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Joseph O. Bergholm Competition and the fast pace oftechnological evolution in today's global
J. Michael Davis telecommunications industry are placing unique demands on the flexibili­

Behzad Nadji ry of operations support software systems.The industry must be capable
Peter D. ling of rapidly introducing newservices, technologies, and organizational

structures. Networks must be capable ofbeingpartitioned fo r various
applications and administered based on complex ownership relationships
among the various network components. User permissions must be
readily adaptable to reflect various combinations ofservices, network par­
titions, and work functions.To meet the time constraints of the market,
telecommunications providers require the ability to configure systems to
meet their needs without relying on traditional software development
intervalsandexternal software development resources.Traditional
software development methodologies generally do notprovide the timeli­
ness and flexibility required.The Service Design andInventory (SDJ) sys­
tem-also known as the Attribute Design Database System (ADDS)- has
achieved a high degree of reusability andcustomer-configurable adaptabil­
ity through a unique application ofobject-oriented technology.

Introduction

The ServiceDesign and Inventory
(SD/) system is an exceptionally adaptable
object-oriented software asset that has
achieved the integration ofa wide range of
functionalityand a high degree of software
reuse across diverse customerapplications.
SOl supports several application functions
within the network management layer ofthe
telecommunications management network
(fMl\') architecture (see Figure 1). Within
the network management layer. SOl acts as
the database ofrecord for all network-related
information, including the following:
- Network locational information, including

geographiccoordinates of structures con­
taining networkequipment (customer
offices, access servingoffices. central
offices, and outside plant locations), as well
as physical locations ofequipment within
an office;

- Physical network components, including
equipment andtransmissionmedia (for
example, fiber, coaxial, radio, and
microwave), equipment port terminations,
andcablingconnections withinand
between equipment;and

- Network path connections, including high­
line and lower levels oftransportfacilities
andservice-providingcircuits.

Much of the application functionality
within the networkdesign and network
inventory management modules ofSOl
revolves around the management ofthis
highly interrelated network information,
including tools supporting network office and
bay installation, installation and cabling of
equipment andfac ilities, and circuit design
and assembly.

Inaddition to these network manage­
ment functions, SOl alsoserves as the appli-
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cation interface to the service management and d ement
management layers ofthe TlIli\. The SOl order manage­
ment module controls the acceptance and processing of
requests for changes inthe network originating from
planning organizations. as well as customer service orga­
nizations. After a request has been processed in the
network management layer (for example, a circuit has
been designed and assembled),SOl will then communi­
cate the design information to the element management
layer to support physical implementation ofthe design
against the appropriate physical network elements.The
SOl gatewaymodule supportsthese types ofinterfaces to
upstreamand downstream applications, as well as inter­
faces to applications inthe network management layer for
portions ofthe network that may notbe controlled and
inventoried via the SOl application.

The final SOl module depicted in Figure 1 is the
rule management module. This module allows an SOl
customer to tune the application ofSOl to support individ­
ual processes, services, and technologies. SOl includes
the following customizable aspects:
- Service descriptions, supporting routing, design, and

assembly rules forfacilities andcircuits providing
different typesofservice, as well as acceptable options
andsettings;

- Processing control schedules anduserpermissions,
allowing a customerto outline the specific control steps
anduser permissions forvarious portions ofthe design
and assembly process, as well as permissions manage­
ment for other modules ofSOl;

- Equipment profiles, allowing templates ofdifferent
equipment configurations to be modeled to support
automated equipment configuration, as wellas valida­
tion processes;

- Sublletwork definition, allowing various portions ofthe
network to be subdivided basedon technology,
network hierarchy, organization, or other category to
allow separate definition andcontrol ofthe target sub­
networks; and

- Feature (field definition) control,allowing customiza­
tion oflabels, values, help, anderror messages to
supportmultiple language delivery.

SOl Development Methodologies

The following subsections detail the fourdevel-

~8 AT&T TECHSICALJOUR.~AL ' MARCH/ APRIL 1996

Panel 1. Abbreviations, Acronyms, and Terms
ADOS-AttJibute Design Database System.an

alternate name for SOl
CCP- the Customer Care Platform ofAT&T

Business Communications Services
lTlJ-International Telecommunications Union
OOA- object-oriented approach
POH-plesiochronous digital hierarchy
SOH-synchronous digital hierarchy
SOl-Service Design and Inventorysystem
SONET-synchronous optical network
SfM l-synchronous transfer mode level l , the Sl'M

transport facility with a rate of155 Mb/s
TMN-telecommunications management network
UIM/X*-User InterfaceManagement SystemforX

Windows software

opment methodologies ofthe SOl system: object-oriented
analysis, separation ofapplication-specific andcore
domains, datagateway, andsubnetworks.

Object-orlented Analysis Methodology. To support
initial analysis and requirementsdefinition activities,
membersofa teamhaving a wide range ofexperience
with existing network provisioning approaches were
assigned to the SOl project The team members based
their initial system specification onan internally gene­
rated set ofscenarios having the following constraints:
- The specific application domain would be fixed within

the network management layer ofthe TMN.
- The application would handle design andassemble

functions forall network hierarchical layers andservice
types that might potentially be targeted forsupport.

- The application would handle all existing equipment
technologies that might potentially be targeted for
support.

- The application would take into account the complex
competitive environment in the domain of telecommu­
nications. Finding anentire network that is owned and
operated byone telecommunications company or orga­
nization is becoming increasingly rare.Thus, the appli­
cation would have tohandle the sharing ofinventory
use between multiple network management
applications.

Thisopen-ended set ofconstraints forced a dis-



tinctly different approach frum that employed fur lradi­
tional one-off software projects in which development is
oftenbased on detailed requirements defined bya single
end-user.To maximize software reuse between potential
application scenarios, the management ufthe SDI project
adoptedthe following twodesign strategies;
- Recognize the similarities between scenariossupport­

ingapplication functions andengineeraround them.
- Separatethe similarities found (coreaspects) from the

application-sprciflcaspects in terms ofhoth data ami
functionality.

To support this stlfltrgy for eli!'l!'l('cting thr appli·
cation domain, the teamdecided to take all object­
orientedapproach (OOA) to thr analysis. In rho initial
stages ofthe aOA, a set of primary objectclasses is
typically defined. Then.an inheritance hierarchy is
developed based on "typing" information that allows rate­
gorization ofthe class. Initially. typing is rather arbitrary
and becomes a sort 01r1as..... ification exercise. True lyping
docs notemerge until scenariosart' found that actually
result in different attributesand behaviors between
different object types.

In the Slrlproject, the morethat waslearned
about the primarytarget ohje'rt classes Oink. node.

Rguro 1. Tho SOlllyatom III an exceptionally
adaptable obJect-oriented software asset that
hal achieved tile Integration of a wide range of
functionality and a hIgh degr" of software
reuse across diverse oustomer applloatlons. SDI
supports several application functions within
the network management layer of the telecom­
munication. management network architecture,
as shown In the drawing. Within the network
managemont layer, SDI acts as the database of
record for all network-related Information.

equipment), the fewer significant differencesemerged
between the class subtypes. Overthe courseofthe analy­
sis, the class hierarchy becameflatterand Ilauer, or less
and less specialized. The team slowly discovered that
within the target application domain (network manage­
mcnt), differences in objectbehavior resulted in different
relationships between objectsrather than fundamental
differences in the objectsthemselves. In otherwords. one
typeofobject (suchas a particular link type) would be
defined primarily in terms ofthe typesofobjectsto which
it could be related (node types, other linktypes). The
primarydeterminants of these rclatinnshlps werr found
to be the values of the attributes rather Ih,lII new or
differentsets ofattributes,

Tu illustrate this point with the linkexample, a
path or aggrpgat(' linkcan be composedofa number of
component links. TI1C allowable typesofcomponent links
that can constitute this relationship are based on various
attributevalueson both the aJ,(J,(regate ami compositional
links (some examples include bandwidth. mileage,
restoration priority, transmission media. frame format.
and line format). A I>~H circuit, for example, ran only he
composed of DSltime slots or other component links
meeting the attribute requirements of the nso aggregate
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Rgure 2. Core objects using appllcatlon-speclflc rule data
make SDI an adaptable system. The drawing Illustrates the
separation of appllcatlon-speclflc rules from core operatIons.
Using circuit provisioning as an example, the provisioning
process can be depleted as being driven by a customer order
for a particular type of service, which Is deflned by various
attributes describing that particular type.

link. Although these linksdiffer in the values oftheir
attributes, they allcontain the samebasicattribute set.

Separation 0' Domalntl. Based on the resultsof the
preliminaryanalysis, it wasdetermined thatvirtually all
the basic network management application functionality
could be generalized toa set ofprimary superordinate
object classescontaining generalized network manage­
ment operationswithout the need to develop specialized
classes (see Figure2).Specialization was needed,
however. to support the definition ofrules fordefining
which types ofobjects could be associated with other
typesofobjects in the network. Ofcourse.depending on
the network. these rulescould differ from application to
applicationbased ondifferences inoperationsprocesses,

services.and equipment technologies.
To meet the goalofbeingable to handle these

different application scenarios flexibly. the teamhad to
develop a way to allowthe flexible definition ofthese dif­
ferences intothe application.Toward this end, the team
beganto develop sets of interrelated rules as data struc­
tures in the database that would support object typing
(attribute value) information needed to drive the opera­
tionssupporting the core object classes. Whenever a core
operation is triggered, it accesses the appropriate typing
information to determine the constraints forestablishing
relationships to other network objects.

Figure2 illustrates this separation ofapplication­
specific rules from core operations. Using circuit provi­
sioning as an example, the provisioning processcan be
depicted as beingdriven bya customerorder (request)
fora particular type ofservice (type ofcircuit or link
throughthe network). whichis defi ned by various attrib­
utes describing that particular type.

Generally, the service type (orlink type defini­
tion) is unique to a specific application in bothformat and
jargon. Similarly. eachtelecommunications provider's



network is uniquein terms ofthe specific combination of
vendor's equipmentand designstrategies,Thus. the link
or service typesand network clementtypescan be
viewed as application-specific objecttypedefinition rules.

Despite the variations in local typedefinitions.
however, allservices (as requested by orders) can be
viewed in terms of their requirementson the fundamental
attributesofa transmission network. These attributes, as
illustrated in Figure 2, include such properties as band­
width, signaling. lineformat and technology. In SUI,
therefore. the application-specific specialization or typing
information is raptured separately,Then, it is instmltiatpd
10 core objectsprior to processing, Thus, specialization is
achieved not through the development ofspecialized
ohjt'(,l classes hut via the instantiation of specialized
attributevaluesagainstcore. generalized super classes.

The linkobjectclass isa goodexample ofusing
modeling generalization and attributesin the formulation
ofobjectclassesand objects. Linksrepresent physical or
logical connectionsbetween twonetwork termination
pointsor equipment ports.They can haveinventories
(channels) of available capacity.They can have compo­
nenr link" al the same level of the ne work hierarchv
(agg-reg-ate links) or at different hierarchy levels (which
providesa mapping between levels). Fin~lIv. linkshave
such attributes as bandwidth, linefonnats.technology,
restoration.and ownership.

Byspecifying the appropriate attributesunder

Agure 3. In the SDI data gatoway archlteoture,
oore data objects, such as servtee orders. are
translatecllnto the formllta of eppiloaUon­
speclRe obleets either required or supplied by
extemat proce... or systems. Theaeextemal
objects are either Imported from or exported to
the external systems ulllng the appropriate
communication mod"'e. The gat_ay supports
both multiple translation formats and communi·
cation modules.

the controlof the SOlrules, linkobjectscan be instantiat­
ed representing,Cor example, any level oC the bandwidth
hierarchy, anychannelization scheme (suchas rru,
North American. POH, SONET, SDH), and anytechnology
(suchas fiber. radio,satellite). Byappropriately specify­
ing the attributes in the SOl rules, therefore. linkobjects
can be constructed using the same objectclasscode to
support the design ofa wide range ofservice types.

This is a radical departure from manytraditional
systemenvironments. Notonlyis codenot reused, but
multiple one-off systemsare developed to deal with indi­
vidual service types,bandwidth levels. or technologies.

SUI applies the same approach to other such gen­
eralized objectclasses as equipment, nodes,and orders.
This insures a high degree ofcode reuse between applica­
tions. Furthermore, the rule tablescan be defined by
users without software development, illustrating the Ilexi­
bility of the SDI software assets to accommodate changes
in a user's environment. It also emphasizes the high level
ofcontrol the SOl rule application management process
placesin the hands ofa user.

DIIbI Get.way. The SDI nata gateway architecture
is another example ofhowthe systemseparatescore
from application-specitic functionality. The gateway
structure is designedto provide a fl exible methodology
furSDlto interface the SDI core capabilities effectively
with other application-specific systemsand processes.
The gateway separates those parts ofthe code from the
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corecodethat may havetochangefrom interface to
interface. Suchseparation helpsensurethat the changes
canbe made in the leastcomplicated way and with the
leastpossible impact on the coreportion ofthe code.

In the SOl gateway as shown in Figure 3,core
dataobjects, such as serviceorders,are translated into
the formats ofapplicatiou-specific objects either required
or supplied byexternal processes or systems.These
external objects are either imported from orexported to
the externalsystems using the appropriate cornmunica­
lion module.TIlegateway supports bothmultiple transla­
tion formats andconununication modules. Thiscanbeas
simple as formatting a workorderandsending it to a
printeror as complex as a full Q3 interface with
standards-managed object messages. 'The gateway con­
trolleris a table-driven process that, for a given transac­
tion type, will choosethe appropriate SDI coreobject,
translation format, andcommunication module, as well as
the appropriate distribution addressesand frequency
(immediate or hatch at a given time).

Subnetwork., The SOl network model was
designed to allow a network to bedivided into multiple
subnetworks, This allowed meeting the objective
requiring the ability to partition the network tosupport
complex ownership interdependencies inthe network
management layer; Subnetworks can represent such
factors as the network responsibilities ofvarious organiza­
tions. the portions ofthc network leased from various
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F1eure 4. Subnetworks ar. denned at the link
and port levels, and SUbnetwork attribute. are
key to management of the network. This
drawing Illustrates three subnetworks, two of
which could represent the responslblllUes of
organizational region.. The third subnetWOrk
represents a customer's facility between
locations A and Z.

providers, portions ofthe network dedicated to the use of
a particular internal or external customer, or the portions
ofthe network controlled byvarious network element
controllr. rs. Subnetworks canbe defined ata granularity
as specific andas low as portor linkusingtoolsin the
inventory management module. Portions ofthe network
canhe "members" ofmore thanone subnetwork.

TIlesubnetwork attribute can be usedas a key
controlling element in many ofthe rule tables. When
usedwith the usergroupandactivity tables. the subnet­
work attribute candetermine, forexample. which design­
er canview (orview and modify) different portions ofthe
network. When the subnetwork is usedwith the gateway
distribution table, itcan causethe gateway to send corn­
mands to the appropriate network element controller or
to sendrequestsformoreleased capacity to the appropri­
ate telecommunications provider. With the activity
description table, the subnetwork attribute determines
such activities as which usergroupswill beassigned.

Figure 4 illustrates threesubnetworks. two of
which could represent the responsibilities oforganization­
al regions. The thirdsubnetwork represents a customer's
facility between locations AandZ.

Figure5 illustratesthe application ofsubnet­
works to identify a portionofthe network obtained from
anaccess provider between nodes AandDandthe estab­
lishment ofsubnetworks at specific network hierarchy
levels. Forexample, the STM 1SDH network between



------- -

locations D and G may be the responsibility ofa specific
internalorganization.

The use oi the subnetwork attributein the
network definition and in the rule tables illustrates
another capability that SVi placesill thehands ofa user to
adapt the SDI software assets tochanges in the business
environment.

SOl Software aad Hardware ArcIIltecture
SOl employsa logically three-tiered client/ server

architecture as depictedin Figure6.TIer 1normally
consistsof II workstation containing the user interface.
some functional modules, and the database interface
layers. Tier 2 consists ofa local file server for the Tier-l
workstations lind printers in the sallie cluster,The
database and its server functions lire located un a single
Tier-S server, also knuwn as the central SUN'T.

Dependingon the customerand the customer's
geographical distributionof offices, two or three oi the
tiers can physically collapse intoone. 11lUS. as shownin
Figure 6. SDI can range from fully residing on a single
workstation to a two-tiered client/server model on a local
area networktu a three-tiered architectureon a wide area
network. 111is architecture is fully alignedwith the AT&T

Agure 5. Subnet­
works are applied to
verloue levels of the
network hlorarchy.
1111. IIIUltrallon
shows the application
of subnetworks to
Identify II portion of
the network obtained
from an access
provider between
node. A and D and
the establishment of
subnetwork. at
epeclflc network
hierarchy levels. The
STM 1 SDH network
bet_en locations D
and G may be the
responslbnlty 01a
specific Internal orga.
nlzaUon_

BusinessCommunications Services (AT&T-BCS)
CustomerCare Platform ur CCP. which is currently
globally deployed.

The software architecture ofsm.as shownin
Figure 7. was designed using multiple layers. Where
appropriate. an object-oriented approach was designed
within layers 10 ensure eas . of maintenance and porting.
as well as data encapsulation.

The physical user-interface layer provides direct
graphicalinterface to a user. It separates W3phical user
interfacetuolkitand platform dependencefrom the rest of
the application. This strategy proveduseful as SOl was
ported from the OPEN LOOK' tu the Motif' platform.
onlythis layer had to be translated. This means that the
switch tu Motif' was made without affecting codeother
than the code at the physical UI layer.A third-party tool,
the User Interface Management System ior XWindows
software (t:l ~1 IX' ). is used to design the physical layer.
111e user-interface library layer. which functions as a set
of C'" , class objects and methods. is an object-oriented
implementation toolkit (an independent window presenta­
tion).nil' control logic that drivesthe physical window
layer through user-interfare libraryobjects resides in the
abstract user-interface layer. Operations that manage the



AiUre 6. SOl employe 8 logically three-tiered cllent/eerver
architecture all depleted In the drawing. TIer 1 nannany
conalstll of a workstation contalnln~ the ueer Interface.
some functional modules. and the database Interface Iayerll.
TIer 2 COII8Istllof a local file Mrver for the l1er·1 worksta­
tions lind prlnterll In the same cluster. The databalle and Ita
server functlona are located on e 1Iinglel1er-3 ..rver, alao
known as the centralaerver.

physical window (suchas zoom in/out and
enable/disable buttons) are implementedin thislayer.
Finally, application-layer objects requiringvisual presenta­
tionare groupedillthe presentation layer.

The software architecture that maps the object­
based modules into the relational database is illustrated in
Figure 8.This drawing also depicts key characteristicsof
the SOlsoftware architecture. as wellas aspects of the
mocleling and development toolsemployed. The functional
object-oriented modules', programmed inCoY , interface
to the ORACI E7* relational database management system
throughan object-oriented database interface layer,
which is code generated usingthe specification-driven
eerie generator Meta'Iool''' ,This layer provides the fu nc-
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tional modules' independence from the database.
SOl ohject modeling drove the definition ofthe

tuble structures in the relational database. Using Rum­
baugh'stechniquest, the tables closely resemble the
objects themselves. Denormalizing some tubles in the
database leadsto improved performance forthe database
calls. Tuningthe database forperformance has beenan
important project activity.

To further improve performance and toseparate
the functional codefromthe detailsofthe database real­
ization. st ored programs within the ORACLE system have
alsobeen employed. This is particularly important in light
of the scaleable SOlhardware architecture depicted in
Figure6 in which the stored procedures reduce the
amountofdata that must be transmitted onthe wide area
networks between the centralserver andthe clients.

SUIuses several third-party tools and libraries in
its design. AT&T standard components libraries are a key
partofSOl design. Inaddition. theuseofAT&T BaseWorxr"
systemcomponents, third-party mapandtablewidgets.
as well as hypertext have helped reducethe time
required fordevelopment ofthe SOlsystem.



Physical user-inter face layer

Object-oriented user-inter face library

Object-oriented abstract user-interface layer

Object-oriented user-interfac e presentation layer
-- -- -- - --- - - ------ - - -- - --- -

Object-or iented
Application-layer objects
and functional modules

database (C++)
inter face

Stored AT&T
procedures BaseWorX'"

AT&T
Third-party- - - - - - C++ standard

ORACLE- system
componen ts

componen ts

system components

UNIX· syste m

Figure 7. The software archit ect ure of SOl, as shown In the
chart, was designed using multiple layers. Where appropri­
ate, an object-orlented approach was designed within laye rs
to ensure ease of maintenance and port ing , as well as data
enca psulation.

SDI Deployment Activities
The deployment ofthe SDI systemis based ona

particular software release and includes the following
three majoractivities:
- Characterization ofthe user's environment toobtain

the information necessary to populate the appropriate
tables and rules, ensuring that the core components
will meet environmental needs;

- Assistance with the initial database population; and
- Identification anddevelopment ofthe necessary

application-specific components.
With the rule-based structure ofthe SDI system,

the capabilities required bya customer are partially
realized bothbythe functionality ofthe code and by the
populated rules.System testing ofthe code releases,
therefore, only partially ensures that the customer's
requirementswill be realized.

Thus, a dual-cycle testing strategyhas evolved
from the SDI project. This strategyconsistsofthrough­
system code testingfollowed bytestingofthe rules
within the environment ofthe tested code.The rule
testinggenerally takes the form of a regression ofa key

subsetoi the svstem testscombined with scenariotesting
based on specific customer application processes. After
the entire testing cycle is completed. the system is
deployed having an initial set oi customer rules.

Rule management tools are available to enable an
application administrator to modify the tables and rules to
accommodate most changes intheir environment such
as newservices, technologies. and organizational respon­
sibilities. Toensure the integrity of the rule data,
however, the administrator mustestablish a test dataenvi­
ronment for basic scenario testing before the introduction
of newdatastructures into the operational environment.

Specific Deploym ent Activit ies. Currently, SDI has
been deployed to four customers. including those in both
the Spanish and Englishenvironments.The first four
applications represent a wide variety ofnetwork configu­
rations, service types, organizational structures, andwork
flows. In addition, the following basictechnologies
addressed inthe customer networks varied widely:
- Transportcapacitydesignand leased line circuit

designfora network based on E5 fiber and E4 radio
technologies;

- Trunk networks between customer PBXs, access
switches, andbackbone switches having leased
transport at the El , E3, or E4 bandwidth levels; and

- Transportcapacity designinvolving an SDH-based
backbone network initially supporting a switched trunk
network butevolving to a broadset ofvoice and data
services.

Inaddition to these fundamental differences in
deployed technologies, the operations processes anduser
permissions management have alsodiffered widely
between the initial SDI customers. Despite the diverse
natureof these applications, SDI has achieved virtually
lOQ-percent software reuse across the deployments, dis­
counting the software enhancements between releases
for a product earlyin its development cycle.These
achievements are a direct result of the designobjectives
adopted at the beginning ofthe project.

Conclusion
The definition ofgeneralized, attribute-based

objectclassesin SDI enables the same code to be applied
to a wide rangeofuser scenarios.To operate, these gen­
eralized object classes are specialized via the instantiation
ofattributes retrieved from user-populated rule tables.
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Alure 8. This drawln, ahowl the map",", of objects In SOl
to relational database tables. It allo deplctl key characterl..
tics of the SOl software architecture, III Willi as _pects of
the modeling lind development toolI employed, The functIon­
al object_lented modulel, programmed In Cu. Interface to

'rhus. notonly is the samecode reused. but the operation
ofthe system canbe configured bya userwithout addi­
tional code development. Thisarrangement reduces the
limeandexpenditure necessary to customize SOl to meet
application requirements, therebyreducing the timeand
cost required to introduce new technologies, services,
and user-defined processesand permissions,

The adaptability ofthe object-oriented attribute
andrule-based software has many useradvantages in
loday's competitive and rapidly evolving telecommunica­
tions environment. The maintenance andgeneration of
quality rules, however, is a responsibility that requires a
thorough understanding ofthe user operationalenviron­
meut andSOl rule structures. as wellas the discipline to
test andverify theoperation flf the rulesas the environ­
mental needs evolve.
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