Equipped

1000 900
Action:

~/ 90
/ l. Next Screen

/1'0 9
-r-- 2. Previous Screen

3. Exit

AT&T DACSIV-2000 Configurator

Total Signal Input Screen

Quantity of DS1 Signals

Quantity of DS3 Signals

Quantity of STS1 Signals

[Configuration]

27 June 1993

Configuration: JRW

Release: 3.0RC

This quote refers to at most 1 lineup with 9 bays

Figure 4. The main
screen Is shown for
the sales/customer
Interface, called the
firm price quote (FPQ)
Interface for DACS®
IV-2000. To obtain a
meaningful DACS IV­
2000 configuration,
Including pricing, the
sales team need only
specify a release
Identifier and six
numbers representing
the desired signal
capacity of the
system.

capacity. In other words, the DACS IV-2000 configurator
takes intoaccount the need togrowfrom initial working
capacity to the customer's planned capacity overtime.

The seven inputs canbe thoughtofas the small­
est set offeatures required to describe a DACS IV-2000
crossconnect. The FPQ application uses these inputs to
define agoal state fora search routine, that is, a descrip­
tion ofthe desiredfeatures ofthe configuration. The
search routine starts with the minimum DACS IV-2000
lineup, then addsequipment according to knowledge
encoded in the structural model, testingfora solution as
equipment is added. The search technique used is
related to iterative deepening. 6 For DACS IV-2000, more
than oneconfiguration may satisfy the goalstateat any
level ofthe search,andallsolutions at that level are
returnedto the user forevaluation.

In contrast, the PROSE interface forengineers,
called SPEC for engineeringspecification, naturally requires
moreinputs and moreknowledge aboutthe product than
the sales/customerinterface. Butit also has moreflexibil­
ity. The required inputscoverseveral screens. An exam­
pleofone such screen is shown in Figure 5.

Without goinginto the details, the SPEC input
screenshown in Figure 5 provides a way forengineers to
describe certain aspectsofa DACS IV-2000 itemcalled

an S-bay. For this particular S-bay, there are four shelves
(Units 9-12), three fortypesD53016 (16 terminations of
45Mbits/slines) andoneforsrsi-is (16 terminations of
53Mbits/s lines) respectively. Other input screens
would be provided to describe the D53-16 shelves andthe
srsi-is shelf. Entering this datatriggersboth integrity
checksandengineering rulessuchthat verification of
the order is oneofthe services provided bythe knowl­
edgebase.

Equivalent DACS IV-2000 configurations canbe
derived from both the SPEC andthe FPQ applications. For
the SPEC application, however, users mustprovide the
mapping from feature to physical model themselves. The
FPQ search routine provides this mapping forusers. In
general, the SPEC interface operates on the physical model
directly, incontrastto the FPQ interface, whereusers oper­
ate directly on the order model and information is passed
to the physical model viathe mapping function.

Software Archltectur.
There are three PROSE installations deployed and

operating, oneat the Merrimack Valley Works Data Cen­
ter forthe Transmission Systems Business Unit products
in Massachusetts, one in St.Louis, Missouri, forthe Net­
work Wireless Systems Business Unit products, andone
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at the Dallas Works Computer Centerforthe Microelec­
tronics Energy Systems Business Unit products. All are
basedon the Sun690 hardware platform. Multiple
configurators run on each ofthese installations.

Figure 6 shows the PROSE software architecture.
The top ofFigure 6 shows PROSE's three user interfaces
for FPQ,telephone company engineered (TCE) , and SPEC.
The three user interfaces contain menusandforms,
pick-and-ehoose options, and pop-up windows that make
the application user friendly. Onsomeoccasions, AT&T
customers, such as regional telephone companies, may
configure their own orders and send them directly to an
AT&T customerservice organization. Suchorders are
called telephone company engineered (TCE) orders,and
theycanbe verified usingthe PROSE TCE interface.

Featureselections and choices are passedto the
PROSE knowledge base throughan application driver and
a data-manager level. These are library calls to C-Classic,
surrounded by defensive programming and error­
handling code. Report data, such as installer's notes,
equipment codes, and a few other items, are storedinflat
files so that users can do someofthe work on an order,
interrupt it, and return laterto complete the sameorder.

Embedded, pre-existing systems, alsocalled
legacy systems, are used downstream from the order­
processing flow to price quotesandorders,enter an
order in an order tracking system at a factory, andsoon.
Onthe PROSE side, these functions are performed bythe
access manager inter/ace andthe access manager. These
modules provide an application-to-application protocol
between PROSE andthe mainframe applications.

PROSE also contains a suiteofoperations, admin­
istration, andmaintenance (OA&M) tools. These tools
assist in system administration, including adding and
removing users, doing backups, and installing new soft­
ware. Also included are tools used to update the knowl­
edge baseandother datafiles.

PROSE Deployment
The PROSE platform wasdesigned anddeveloped

bya teamofseven systemengineers and developers.
The PROSE Release 1.0 schedule extended from January
1990, the initial contact with the customer, to the
released product inAugust 1990. The schedule included
knowledge baseandapplication design, development,
system test, and documentation.
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Figure 6. An overview

of the PROSE software

architecture.

This example should notbe construed as repre­
senting the effort neededto develop and deploy a new
product configurator under the PROSE platform.
Configurators forcomplex products have been devel­
opedina little as fourmonths. However, the entireteam
strives forcontinuous improvement in product quality
and delivery intervals, and metrics on bothhavebeen
steadily improving sincethe firstPROSE release. Cur­
rently, PROSE is beingused inallAT&T Network Sys­
tems salesregions. PROSE users include regional engi­
neers,technical consultants, account executives, mem­
bers ofthe design community, and product management.

Asnoted, there are 15PROSE configurators sup­
porting three AT&T Network Systems business units,
and new configurators foradditional products are being
developed under the PROSE platform in 1994.

Benefit.. The following benefits have been
achieved inAT&Ts order-processing environment:
- Areduction inoperating costs,due to the elimination

oferrors on orders detected byAT&T personnel, and
order rework that is carriedout to clearthese errors,

- Areduction inoperating costs throughthe consolida-
tion ofdatabases and positions,

- Adecrease in the interval forupdating product-design
changesintothe order-process infrastructure, byelim­
inating manual interpretation and transcription of
drawing information,
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- Support forkeyorganizational changesandbusiness
practices with AT&T Network Systems, and

- Adecrease in the order-process interval byallowing a
user to configure, edit,and send the order to the
AT&T factory interactively. This interval compares
favorably with the previously existing process that
tookanywhere from two days to two weeks.

C-Classlc Knowledge Representation
Now wewill lookat the development ofPROSE.

Asnoted, the knowledge-representation system selected
bythe PROSE project, C-Classic, is a member ofa family
oflanguages known as description logics. These lan­
guagesare derived from KL-ONE (for knowledge lan­
guage),a knowledge-representation system that was
developed in the late 1970'S.7 Such languages have a
closelinkto modemdatabase theory," and theyare
closely related to knowledge representation methods
called frames," andto semantic nets. 10

Underlying alldescription logics is the notion of
organizing a small set ofprimitive operations, sometimes
called object structuring primitives, intoa description lan­
guage (seeBrachman 11 forthe original thinking on this
idea). The choice ofprimitive operations for the descrip­
tionlanguage is crucial, because theyare known to have
a profound impact on the complexity ofthe underlying
inference algorithms. 12 Consequently, the designers of



<concept>::- <concept-name> I
(at-least<integer><role» I
(at-most<integer><role»I
(between<integer><integer><role» I
(exactly<integer><role» I
(all <role><concept»I
(fills<role>[<individual> ... ]> I
(one-of[<individual> ... ]> I
(range<number><number» I
(lower-limit<number» I
(upper-limit<number» I
(test-c<function>[<c-classic-object> ]>I
(test-h<function>[<c-classic-object> ]>I
(and[<concept> ... ]>

<rule-concept>::- <concept> I
(computed-concept<function>[<c-classic-object> ... ]>I
(computed-fillers<function><role> [<cl-classic-object> ... ]>

<individual>::- <host-individual> I<classic-individual>

<host-individual>::- <integer>l<float>l<string>

<classic-individual>::- <symbol>

<concept-name>::- <symbol>

<role>::- <symbol>

Figure 7. An example

of the C-elasslc

description language

Is shown here. The
Internal structure of

concepts and Indivi­

duals Is described

using value restric­
tions (the all primi­

tive) and number res­

trictions (at-most and
at-least operators).

description logics play close attention to the choice ofthe
description-language primitives. Description logics all
share the characteristic ofbeingbasedon a coherent,
well-defined logical theory.

C-Classic has an exceptionally simple description
language. The fundamental building blocks in C-Classic
are concepts, individuals, and roles. Aconcept or concept
description is an expression composed from the primitive
operations as defined by the description language. A
C-Classic knowledge base consists ofbothconcepts and
instances ofthoseconcepts called individuals. Theyare
related to eachother inan underlying datastructure
sometimes called a concept hierarchy. The mostgeneral
concepts are located high in the hierarchy, andmore
specific concepts are lower in the hierarchy. Whetheror
nota given concept is morespecific or moregeneral
than anotherconcept canbe determined byexamining
their concept descriptions. C-Classic has an algothrim,
often called the subsumption algorithm, that mechanically
determines whetheroneconcept is moregeneralor
specific than another.

Concepts inheritdescriptions from other con­
cepts located higher in the hierarchy. C-Classic is saidto
have multiple inheritance because a single concept can

inheritfrom morethanoneparent. Roles provide a way of
describing structureandlinking individuals together.

The following example illustrates how concepts,
individuals, and rolesare used todescribe and represent
products in a PROSE knowledge base. DACS IV-2000 has
anassemblage ofelectronic equipment called a 053-16
shelf. The structureofthe 053-16shelfis represented in
C-Classic bya concept. Ineffect, the concept describes
the rulesofcomposition forthe shelf-the fact thatcer­
tainslotsin the shelfaccept only certain kindsofcircuit
packs, that cabling has to be ofa certain type, and so on.
However, many 053-16shelves are often included in real
DACS IV-2000 configurations. These shelves are repre­
sented in C-Classic by individuals. However, theyallfol­
low the samerulesofcomposition as defined bythe
053-16concept description.

Among other things, rolesare usedto link the
various components ofa configuration suchthat impor­
tantstructural aspects are preserved. Asingle bayin a
DACS IV-2000 configuration canhave up to four shelves
ofelectionic gear.Roles are used to linkthe bayindivid­
ualwith fourshelfindividuals that togetherrepresent the
physical structureneeded forthat particular configura­
tion. Associated with these rolesare special concepts
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called value restrictions (theall primitive in Figure 7).
Theyhelpensure that allconfigurations produced by the
PROSE system are valid.

The C-Classic language performs the following
kindsofinferences:
- Classification, the automatic insertion ofdescriptions

ina concept hierarchy;
- Completion, or propagation,of logical consequences,

such as the all referenced above, which completes the
definition ofa switching bay; that is,completes the list
ofrequired equipment;

- Contradiction detection, which identifies mismatches
ofequipment types, and mightprovide alternate
choices;

- Simplejorward-ehaining rules (or triggers); and
- Dependency maintenance, or "truth maintenance"

discussed below.
All languages derived from KL-ONE support

an interesting operation known as classification. New
concept and individual descriptions are classified in the
hierarchy automatically byanalyzing their internal
structureandcomparing that to concepts already
encoded in the hierarchy.

Partly as a sideeffect ofclassification, there
is a sense inwhich allC-Classic knowledge bases must
be internally consistent. Because the underlying algo­
rithmscannotproperly classify descriptions that con­
flict with pre-existing knowledge, contradictory descrip­
tionssubmitted forclassification are detected and
rejected by the system.

Classification in C-Classic canbe used to drive
the application offorward-ehaining rules, called asser­
tions, to individuals. The expertconfigurators developed
bythe PROSE teamuse this mechanism to build config­
urations from user inputs.

C-Classic maintains a systemofdependency
recordsthat collectively form the basisfora truth main­
tenance system (TMS). In a word, it keepsyouhonest. It is
possible forsomeone to selecta feature and laterchange
that selection. The TMS allows users to retract such told
information from a C-Classic knowledge base,thereby
unwinding anyofthe logical consequences depending
on that information. The TMS is also an essential partof
C-Classic's error-handling mechanisms.

Owing to a longtradition ofresearchon the com­
plexity ofthe inference algorithms indescription logics,
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C-Classic inference is known to be tractable formost
practical problems. 13 This is an important characteristic
foranyknowledge-representation systemused in real
applications.

C-Classic has its origins in researchon knowl­
edge representation conducted in the Artificial Intelli­
gence Principles Department at Murray Hill, N]. Inter­
estingly enough, our experience in technology transfer
on the PROSE project has demonstrated that there is
something important to be gained both byresearchand
bythe application team. Brachman14 has discussed the
processfrom the researchperspective. Hecitesthree
categories ofchangesthat are the directresultofthe
technology-transfer process:
- Language improvements,
- Interface improvements, and
- System features.
Heconcludes that the C-Classic/PROSE experience
shows that "implementation anduse ...are vital comple­
mentsto work onknowledge-representation theory."

Reusing Product Knowledge
Knowledge-based techniques are not the only

method ofimplementing configurators. The mostcom­
mon method is the use ofa collection of"if-then-else," or
nested case, statements ina conventional programming
language, likeC or Pascal. Wearguethat sucha method
is no less an encoding ofproduct knowledge thanthe
techniques wehave described here.The keydifference
inC and Pascal is that,oncecompiled into object code,
knowledge aboutthe product thatwasembodied in the
sourcecodebecomes unrecognizable. This is an impor­
tant resource that is, ina sense, lost.

Product knowledge represented in C-Classic is
ina symbolic, declarative form. Assuch, it canbe
retrieved and manipulated. Apurely declarative­
knowledge basehas someinteresting characteristics.
Forexample, although it may contain rules that perform
actions, thereis no flow ofcontrol information, and,
therefore, the order inwhich inputs are received is irrel­
evant. External programs canconstruct a set ofinputs in
the mostnatural way, send them to a C-Classic knowl­
edgebase,andexpectidentical results.

Mostimportantly, however, the declarative
natureofknowledge encoded in C-Classic lays the neces­
sarygroundwork for reuse applications. Krueger" has



identified eightlevels ofsoftware reuse.Atthe highest
level are reusable software architectures (seeGelman16
fora discussion ofthis topic, and Beck'?fora concrete
example ofa reusable architecture). Hsuehet al. 18 also
are concerned with reuse issues,although theyfocus
instead on the definition and supportofprocesses
forpredictable and reproducible results in software
development.

Software reuse is foremost inour minds as well.
Wethinkthere are common organizing principles pre­
sent in the 15PROSE configurators that canbe extended.
Simply recognizing and understanding a common prob­
lemstructureprovides substantial leverage in software
development. However, wethink it is possible to go fur­
ther. In our case,such commonalities serveas the guide­
linesfora standardized knowledge-engineering method­
ology that canbe replicated and improved upon forthe
development ofallnewPROSE configurators. Weare cur­
rently usingandfurther defining this methodology.

The first stepwehavetakenin this direction has
been to collect allthe kindsofrules, etc., that are needed
to develop a newproduct knowledge base,anddevelop a
standardformat for recording this knowledge. Wecall
this specification format the logic rules document (LRD),
and it is described ina document called the "PROSE
Knowledge Engineering Guidelines.'?" The format is
intuitive enoughso that someone with product knowl­
edge,but no experience with C-Classic, can read and
understand an LRD.

Inaddition, we have developed a translator that
produces a working C-Classic knowledge basefrom a
specification document. Today, PROSE configurators are
developed by producing an LRD and integrating the
resulting C-Classic knowledge basewith the other mod­
ulesdeveloped within the PROSE platform.

In a sense, the knowledge-engineering method­
ology, the specification format, and the PROSE translator
institutionalize the common problem structurethatwe
have uncovered in the configurator domain. The PROSE
translator qualifies as a type ofapplication generator,
one ofthe eightlevels ofsoftware reuse identified by
Krueger, although it presently covers a limited domain.

Since allthe information abouta product is,or
could be, located ina knowledge base, the reuse para­
digmcould be extendedif PROSE relied entirely ongener­
alized application programs that queried the knowledge

base fordata that distinguished oneconfigurator from
the other.Thus, to develop a new configurator, one
would collect allthe product-specific information, put it
in the LRD format, and run the translator. For example,
the user interface could querythe knowledge base,fol­
lowing accepted conventions, to determine whatinforma­
tionto present to the user.

Finally, it occursto us that wecantakeadvan­
tage ofthe modularity provided byour architecture to
build higher-level configurators. The equipment cur­
rently available through PROSE, forexample, is usedby
engineers to piece togetherelements ofa working
telecommunications network. SLC-2000® Carrierequip­
mentand DDM-2000® shelves, which are two kindsof
transmission equipment available throughthe PROSE plat­
form, canbe combined to form whatare called access
nodesin the loop plant forcustomer lineandtrunk
accessto the network. There is no reasonwhy a higher­
level template couldn't be put together that describes
howto assemble an access. node. In theory, onecould
continue adding morestructureabove the existing prod­
uctknowledge to provide higher- and higher-level solu­
tionsto the customer. Weenvision the ability to link our
existing configurators togetherina largersystem that
configures at the network level, andyet supports engi­
neeringfor individual network nodes.
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