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The process of designing vertically integrated applications is enhanced if the
distinct architectures. or architecture stvles, and relevant performance con-
straints and interactions can first be identified. Applications, although run-
ning in varied environments. also may require specific architecture services,
non-operational features such as portability or fault-tolerance that might be
common across several architectural styles. The application design process
should be an iterative exercise of first understanding system requirements
and then determining how they may be partitioned according to styles and
services. An integral part of this process is to identify software components
and subsystems that must be developed or can be reused from other sys-
tems. This paper describes a design-partitioning process applied to the new
Signal Operations Platforms-Provisioning (SOP-P) operations system. The
experiment shows that it is feasible to identify large design components con-
fined within a few architecture styles that are common to network manage-

ment and operations software.

Introduction
Developers of large-scale integrated
software applications are always under pres-
sure to increase a system’s quality while
reducing costs and development time. This is
particularly true for the systems that provide
network management and operations support
(NMOS) for AT&T's World Wide Intelligent
Network. As in other integrated applications,
these systems are characteristically composed
of subsystems that can be operations systems
(0Ss) themselves or generic components of
other systems.
These individual systems perform a
variety of different functions and have substan-
tially different architectures. However, they
typically have substantial similarities in the
types of processing that they perform, thus pro-
viding an opportunity to take advantage of:
=Commonality of component systems to re-
duce the total number of such systems, and

-Commonality of the subsystems within the
individual system architectures to reduce
the effort to design. develop,
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test. and maintain them.

In the summer of 1994, an experi-
ment was conducted to take advantage of
these commonalities on a specific application,
the Signal Operations Platforms-Provisioning
(SOP-P) operations system. Since SOP-P
replaces 12 older network management sys-
tems, this provided an opportunity to test a
process for partitioning the architecture of a
system in a specific large project.

Partitioning Into Styles and Services. | he
process applied to the SOP-P architecture has
evolved from two areas of work.

Partitioning at the highest level. The first
effort is the development of a process to take
advantage of the commonalities of various
system components and architectures at the
highest level of design—referred to here as
architecture—by partitioning applications into
parts that have distinct requirements for
architecture styles and architecture services.

An architecture style is a set of opera-
tional characteristics that are both common to



some family of software architeciures and suiticient to
identify that family. Architecture stvles range iin complex-
ity from simple pipelines to complex on-line transaction
and decision support systems (DSSs),
An architectuie service is a capabilitv that coes
not implement specific application features. but is esseq-
tial to the application’s usabilitv. For example. opera-
tions. administration. and maintenance {OA&ND is a ser-
vice required in some form by all large systems, but is
not part of the feature sets of the systems. Portability.
fault tolerance, and security are other services that are
important aspects of software applications. These archi-
tecture services make up a substantial part of modern
systems, require sophisticated techniques to implement.
and often offer ideal opportunities for reusing software
components at a high level.
Experience of the Architecture Review Board. The sec-
ond work effort is the experience of the Architecture
Review Board, operated by AT&T's Software Technology
Center. in reviewing more than 200 AT&T projects. The
information gathered during this effort indicates that
most network operations systems are combinations of a
few architecture styles and services.
Identifying the Styles and Services. 1hus, ot only
can large operations systems be partitioned into a few dis-
tinct architecture styles and services, such a partitioning
offers the following benefits:
= The fact that there are just a few styles and OS services
narrows design and implementation decisions.

= The selection of reusable components is made easier.

- Partition translates into subsystem division and helps to
divide and focus implementation.

= Upfront understanding of constraints and interactions
among parts of the architecture reduces the chance of
extensive modifications that often obscure original
architectures.

The development of an architecture for SOP-P
started with a week-long task force meeting to define a
Tier 1 architecture for the system. A Tier 1 architecture
is a partition of the system into subsystems and a defini-
tion of the overall interactions among the subsystems.
This level of architecture should be abstract enough to
apply to a family of related systems, and often leads to
the high-level reuse of components and subsvstems. The
architecture is thus definable directly from the system
requirements.

Panel 1. Abbreviations, Acronyms, and Terms

ACID — atomicity. consistency. isolation. and
durability

DBMS — database management system

DSS — decision support svstem

DS —data stream. data streaming

FEP — front-end processor ;

NMOS — network management and operations
support

OA&M — operations, administration, and main-
tenance

0S — operations system

SOP-P — Signal Operations Platforms-
Provisioning

TP — transaction processor

This paper, which describes the process of archi-
tecture partition as applied to SOP-P, is organized as fol-
lows. The section “Distribution of Software Architecture
Responsibilities” describes the general approach to archi-
tecture partitioning, while the section “Architecture
Styles and Services for NMOS” describes architecture
styles and services in more detail. The section “SOP-P: An
Example of Style and Service Partitioning” describes the
application of the architecture partitioning process to
SOP-P. The last section contains our conclusions.

Distribution of Software Architecture Responsibilities

A software system is composed of components,
some of which may already be available from other sys-
tems while others must be developed. Architecting is the
first step in system design that partitions requirements in
such a way that they can be mapped to the appropriate
software components. A properly implemented architect-
ing process should result in systems with similar require-
ments having similar partitionings. Such a process lever-
ages the knowledge gained in past system design;
simplifies the reuse of design, development, test, and
maintenance processes; and enhances quality and pro-
ductivity in constructing the software products.

Current Approaches. System architects often draw
primarily from their own experiences and training to
come up with an ad-hoc requirement partitioning. This is
illustrated in Figure 1a where two hypothetical network
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operations systems, A and B, have been partitioned in an
ad-hoc manner into Al. A2, and A3, and Bl and B2,
respectively. Since there are no guidelines, the result of
this ad-hoc process varies with the experience and qual-
ity of the architects and. while innovative approaches
sometimes evolve, experience has shown that the result
is unpredictable and frequently results in radically differ-
ent designs. In this case, none of the subsystems have
any similarities.

In contrast, where platforms of reusable compo-
nents are in use, the usual approach to system design is
to constrain the requirement partitioning based on the
operational characteristics of the available reusable com-
ponents. This can lead to more consistent and stable
designs of operationally similar systems.

Figure 1b illustrates this approach where sys-
tems A and B are partitioned arbitrarily into Al, A2, and
A3 and B1 and B2, but because the partitioning is based
on operational characteristics, Al and B1 are similar
enough to run on a common platform, and A2 and B2 also
are similar. For example, they may be able to use the
same database management system (DBMS) or transac-
tion processor (TP) monitor.

This approach works well when the available
platform components fit the architectural requirements
of the application. However, it can falter for applications
that require features from platforms that support radical-
ly different functionality. For example, a typical telecom-
munications provisioning system needs:

1. A high throughput flow of network-oriented data,

2. High-quality transactional interaction with a large col-
lection of users, and

3. Data mining for decision and operations support.

Without an up-front understanding of conflicts
between these requirements, even with good support
from platform components the system may be designed
and implemented in a way that would not meet perfor-
mance requirements. In turn, this may lead to code
patches that degrade the architecture and accelerate sys-
tem “aging.”!

Styles and Services as Architecture Components. Our
approach to architecting systems starts with analyzing
the domain of an application—that is, identifying com-
mon characteristics of applications in the same class—to
determine the common architecture styles and services.
Then, these styles and services are used to constrain the
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Figure 1. In (a), two hypothetical network operations sys-
tems A and B have been partitioned in an ad-hoc manner
into A1, A2, and A3, and B1 and B2, respectively. The result
of this ad-hoc process varies with the experience and quall-
ty of the architects. In (b), systems A and B are agaln partl-
tioned arbitrarily, but because the partitioning is based on
operational characteristics, A1 and B1 are similar enough to
run on a common platform, as are A2 and B2. In (c), parti-
tioning reveals that subsystems Al and B1 express a single
architectural style, even though they are in different sys-
tems, as does A2 and B2. Since the style-preserving rela-
tionships—A1 to B1 and A2 to B2—can be clearly identi
fied, the choice of sultable platform components now largely
hinges on the styles that they express.

design partition of a given system based on betavioral
properties. This is made clearer below.

Software components are recognized by their oper-
ational characteristics. Here we shall include performance
levels as operational characteristics, even though they are



not strictly operational in nature. This inclusion is justified

because the systems built in NMOS have strict performance

requirements that often dictate what operations can or can-
not be done. For example, a TP system performs operations
with the following so-called ACID characteristics:”

- Atomicity, which means the transaction either succeeds
or fails completely:

- Consistency, which means the transaction is a correct
transformation of the state and its actions do not vio-
late any of the integrity constraints associated with the
state;

- Isolation, which means the transaction works as if no
other transaction exists; and

= Durability, which means that once a transaction com-
pletes successfully, the changes made to the state
during the transaction will survive any subsequent
system failures.

Conversely, if a system always operates with
these characteristics, then it must be a TP system.

Characteristics that identify a common collec-
tion of systems give rise to the notion of architecture
style. More detailed descriptions on architecture styles
can be found in Garland and Shaw * and Perry and Wolf 3
while Gamaa et al.4 report on the related work on design
patterns that identify common data and program struc-
tures. A set of frequently asked questions and answers
about domain-specific software architectures can be
found in Tracz.5

Beyond operational features, the usability of an
application also may depend on other non-operational fea-
tures such as portability, fault-tolerance, and security. In
recent years, much progress has been made in building
software components that provide such features and that
can be used transparently in large classes of applications.
These components are orthogonal to architecture styles.6
For example, the 11 bft7 software library provides facili-
ties such as automatically saving data and process states
at run time, called checkpointing, and restarting failed
processes based on the saved states. This enables soft-
ware fault-tolerance at a process level without any process
modification. The existence of such components gives
rise to the notion of architecture service.

Note that styles and services are defined by char-
acteristics. Therefore, a particular style or service may
encompass different software components that provide
the same set of functions but with different performance

characteristics or environmental constraints. A subsec-
tion below. "Guidelines for Choosing Styles.” discusses a
way of using the operational and non-operational charac-
teristics of styles and services to identify major parts of
the overall architecture of an application.

Using the same example in the last section.
Figure 1c shows how design partitions are mapped to
corresponding reusable components with clear subsys-
tem boundaries. Here again are two systems, A and B,
partitioned into Al and A2 and B1, B2. and B3.
Subsystems Al and Bl express a single architectural
style, even though they are in different systems, as do A2
and B2. Since the style-preserving relationships—Al is
equivalent to B1 and A2 is equivalent to B2—can be clear-
ly identified, the choice of suitable platform components
now largely hinges on the styles that they express.

For example, if A1 is TP, Bl also is TP and may
use the same platform. Further, as these components
share similar behavioral requirements, they may also be
able to share implementation. In similar veins, A2 and B2
may be front-end processors (FEPs), while B3 is a DSS.
The intuition behind this approach is quite straightfor-
ward. Since the related subsystems in A and B share sim-
ilar behavioral characteristics, they can be supported by
common components and the constraints on the evolu-
tion of their design also will be well-defined.

Hybrid Applications. Once an architecture has
been determined to have multiple styles and is parti-
tioned appropriately, two factors greatly influence the
quality and performance of the final product: style separa-
tion and style interoperability.

Style separation. The exercise of identifying and
partitioning an architecture along style boundaries may
not in and of itself be enough. In instances where multi-
ple styles compete for computing resources, separation
of styles may be a necessity. Style separation can take
place in two forms: temporal separation or physical sep-
aration.

Temporal separation occurs when multiple
styles are separated into distinct phases of operation.
This implies that no one style will be competing simul-
taneously with another style for computing resources.
Thus, at any time, only one style of an architecture par-
tition will be active.

Consider, for example, a system that collects
large amounts of data during the night and then puts it in
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a database to be analvzed by the engineering statf the
next day. Such a system would use a data stream (DS)
stvle to collect and process the data, and then a DSS style
for the engineering staff. If there is sufficient time to col-
lect, process, and load the data prior to the start of the
working day, these styles can be effectively separated.

On the other hand. if data is still being collected
and loaded into the database aiter the first engineering
requests are made, performance problems may occur
due to the different styles competing for the same
resources.

Physical separation is accomplished by provid-
ing separate computing resources—such as processors
and memory—when multiple styles must be active
simultaneously. This should be necessary only when the
partitioned styles require significant resources and can-
not be separated temporally.

Consider again the above example. If the data
were collected and processed 24 hours a day, the DS stvle
process would always be competing with the DSS style
process. In this case, it may be necessary to apply sepa-
rate computing resources to each style.

Style Interoperability. Regardless of partitioning
styles along time and physical boundaries, experience has
shown that style interoperability is directly related to
application integrity—and thus maintainability—and unin-
tended degradation of an architectural system. In order
to maintain both, special attention should be given to how
one particular style communicates with other styles. In
general, the initiating style should communicate in a man-
ner the receiving style is prepared to receive.

For example, a DS style process should commu-
nicate with a TP style process via a transaction in the
form inherent for that transaction style. The DS style
process should not send the TP style data in a form for
bulk loading as it would to a DSS style process.

Guidelines for Choosing Styles. In general, the first
step in defining an architecture is to state or determine
the technical problem to be solved. Next, to begin the
style identification and partitioning, key characteristics of
the technical problem should be determined.

The operational and non-operational characteris-
tics of styles and services can be used to design a set of
criteria and questions that help architects to identify
major parts of the overall structure of an application in
terms of such styles and services. Let S stand for a sub-
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svstem and ¢ stand for some characteristic. An investiga-

tion along the following line can be used to help define or

refine subsvstem boundaries:

If <S> exhibits/requires <¢> then <indicators>.

Here, an indicator is a pair (a stvle or service and
its value). The value part of such a pair indicates the
applicability of the respective stvie or service with three
values: -1 for not applicable. 0 for neutral, and ! for applic-
able. For example, a requirement of access restriction
means that a security service is needed but it has little
bearing on the requirement for reliability. Thus,
if <S> requires <access restrictions> then <security, 1>; but
if <S> requires <reliability> then <security, 0>.

Once the key application characteristics are
known, they can be matched with the appropriate style
characteristics. The general steps to complete the archi-
tecture definition are:

1. Identify the system requirements.

2. Use the developed questions to identify indicators to
relevant styles and services.

3. Divide the architecture into regions to fit these styles
and services.

4. Model the architecture as a set of communicating
regions.

5. Identify needed components from platforms that either
exist or that need to be developed.

6. Determine the feasibility of the design based on style,
service, and component constraints.

7. Repeat steps 1 and 3 if appropriate to refine the process.

8. Build the system.

Note that step 6 is greatly helped by the indica-
tors for the relevant styles and services found in step 2.
For example, certain performance requirements may
imply that a subsystem should not simultaneously exhibit
characteristics of the two styles, TP and DSS. This does
not necessarily mean that such a subsystem is not build-
able, but some means may be necessary so that the oper-
ations from the two different styles do not overlap. Such
means could be:

- Operation scheduling, a form of temporal separation
as already discussed in the subsection “Style
Separation,” or

- The duplication of data, a form of physical separation.

Otherwise, certain performance requirements
may not be met. In turn, this realization may require a
redesign step.



Architecture Styles and Services for NMOS

This section takes a closer look at a few architec-
tural styles and services that are of importance to NAOS,

Transaction Processing. Each transaction process-
ing system mav consist of one or more databases. with
concurrent read and write transactions enacted against
them. Transaction managers ensure that each transaction
meets the ACID test. that is. it is atomic, isolated, consis-
tent, and durable.

Decision Support System. A DSS may consist of one
or more databases. Data tvpically gets into the databases
by diverse means, such as bulk-loading from TP databases
or from tapes, and a lack of atomicity is permitted. A DSS
produces high-level and summary analyses from such
data. Since the incoming data may have diverse formats
and the analysis tools may require different output for-
mats, a major part of such a system is components that
transform data from one format to another.

Data Streaming. DS consists of a component that
accepts typed data from a sender, processes the data in a
buffer, and then sends the results to a receiver. Certain
records may be retained as a side-effect of processing the
data that go through the buffer. A typical requirement for
DS is very fast processing of streams of data objects.

Front-End Processing. An FEP system is needed
whenever the user is to be presented with a restricted set
of menus of choices specific to the application. The FEP is
responsible for creating a user-friendly framework that
avoids user errors, retains entered information for later
use, and prevents the user from accidentally modifying
data that is essential to the system’s functionality.

Each of the styles is reasonably well understood
by practicing architects. Some, such as TP, have been
exhaustively studied and described.8 Others, such as DS,
have been less studied in the general literature but are
well understood within the network operations software
business. For the purposes of this paper, it is not neces-
sary to define the styles in great detail, that is, enough to
build a platform. It is only necessary to understand a style
well enough to be able to ask the correct questions of the
requirements, both feature and non-feature, to partition a
system at a high level.

The SOP-P experiment has provided useful infor-
mation on the form of these questions, and revealed
many of the questions that would be useful to ask in cre-
ating a new NMOS application. Considerably more expe-

rience will be needed. however. to create a set of ques-
tions that could be used routinely in the software archi-
tecture process.

The architecture styles that have been identi-
fied need to be supported by the architecture services
necessary for the non-functional requirements of a svs-
tem. The technology required to provide these services
has become coniplex and multi-leveled in its own right.
As a svstem evolves and new levels of service become
necessary, the levels should be provided by extending
the services of the platform, rather than altering the
application-specific code.

Vital Operations Systems Services. Several services
that are vital in the domain of NMOS are provided by
tools and libraries designed and built by subject matter
experts. These services, which find broad applications in
many architectures, are:

Communication service. This service allows clients
and servers in a distributed system to send data and com-
municate with each other through predefined protocols.

Alarm service. Alarm service logs and manages
the fauits that have been detected by the system. This
service may include the analysis and filtering of fault
data and the configuration of the fault detection mecha-
nisms. Some of the capabilities may be provided by the
system vendor such as in fault-tolerant hardware.

Audit service. This service audits the use of the
system resources. It may include monitoring and con-
trolling user-initiated load, system memory, system
files, communications channels, and computing
resources. The data is frequently used in performance
management functions.

Resource management service. Resource manage-
ment is the administration of system resources that are
not included in the other functional areas. Included in
this area are hardware maintenance, system account-
ing, system-level configuration, backup and recovery
management, software migration capability, system
process management, and user login and password
administration.

Security service. Security service includes the
functionality for monitoring and auditing application
and system activity, producing logs on unauthorized
access attempts, reporting on security-related activity,
and configuring access permissions on a user and appli-
cation level.
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visualization service. This service provides the abil-
ity to graphically view the structure or the behavior of a
system, by interacting through a pictorial representation.
This capability is useful in understanding. debugging.
and controlling application systems.

SOP-P: An Example of Style and Service Partitioning

The SOP-P is an NMOS that supports provision-
ing for the AT&T signaling network. SOP-P is a multi-
phased development with the first phase currently in pro-
duction. The SOP-P's primary role is to generate update
messages that are sent to the network elements to mod-
ify the network signaling plan. The originator of these
messages, from a SOP-P point of view, is either an
upstream system or a network administrator.

Another system requirement is to gather data
from the network and either provide the data to
upstream systems or store the data for future analysis.
There also is the need for general services such as audit-
ing all transactions, restricting users to only those
actions they are authorized to carry out, and triggering
alarms on fault conditions.

Before discussing the styles within SOP-P, a
word is in order about the platform tools being used to
construct it. SOP-P has used object-oriented technology
from analysis to implementation and is using the AT&T
product LibOS, a package supporting portable object
modeling for event-driven systems. The means of com-
municating between objects is a set of routines called
LibE. These routines provide a structured messaging
facility which, for each object, triggers an appropriate
message, based on message type. The user interface is
developed using standard tools such as Visual C++ and
Visual Basic with a LibE library provided to interface
with the host servers.

SOP-P styles. The requirements of SOP-P indicate
that its primary style is DS. In fact, a look at the SOP-P
architecture in Figure 2 shows how the data moves
through SOP-P towards the network elements and also
how data is extracted from the network elements. The
data is either transterred to other systems or ends up
residing in a local database for analysis. A number of
common characteristics of a DS style also are exhibited.
- Data comes from one or more sources and is delivered

to one or more destinations.
= The distribution of data can be scheduled.
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- The input data may require expansion or contraction
based on mapping information and may result in more
than one piece of data going to multiple destinations.

= The output data format may depend on the type and
software version of the network element receiving it.

= The protocol used to talk with external devices may dif-
fer from network element to network element.

The net result is that data continues to move
across the architecture—at times being combined with
other data, at times being modified in content, and at times
being held up for an appropriate time before moving on—
but it ultimately makes it to its final destination. In the
SOP-P implementation, LibOS repositories are used to hold
these data items with their associated transport methods
as they move across a machine boundary. LibOS also con-
tains the objects that manipulate these data items.

While DS is the primary style used in SOP-P, the
other styles also are used. The FEP style is used for the
user interface, and access into the system is provided by
menus and forms with strict rules controlling data entry.
When a user inputs information into the system, it might
be a data item to be sent to one or more network ele-
ments. In this case the first step, the flow of data from the
user interface, uses the FEP style before it moves to the
second step, the DS style.

On the other hand, if the user input is used to mod-
ify one of the LibOS repositories whose objects are used to
manipulate data items, then this becomes a TP style. And
finally, if the data entered by the user is interpreted as a
command to analyze data in a repository, then this is using
the DSS style. A particular example of this is when the user
would like to have a particular view of the data expressed in
a graphical user interface representation.

While all four styles are used, they are clearly
differentiated and care has been taken to minimize any
potentially adverse results when these styles interact,
as described in a previous subsection (“Style Inter-
operability”).

sop-p services. A number of services required by
SOP-P are used by all parts of the architecture, indepen-
dent of the style being used. The basic communication
services are provided by the LibE library. However, three
other services were developed as LibOS repositories with
associated libraries containing functions to be used by the
application clients and servers.

The first of these is the audit server, a LibOS reposi-
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tory for objects that record user actions such as connection
attempts and object creations. The objects are collected
trom all servers and stored for a specific time interval, and
performance and network change history reports can he
generated using the objects. Additionally. a mechanism is
provided for archiving older objects to off-linc storage and
then purging them from the repository.

The second is the alarm server. a LibOS reposito-
ry for alarm objects. An application server needs only to
create an alarm object; populate its data members, that is,
structure fields, with information about the alarm; and
“install” it in its disk storage space. The object is automati-
cally migrated to the alarm server where it may be saved
or analyzed and determined to be a duplicate. If the ohject
indicates the condition has cleared, the mastcr objcct in
the server will be discarded.

The third is the security server. SOP-P uses an
object-oriented permission mechanism in which cach
user is assigned a specific role and SOU-P maintains, for
each role, a list of the classes a user is allowed to interact
with, as Well as the operations or methads of cach class.
For example, a network element administrator may he
allowed to make changes in network elements, but not to
the network model database. The security server is the
official repository for the objects that are used to control
access to SOP-P. For example, it holds an object for each
user, role. and server in SOP-D. as well as the class or
method pairs appropriate for each role.

Each of the other servers in SOP-P maintains a
synchironized copy of the security abjccts they need via a
distribution object mechanism. In the event that commu-
nications with the security server is lost, the various

Data strecam (DS)

Figure 2. The SOP-P architecture is shown with style parti-
tioning that yleids four distinct styles—front-end process-
Ing (FEP), declision support system (DSS), transaction pro-
cessing (TP), and data stream (DS). The data moves
through SOP-P towards the network elements and also is
extracted from the network elements. The data is either
transferred to other systems or ends up residing in a local
database for analysis.

servers would continue (o function with their copies until
they are reconnected (o Lhe security server. When the
security administrator adds or modifies one or more of
the security objects in the server, new copies or deletion
notices are broadcast to the other servers.

Using the 50P-P. A user logs onto the system
using the FEP's login screen and, based on the role of the
individual logging in. the security server assigns the set
of objects with which the user is allowed to interact. One
way of applying this assignment is (o present to the
user's screen only those operalions assigned to that user.
If, for example, this user is nol authorized to add a net-
work element, the screen would not display that tunction.
For the rest of this example, we will assume that the
tasks discussed are included in thie user's role.

If the user wants to change a table entry in a net-
work element, this would be within the TP style. It the
user wants to analyze the audit log w determine the fre-
quency of occurrence of a certain type of action and then
correlate these actions with the user's logged on, this
would be in the DSS style. But the nost irequent user
activity would be associated with data movement to and
from the network elements.,
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For example. if the user would like to add a link
between two network elements at a specified time, the
new information required to accomplish this would be
entered using the appropriate forms. such as an FEP, The
appropriate objects would be launched from the user
client and start it's DS journey. and the appropriate audit
object would be sent to the audit server.

To accomplish the task. a number of messages
will be required to be sent to multiple network elements.
This message expansion occurs in the policy scheduler.
There are usually sequencing rules associated with the
order in which the data messages are to be sent to the
network elements. To accomplish this. the policy sched-
uler has a scheduling function embedded within it. At the
appropriate times it sends the data messages to the dis-
tributor servers, which provide the correct format and
protocol to allow them to be sent to the appropriate net-
work element. The audit server would be notified when
the data is transmitted to the network element. If the con-
nection to the network element fails, an alarm object is
sent to the alarm server.

Conclusions

We have described the role of architecture styles
and services in building large integrated applications.
The paper is based on a large study done internally as
well as our direct participation in the partitioning of the
SOP-P architecture. Although the work is concentrated on
a single domain—that of NMOS systems—the techniques
for partitioning the architecture into architectural styles
and services can be generally applied to other applica-
tions. Architectural styles can span multiple domains but
their usefulness and applicability will vary according to
the domain. For example, a TP style is not likely to be
very useful in a domain where there is no interest in con-
current updates of durable records.

There is little in the literature in terms of experi-
ments or case studies about applying architectural styles
and services to building industrial-strength software. In
building large-scale software, a certain amount of archi-
tectural degradation can be expected to take place. The
approach we offer is intended to control the drift by con-
straining the choices for initial system partition and, with-
in the components of the partition, constraining the
architectural elements that can be used.

62 AT&TTECHNICAL JOURNAL «JANUARY FEBRUARY 143

The evidence so far is pronising. [tcontirms a
pumber of hypotheses. including:

- Intelligent partitioning into architectural styles and se:-
vices can be done directly from requirements.

- Such a partition leads to better understanding of con-
straints on components of the svstem. and to an archi-
tecture that remains stable.

= The nature and specificity of the questions asked during
the partitioning process has a substantial impact on the
system requirements.

- Though we found several systems which had evolved t.
this type of partition. it was not the first proposal for an
architecture. In fact, for SOP-P, the partitioning process
produced a different partition than what the architects
originally envisioned.

- This approach does support the effective use of plat-
forms.

On the other hand, this approach raised some
questions for further investigation, such as:

- How long into the system'’s life cycle will the partition’s
impact last?

- Is there a natural way to determine inter-component
interactions based on the style and service partition?

- To what extent can an algorithmic process for partition-
ing be developed?

Clearly, the current process requires a certain
amount of art in its application. Our next steps are to
investigate other system projects and to make the process
easier for any architect to execute.
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