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An intelligent network lets a switch query a network
node for help in completing a call. Such a node, for
example, cantranslate an 800 number into a true net­
work address. The network service provider often
creates the logic inan intelligent network, but frequently
that logic iswritten bysophisticated subscribers (busi­
ness customers). Since subscribers cancreate theirown
service logic, the service creation system mustensure
that suchcustomized logic will notcause the network
node to fail or in any way affect the service ofothersub­
scribers. Service creation technologies are the tools and
technical infrastructure designed specifically tohelp
create andupdate services. AT&T has created software
tools to support application-oriented languages. Its ser­
vice creation technologies are evolving to meetservice
provider and service subscriber demands for more con­
trol over the services theyprovide and use.

Introduction
Service creation technologies are the toolsand technical infra­

structure designed specifically to help create and updateservices. 1

These include current services, such as Advanced 800 (Freephone),
televoting, and private virtual networks (which allow a subscriberto
create a set oftelephone numbers for the company's various locations);
and upcoming services, such as Fax Mail and the Who'sCalling ser­
vice. The Who's Calling service uses text-to-speech technology to
announce the nameofthe calling partyto the called partywithout
requiring anything but plain old telephone service (POTS).

The toolsused for service creationtechnologies consistofedi­
tors, compilers, debuggers, and execution environments, the same
typesoftoolsthe industryhas used to create the existing base of
switching software. AT&T has taken this traditional set oftools, how­
ever, and tailored them to meet specific service creation needs by



following an application-oriented language2 philosophy. 
These tools constitute a service creation environment, 
which enables the network operator and/or the service 
subscriber to create and develop new intelligent network 
services. 

Languages such as C, Pascal, and assembly pro- 
vide a set of general-purpose programming constructs, 
such as data declarations, assignment, compare/branch, 
and function calls. The data declarations normally 
include standard types, such as integers, real numbers, 
and characters. They frequently let the programmer 
build new data types based on existing ones. Since these 
constructs make no assumptions about the problem, a 
programmer can use them for different types of tasks. 

Application-oriented languages incorporate an 
application model and programming constructs geared 
to that model. Text-processing languages assume a 
world containing such items as fonts, paragraphs, section 
headers, footnotes, and references, and they provide con- 
structs for manipulating them. Some general-purposes 
languages make application assumptions. Fortran, for 
example, is used for number manipulation and Snobol for 
string manipulation. 

An application-oriented language increases pro- 
ductivity by supplying high-level, application-oriented 
commands and data structures that a programmer would 
otherwise have to write. Although a programmer could 
write a document using the C language, most people 
would prefer to use a text-processing language. AT&T 
has applied this concept to service creation and designed 
languages that assume a telephony model, geared to call 
processing and operations. 

Running a program written in a general-purpose 
language usually requires only a compiler and a target 
computer. Application-oriented languages most often run 
on a virtual machine, a software system that executes the 
instructions of a program written in an application- 
oriented language. A compiler, for instance, cannot easily 
map into machine language such directives as “connect 
party A to party B” or “ring party C for no more than 10 

Panel 1. Abbreviations, Acronyms, and Terms 

lNCP 
system 

ASCII 
tion interchange 

C C I T  International Telegraph and Tele- 
phone Consultative Committee 

DSDC direct-senicedialing capabilities 
ETSI European Telecommunications Stan- 

dards Institute 
Fortran formula translator uanguage) 
OAM&P operations, administration, mainte- 

nance and provisioning 
Snobol string-oriented symbolic language 
SQL structured query language 

AT&Ts No. 1 Network Control Point 

American standard code for informa- 

seconds.” The compiler may provide part of the virtual 
machine by breaking high-level commands into multiple 
lower-level commands, but these latter commands may 
be executed by a software platform and/or hardware 
designed to run on the target machine. 

Service Creation Evolution 
Call scripts and decision graphs are application- 

oriented languages that let programmers sequence 
high-level telephony primitives, such as “play announce- 
ment %,” or “connect to destination y.” Although they 
may offer the same capability, call scripts present the 
capability linearly, and decision graphs format it as a 
tree. Because decision graphs impose structure on pro- 
grams, they tend to be understood and verified more 
easily than call scripts. 

vided the AT&T network‘s first service creation platform 
using application-oriented-language technology designed 
in a decision graph format. AT&T introduced DSDC in 
1983 to give customers more flexibility in defining their 
services and faster response to their changing needs3 
Within this framework is the service management 

The direct-services-dialing capabilities (DSDC) pro- 
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system, which allows service administrations and their 
service subscribers to create and maintain customized 
routing plans that define exactly how an intelligent net- 
work will handle calls for each subscriber. The service 
management system offers two layers of application- 
oriented languages: a high-level, decision graph language 
for service providers and subscribers that it translates 
into a lower-level, decision graph, application-oriented 
language. DSDC runs on AT&T's No. 1 Network Control 
Point (1NCP) system, a service control point,4 and pro- 
vides the virtual machine for the lower-level application- 
oriented language. The service control point is a real-time 
database system which, based on a query from the service 
switching point, executes subscriber-specific logic and 
returns instructions to the service switching point on 
how to continue the call processing. 

Since the introduction of DSDC, AT&T has also 
introduced call-script-based service creation languages 

DefinityO communications system.6 
AT&T's initial efforts emphasized how to create 

a new service quickly by making changes at the service 
management system, while the capabilities at the service 
control point and service switching point were held more 
or less constant. Thus, the focus was on moving the pro- 
grammability into the service management system and 
making it available to subscribers. Decision graphs were 
an effective means to simplify service con~truction.~ 

The level of service creation described earlier 
was on the leading edge of technology until 1987, when 
exploration at a different level began. Network service 
providers wanted to create their own services without 
contracting through an equipment or intelligent network 
vendor. They wanted to use a service creation environ- 
ment to program services for a service control point, as 
well as for other intelligent network nodes. AT&T Bell 
Laboratories conducted extensive research on this topic 
near Chicago. The work resulted in an evolution of the 
decision-graph application-oriented language approach. It 
also introduced a finite-state-machine application- 

60 on its Conversant@ speech processor system and 

oriented language to address the event-driven, asynchro- 
nous nature of general call processing. The two lan- 
guages can interact to form a network programming lan- 
guage, described later in this paper. AT&T is continuing 
its efforts to solve the problems and extend its offerings 
of service creation within the intelligent network, in both 
the domestic and international markets. 

The definition of service creation is evolving as 
the industry develops ambitious plans and expands its 
frontiers. Several standards bodies have formally 
addressed service creation in an attempt to standardize 
the definition and concepts. As an example, a multivendor 
interaction (MVI) forum was convened early in 1989.7 It 
had several working committees, consisting of industry 
representatives, who addressed not only network archi- 
tecture, but also call model, service creation, service- 
logic-execution environment, billing, and OAM&P (opera- 
tions, administration, maintenance, and provisioning). 

Teehnologies in Use 
Today, AT&T products support service creation 

by using decision graph programming languages. NETSTAR 
is a service management system that allows users to cre- 
ate services for international intelligent networks; the 
1NCP system is the execution platform that acts as the 
service control point. The next two sections elaborate on 
this technology and explain why decision graphs are 
especially good structures for service programming. 

Service Creation for Intelligent Networks. Service cre- 
ation technology is being used in the international market 
to offer services such as Advanced Freephone, calling 
card, televoting, and private virtual network. NETSTAR sup 
ports the creation, customization, validation, and adminis- 
tration of the subscriber's call-routing plans. Service crea- 
tion technology gives service providers and service sub- 
scribers (business customers) the flexibility to customize 
and create services. Service subscribers of routing-control 
service can create their own call-routing plans.8 

viders and service subscribers customize their services 
International telecommunication network pro- 
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with an ASCII-based user interface that conforms to 
enhanced Man-Machine Language. Using a set of pre- 
defined building blocks called user nodes, service crea- 
tors can construct the call-processing logic for different 
services. Branches stem from these user nodes in 
a directed, graph-like structure. The user nodes fall into 
three categories: decision nodes, action nodes, and ter- 
minating nodes. 

Decision nodes. Service creators can define ser- 
vices based on decision nodes, such as time of day, day 
of week, command routing, call prompter, holiday, and 
percentage distribution of calls, which we will describe 
here. By selecting and sequencing these nodes, a service 
provider or subscriber can customize services to meet 
the subscriber’s business needs. Decision nodes have 
several possible outcomes, depending on the type of 
decision. Each possible outcome is a “call branch.” 

depending on what time of day the call originates. For 
example, we might use a time node to route calls to one 
location during normal business hours and to another 
location after business hours. 

Day of week nodes route calls along call branches, 
depending on which day of the week the call originates. A 
day node might route calls to one location on weekdays 
and another location on weekends. 

Holiday nodes route calls according to the 
specific national holiday on which the call originates. For 
example, if January 1 is a national holiday and all busi- 
ness locations are closed, a service subscriber can route 
the call to an announcement that asks the caller to try 
again during normal business hours. The holiday node 
must be defined by the network service provider. 

Command-routing nodes route calls if unpre- 
dictable events occur, such as equipment failure. When 
calls must be handled quickly, a branch on this node can 
be activated in less than five minutes with a near-real- 
time update. 

Call-allocator (distribution) nodes route calls 
along branches, according to percentages that are set for 

Time ofday nodes route calls along call branches, 

each branch. The distribution node matches call volume 
at a location to the number of people available to answer 
those calls. For example, using this node, a service sub- 
scriber could route 60 percent of the calls to one location 
and 40 percent to another location. 

Call-prompter (select) nodes route calls to a loca- 
tion chosen from a list of alternatives. The caller then 
hears an announcement, which directs him or her to 
enter certain digits based on where the call should be 
routed. For example, the caller might be asked to enter 1 
to reach the sales department, or 2 to reach the service 
department. 

Action nodes. Using action nodes, service creators 
can spec@ various actions as they move through a deci- 
sion tree. Action nodes include sample, goto, busy, and 
queue nodes. 
= Sample nodes collect information about area of origin, 

day, time, and assigned terminating location for a speci- 
fied percentage of calls passing through the nodes. 

= Goto nodes avoid duplicating complex structures in 
plans by directing calls to a specified node. For exam- 
ple, if two sections of the plan direct calls to the set of 
nodes X, Y, and 2, then that set of nodes need only 
appear in one section. “Goto” instructions can direct 
the system to the set of nodes in the earlier section 
of the plan. 

= Busy nodes increase the likelihood that a call will be 
completed when all lines at the primary destination 
are busy. These nodes sequentially search an ordered 
list of call destinations and route calls to the first avail- 
able location identified in the search. 

tion into a first-in, first-out holding queue if all lines at 
the primary destination are busy. This maximizes the 
likelihood that every call will be answered. 

Terminating nodes. Terminating nodes (line, signal, 
and courtesy) allow users to speclfy where various types 
of calls will be terminated. 
= Line nodes terminate calls at specific locations whose 
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= Queue nodes place calls arriving at a particular loca- 

line numbers are listed in data files. 
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Monday 
through 
Friday 

Time standard = 
Greenwich mean time 

Figure 1. A sample call-routing plan created by service sub 
scribers using day- and timedecision nodes. The service pro- 
grammer specifies the day node and its branches, as shown. 
The time node routes all specified calls to either a line node 
or a courtesy node. In this example, all calls that originate 
Monday through Friday, between the hours of 9 a.m. and 5 
pm., are routed to the primary office in Madrid. Weekend 
and nonworking hour calls are answered by an appropriate 
announcement from a courtesy node. 
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Local office = 
Madrid 

Other 

- Signal nodes play one of several specified signals 

- Courtesy nodes play a customized announcement to 

(tones, announcements, or silence) to the caller, but 
they do not route the call further. 

callers and then terminate the call, particularly when 
the call cannot be answered otherwise. 

Sample programs. Figure 1 shows an example of an 
Advanced Freephone service created using the day- and 
time-decision nodes. NETSTAR prompts the service pro- 
grammer to enter a node. After the programmer has 
specified the day node, NETSTAR requests the first branch 
entry. The programmer specifies one path for Monday 
through Friday and enters that information. NETSTAR 
then prompts the programmer to account for the 

Time standard = 

remaining days of the week. He or she specifies “Other” 
to account for the remaining days. 

time of day, the programmer selects a time node. To 
obtain certain terminating treatment during normal 
working hours, 0900-1700, and other treatment during 
nonworking hours, the programmer enters “090@1700” 
on the first branch of the node and “Other” on the 
second branch. 

NETSTAR then prompts the programmer to enter 
another node. At this point, the programmer can use the 
line node to terminate calls made during normal working 
hours at the primary office in Madrid. However, during 
nonworking hours, the programmer wants to play a cour- 
tesy announcement to all callers. Therefore, he or she 
enters the courtesy announcement node. 

not directly enter the line number, but instead must 
include it from a data file referenced by this particular 
call-processing plan. This security mechanism helps 
prevent fraudulent or inadvertent activities that could 
result in misrouting of calls. Service providers have sole 
responsibility for entering this type of data. 

To base weekday call-routing decisions on the 

For security reasons, the service subscriber can- 

Figure 2 depicts how a service provider or 

Announcement = 101 Other 
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Local office = 
0900 through 
1700 hours London 

40 

Local office = 
Manchester 

Time standard = Other 
Greenwich mean time 

subscriber can provide customized services based on 
percentage distribution of calls. In this scenario, after 
creating a time-decision node, service programmers 
create a distribution-decision node. As branches to the 
distribution node, the programmer enters 60 and 40, 
which routes 60 percent of the calls to Line 1, in London, 
and 40 percent of the calls to Line 2, in Manchester. Sub- 
scribers can thereby match expected call volume with 
the percentage of staff available at particular locations. 

Other capabilities. The current generation of ser- 
vice creation technology can also: - Provide billing data - Generate reports - Translate data from a format readable by users to one 

- Distribute data to various service control points. 

space used by the call-routing plans, for the number of 
nodes of each type in the call-routing plan at the service 
control points, and for the time it takes the subscriber to 
interact with NETSTAR to create or mod@ a plan. 

NETSTAR generates numerous customized 
reports to support service creation capabilities. These 
include service management reports used by service pro- 
viders and service subscribers, troubleshooting reports, 

needed by the service control points 

NETSTAR can bill service subscribers for disk 

Figure 2. A sample call-routing plan using a distribution 
node. After creating the time-decision node, the programmer 
creates a distribution node. All calls made between 9 a.m. 
and 5 p.m. go subsequently to the distribution node, which 
routes 60 percent of the calls to Line 1, in London, and 40 
percent to Line 2, in Manchester. This call distribution 
corresponds to the staff distribution available to take the 
calls. Calls made during nonworking hours are routed to an 
appropriate announcement from a courtesy node. 
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monitoring and management reports, and network 
administration reports. From a service management per- 
spective, service subscribers can obtain data on how the 
busy and queue nodes are being used. These data will 
help them determine if they need alternate routes, dif- 
ferent services, and/or additional staff. 

NETSTAR also distributes call-routing plans to one 
or more service control points. 

Advantages of Decision Graph Programming. Deci- 
sion graph programming was one of the first service 
creation technologies available. In 1983, when decision 
graph programming was introduced, alternative 
approaches were only able to define service logic using 
traditional, general-purpose programming languages and 
to support service customization through simple 
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parameter changes. Decision graph programming has 
several advantages over today’s more sophisticated tools 
because it: - Enables service providers and subscribers to 

- Provides a structure or discipline for adding new 

- Supports automatic verification of service logic - Uses the same underlying application software for 

- Makes service creation accessible to service sub- 

sequence service features flexibly 

features to services 

more than one service 

scribers. 
Flexible sequencing of service features. Many Services 

invoke several features sequentially on a single call. 
From the perspective of decision graph programming, a 
node in a graph represents a feature, and a path through 
a decision graph specifies the sequence in which the 
individual features will be invoked. Decision graph pro- 
gramming allows the service creator - either the ser- 
vice subscriber or the service provider - to spec@ the 
node sequence, on a subscriber-by-subscriber basis. This 
characteristic has two advantages: - First, decision graph programming determines the 

feature sequence when the service is provided, rather 
than when the underlying application software is 
developed. Therefore, the designer of the application 
software need not pinpoint the optimal sequence of 
features. As the number of features that can be used 
on a call increases, the number of decisions also 
increases multiplicatively. - Second, the sequence of features can affect the user’s 
perspective of the service if the user is either a caller 
or a service provisioner. Decision graph programming 
allows a subscriber the flexibility to sequence features, 
thereby giving its users the best service possible. 

Adding new features. As services are enhanced with 
new features, determining how new features interact with 
old ones is of paramount importance. The service design 
team must make these decisions early, because they will 
affect some subscribers positively and others negatively. 
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In decision graph programming, a node corre- 
sponds to a feature; the programmer can build a new ser- 
vice or a new customized version of an existing service 
by selecting features from a library of nodes. By arrang- 
ing the sequence of nodes used in a particular decision 
graph, the programmer can define how features interact. 
Because each instance of service logic can be defined by 
a unique decision graph, a subscriber can create the 
feature combinations that interact best to suit that 
subscriber’s individual needs. 

a discipline for feature definition that encourages true 
modularity and reuse of features. Because a feature 
designer implements features as nodes that can be used 
in many combinations with other nodes, he or she can 
implement each feature as an independent building block 
that performs one function well in any application. 

verification, in which one program determines the accu- 
racy of another program, is a notoriously difficult area 
that still relies on good judgment as much as on a set of 
well-defined techniques. The structure of decision graph 
programs, however, lends itself to the definition of sim- 
ple, yet robust, verification rules. A call-processing deci- 
sion graph program must be able to route any call that it 
receives. 

Pragmatically, all paths through the decision 
graph must end in a terminating node; all decision nodes 
must have an outcome for each possible value of the 
decision parameter. For example, a node that makes a 
decision according to the day of the year must have an 
outcome specified for each of the 366 possible days of 
the year. For a given decision node, each value of the 
decision parameter must have only one outcome 
assigned to it. The graph also cannot contain infinite 
loops. Given the structure imposed by the decision graph 
paradigm, algorithms for implementing these checks are 
straightforward and, consequently, can verlry the logical 
consistency of a call-processing decision graph program 
simply and automatically. 

In addition, the decision graph concept presents 

Verification of service logic. Automatic program 
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When the verification software uncovers an 
error, it also determines where in the program that error 
occurred; it then notifies the decision graph programmer 
of its exact location. In a decision graph program, an 
error typically is isolated to a single node or, in the worst 
case, to a particular path through the decision graph. 

roughly be called translation, routing, and authorization 
services involves repeated applications of a common set 
of core features. These include making decisions based 
on time, the dialed digits, the calling-party number, per- 
sonal identification numbers, and authorization codes; 
the ability to play an announcement and collect additional 
digits from the caller; and the ability to provide network- 
routing instructions to a switch. Area-number calling, 
incoming-call screening, outgoingcall management, and 
virtual network services all perform these functions. 

In a decision graph programming environment, 
the underlying software interprets the decision graph and 
executes each type of node encountered in the graph. The 
decision graph environment implements each node as an 
independent building block. The programmer can write 
the decision graph software in a generic way that makes 
no references to the particulars of a given service. Once 
a node is implemented for one service, it can be used 
immediately by all services within the decision graph 
paradigm. Obviously, all services may not need a particu- 
lar node, but most services can support a wide variety of 
services using a core set of nodes. 

Service creation by service subscribers. Many sophisti- 
cated service creation technologies still require new soft- 
ware applications to undergo extensive laboratory verifi- 
cation before they are used. The expense of laboratory 
verification, along with associated security issues, makes 
it difficult for network services to offer these tools 
directly to service subscribers. It is relatively easy to 
develop software that can verify the logical consistency 
and completeness of decision graph programs. In addi- 
tion, with only minimal training, service subscribers can 
readily comprehend and construct decision graphs. Ser- 

support for multiple services. A variety of what can 

vice subscribers can write decision graph programs with 
minimal training, ven@ them simply, and implement fea- 
tures as independent building blocks. This is perhaps the 
most significant advantage of the decision graph paradigm. 

Enhancing Decision Graph Programs. Decision graph 
programming was developed by AT&T in 1980 as a struc- 
tured set of questions and answers. When a call requires 
intelligent network processing, the switch places the call 
on hold, sends a query to the decision graph program, 
and awaits a response. The decision graph program then 
executes a serial sequence of nodes and returns instruc- 
tions to the switch. If the decision graph program needs 
additional information from the caller, it issues a request 
to the switch and stops processing the call until that 
request is answered. 

This mode of operation has been used success- 
fully in a wide variety of network services. However, cer- 
tain services, such as multiway calling and call transfer, 
require the service logic to respond to unexpected (asyn- 
chronous) events, such as button presses and 
switchhook flashes. To address such services, AT&T is 
developing additional application-oriented languages, 
modeled after finite-state machines. 

65 

A-&Net" Technologies 
In 1987, AT&T began to develop new tools and 

platforms to support service creation for intelligent net- 
work nodes. Based on the premise that specially designed 
application-oriented languages enhance programmer pro- 
ductivity, this effort expanded on the already successful 
decision graph paradigm and integrated it with a new 
finite-state-machine language. A new A-I-Net service 
creation environment incorporating these results will 
work initially with the A-I-Net service circuit nodeg and 
the A-I-Net service control point, two intelligent network 
nodes built on a common platform specifically designed 
to support service creation. 

creation environment and the design-by-use process that 
develops it. 

The sections that follow describe the service 

AT&TTECHNlCALJOURNAL.SUMMER IS91 



66 

Developing New Technologies. While developing 
application-oriented languages for the service creation 
environment, AT&T recognized that an iterative, rapid 
prototyping method was most suited to the process. The 
service-creation-environment project identified two criti- 
cal elements of a successful application-oriented lan- 
guage - its “usefulness” (in handling the constructs 
required to support the intelligent-network service 
domain) and its “usability” (to a service developer 
designing and writing code). Accordingly, AT&T 
adopted a design-by-use process that could iterate on 
application-oriented-language designs and empirically 
test them with users. The design-by-use process con- 
sisted of three major iterative stages: capturing expert 
knowledge, designing application-oriented languages, 
and empirically testing these languages. 

Capturing expert knowledge. In this process, Ian- 
guage designers interviewed experienced and expert 
software developers who had contributed to a number of 
AT&T switching products. These experts were experi- 
enced in developing and maintaining services and had 
worked on more than one phase of the software life 
cycle. They helped the project members develop a basic 
view and framework of some of the essential components 
of the service creation environment and its application- 
oriented languages. The project members also studied 
existing service creation literature and participated in 
emerging standards activities to ensure that the views 
they formed were consistent with those of the larger 
telecommunications community. 

the project’s designers developed a “first-cut” design of 
the functionality and form of the application-oriented lan- 
guages. They decided that an application-oriented lan- 
guage should be kept simple; thus, the initial language 
included the smallest possible set of language capabili- 
ties for handling a wide array of intelligent network ser- 
vices. They designed the basic framework of the lan- 
guage to be flexible enough to handle additional capabili- 
ties as the language was exposed to daily use. 

Designing application-oriented languages. In this stage, 

Empirical testing of application-oriented languages. 
Armed with an initial design of application-oriented lan- 
guages and a service-creation-environment prototype, 
the designers worked closely with users in a customer 
company to evaluate systematically whether the lan- 
guages were useful and usable for particular intelligent 
networks. Some key components of each experiment 
included a language tutorial, in which users were taught 
the new language, followed by extensive “hands-on 
experience” with the language, such as writing and 
debugging services, and reading and maintaining code 
written by others. The designers also measured how 
quickly and easily users could learn the application- 
oriented language, how well they could remember it, 
how easy the resulting code was to comprehend and 
maintain, and how consistent it was with the developers’ 
knowledge base and its application. 

The designers used the results of the empirical 
tests to refine and improve the language. They then sub- 
jected the revised version of the application-oriented lan- 
guage to the same empirical test to idenhfy further 
improvements. 

Designers working on the service-creation- 
environment project found the design-by-use approach to 
be extremely effective and powerful for developing 
application-oriented languages. They now understand 
user requirements empirically and can integrate new 
software technology, expert knowledge, intelligent- 
network service demands, and feedback fiom users who 
are also potential customers of an service-creation- 
environment product. 

vice creation environment consists of a set of tools that 
runs on U N W  workstations and platform software that 
runs on the service execution vehicle (e.g., the A-I-Net 
service circuit node). (UNM is a registered trademark of 
UNM Systems Laboratories, Inc.) The tools comprise a 
high-level user interface, a network-service-execution 
environment, and a set of support tools for the network 
programming language, including editors, compilers, 

A Service Creation Environment. The A-I-Net ser- 
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and an integrated debugger. 
The platform software is essentially a telephony 

“operating system” with “system calls,” such as accept 
call, open path, collect digits, and diagnose announce- 
ment circuit. These service-independent building blocks 
implement the functionality that Bellcore refers to as the 
service logic execution environment (SLEE) . lo It provides 
the virtual machine that executes the network- 
programming-language software. 

mable graphical interface that uses the standard 
X-Window graphics protocol originally developed by the 
Massachusetts Institute of Technology. It logs the ser- 
vice creator into the system and provides access to the 
service creation environment’s various tools. Users of 
the service creation environment are typically the service 
providers or subscribers. 

Since one would expect users of the service crea- 
tion environment to find new tools that they would like to 
use within the environment, the user interface is program- 
mable. A service-creation-environment programmer can 
tell the system about the new tool, how to access it, and 
how to prompt and interact with the programmer. For 
tools that were not designed to run in a window environ- 
ment, the user interface can supply a window and 
optional custom, application-specific buttons. 

The administrator of the service creation 
environment sets up a default tool set for the users. Each 
service creator is free to modlfy these defaults. The ser- 
vice creator also can restore the configuration to the sys- 
tem defaults at any time by selecting the appropriate 
item from a menu. 

to any specific source-control tool. The administrator can 
tell it how to interact with the team’s favorite source 
management system. 

Network execution environment. The network execu- 
tion environment is a somewhat simplified, workstation- 
based version of the platform (service circuit node and 
service control point) software. It lets a service creator 

User interface. The user interface is a program- 

In the same spirit, the user interface is not tied 

test the service software on his or her workstation. It 
also incorporates software to simulate some functionality 
of class 5 switches (e.g., 5 E S F  switches). A class 5 
“office,” for example, lets a tester set triggers for its vari- 
ous “lines.” Service creators, therefore, can compile 
their services and test them in a network environment. 

A network programming language. The network pro- 
gramming language is an integrated suite of several 
application-oriented languages. Figure 3 depicts a three- 
layer programming model. This three-layer model pro- 
vides a programming domain for each provider or sub- 
scriber. It enhances productivity because: 
= Each programmer has a restricted domain. 
= Each layer of programming can create many services 

without relying on a lower level for more functionality. 
The bottom layer represents the relatively static platform 
software. The top two layers represent the service logic 
written using a network programming language. 

The middle layer contains software written in an 
application-oriented language of the network program- 
ming language’s finite-state machine, called the service- 
logic language. The service creation environment 
enables the user to organize this software into service 
@&ages, independent combinations of service software, 
each of which serves its own set of subscribers. Sub- 
scribers need not be people. A service package that sup 
ports televoting, for example, might support voting on a 
given election by dialing a special telephone number. In 
this case, each different election that the package sup 
ports would be a different “subscriber.” 

A service package may support multiple, possi- 
bly interacting, services or features appropriate for its 
subscribers. For example, a subscriber may have a 
personal-locator service that routes a subscriber’s call to 
a home, office, automobile, or other location. The loca- 
tion, specified in a default plan by the subscriber, usually 
depends on such factors as the day of week or time of 
day. The subscriber may also want the Who’s Calling ser- 
vice, which announces the name of the calling party. A 
service package that supplied both services would let 
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Figure 3. The bottom 
layer of this three- 
layer programming 
model represents the 
relatively static plat- 
form software. The 
top two layers depict 
the service logic, writ- 
ten using a network 
programming lan- 
guage. 
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Subscriber, telephone company, 
or vendor programs 

Telephone company or 
vendor programs 

Vendor programs 

environment 

the Who’s Calling service follow the subscriber around, decision graph language. There is no restriction on the 
according to the subscriber’s routing plan. 

logic language to create services, the language lets the 
programmer package parts of the services (features) as 
decision graph nodes. The programmer can then com- 
bine these nodes into decision graph programs that pro- 
vide subscriber-specific algorithms, such as the personal- 
locator plan mentioned above. The top layer of Figure 3 
corresponds to this decision graph programming layer, 
supported by the network programming language’s 

When a service programmer uses the service 

- -  
number i f  dkcision graphs that can be used for a service. 
The service logic language programmer can design a ser- 
vice to use as many decision graphs as necessary. 
Presumably, however, multiple decision graphs would be 
used for answering different questions. For example, one 
graph might tell the service package how to route the 
call for a particular subscriber, whereas another graph 
might tell it how to interact with the party called. 

Although no restrictions exist in the three-layer 
model regarding who can program any particular layer, 
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usually the vendor would supply the platform software, 
and the service provider would concentrate its program- 
ming at the service-package layer. The service provider 
might then offer its subscribers the opportunity to cus- 
tomize services using decision graphs. 

The service creation environment provides two 
additional application-oriented languages that are associ- 
ated with the layered model. These languages let a ser- 
vice creator specdy how to lay out forms for database 
entry and templates for service-measurement reports. 

event driven in nature: the software responds to events, 
such as incoming calls, Touch-Tone digits, and discon- 
nects. These events are frequently asynchronous; they 
can occur independently, and the software cannot neces- 
sarily finish processing the first event before it starts to 
process the second. The finite-state-machine program- 
ming model is well suited to address such an environment. 
It provides a structure for specdying an event handler, a 
piece of software the system can invoke when the given 
event occurs. The software can set the “state” of the pro- 
gram as a way of recording which events have been fully 
or partially processed. When a new event arrives, the 
system can choose which event handler to execute, 
depending on both the event and the current state. 

The service logic language allows the service 
creators to write event-driven, finite-state-machine pro- 
grams. It interacts with the underlying platform software 
by making requests called actions. A program, for exam- 
ple, could use the “accept call” action to ask the system 
to answer an incoming telephone call. The program 
views the results of an action as events. These events are 
also asynchronous, so a program can issue multiple out- 
standing action requests. It does not have to wait for an 
action to be completed before it issues a second request. 

changing intelligent network environment, its interface 
to the SLEE, the set of legal actions and events, is a 
library. There is no need for the language compiler to be 
changed in order to change this set. The administrator of 

Service logic language. Call processing is generally 

Because the language must be extensible in a 

the service creation environment can make new platform 
actions or events available to the service logic language 
by updating a file that specifies their legal syntax. 

The service logic language also lets the program- 
mer declare and manipulate data structures that are 
especially appropriate to telephony, such as a telephone 
number. For each service package, the service logic lan- 
guage compiler produces executable C++ software, struc- 
tured query language (SQL) commands, default forms to 
populate and update those relations, default-report tem- 
plates to generate reports that summarize measurements 
taken by the service package, and decision-graph-node 
information for each node/feature that the service pack- 
age supports. The SQL commands are used to create data- 
base relations for provisionable data. 

The language assumes that the service provider 
or subscriber normally supplies provisioning data using a 
craft or service-management-system interface. However, 
it provides a mechanism that lets a service package 
update this data, based, for example, on a caller interact- 
ing with Touch-Tone service. 

Measurements are an integral part of the lan- 
guage, and the service creator must explicitly declare 
them and associate them in natural groupings that appear 
in the default reports. The system usually collects these 
measurements over multiple calls and sends them periodi- 
cally to a measurements database. A billing measurement 
is a special type of measurement taken on a per call basis. 
The language provides special billing data structures, and 
the service programmer makes a specific request to the 
system to send the data to the billing system. 

ming language’s decision graph language evolved from 
the decision graph language described earlier. It shares 
the same concepts of decision, action, and terminating 
nodes, although it does not implement the same set of 
nodes. The language is graphical and runs on top of the 
X-Window system. It is a dynamic language that it can 
rapidly incorporate new nodes specific to a given service 
package, based on the node information generated by 
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Decision graph language. The network program- 
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the service-logic-language compiler. 
Form and report languages. The ServiCe-lOgiC- 

language compiler produces default forms for provision- 
ing a service package’s data and default templates to gen- 
erate measurement reports. These defaults use form and 
report languages associated with the underlying data- 
base. A service creator can edit these forms and tem- 
plates to modify the default layouts. The service creator 
also can provide provisioning and report access to the 
craft or, if desired, directly to subscribers. 

Network-programming-language debugger. The net- 
work programming language has an integrated debugger 
that can work with both service-logic-language and 
decision-graph-language programs. It can be attached to 
a running service package, which eliminates the need to 
start the debugger before starting the program to be 
tested. The debugger provides capabilities designed for 
the applications, such as: - Injecting events, that is, making the system think that 

a new event has occurred, such as a new call arriving, 
or a Touch-Tone digit being pressed; - Trapping on events, states, and lines, which involves 
setting a breakpoint to stop the program when the 
specified event occurs, when it enters the specified 
state, or when it reaches the specified line; - Examining variables, that is, determining the value of 
a specified variable. 

For decision graphs, the debugger can interact with the 
decision graph editor to display the path through the 
decision tree that the system traverses. 

Platform software. The platform software must 
respond to high-level requests issued by the service logic. 
These requests may be oriented towards call processing, 
as in “collect digits,” or towards OAM&P, as in “diagnose 
circuit” or “restore circuit.” They are asynchronous, that 
is, the platform executes requests as it continues to pro- 
cess service logic and returns any result to the service 
logic as an event. The platform also presents unsolicited 
entries to the service logic as events. For call processing, 
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these entries might correspond to service requests: a 
subscriber making a call that gets connected to the ser- 
vice circuit node or the service switching point request to 
an intelligent network node. An OAM&P request for ser- 
vice might originate at an operations system or a mainte- 
nance terminal. 

Conclusion 

not new to AT&T. For more than ten years, the direct- 
services dialing capability has served as a platform for 
service creation based on decision graphs. But the grow- 
ing complexity of network services and configurations 
inherent in the intelligent network places new demands 
on these technologies. 

meets these demands by building on the successful his- 
tory of decision graph programming and by adding new 
application-oriented languages to enhance programmer 
productivity. The network programming language 
evolved as both internal and external customers used it 
to create intelligent network service. By incorporating 
both the finite-state-machine and decision-graph- 
programming models, the service creation environment 
meets service providers’ programming needs and lets 
subscribers customize their AT&T services. The service 
creation environment addresses both call processing and 
OAM&P. It automates the service-based provisioning and 
report generation processes and makes them accessible 
to subscribers. 

Service creation needs will continue to change. 
The AT&T service creation environment addresses this 
issue by incorporating new tools and by abstracting the 
interface between the service creation environment and 
the service logic execution environment platform into 
easily updatable specification files. AT&T will continue 
its research into service creation technology and apply 
application-oriented language and other approaches to 
meet future service creation requirements. 

Specialized service creation technologies are 

AT&T’s A-I-Net service creation environment 
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