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- SOFTWARE B8TRUCTURE FOR TELECOMMUNICATION
SWITCHING S8YSTEMSB

I BACKGROUND OF THE INVENTION

A pbrtion of the disclosure of this patent document contains

material which is subject to copyright protection. The copyright

owner has no objection to the facsimile reproduction by any one
of the patent documents or the patent disclosure, as it appears
in the patént and trademark office, patent file or recofds, but
otherwise reserves all copyrights whatsoever.

Field of the Invention
The invention relates to telecommunications switching systenms

and, more particularly, the development and structure of process
control software for telecommunications switching systems.

Description of Related Art

The development of software architectural structures and

application programs for stored program controlled telecom-

munications switching systems has historically been a complex and.

time-consuming task. The process requires many steps ranging

from the development of functional specifications defining the
operation and interaction of the services to be provided to the

testing of the actual real-time code in the hardware within which

the system is to run. Development of such software architectures

has also required the interaction of a number of different
developers each working ih different aspects of the development
and requiring the coordination of multiple activities at each
step along the way in the development process. Thus, bringing to
market new software systems for implementing user demand driven
functions and features hés been very expensive and such an
arduous and time-consuminéﬁprocess ﬁhat by the time systems are
designed, developed, tested and commercially implemented in the
marketplace, the user demand has often changed to still newer
‘requirements.

s
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declarative programming with languages such as "PROLOG" or
“LISP". None of these languages contains_ the full set of
features desirable for developing telecommunications switch
software. For example, the process-criented programming language
concept provides a good understanding and a good definition of
" the subject to be programmed, but, it gives very limited support
for structuring and defining actions or predicates within the
process. When programming the actions within a process, the
designer is required to supply a great number of individual
details within the application software. Similarly, while the
PASCAL/ADA generation of programming languages gives some support
to defining and handling of data, the programmer is still
required to do a great deal of work on.a detail level which has
very little to do with the actual application being produced.

Even the latest object-oriented programming methods have their
limitations. Such object-oriented methods of programming have
concentrated on various techniques to define and inherit objects
and on how to document objects. Although these techniques make
a signific'ant contribution in the case of developing programs
that contain a large number of objects to be defined and handled,
many problems related to clarity and structure occur when a
program is itself defined as an object.

In pfocess control programs such as those for telecommunications
systems, however, the program entity is always the subject which
acts and directs the activities within the system. The objects
in a telecommunications process program system are basical ly of
_two types: _?

(1) All such program systems have internal objects defined in

terms of data upon which the programs operate. These dbjects are
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the software systems' reality and the data is the static picture
of the real world which the programs manipulate.

(2) All real time and process control systems, however, also
operate on dynamic Objects outside the program systems. Examples
of such dynanic objects are iniages on a display screen or
telephohes and trunks in a. telecommunication systen. These
program systems will also include the dynamic objects as being
represented by data objects.

The object-oriented programming technique of encapsulating
actions together with data and defining all of it as an object is
a distinct advantage if the program is a routine which is closely
related to its objects. Examples of such routines are found in
display screen presentation systems as well as in the 1line
interface parts of a telecommunications system. If, however, the
control programs in such a process control software system are
all defined as. objectﬁs, certain negative effects are also -
produced. First, the éontrol programs become fragmented and very
complex interactions and relationships become necessary between
the objects. Such a result requires an overlay control structure
and in known object-based telecommunication systems, complex
C.C.I.T.T. specification design language (SDL) flow charts have
been required to describe such control structures. Moreover, the
dynamic relationships between the objects are still very
difficult to describe and to understand even with the use of such
flow charts. Second, when no entities in the control software
system are defined as a subject, any explanatory model becomes
inherently defective. The program actions, that is, its
predicates, become bundled together with the objects, thus
rendering both the objects and the actions very difficult to
locate. This makes almost impossible the organization of actions
within process control systems into logical groups. Further,
designers are unable to structure applications in a natural way
that would be both highly understandable to anyone viewing the
o:&anization and easy for designers to work with.

The latest generation of declarative programming languages such
as PROLOG and LIS?P are very efficient and reduce the work of
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time performance and their inability. to handle parallelism.

Many of the newer declarative or object oriented pfogramming
languages have been used to allow programmers to perform rapid
prototyping of functions or programs. ' Rapid prototyping
techniques have a number of recognized advantages that flow from
the ability to incrementally design and develop an application or
a system. Potentially costly design errors can be detected and
corrected earlier in the development process; individual aspects
of a system can be implemen;ed and tested very quickly; lengthy
test and/or implementétioh phasés can be avoided; and fast
prototype development allows designers to explore a number of
options with respect to an application or function. Many other
advantages to prototyping exist as well.

Rapid prototyping techniques have benefits in the context of
telecommunications systems as'well, Until now, however, the
techniques have had several drawbacks due to the real-time nature
of the processing activities that occur in telecommunications
systems and the'parallel nature of these operations. The system
of the present invention includes certain aspects that extend
previously known prototyping methods and capabilities éo that
rapid prototyping can effectively be used in connection with
telecommunications systems. Experiments in the use of prototyp-
ing techniques in connection with telecommunications systems are
described in "Using Prolog'foriﬁapid Prototyping of Telecon-
munication Systems," J.L. Armstf‘ong and M.C. Williams, Seventh
International Conference on Software Engineering for Telecom-
munication Switching Systems, July 3-6, 1989, Bournemouth, and in
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. The development of the declarative language ERLANG has essential-
ly solved these two problems allowing the introduction of process
control - concept into the wqud of declarative languages. The
basic concepts of the ERLANG language are described in the
article "ERLANG: An Experimental Telephony Programming Language, "
Proceed'ings,_ XIII International Switching Symposium, Vol. III,
Pp- 48 (1990), which is hereby incorporated herein by reference.
A more detailed treatment is found in the "Erlang User's Guide &
Reference Manual" and the "Erlang BIF Guide" which are incor-
porated herein as Attachment A. The use of such a language
enables the 'cohstruction of real time process control software
systems in accordance .with the system of the present invention.

‘>

SUMMARY OF THE INVENTION

In one aspect, the system of the present invention includes a
declarative language construct for use in programming process
control systems such as telecommunications switching systems.
The  language construct includes natural language elements
comprising a subject, represented by the process of actions, a
predicate, represented by predicates of the declarative langua‘je
defined as program procedures, and an object, represented by data

and real world entities defined in symbolic form and included in
object processes. '

In another aspect, the system of the present invention includes
a2 method for constructing prototype software for telecom-
munications switching systems including the procedures. for
preparing functional specifications and subsequently mapping
those functional specifications directly onto the users and the
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basic operating systen 1ayer each cooperating with one another to
provide an enhanced level of functionality.

In a further aspect, the invention includes a method for
constructing a prototype software system for a telecommunications
switching system in which the overall description of the service
aspects of the software system is first defined from the user's
point of view. The origination and termination of user sequences
forming the actual subjects within a user is identified. Next,
the functional entities and information flows within the. system
are identified and the functional entities and identifications of
unique and common predicates are mapped. Finally, the real world
entities are represented as objects within the systemn. »

In yet another aspect, the invention includes a multi-layer
software architecture for use within a telecommunications
switching system which includes an application layer for
implementing telecommunications. features within the switching
system and which is constructed with a direct correspondencé to
the telecommunications application being specified. An applq'.c_a-
<tion operating system layer is provided for support functions to
the application layer and for hiding and isolating the implemen-
tation details of the telecommunications application. A basic
operating system layer includes the primitives and functions
fleeded for implementation of telecommunications functions as well
3s standard primitives and run-time executives for a time sharing
computer systéﬁ. One embodiment of this aspect includes an
application lz{ycr having task modules for defining particular
tasks within a telecommunications function or application being

Amplemented, including the signaling protocols to be employed
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or more feature modules along with one or more management
modules.

In yet still another aspect, the invention includes a systenm for
managing'data within the architecture of a telecommunications
switching system which includes at least one feature module and
at least one management module within an application layer and a
data base within a basic aoperation system layer. Feature-unique
data fields are created within the data base ahd assigned
formats, linits and default values by means of an initiation part
of the feature module. An initiation portion of the management
module creates commands and parameters referring to the data
fields within the. data base and stores the commands and parame-
ters in the data base. Each command is anélyzed in response to
its reception and is checked for the authority of its use ang
whether its parameters are within preselected value limits. The
appropriate individuals are accessed by a management feature in
response to the acceptance of the command and the appropriate

feature unlque data field is operated upon to modlfy the field in
response to the comnand.

As will readily be appreciated by those of ordinary skill in this
particular art, the'principles and aspects of this invention
could be used to advantage in other software systems and in a
variety of other computer and pfocess control applications in
addition to telecommunications switching_syétems;

BRIEP DESCRIPTION OF THE DRAWINGS

For an understanding of the present invention and for further

objects and advantages thereof, reference may now be had to the
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FIG. 2 is a block diagram of the steps employed in the develop-
ment of prototype software;

FIG. 3 is a flow chart illustrating software development in
accordance with the system of the present. invention;

FIG. 4 is a flow chart illustrating the steps of specifying the
service aspécts of telecommunications software development in
accordance with the invention;

' FIG. 5 is a flow chart illustrating the specification of the
functional network aspects of <the development of telecém— :
munications software in accordance with the invention; -

FIG. 6 is a block diagram illustrafing the.mapping of functional
entities from a functional specification onto the software syséem
structure in accordance with the present invention; ”
FIG. 7 is a block diagram illustrating the mapping of functional
entities in the case of a network from the speéification to the
software system in accordance with the present invention;

-FIG. 8 is a block diagram illustrating the overall architecture
of software for a telecommunications switching'syStem constructed
in accordance with the present invention;

FIG. 9 is a block diagram illustrating the telecommunications

software system architecture of the present invention:

FIG. 10 is a biock‘diagram illustrating the manner in which the

traffic portion of a user module is hierarchically built in the

present invention; |

FIG. 11 is a block dlagram alternatively illustrating a data
-~ handling operation within the architecture of the software system

: of the ﬁresent invention:

. FIG. 12 is a block diagram illustrating the call side separation
aspect of the present system;
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DETAILED DESCRIPTION

The system of the present invention consists of several different
related aspects including a programming language structure _
especially adapted for use in software of real time process
control systems such as telecou;m_.unications systens: a methodology
used for the preparation of prdtotype software used in telecom-
munications switches; and a software, architecture and progrém
construction tool for telecommunications switching systems. Each
of these different aspects of the present invention and their
interrelationships with one another will be discussed below both
with regard to their theoretical and technological underpinnings
as well as their use in a p'racticail , operating software system.

Software Construction Methodology

As discussed above, each of the well known programming methods of
process-oriented programming, obj ect-oriented programming, and
declarative language programming includes certain inherent
disadvantages when applied to real time process control environ-
ments such as that plresent. in teleconmiunié_ations switching
systems. The programming construction methods for such real time
processes used in the system of the present invention incorporate
capabilities to handle real time processing and performance as
well as parallelism of operations, by employing a robust
declarative language with a novel language construction techniqué
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The language construction technique of the system of the- present
invention is characterized by the usage of the three natural
language eléments of subject, predicate, and object. The subject
is represented by the process of actions, while the predicate is
represented by predicates of the declarative lanquage def1ned as
program procedures. The object is represented by data and real
world entities such as telecommunlcatlons trunks and telephones,
all of which are defined in symbolic form and included in an
object process. The present technique not only makes it possible
for a software designer to concentrate on defining the different
entities in the application structure being constructed, but it
strongly encourages it. Usage of the three basic elements of
human language allows a model to be created that is not only
powerful but also clear and easy to understand. Moreover, the

present language construction may also be viewed as a paradigm of
active subjects ("PACS").

<

>

In the present system, a subject is defined as a sequence or»a
number of sequences of predicates and is characterized by the
actions that it is able to perform. This provides a powerful
mechanism for structuring all functions into groups in order to
form natural and easy to understand entities w1th1n the software.
The use of the process concept solves a great number of real time
problems, and, in addition, it supports the introduction of the
language element of “subject" into the construction of computer
programming languages. 1In the present systenm, a subject process
is named and specified as to its content of -action in a manner
similar to the way in which individuals such as masons, mechanics
- or carpenters are named and defined in the real world. This
enables the natural specification of relations between actions.
For example, in a PBX software system, this aspect is known as
service interaction, which in the employment of the present
methodology, becomes a naturallpart of the subject specification.
A thorough knowledge of the actual application is required,

however, in order to define the proper subjects for an applica-
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anot her to pPesstie laNednimihosstinantiiopi within thendesdgakrty. conceptua-
In a furt hel%ﬂéﬁﬁsﬁ,of[lehé Pyﬁkzéngrblf r@ﬂﬂ%ﬁfﬁﬁem%g!‘ ?@KﬁqaﬁEEUCt ARdtRe
pr ot ot ype sof twar g st.emf or £comuni cat i ons__Swi ng, s sf{,emln
Which the Rignest feved’ Pr ahefraction . thers 1% seBIsshoEhet efines ana
sof t war e sybreaks sdéwn sthelehtived funetionality of the system. The highest
level subject that provides the overall control sequence and flow
for the system is akin to a main program or routine utilized in
traditional programming languages. In this aspect of the system
of the present invention, subjects comprise a sequence of
subject, predicate and object processes or a sequence of only
predicate and object processes to define the full set of
activities that form a part of that subject.

Examples of functions or activities  that might be defined as
subjects within the present system include, but are not limited
to: (a) act_iiration of a telecommunications switching system; and
() interrogation of a telecommunications system as to w;xat
services are available within the system. It should be under-
stood that a subject which is defined as a sequence or a number
of sequences of predicates could be interpreted as activities, or
control flows, within the user part of the feature module that
handles a particular aspect of a feature, as described below in
the sections related to the “"Improved Prototyping Technology" and
uSoftware Architecture and Technology" éépects of the present
invention. What follows immediately is a sample set of “pseudo-
code" that could be used within the system of the present
invention to define a subject. C

<Subject Definition>

<Export/Import Predicate Declarations> B
<Description of the Interface> 3
<Initiation Part> .

<Initiation of default data, user procedures, test procedures,
used user suffixes and timers, e.g.>



30 the user™s point of view The origination and term nation of user
sequencesgs $Hedt Madhen Replaced [ N€ actual subjects within a user is identified.
Next, t .hT tities and

- 6- u" E}ﬂm n flows within the systemare identified and the
functiona I dentifications of unique and common

predi cat es are mapped. Finally,.the real 4, world entities are
represented as objects within the system In yet anot her
aspect, the invention includes a multi-layer software 5 . architecture

for use within a tel ecommuni cations swi tching system which includes

an application | a‘sgng?r f GP%W%WF ngterl dcOMMBEAEIYATIOY S DERERIYATEON)| Ankdi n
t he GISTRATION T
activate(FromUser,UserState,UsersParticipated,UserData)~->
<activate predicate 1>

<common predicate x>

<activate predicate N>

<deactivate(FromUser,UserState,UsersParticipated, UserData) ->
<common predicate y>
<deactive predicate x>

<common predicate N>

register(FromUser,UserState,UsersParticipated,UserData) ->
<register predicate 1>
<common predicate z>

<register predicate N>

<User sequences, PACS step 1 > INTERROGATION
interrogate(FromUser,UserState,UsersParticipated,UserData) ->
<interrogate predicate 1>
<common predicate z>

<interrogate predicate N>

<User sequences, PACS step 1 5 INVOCATION

userInvocation(UserState, InteractingsState, UsersPartxcipated

UserbData) -> -
<continue in user 1 operation>

>

interactingInvocationl(UserState,InteractingState,
UsersParticipated,UserbData) ->
.<continue in user 2 operation>

interactingInvocation2(UsersState, InteractingState,
UsersParticipated,UserbData) ->
<continue in user 3 operation>

<User sequences, PRCS step 1> OPERATION
<USER 1, PACS step 2>

userl(Userstate,Interacfingstate,UserSParticipated,UserData)->
<user 1 predicate 1>
- <common predicate x>

<user 1 predicate N>

<USER 2, PACS step 2>
usex2(UserState, InteractingState, UsersPartxc;pated UserData)->
<user 1 predicate 1>
<common predicate x>

<user 1 predicate N>



Sw t chi ng—systemand whichh Ts constructed with a direct correspondence to

t he . masts%&?ﬁ%fﬂ&u‘&e atdqons application being specified. An application
operati ng Syg ayer is provided for support functions to the
applicati onrﬂﬂﬁumﬂ hi di ng and 10 i solating the inplenentation
details of @ cations application. A basic operating

system | ayer includes the primtives and fumcti ons needed for
i npl ement ati on. of tel econmuni cations functions as well as standard

primtives and run-time executives for a tinme sharing conputer
system One enbodi nent of this aspect includes an application |ayer
having task nodul escdser Fepiddi ppp ticul ar tasks 15 within a

t el ecomuni cat i ons f unclekD(VsersTapl ineetadce Ind3e h 66} vbsdalp £rER1L Bt ed] ek bcliapG
the signaling protocol 32€H hes I{@/é@l therein. In sone cases, if the

. . ommon pred . . .
I npl enment ati on of 'a fea are requires no specialized nmanagenent

functions to be directly associ ated with it, a task may. conprise
only one or nore featuf@eRodafredcats Kl arly, there may be instances
in which a task may only conprise one or nore nmanagenent 20 nodul es,

Wi th no feature nodkises sequéncded PaBs dbpyy >exdmdekondgodul e may conpri se

both one or nore f'eatu?‘éthﬁaHE8§Ea=lgﬁ"<zg%WnhUenesGratrmrTetmnagsmmStmu es.

In yet still another aSEgTar tHE> g:@ﬂﬂ ot

#gl pdes a system for managi ng
dat a wi t hin t hecoanshpt@thteex9f a t el ecomuni cati ons switching
system whi ch includes at l-east one feature nodul e and at | east one

management nodul e wit hL&tﬁEt@QﬂJeQ@ikQ%%ﬁicate Laver and a data base within
a basic operation system [ayer. Feature-uni que data fields

are-created within the data base and assigned formats, limts and default

val ues deactivationException(UserState,InteractingState,
_ UsersParticipated,UserData) ->

<deactivationException predicate 1>
* <common predicate y>

-
< e

<deactivationException predicate N>

£ 1991 Telefonaktiebolaget L M Ericsson

The predicates used by the subjects are defined in the,
system of the present invention by either basic instruc-
tions or by the formation of new predicates by defining -
program routines referred to as procedures. Each
procedure can be specialized and unique for one par-
ticular subject or it may be generalized and used by many
different subjects. Each procedure is also characterized
by its action. The use of procedures in a layered
architecture as predicates in the declarative language
- introduces a virtually unlimited possibility for raising
the abstraction level and increasing the poﬁer of the top
level language. One basiC'rulé that should be employed
in designing this type of system should be to keep the
number of pfocedures small enough so as to keep the
system easy to understand and maintain. A predicate
should be viewed as a discrete pi@éedure such as, for
example, number analysis. Althougﬁ the predicate could
perform a complex task, it must alwéys be very clear. At

"the lowest level, a predicate could consist of nothing



by mWn part of the feature nodul e.

Lt An initiation portion

of the seARgaenent nodul e creates commands and paraneters referring
to the Imﬁ’ ed within the data base and stores the conmands and
par amet Jxa base. Each 30 command i s anal yzed in response to
its reception an checked for the authority of its use and

whet her its paraneters are within presal4aected value limts. The

-7- appropriate individuals are accessed by a nmanagenent feature
In response to the acceptance of the command and the appropriate

feature unique data field s operated upon to nodify the field in
response to tRere ok single declarative language statement. It

should also be understood that the predicates used in the
language construction aspect of the invention are
represented as predicates in a declarative language and
. defined as program procedures within the application
operating system (AOS) as described below in the section
related to the "“Software Architecture and Technology"
aspect of the invention.

- The present method can be compared to the known C++
manher of providing for the.inheritance of all or part of
a program. In that case, hoﬁever, both the real objects
and the predicates are called objects and the actions or
predicates are always closely linked to the real objects.
This is done in C++ in order to provide'enbapéulation.
However, the need for encapsulation is not nearly as
important when using the declarative languages as when
using the dbject-ériehted languages. The weak linkage of
actions to objects, as in C++, is highly.counterproduc-
tive to the production of an easy to understand functio-
nal structure. The present method, on the other hand,
makes it possible to inherit only predicates or actions
which support creation of a clear functional structure.
such functional Structures are then easy to understand
and this is always of great importance in the construc-
tion of process control software systems.

An object, in the present system, is defined as a process
containing data and/or reallworld entities in symbolic
form bundled together with closely related actions. ‘This
makes it possible to include in the object process, any
actions which are closely tied to the object and not of
vital'importanée to the logical structure of predicates.
Such routines include, for example, routines for scanning
the status of external objects, calculating routines
always performed for a certain object, and routines for
displaying something on a screen. Thus, the principal

advantage of object-oriented nethods such as C++ are



AswiII_LeadJ_l_yuge_a,ppJf_eGJ@ted by those of .ordinary skill in this _
particular art, the principles and aspects of this invention could

be used tBi her software systens and in a variety of
ot her corrp s control applications in addition to
teleconnun Ing systens. BRI EF DESCRI PTI ON OF THE

DRAW NGS 10 For an understangdj ng of the present invention and
for further objects and advant ages t hereof, reference may now be
had to the follow ng description, taken in conjunction with the
acconpanyi ng drawi ngs, in which: FIG 1 is a block diagram

il lustrating theidppefici itive pfesémt systtem.of Itinis, howevegpbofliigneat of the

~present inventijgaot-eahiRe éﬁé{@lgmmtsoaner %9&&9@ §9£tﬁ\@felrf&'rm]15ced the
:control of telegommuni cations swi'tch I nes; FIG 2 is

“a bl ock di agraifiiéP ¢ angide nﬁeé’?&ae. ﬁ'hFPfe F& RYPhetftpismented as
prot ot ype soft \pa-be;esses. The procedd Gs an Simplementahion tédhrsilagy ng

sof tware devel or h e dijygnt system
of the pr esent%l nventl é‘lfsc %%a‘%ets and obﬁeéﬁ's E?lgo\ﬁ'ig. agﬁcééle

il lustrating tl?é‘%tté-ﬁ d’flt'é}éébl Fhe nQPPPré‘:éEFQPCé”ﬁ%@Fé‘“.re' Ifya
t el econmuni cat ixeut isef taArRtdaviRjhye Rioupl edC drr dane alatid oyectbait nent  of

should be separated out as a predicate process. Methods
employed to inherit and to include other objects may be
introduced as needed, as is welllknoﬁn in this techno-
-logy. By the same token, if a predicate is large or
complex; then it should be structured as a subject
instead. '

It should also be understood that the aspect represented
by data and real world entities in the language construc-
tion aspect of the invention can be interpreted as the
access part as described below in conjunction with the
section on the "Software Architecture and Technology™"
aspect of the invention. 1In that connection the user *
part executes a predicate, or a procedure, which is an
order to the access part to perform a specific task.
This order is not dependent on how the actual real world
ent.ity is designed. That is, the order could be to
-inform the access about actual conditions of the call,
e.g., an incoming call, the number of the calling party,
e.g., 12345, and the category of the incoming party,
e.g., an operator. If the access is an analogue exten-—
sion then probably it would only be possible to generate
a ringing signal within that access aspect. However, if
the access aspect is a feature phone and has a display
then the number 12345 could be shown on the display along
with the possible indication of the operator category.

The software structure methodology of the present
invention strongly supports the movenent of software
designers and programmers away from implementation

details and toward an increased knowledge about and focus



the invention; FIG 5is a flowchart illustrating the

specification of the functional network aspect s ofThis{pbeet] e ged
of tel ecommuni cations software in accordance with an 25
t he i nventi on; FIG 6 is a block diagramill :

mappi ng of functional entities from a functional specification onto
t he software system structure in accordpgfnce wth an enbodi nent of
the present invention; FIG 7 is a block diagram
illustrating the mapping of functional entities in 30 the case of a

network fromthe specification to the software systemin accordance
with an enbodio®enthef apelisweddent i®sekfd on; It wmakes possible the

creation of clear and easy to understand application-
oriented software architectures even when  the
applications involve very complex processes and logic.
The technique of the.presént invention makes the software
easy to maintain and to enhance by adding'funCtions, as
will be further exemplified below in connection with the
description of other aspects of the present invention.

An Improved Prototyping Technology for the Development of
Software for Use in Telecommunications Switching Systems

The system of the present invention can be used to
develop and evaluate state of the art software architec-
tures or telecommunications switching systems, and in
particular, for the production of a useful prototyping
base for the development of new applications or exten-
sions for such software. The programming paradigm used
in the present system is that of declarative programming,
as set forth above, and the operatihg system employed is
eépecially adapted for the support of telecommunications
applications. For example, the operating system has been -
extended to include per-call fault recovery.

The development of telecommunications switching software
is becoming more and more mérket driven. With increasihg
frequency, application experts are becoming involved in
software architecture designs in order to simplify the
handling of sales features throughout the entire develop-
ment chain. That is, features in the product specifica-
tions afe mapped onto actual feature modules within the
software architecture. This, in fact, introduces a

market driven approcach into software development.

Prototyping communications switching systems architecture
and switching systems software involves the solving of
very complex problems and necessitates the verification

‘of the results of practical experiments at an early



architecture of software for a tel ecommuni cati ons s

constructed in accordance with an . enbodi nent of the

i nventi on; FIG 9 is a block diagramillustr

t el econmuni cati ons software 5 system architecture of an enbodi rren
the present invention; FITZ 10 is a block diagram
illustrating the manner in which the traffic portion of a user

nodul e is hierarchically built in an enbodinent of the present
i nventi on;

iS I kdlagra .t ernatiyvel
“illustrating a &alga hahaPt ngy%’é 5 6?11‘}%69% into ?ﬁé a?%h c‘%"lﬂe of
‘the software sysseowof d&ﬁleqﬁo@pmﬁmﬁs t‘W@rGrl@s@me cycle contmdignt ion;

FIG 12 is a blmiit@aagxruwehsl bistreathpst hRi6R! hréi Qﬁlﬁ?pﬁxﬁﬁiéﬂh@éﬁeﬁ of
Lan ~enbodj nent of the gresen 3is a

FI G
-di agrami | | ust TG PhBUFRERT B} (YT 6f xPﬁﬁg%‘é‘F?s g feptugpsys Sue
-enbodi ment of thetutypest repsesent realistic systeRisGBvemdtiGugh etlchyagram;

i1lustrating vgfeoq&ma%gacm Qe 112 uhERE BRENE &)1 OMbrototypesOhah Uikhd ONal

features within an enbodi nment of the present system
real time characterlstlcs and software qualities that are

comparable to real products. They form a stable base for
the building of further prototypes as well as for the
implementation of operational software.

-8- FIG 8 is a block di agramlllustratlng?r) overaII

The prototyping process is a very important phase in the
preparation of an overall work model and allows designers
to make "the user the_primary focus. Referring to FIG. 1,
there is shown a block diagram illustrating the process
in which the usaﬁility 21 of the proposed system is
evaluated from study of the users' and their requirements
22, followed by a user interface simulation/test 23
providing the initial working;premiées of the prototype.
Next, the prototybing process itsélf 24 is implemented. -
This process utilizes the new software technology 25 for
prototyping mew applications 26 in orxder to achieve *
thoroughly reviewed requirements épecifications for
product development 28, as well as to produce qualified
inputs to standards organizations 27. A further benefit
achieved is that, with relaﬁively little effort, these

prototypes can be developed into a final, operational
product.

In practice, prototypes of new applications or features -
are designed, implemented and then tested at a coopera-
tive user. site. The actual work model for constructing
the prototype is shown in FIG. 2 and the ultimate model
is characterized by the housing of each feature in a
feature module. FIG. 2 illustrates the corresponding
documents that must be produced during the specification
and design phases, which includes a feature specification
31 which comprises both a functional specification 32 and



FIG 17 is a b
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exenpl ary system of the present invention consists of several
rel ated aspects including a progranm ng | anguage structure

di fferent
especially

for tel ecommuni

| ock di agram showi ng an overal | devel opnent envrronnent

n enbodi ment of the present system for protot
- and FIG 18 is a block dlagr
ences between the system of the presern

known systens. DETAI LED DESCRI PTION OF T
ERRED 25  EXEMPLARY EMBODI.NENT

een Re laced

[

The preferred

~adapted for use in software of real tine process control
systens such asa test spet:elfeeemﬂizczal | oS thkefsatarerigwmddiegyt ivned for

th f
it ohone ana” o Lo ] arSheBCacian apdLLRECdERth dhaed S8 UITUNEIILONS

cons ructlon tooI

waichrincdndeshtrg prpprsrt 10Reh HFERE Bral specifica-
tion 35, a plurality of declarative language modules 36,

and a verification module 37 which is used to produce a

verification log 38. Finally, a system test Phase 39 is
undertaken and completed.

‘Referring next to FIG. 3,'there_is shown a flow chart

s

illustrating the overall view of the multiple stages in
the development of a prototype software in accordance
with the present system. As pointed out above, the
starting task in producing a prototype is to prepare the
specification. At “41 there is employed the first stage
of the three-stage methodology prescribed by the
C.C.I.T.T. standard procedures. More particularly, these
techniques are shown in C.C.I.T.T. specifications I.130
{(Method for éharacterizatipn of Telecommunications
Services) ; Q.SS ‘(Detailed Description of Stage 2); and
I.310 (ISDN Network Functional Principles), each of whicﬁ

is hereby incorporated.herein;by reference. This initial-

stage provides for the preparation of an overall descrip-
tion or specification of the application from the user's
point of view. Next, at 42, there is prepared a rough

"

layout of the various subjects to be incorporated within

the declarative language construction set forth above for
each user. This involves the identification of both

origination and termination user sequences forming the

- actual subjects. Thereafter, at 43, the system employs'

another specification step, Stage 2 of the three-stage
methodology set forth in the above-identified C.C.I.T.T.
procedures, including the identification of functional
entities. Next, at 44, functional entities are mapped
and unique - and &ommon predicates are identified in

accordance,%ith.the declarative language approach set

forth above. In this step, user sequences are repre-

sented in a subject(s) and the various functions are

" structured and/or grouped in a natural and easy to



-9 - different aspects of the present invention and their '

interrel ationships with one another will be discus laced
with regard to their theoretical and t echnol ogi cal Iﬂw
well as their use in a practical, operating software

Sof tware Construction Met hodol ogy As di scussed above, each
of the well known programm ng net hods of19 . process-oriented
programm ng, object-oriented programm ng,” and decl arative | anguage
progranm ng includes certain inherent di sadvantages when applied to real
~time process control environments such as that present in

- tel ecommuni cat ii@erb@and waiM t G 1SY,StRiTRLS , TR di @3 &Kl RgaTomsEtIqIct i on
- met hods for such,r

.cal tine LOcCes sed Ln the systemof the

present i nvent I IHES: BEF FOPTESSRERT §7 PAoS TS For qiamhiE. abtess
processi ng and SfYencesn@reasensprente@dangingl phiestsopal fhowal, they by
enpl oyi ng a rohust vieGhtezhhYey | sneuadn-od s aub3Ritsl.anguage construction

By waiy of further explanation of the prototyping
tedhnique of the present invention, FIG. 4 illustrates
the Stage 1 specification of the service aspect of the
functional specification. This is the procedure within
which the overall description is prepared from the user's
point of view. As shown in FIG. 4, the service may
alfeady exist in a particular state 51 and, in response
to a user request 52, it may require a functional action
53. The result of such a functional action at 53 may
produce an output triggerihg a user response .at 54 and a
selection of a particular state 55. However, the
functional actiogi at 53 may also take the form of a
network/user request 56 invoking a network/user response
57 that results in-a functional component’'58. The output
of the component 58 may produce furthér functional
actions 59, along with a user response 60 taking the
system to an internal state 61.

Similarly, the Stage 2 procedure of _ge'nerating the
functional specification deals with the functional
network aspects such as the identification of functional
entities and the information flows within 't.h'e_system. As
can be seen in FIG. 5, a plurality of functional entities
(FE,-FE,) 62-65 are interconnected with the functional
' component aspect of the network 66. Each of these
functional components are capable 'of'exchanging' nessages
with other functional components so that thef_e is a
'~ complete information flow within the various components
of the system to link the entities into a functional
network. For example, a message request sent at 66a from
the functional entity 62 is received at 67 of functional
entity 63. In response, it forwards a message request
from 68 to 69 at functional entity 64 which in turn



t echni que to produce clear and easy to understand application-oriented

software 15

archi tectures.

subj ect, predicate, and object. The subject is represented b

of actions,

decl arati ve | anguage defined 20 as program procedures. The obj ect
represented by data and real world entities such as
t el ecommuni cations trunks and tel ephones, all of which ,are defjned in
synbol i ¢ f or mfex¥axrge| adeasFagant v et ﬁﬂwﬁﬁ§§§t°?h§2pﬁasgﬂ

only
deflnlng the

: The | anguagerhgGh&t Has@eénReplaced
techni que of the system of the exenplary enbodi nment
characteri zed by the usage of the three natural |anguage el el}um“s‘l“u

11

while the predicate20s represented by predicates of the

i's
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a subject is defined as a sequence or a 30

e pres t exe

predi cat es ancgéfesPRiAGest E8AFRY. td)e thelreONs $iddm idn iidlakkeative
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the case of 1local, i.e., non-networked, telecon-
munications are mapped onto the program structure.
There, it is shown how the functional entities FE,-FE,
comprising the specifiéations structure 81 are mapped
onto 'thé program structufe in accordance with the present

invention 82. As can be seen, two telephone instruments .

83a and 83b, are interconnected, respectively, to the
software structure by means of access 84a and access 84b.
Each of the accesses perform as objects within the
software structure. Similar;f; thg'accesses_84a and 84b
are interconnected by means of a user A entity 85a and a’

user B entity 85b, which form subjects within the progran .,

structure of the preseﬁt invention and are, as can be
seen from FIG. 6, access/object independent.

Referring next to FIG. 7, there is shown a similar
illustrative diagram illustrating the way in which
functional entities are mapped in the case of networked
telecommunications. There is illustrated the manner in
which the functional éntities~FE1-FE4 of the specifica-
tion structure 81 are mapped onto the prdgfam structure
82. Again, the telephone instruments 83a and 83b are
connected, respectively, to access A and access B 84a and
84b, respectively. Similarly, a user A entity 85a and a
user B entity 85b again form separate subjects within Lhe
program structure that are access/object independent. In
addition, there is a further network dependent subject 8§
along with a generic network sub.ject 87. Each of these

contain a network user A 86a, 87a and a network user B

t hree basic

I S not

ary system
nunber of sequences of

to



-10- groups in order to formnatural and easy to_understanrd—

entities wthin the software. The use of the process concept d
. . g en Replace

sol ves a great nunber of real tine problens, and, 1This

supports the introduction of the |anguage el enent of "subject m ‘\

construction of conputer programm ng |anguages. In the presen

subject 5 process is named and specjfied as to its content of action

in a manner simlar to the way in which individuals such as

masons, mechanics or carpenters are nanmed and defined in the real

worl d.. This enables the natural specification of relations between

actions. For ef@bpl 87bin aArPBXdidfitomr ea spsterrkt rotaspcBsi sniteewn as
service conh8¢€d ag! irQtvothti Gleddid Ng FRlIYTEY  Qfat Be AGReRt

met hodol ogy, becones a natuyral 10 part of thé subject specification. A

t hor ough know BEG&SdHB t$it-dat ?Q- application is

In the prototyping system of the present invention, the
process concept is used to model the run time structure
call model of the application with processes ekecuting
concurrently with one another. A process becomes active
due to an external stimuli/signal and after execution of
the actual code, a process remains in a certain defined
stafe. Such a model matches very well the characteris-
tics of the application in that there afe-many parallel

calls and each call triggers several sequences of
operations. »

In general, the system divides the call model in the same
‘aay that the fupgtional model in the specification is
divided. Referring next to FIG. 12, the functional
feature modules ‘90 each have different entities for
accesses 160 and for users 161, and, in addition to these-
modules, the line/ terminal devices 162 are also separa-
tely modeled. Thus, as illustrated in FIG. 12, for each ’
side of a call, separate processes are assigned for:
(a) each hardware device (dfiver'process;163): (b) each
type of line (access process 164); and (c) each party in
a call (user process 165).

'Networking feétures, as well'as stand—-alone PBX features,
should be well matched and, since they are already placed
in the funétibnal model in the specifiéation'work.phases,
separate call sides are rep:esented by different
entities. Therefore, a split view is chosen for call
control resulting in two call sides, each having its own
set of processes. Split call control also includes the
additional advantage that the total number of states is
significantly reduced. Split call control requires, in
many cases, negotiations/communication between the call

sides before decisions are made. Thus, the communication



required, however, in order to define the proper subjects fomjs@Reet Has Been Replaced -
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(3) the distribution of processors is hidden from the
application.

The 1ayereé structure of the system architecture is shown
in FIG. 8 in which an application layer 21, an applica-
tion operating system layer éz, and a basic operatihg i
system layer 93 comprise the software systen. The
application layer code is delimited in order that the
application software structure may model, as closely as
possible, the operational run time environment. The
application layer 91 includes a number of independent
task modules 89 which reflect the sales objects/features
previously defined in the specification work phase.
These task modules 89 are further subdivided into user
modules 94, écqess modules 95 and driver modules 96.
Each- user module 94 handles the access independent
aspects of a feature, i.e., the traffic control portion
of a feature. Each access module. 95 handles terminal
characteristics and origination/termination of individual
call sessions. Each driver module 96 handles encoding of
logical signals to bitstreams to the hardware and the
decoding of bitstreams and logical signals from the
hardware. These task modules 89 describe the complete
set of functions or features for either (a) the telephone



sections related to the "I nproved Prototypi ng Technol ogy”

-11-
What foll ows

could be used within the system of the present inv

a subject.

Architecture and Technol ogy" aspects of the 5&
i mMmediately is a sanple set of "pseud

23

tasks, including signaling protocols; (b) the management
tasks; or (c) the interaction between features. One

mandatory feature of the present system is the basic call
sequence. '

The application layer 91 of the System also contains an
application library 97. The application library 97 of
components provides a powerful tool for designers and
developers that raises the level of application design.
It contains functions which are frequehtly-used when
designing features. ' Each of these functions may be
identified in the specification phase for each new
application and incorporated into the system without the

need to actually program the details required to make the
functionality operational.

Continuing to refer to FIG. 8, the application library 97
incorporates, for example, functions that are frequently
used when designing features. Functions may be iden-
tified in the specification phase and then also simply
reused within the work phase. The functions of the
application library 97 may well involve functionality on’
several call sides in contrast to the constraints in that

regard on the application operating system functions.

‘The following is a 1list of functions that might be

included within the application library 97:
(a) Answer call;
(b) Check call:
(c) Connect call;
{(d) Disconnect call;
(e) Distribute calls;
(f) Join call;
(g) Merge call;
(h) Queue call; o
(i) Relink: 4
{(3) ‘Reroute call
(k) Resume call:;
(1) Revert call:;

i

I
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(m) Seize parties;
(n) Setup call:;

(o) Split call; and
(p)' Suspend call.

'A_n addition, application library 97 functions may also be
defined for management type features.

' The application operation system (A0S) layer 92 of the
system architecture, also shown in FIG. 8, provides
support functions to the 'application layer 91 and helps
developers avoid duplicating code in several different
features. It also assists in allowing application
programming to occur-at as high a level of abstraction as
possible by again hiding implementation details from the
application designer. The A0S layer 92 has two primary
function groups, a tool kit 98 and a set of generic
functions 99. The tool kit 98 pro‘}ides general purpose
functions to the application layer 91 that includes, for
example, the following functions: {a) interparty ~
communication; (b) switching; (c) queuing; (d) timing:
(e) call history; (f) number analysis; and (g) configura-
tion management. The generic functions 98 within the A0S
layer 92 provide the mechanisms necessary to execute the

“»

user 94 and access 95 modules contained within i:he
feature modules 90.

The operating systems of telecommunications systems are
usually simple run-time executives with little more
"functionality  than the capability to send -messag'es'
between parts of the system, load code, perform I/O
operatlons etc. 'Thié often means, in telecommunications
Systems, that it is more dlfflcult to manage distribu-
tion, -restarts, = or other operatlonal/proceQural
mechanisms than it is. to code the functionality of a
particular feature or application. The approach of the
operating system of the present invention, as illustrated

in FIG. 8, is to instead provide a basic operating systen
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93 that is more akin to those available on standard time-
sharing systems but which also contains the additional
primitives and functions needed especially for teleconm-

munications. Some examples of such functions include:

(a) generic functions for drivers 102;

(b) initialization functions 103;

(c) database storage and retrieval functions 104;

(d) device allocation 105 and de—allocation functions;

(e). error recovery functions 106; _

(£f). switch handling based upon the switch group abstrac-
tion; and

(g) hiding the reality of a distributed archltecture and
actual configurations.

Standard primitives for message passing between proces-
ses, process scheduling, I/0 connections to hardware,
etc. are of course also present, along with a control
program panel. The basic operating system ("BOS") 93 of
the present invention raises the 1e§e1 of programming but -
also contributes to making the system fault-tolerant.
The BOS 93 maintains information about which resources
have been allocated to application processes and also
about which processes are linked together in a transac-
tion. Thus, when a fault occurs, either because of a
programming error or because a cooperating node fails,
the BOS 93 is capable of terminating the connected
procésses'and restoring the resources. One effect of
this is that it allows per-call error recovery. Another
advantage is that it provides a very robust test environ-
ment for development of new applications software.
Fufther, in the present system, therefore, hardware and
software faults only affect the transactions in which
they occur and the system can be xéprganized and re-
‘ordered in an efficient and orderly"panner. ‘

As discussed above, programming of both prototype and

real time operating systems in accordance with the
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present invention employs a declarative language such as,
for example, the language ERLANG constructed in accor-
dance with the paradigm of active subjects discussed
above. In choosing ERLANG for this purpose, .the
languages LISP, PROLOG, and PARLOG were investigated.
The investigation indicated the need for additional
constructs to handle parallelisg, real time operations,
and other characteristiés .particular " to telecom-
munications switching systems. Even the special class of
logic languages capable of handling parallelism, such as
PARLOG, concurrent PARLOG and others, 'still do not
include sufficient granularity of concurrency that an
asynghrqnohs telephone process can be represented by a
single process in the language. ERLANG possesses the
desirable features of both PROLOG and PARLOG but with
concurrency and error recovery constructs built into the -
language itself. As will be apparent from a review of
'the above-incorporated references on ERLANG, ERLANG
includes the characteristics of high-level symbolism, a
"pattern matching syntax, simple control structures, high- -
level data structures, support for error detection and

correction, light weight processes, and message passing.

In the implementation of the prototyping system of the
present invention, the prototyping environment may
comprise standard work stations running under the UNIX
operating system. The development environment in the
workstations may includé a user interface including X-
Windows, archives with menu-based access, version
management, text editors running under UNIX, document
preparation through frame maker, and communication via
electronic mail. In addition, the prototyping support
systém includes tools for the speéification phase as well
as for future design and verification phases. Tools
‘which are common for these work phases include browsers,
selected views, hypertext editors, traceability within a
docuﬁent, between documents in the same work phase, and
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traceability between the specification and the ultimate
code.

For the specification work phase, the support system
provides graphic tools, tools for stetic and dynamic
modeliﬁg,eahd templates. For the design and verification
. work phases, the most important tool is the ERLANG system
which supports the following capabllltles-

(a) executing a feature module and simulation of hard-
" ware nodes;

(b) tracing steps of individual functions;

(c) spying on all communications to a particular
_ process; ?

(d) examining process structures, i.e., determining

" which processes are suspended how processes are

linked for error recovery purposes, etc;

{(e) examining the process global variables; and

(f) recompiling code on the fly and introducing it into

the operational run time system. ’

The support system, in addition, provides interactive
graphics, data base and other tools.

Various features may be chosen as test objects in the
evaluation of the prototyping teehnology; Such features
are designed according to the functional specifications
- for a modern PBX, such as the Ericsson MD 110 and include
the following featuresﬁ basic call, basic network call,
basic cordless call, callihg line identification, three-
party services, call forwarding, operator extending, call

completion on busy/no reply, dperator recall, and
intrusion.

As set forth ahove the 1ayer1nq approach in the software
archltecture, togeLher with the close mapping of the
functional structure in the specifications, make it

possible to have a single individual perform the entire
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feature design and implementation. This individual may
a.so be responsible for the function specification work
phase thus making it possible for software designers to

become real application designers with their focus on the-

customers and their requirements. This further allows
the lower layers in the architecture to be _taken care of

by system designers, more particularly suited to the
task.

The close mapping of the software architecture to the
functional structure makes the work model very simple.
As a consequence, the number of documenté produced by fhe
present system is greatly reduced. Further, some

documents in the prototype can be automatically

generated. Moreover, a measurement of design efficiency
conpared to present systems indicates at least an
increase in efficiency of up to 10 times. The reduction
in the number of persons involved in the design and
verification of a specific feature of prototype software
is reduced to one individual, which offers numerous

advantages, including the disappearance of long waiting

periods and the reduction of lead times. A further
benefit is more accurate software planning.

The design of task, feature or management modules in the
present system is relatively easy and yet intellectually
stimulating because of a number of different factors.

For example, the verbal text of the functional specifica-
tion corresponds to the code in the feature module,

thereby improving code and feature understénding. In
addition, programs are small in size and surveyable using
1anguage'qua1ities like matching, 1list handling and
recursj'.ve ‘functions. Further, a design is incremental
and interactive and the process allows fqr' structured
growth. Patching is not needed in the pi*-‘esent system
because programs can be recompiled on the fly and because
repeated verification of features or of parts thereof is
automatic and accomplished merely by test file activa-
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tion. Finally, data can be displayed at a highly
symbolic level; it is not necessary to consider capacity

problems during design; and there is far less documenta-
tion to prepare.

As can be seen from the above description of the proto-
typing technique of the present invention, the architec-
tural work is based upon genuine knowledge about the user
application. This makes it possible to create a limited

number of well defined entities within a layered struc-

ture. The system delimits the entities and strictly
defines their functional content rather than requiring
the development of additional methods for how to document
and inherit the objects. The combination of that
architecture, which is relatively easy to understand and

_handle, with a real time declarative language construct

as set forth above, greatly reduces the amount of work
needed to implement new services and features in a
telecommunications switching' system. It also makes
possible the performance of.reaf life testing of new
services and features by implementing advanced prototypes
before they are introduced in 1large scale into the
market. The technique of the present invention makes it

. possible to move the volume of work away from implementa-

tion problems and it allows concentration on customer

needs and on the development of new and more advanced
services.

Software Architecture and Technology.

As discussed above in connection with FIG. 8, the

software system architecture of the present invention is.

layered and includes an applicatibn layer 91, an applica-

tion operating system layer 92, and a basic operating

system layer 93. In addition, an implementation layer

101 receives the layered software architecture. The
application layer 91 includes an application library 97
having a number of task modules 89. Each task module 89

3

<user 1 prediCake-hb___f_35_______h
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it
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includes a user module 94, an access module 95 and a
driver module 96. The application operating system layer
92 includes a tool kit 98 and a set of generic functions
99. The basic operating system layer 93 includes generic
functions for drivers 102, _syst'em startup and restart
functions 103, data base storage .and retrieval functions
104, generic functions for device allocation/deallccation
105, and error recovery functions 106. The implementa-~
tion in block 101 includes a declarative programming
language system 107, such as Erlang, a hardware operating
system ("OS") 108, a central processing unit ("CPU") 109,
and telecommunications switch hardware 110.

Referring next to FIG. 9, there is shown another view of
the layered software architecture of the present inven-
tion in which the application consists of the highest
layers, i.e., those closest to the application specifica-
tion. The other layers represent deeper layers of
implementation which are closer to:the physical machine
running the software. As shown, the application consists
of the application layer 91, which includes the applica-
tion library 97 and the application operating system
layer 92. The application layer 91 gives a view that
corresponds to the way in which the application was

- initially specified. The application layer 91 is also

isolated from the basic operating system and the system
architecture by the application operating system layer
92. The application operating system layer 92 provides
support functions to the application layer 91 in order to
avoid reproduding code in several different tasks or

features, to raise the applicatio'n programming to as high

a’ level of abstraction as possible and to isolate the.

application designer from implementation details.
Internally, the application layer 91 is subdivided into
a plurality of indepefiﬁent task modules 89 which can be
funczionally viewed aé- a combination of feature modules
90 and management modules 111. Each of these two types

of rodules, feature modules 90 and management modules
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111, are very similar to one another and fully subdivided
into user (call handling) modules 112a-b, access (line
handling) modules 113a-b, and driver modules 1l14a-b. The
feature modules 90 and management modules 111 together
describe the complete set of features or tasks within the
system. A task may comﬁrise, for example, a telephone
and management task itself, i.e., how to interact with
other features, signaling protocols, etc. The "Basic
Call" is considered as a mandatory feature which must
always be included within the system. Task modules 89
may, for a particular task, contain only feature modules
90 or, for another task, only management modules 11l. In
other cases, however, a task module 89 may comprise both
feature modules 90 #nd management modules 111.

The user module 112a of a feature module 90, for example,
eontrols the basic call as well as any features. It
controls the settihg up and supervision of calls in a
line protocol independent manﬁer. . By way of example, a
user module 112a could contain:

(a) an initiation part which defines the initial data
needed by the feature in order to perform tasks such as
the creation of unique data fields, the assignment of
default data to such flelds and the 1like;

(b} a user procedure part which defines user procedure
syntax and meaning and assigns default values; and

(c) a traffic part wﬁich defines how the feature wo;ké.
Management moduies 111 have similarly structured user

modules 112b,.accéss modules 113b and driver modules
114b. : '

The traffic part of the feature is divided so that there
is one call side (view) for each party having its own set
of states separate from the other call side. This
greatly reduces the total number of necessary call states
with the remaining states being natural user states that
can be allocated in the future. The traffic part of each
user module 112a is hierarchically built from a top
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level. As illustrated in FIG. 10, .all external and
internal stimuli enter this top level in order to reach
the state/event driven logic consisting of event- and
substate- functions 170. It is from this top level that

the appropriai:e phase 171 is called with the result of

the phase being initiation of the next state or substate

as well as the addition/removal of parties in the call.

This construct provides the designer with a good overview
of the entire feature just by reading this top level.

The event- and substate- functions are the only parts of
the user module which are visible to the other user
modules within the system. They include the possibility
of interacting with a first call handling module by
defining event-" or substate- functions which take over
control and return it thereafter. For example, logging
features always return the control after the feature has
. completed execution. 'The generic support functions for
state/event .handl-ing are provided by the application
operating system 92. | ) - ?
A phase 171 is, to a large extent, a combination of
function calls addressed to either its own local library
172, the applicat'ion 1ibrary 897 or to the application
operating system 92. After completion of a phase 171, a
result 173 is returned to the top level. Exemplary phase
jobs include: (a) analysis of address information;
{b) checks on authorities; (c) queries to other parties;
(d) answers to queries by other parties; (e) -switch-
operations; and (f) 'commands -to 'téke over a line. The
hierarchical structure used within the traffic portions
of the application layer is illustrated in FIG. 10.
There it is shown how varicus functions are called from
various libraries and operating systems in order to
implement the traffic functions.
The '-;Tstructure of the components of the system of the

present invention 1is again expressed, in alternative
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features. There is a unique access module for each type
of line terminal and for those features having - line
dependent parts. 'Example_.s of line terminals include
analog/diéital/ISDN -'telephone terminals and
analog/digital/ISDN trunks for basic and supplementary
services. Each access module 113 handles the semantic
part of a proi:ocol for each specific type of hardware.
The access module also presents a device independent
prdtocol directed toward the user module 112. This
protocol _is purely functional and independent of 1line
terminal type. Each access module 113a,b includes:

(a) an initiation part which sets default data for the
actual 1line, activates the hardware and resets the
terminal into an appropriate state; and

(b) a traffic Lpa.rt which caters’ to dispatching and
handling of traffic events.

The structure of the access module 113 is slightly
different from that of the user moedule 112. The top
level of the access module 113 is divided into two
smaller parts, namely, the dispatching part and the event

. handling part. The purpose of the dispatching part is to
refine incoming events by processing/i:ranslating signals
coming from the line or from the' other party to an
internal set of events before feeding them into an event
handling part. This pre-—proéessing is done with respect
to receiv'ing messages, message data and terminal states.
The event handl'i.'ng' par’i: is similar to the top level in
the user module. Typical phase jobs in the access module
113 include:

(a) the handling of several call access possibilities;

(b) the indication of call progress messages to the
user;
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also encodes symbolic s:.gnals from the access module 113

to hardware signalss: There are also generic driver
support functions for event/signal handling. in the
operating system which are inherited upon start-up of the
medule. They may be seen as the running mechanisms for
signal transfer between hardware and software. There is

one driver module for each type of terminal/hardware..

Included within this system are a number of management
modules 111 that accommodate an array of different types
of management functions, including: (a) fault management;
(b) configuration management; (c) accounting managenment;

(d) performance management; and (e) security management,
among others.

Management features ar_e'handled' by management modules 111
in a manner similar to the way that feature modules 90
define and impl'emént telephone features. A management .
module may handle a single type of or more than one
management function. Manage'ment modules 111 are composed
of management user modules 112b, management access
modules 113b, and management driver modules 114D,
respectively, as illustrated in FIGs. 9 and 11. Similar
to the manner in which the feature module 90 operates,
the management driver module 114b handles the syntactic

part of the management protocol and the management access
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management protocol. Finaily, the,management modules 111

interact with the feature modules 90 as follows:

(a) via the database for configurétion_cqmmands:
(b) as reports/message receivers for logging features:
and

(c) via the database and directly with the hardware for
line management. ' '

Referring again to FIG. 11, the block diagram illustrates
not only the configuration of the various components of

the software architecture, as also illustrated in FIG. 8,
but it also indicatessthe interaction between and among
each of the components. The featufe module 90 creates
feature unique data fields 121 in the appropriate BOS
database 104 and assigns formats and limits default data
values 122 during its initiation part, as illustrated at
122 and at 123. The management module 11l creates its
initiation part commands and pérameters_by referring to
class data fields 124 as illustrated at 125. These are
stored in the configuration database 104 together with
the retrieving class data field 124 limits and access
authorities. Upon reception of a command at 128 into the
driver 114b of a management module 111, the command is
analyzed by a command_anélyzer at 127 and the authority
to use the command is checked. Further, at 127 and 128
it is determined whéther the given parameters are within
the value limits stored in the class data field 124.
When the command is accepted, the appropriate individual
will be allowed access by the actual management feature
and the appropriate feature- unique data field 131 may be

- operated upon and received by the user module 112b as
i{llustrated at 132 and 133. Such operations may include

insertion, change, print and remove operations.

More particularly, the initiating part within the user
module 112a of the feature module 90 will, when



a certairn object, anmd—Toutines for displaying something on a screen. Thus,
t he ThlsSheemagB&ln edglvant age of object-oriented nmethods such as C + +

are utilf present system It is, however, of great
|rrportar‘ ts and objects are 10 not |ntermxed w th one
anot her re both inpl erreg%ed as processes. The process
Is an i rrpl ement atlon t echnol ogy and subj ects, predicates and objects

are all process entities within the application architecture. If a routine
I s not tightly coupled to the data object, it should be separated
out as a prdditdheed, call apppoesdurd/trichedtecpedyed iithinnties iAtosand to

| ncl ude of Ngay @bl 515 BRYs Ne-dlequre 1M1 qdNeE AT BERASHL QAR Syl | known
inthis tec 0 % redlcae slarge or
coimpl ex, thé&Re P%§h68¥'§bb§esﬂ-9ﬁc9§r ezstaesaoew}w data 121 tondreead.

| t Isgoul d ahxs@;db(foundﬂéséeeﬂnbth@é {die m@tmpmesegagﬁmbkwt@ and realb
wor entitigs in 9g.construgtio ect t he Jnv i on can be
20 ‘i nt e‘?‘pret“e 2 ]tqh %c%% S %%1? a8 g8§8 SEFO%*%II%FIJ unction
with the seémgorparty. - the oA-pPABtY Sotowdnd tAnthi tlemruséoahd Tatenol ogy"

aspect of tlaesllajﬁeat f@ﬂna& oot ha&nits for thl%oaﬁﬁﬁt ié"lltsiaesﬂéféd&q{t execut es

a predi cate oce which is an ord to the access part
to perform é‘&"—?‘f’és‘?agés This order is not dependent on how t he

actual real vvorld entity is designed. That is, the order could be to inform

the 25t Ho o MREPRRAINGC A FARME 9&%&&&0% %ge,g d ncoming

cal | he cal part % t he
category of 4@ i AtothRy (RAtYEe omgduly, 90 dha “uRen tes“mg "the

intrusion_cat_2, a procedure check within the A0S layer
92 is called. This procedure first checks whether the
concerned user has an individual category for
"intrusion_cat_A" programmed in.the individual extension
database 131. If so, this. category will be used.
Otherwise, the default data specified in 122 of the
extension class database 121 will be used.

The initiating part- within the user mbduie 112b. of the -
management module 111 will, when initiated,_ by use of an
AOS layer 92 procedure, create references 125 in the
configuration class data 124 for each attribute or

parameter defined in the extension class default data
122.

When a mariagement operation is received within the._ access |
module 113b of the management module i1l then the actual
operation is validated, along with the management user's
authority to use the operation. once thé management
operation is found to be valid it is then passed to the
user module 112b. If the management operation was to
create a data field for "intrusion cat A" for extension
*12345" with the value Y“yes" then the following takes
place: the user module 112b will, by use of an A0S leyer
92 procedure, call the default data 122 within the
extension class 121 to' get the actual format of the data
field "intrusion_cat_A" parameter. If the value “yes" is



operatofr—tf—theaccess i s an anal ogue extension then probably it would
only L}gls cet Has Bedd®SSlhded € t0 generate a ringing signal within that access
aspect. ml& lﬁﬁhe access aspect is a feature phone and has a

di spl ay er 12345 could 30 be shown on the display al ong
wth th i cation of the opeyator cat egory.

- 16- The software structure nethodol ogy of the present
exenpl ary invention strongly supports the novenent of software
desi gners and programmers away frominplenentation details and

toward an i ncveadadwirhph edges Zbomatatited of Wrocedure within the A0S
layer 92 is called to update the individual extension
data 131 for extension "12345" with value "yes". If the
management operation was to get  data field
" :Lntrus:.on cat A" for exten51on n 12345" then an AOS layer
procedure is called which fetches 133 the actual value in
the individual extension data 131.

A management feature can also receive an output from a
feature logging data, for exanmple. The managemeht
feature then subscribes to certain events and selected
telephone features and, when these events occur, the
telephone features will dump standard messages to the

appropriate management feature. Commands . are then
handled by this management module 111 which in turn
decides: :

{a) whether or not receiv-ed data should be thrown away:
(b) when ocutput should occur; . '

(c) which data is to be output;

{(d) the format for the output data; and

(e) the address to which the output data should be sent.
Management modules 111 may be reached either from local
terminals or from a network management center.

application data are divided into two types, static data
and dynamic data. All data are physically stored within
databases which are managed by the basic operating system
93 and each of the views of the data described above are
seen from the application layer 91. Static data are data
which live longer than one call. The lifetime of static
data can be short, e.g., one day, the lifetime of the
data depends upon which feature owns the data and most
such data will not normally survive a system breakdown or
longer, in vwhich case the data lives until 1t1s changed
by command or restored from backup media a‘é;er systenm -
breakdown. Examples of short lifetime data include call
back information or follow me data while examples of long



on the—apptHeation_itself. It makes possible the creation of clear and easy
to 5 q.;
Th

is Shl) erstand application-oriented software architectures even when
the ap Replaced | nvol ve very conpl ex processes and |ogic. The
t echni w m ent exenpl ary invention nmakes the software

easy t t o enhance by addi ng functions, as will be
further exenplified belowin connectiowith the description of
ot her aspects of the present exenplary enbodi nent. 10 : An

| nproved Prototyping Technol ogy for the Devel opnent of Software

for Use in Tgkege .Gat i { 4.Chi y'S ﬂ’@[ The
preferred exgggl a?ﬁy?fgﬁeﬁggﬁl%iﬁgggﬁ?' eéerrp eadr fefaﬁegﬁﬁcocr?scséa
I

be used to d 85e5fRd (EVaFRaPE 1ce} . tweenr ackbyated efeatamesect ures or
t el econmuni cferbnsesnelatediglatest ete,. and in particular, for the production
of 15 a useful prototyping base for the devel opnent of new applications

or extensions : for such software. The prognm ng paradi gmused in the
present syst 3hfi Safhapt a certapn tyeeabalone ¢ithemmn my,classseif forth

above, and t'b];bj@afsabfrtg:&y%h@@r class mrmm?af:% ic1a88P85H d ke?e(i'fpt edhf or
t he support el e nicati Qns . I cations. For exanple, the
. oper ati ng sygtse%ﬁ r?é*si EB nugﬁfe%ﬁﬁjt.o TS %&32 YPe Bas acdamen @ ¢ '-
recovery.  default valuejheadepsicdfied: firmadl,ecanmadilometionslsa t ching
sof tware is he¢ewvAd, and infdffatidndaBBhe WREHRlr Ui KEe: 1¥Vd§:{bd1'ameas' ng
frequency, applicat,on eéaf) rts - are Eecom ng_i nvalved 1 n software
. archi t ect ur e "Gedi LTt ﬁ‘eerrtﬁy§?%| Preakpgwn. ndividuals are -
: associated with a class when created; upon instantiation
of the individual entities, they inherit the appropriate
class data. The default data value may then be changed
for each of the indiyiduals. Typical class data include:
extension class data 121, configuration class data 124,
- operator class data, destination class data, route class
gata and trunk class data. To find classes and class
individuals, analysis tables are included in the present
system. These axe data tables derived pr'changed upon

creation of or change of ¢classes and/or class in- -
dividuals.

Dynamic data are data, associated with calls, which die
when the call has ended. Typical dynamic data includes
references between parties in the call, call history
(i.e. executing features, earlier connections, etc.) and
call states. Dynamic data can only be manipulated by the
object/process itself and access is achieved via the data
name. For static data, in contrast, access is.obtained
by owner reference in combination with data name.

The application operating system layer 92, a level below
the application layer containing the feature module 90
and the management modules 111, is also depicted in FIG.
11. The inté#ﬁion with the application operating systenm
layer 92 is to isoiate implementation detailé from the
application layer, thereby raising the abstraction level
associated with application design. The interface to the



handl i ng of sales features throughout the entire devel opnent chain. That
s, 25 Thsﬂk&&huB&ﬁRe c&he product specifications are mapped onto actua

feature within the software architecture. This, in fact,

I nt roduc ven approach into software developnent
Prototyplng connu ons switching systens architecture and sw tching
systens software |nvolves t he sol ving of 3?ery conpl ex probl ems and
necessitates 30 the verification of the results of practical
experinments at an early stage. Prototyping is divided into cycles,

each having 'tsoﬁufhékﬂd NeYsRRReCikVegeNBEL L ng implies that the
- 17- appllcation operating system layer 92 remains unaffected
with respect.to internal changes and operating system
functions contained in system hardware. The application
operating system layer 92, as illustrated in FIG. 8,
includes two main function groups comprising a tool kit
98 and generic functions 99. The application opérating
system tool kit 98 provides general purpose functions to
the application layer 91. Typical functions which may be
included in the application operating system tool kit 98
include: (a) inter party communication; (b) party hand-
ling; (c) switch operations; (d) queue handling:;

(e) timing; (f) history handling; (g) data field hand-
1ing; (h) number handling: (i) procedure handling:; and
{j) administration handling.

.Referring further to FIG. 8, the application operating
system 92 generic funétioﬁs 99 provides support functions
for event/substate handling and for enterlng new states.
The generic functions 99 can be seen as the engine for,
.the application layer. When an event or substate occurs,
the support functions provided by the generic functions
99 try to match this event or substate, including its
‘parameters, to the user modules 112 (or the access
modules 113) of the system in a fixed order. 1If the
event or substate concerns a user, matching is tried upon

>

the user modules 112 according to a feature list. If the
event concerns access, matching is tried upon the access
modules 113 accordihg to an access feature list. When a
user module 112 or an access module 118 with a matching
event is found, this module is called and the correspond-
ing function is executed. If an event or substate
concerning a user does not have a matching -event or
substate, the call will be abor;é@. If an event concern-

ing access does not have a matching event then the event
will be ignored.



one cycle contains a limted nunber of features which are fully inplenented
and ThisSheetd{isBeeaﬂﬁeedsi ve cycle introduces new features. Such prototypes

represe systens even though they are limted in their
functio
It

pes can have real tinme characteristics and

sof tware qua les that are conparable to real 5 products. They forma
stabl e base for the building of further Jy ototypes as wel | as for
the inplenentati on of operational software.

_ The prototyping
process is a very inportant phase in the preparation of an overal |

wor k nodel and all ows designers to nake the user the primary focus.

Referring to Fife dppliweitddnsopbpating Hyatiendidagnasoi tonsd 1ed ibud 1khe
process in 10 | sahil] f e e Y, '

eval uated fr omigt ﬁ‘ggégi]o%{gr& @R{:LHKU%%?%»? sé:tr? %tshgﬁggﬁegﬂﬁrezfntg{r?tﬂs%f&
foll oned by a @3vectadeksathe UFRN MIBH/a @t Y access madnliedi nFhehe

initial worki ngnaﬁggtgggn qﬁa}t Rexdlaeet ype. Next, the prototyping.

process itself 24 i ? bnpl enewntsﬁd. e'[hi S process utilizes the new software
technol ogy 25 for phdl oty iRy STW4ppl i cations 26 in order to achieve

t horoughly 15 r é) evedsuhshaitecefiorespateringt @ optvemmeyw stade:

devel opnment 28, as wghl ASn@ state iR’ HBA AN | @fkh NBHAENRGO s3t andar ds
organi zations 27. A further benefit. achieved is that, with

relatively little effortTPPENS PPEEILFSes can be devel oped into a
final, operational @ddducerrent state; or In practice, prototypes of new

applications or featidesaghee dad ¥389,/né0statel, Pl emented and then tested
at a cooperative user ‘site. The actual work nodel

In defining the call model, the process concept has been
chosen _to model the 1run time structure of the
application. The teim process, as used in this context,
means the sequential execution of statements with an
associated set of data. Processes may be executed
concurrently, and a procesé becomes active, i.e. under
execution, due to an external stimuli/signal. A process
is always in a certain defined state when execution is
completed. All of these characteristics of the process ’
concept: match very well the characteristics of the
telecommunications applications, i.e., many parallel
calls, each of which consists of one or several sequences
of 'operations. The process concept is supported by both
the extended operating system and the specially created

programming language of the present invention, as
'desc;‘ibéd above.

In. the present system, the extent of processes is

- ‘delimited in.- the same way as the application code is
delimited in order to have as complete a match as
possible between the application structure and the run
time' structure. As -shown in FIG. 12, the application
code has been modularized as close as possible to the
functional specification objects. This construct leads
to the assumption of one process for each hardware device
in a driver process, each type of line in an access

process and each party in a user process.



for constructlng the prototype Is showmn in FIG 2 and the ultimte nodel

char adhi
|IIustr
specif|
whi ch 25

specification 33. Fromthe
design and verification phase 34 is entered

u3|ng of each feature in a feature nodul e.
“ spondi ng documents that must be produced duri

FIG 2
ng the

i's

i gn phases, which includes a feature specification 31
conprises both a functional specification 32 and a test

preparation of a structural specification 35, a plurality of

to

the present system uses a split view for implementing
call control. This means that there are two call 51des,
each one hav1ng its own set of processes. The main
advantages of split call control 1nc1ude the following:

(a) The total number of states are sighificantly
reduced. The state concept is used to reduce complexity
of .the application code and is, as such, a highly desired
concept. In centralized call models, the number of
states tends to grow out of control as states have to be
applied to combined configurations with several parties.

[EEPY

- (b) The parties are well isolated from each other, each

having its own state and history. When a call returns to
an original call cbnfigupation, normally a two party
cali the data for each call side is still valid.

Split call control requires in- many cases negotiation and

fedfure specification 31, a feature
whi ch i ncludes the

communication between call 51des before decisions can be -

made. The communications between the sides is supported
by a high level protocol providing for message passing

between processes. At 1least three different com-
munication situations can be supported:

(a) Message sending with no acknowledgement:

{b) Message sending with acknowledgement; and

(c) Message sending with request for further
information and with acknowledgement.

For each of these types of communications there may be
four message types:

(a) A notify mésSage which is used to send messages

when no acknowledgement message is expected;
{b) . A request message which is used to send mes-

sages ‘when an acknowledgement message is
expected'

decl arative |gaguage NedubeRi ﬁa@ui\eyeuﬁd Cé&fﬂ&-&?&% e¢d{ollhch i s used |

verifjcallio Fi nal stemtest Phase 39
is undertakerf“‘gﬂ#fa&)@ %bfrﬁﬂ%ét"@d ea%ures should be weXl matched,



- 18- Referring next to FIG 3, there is shown a flow chart

Il | ostratitng the overall view of the nultiple stages in the
develgR iRt nRBed RpIAQt YPE software in accordance with the present
syste ut above, the starting task in produci ng a

pr ot OFHI@MMHIEE ﬂare the specification. At 41 there is enployed the 5
first ' hr ee- st age net hodb?* ogy prescribed by the CC.I.T.T. .
standard procedures. More particularly, these techniques are shown
in CC1.T.T. specifications |I. 130 (Method for Character.ization

of Tel econmuni caf}j.pns 1,.SeS)m 65 | ! scription of
Stage 2); and I|. klzg (Iit SBﬁr&Igvmmr%?s\ég% ')'higﬁuflicst %én%? gl’gl %ﬁ%e@% each of

whi ch is hereby i ncorberdhiesd Hefermabjoreiktore. 9lying Thizenlyitial stage
provi des for the prepsesdéager @ndan overal |l description or

a2 thero 0 (A7 RTPOEP nOlad S RS B che PRl sl Ol &

p 1 Tayou € varto jects to be
i ncorporated within thessage to a previcus| veqnasyumessagmstructi on set
forth above for each user. This involves the: i dentification of

both ori gi nﬁjé[iron ng ermnatio ser _sequenges formng the 15 | act ual
subj ects. TH Géa?‘?e J,‘i‘éﬁt €% F‘(g‘ag ?%?R% Koy W&En@g% B dati on step,
J . - - - . . .
Stage 2 of tihe clontextt afea npattuidnllagy iswlementhtiont fer abquetictent i fi ed
CCI.T.T miypeedhsrsswibehinlyngykbenl denptéi cabi o QfsdiiaReki il entities.
Next , t%%oii, t]f_‘uge-tl nal entitl es.aLe @Q&eq.ang uni que and common
or edi cat es prot at must be implemented an i1lized in order
' to effect the communications between call sides that is
necessitated by the split call control paradigm. The
communication between sides is supported, first, by a
high level protocol 180 for message passing from user to
user. Other lower-level protocols support the completion
of communications down to the hardware level and back up
the chain. The user/access protocol 181 provides for
communications between a user process 165 and an access
process 164. The access/driver'protqgol 182 provides for
communications between the access process 164 and a
driver process 163. Finally, the hardware driver
protocol 183 provides for communications between a driver

process 163 and individual hardware units 184.

FIG. 13 illustrates a call model example for a basic
call, showing user processes 165a,b, access processes
164a,b, and driver processes 163a,b, one for each of the
two separate call sides of the basic call illustrated.
The hardware detects when the call is initiated and éends
a signal bit stream to its driver process. The driver
163 then converts the signal bit stream into symbolic
form and sends a message to its. own access pfocess 164,
which waits for, receives, analyzes and converts address
information for the called party into  the -logical
individual reference for the called party. When this
work is complete, the access process 164 initiates a user
process 165 for its own call side and sends a set-up

message to it. The user . process 165 allocates the



Identified in accordance with the declarative | anguagemﬁ‘r

above. 20 In this step, user sequences are represent SedajRe
and the various functions are structured and/or rf‘

natural and easy to understand way. Finally,

real world entities are represented as qﬁiects. For exanp

access sequences are represented using objects, although they may be
internally structured as subjects. 25 By way of further

expl anation of the prototyping techni que of the present exenpl ary

enbodi nent, Fl»gilcal | ustivddes 1t hef &tagm koxpeheé fdxdledopapty | heheay vi ce
?ﬁgect of the iﬁ'nﬁf‘xlﬁﬁggkeép%C'Jée(iasﬂxQQ:es@' dsf#bS E gcggﬂgec\gﬁlﬁ_?hn whi ch

overa escription i repare romthe user oi Nt of view.

As shown in FIearty and aS)QF ittl$e“§§FvP’é%¢?1%ﬁ/ 1852 48ysekiuR ‘?hr?» gaparticul ar
state 51 and, Ther eseangerdcests UBESb 3for thléeqntbﬂsnedSZparﬁy NByks egder e a

functi onal act&gg?gg p &?e!seﬁlél& Pér i@ gg 2(‘:&) %E%Iﬁ th% partyaCt'don at 53

may produce an ou errng a user se a
to 11nk 1tse f to this user process 165b. Then, an

acknowledgement message is sent back to the originating

side's user process 165a and the complete call model for
the basic call is then set up. '

Referring next to FIG. 14, there is shown an illustration
depicting the call model for calls including three
parties. For an inquiry.cail 187 or when an operator
sets up ‘a second call side, the access process 191a parks
‘the first call 188 ;nd sets up an identical series of
processes {user 192a - userl92c - access 191c - driver
190c) for this new cal; 189. The access process 191a is

fhus linked to two series of processes 188, 189, one for
each call. '

Referring next to FIG. 15, there is shown an illustration
of a call model for a multi-party call. In multi-party °
calls, an ordinary call side chain of processes is used
for each participant. On the opposite call side there is
one common ordinary service user process 195. It has no
linked access processes, so this configuration makes it

look like a set of ordinary two-party c¢alls from each
participant's call side.

Referring next to FIG. 16, there is shown-an illustration
of a call model for a recall to the operator. At recall
to the operator there is a new call side linked in from
each user 260a,b of the original call to one operator
user 20la,b on each call side. When designing features,
the call model must be kept in mind and the philosophy
and examples set forth above in connection with FIG. 13-
16 can be seen as guidelines in making the call model for

future scenarios. Ideally, one should strive for a model



-19- .

action at 53 may al so

selection of a particular state 55. However, the funciional

take the form of a network/ userrhis8aéa3ds BOG Re
i nvoki ng a network/user response 57 that results in a
conponent 58. The out put of the conponent 58 nmay pr odu ll

i

functional actions 59, along with a usegr response 60 taking th

systemto an internal state 61. SSmlarly, the Stage 2
procedure of generating the functional specification deals with the
functi onal network aspects such as the identification of functional.

entities andthe idaft@haB! k88 bb

FIG 5,

Vit L 6h NebfiCe sty SkEM

: lurality._of Punctiona#J entlti-esﬁﬁz‘%f‘ffﬁpﬁf rr
are interconﬁ@&igé'pvm ‘ﬁpttﬁg’lfo Lo RReEPIRal "Ehp e85 bt %fe

network 66. Brplishtilsspittmxei onal
exchangi ng nmessages with other functional

conponents are capabl

en in
]) 62-65
t he

e of

conponents so that there

Is a conplete_information, flow within the varioy conponents of the
i Fhor RY=FoR

systemto |ind% hBX8ATARRLY |

BIR2g8 nMH5ehat™ n

of th

a nessage requesterdeninwntd®n finan hextended odeblanatiye 62ahguageei ved 15

at 67 of funcigiidle &3t byl brentfhd PaRAII8L1ER 4 LENGRATIA rRBESEHR. F €UEST

from 68

facilities. The language ERLANG includes these necessary

characteristics, some of which, for example, are as
follows:

{a) high level data structures like lists and tuples

-from LISP or PROLOG supported by dynamic'memory manage-—
ment;

-

(v) high level symbolic programming giving the same type
of efficient program development such as LISP;
(c) execution through pattern matching and simple

control structures giving a éhorf and clear style of
programming;

(d) modules, employed as an aid for structuring large
program systems;

(e) processes, process management and comnunications
supporting concurrency and real time operations;

(f) support for error detection and error correction
that enables the design of robust systems, for instance
with per-call error recovery; and

(9). close approximation to SDL, the specification
language recommended by:C.C.I{T.T.

By way of illustration;;set forth below are some code
examples taken from the Basic Call implementation. The

following is an example from the events/state level in

€ exanpl e,



to 69 at funct

ional entity 64 which in turn forwards a ness

receptor 72 in functional entity 65. Thereafter, a response
functional entity 65 is passed by neans of nessage responses
from 75-76 and 77-78 through the functional entities 64 and 63 to

functional 20
request.

in the case of
mapped onto the
functi onal ent
81 are 25

present exenpl
i nstrunments 83

entity 62 which provides a response at 79 to the

Egen Iég Iaced

orlglnal

Referring next 450 FIG 6, there is shown an
illustrative dlagran1of t he manner in whi-ch the functional

entities
| ocal, i.e., non-networked, t el ecomuni cations are
rogram structure. There, it i s shown how t he
?‘é% %FEFEH‘}’ R955399 1pshuALing i vehpaspReterS MaisoRseRt r uct ur e

repeidednt Hatbhipg o ahesévest Had baeﬁmxtadme& Ebrt he

géi(ﬁu e %odulggbggéang 2? AEE)?C\ gﬁ?g Ofee ey ¢ WO ngeghone

respectlve Y,

to the

software str ucf-ﬁ?&“’fﬁﬁ Maxies haf hhe cahanee tendnteract witdy ddesegant, Each of
the accesses pbontonom@sdidj ecAsiaét hhdtdHihde Afd Wafidd with theSBaYEEUr €.

gifeﬁ%ﬁﬁéﬁ% a%q; %ggtﬁrgg% t erconnected by neans of a 30

Simlarly, the
user A entity

user entit

setup( Self, ,Idle,[Self] [CallType no_name] ) -=>
case :

call start up( Self,CallType ) {
barred -=> abort( blocked };
ok —=> state( call_started ); '
complete( Partner) —-> state(call started,add( Paxtner-));

2 # setup( Self, ,Idle,[Self],[CallType,Name] )y —-—>
case
establish_call( Self,CallType, Name ) {
. barred --> abort( blocked )i

yes(Partner)-—)state(call etatted,seizure,add(?artner)),

}-

99 # setup(_,_ ., _,_ ., ) >
continue.

<© 1991 Telefonaktiebolaget L ¥ Ericsson

Pattern matching occurs in which wmatching with - the

received set-up message is first tried including all of

the parameters simultanecusly on the first Basic call
set-up clause. If there is a match, this function
definition will be applied. If the function does not
match, matching is tried on the next clause, and so on.

- If there is no match on the parameters the control is

given back to the engine. Because the Basic Call is the

last feature in the feature list, the call would in this

case be. aborted. Examples of high 1level symbolic
programming can be visualized by the funct:.on called
names and of the parameter names in the set-up clauses.

Suitable names of any length may be chosen by the
software designer.

High level data structures are included with the .para-
meter [CallType, No_Name] of the set-up clause that is a
list that represents a data structure with two variables.

There are, in the present system, simple call control

¥ahi ch form subjects within the

2



- 20- program structure of the present inven%g&leetrhdasg as_gcan be

seen fromFI G 6, access/ obj ect independent
Referring next to FIG 7, there is shown a simlar |IIMII mll H ram
illustrating the way in which functional entities are case of
5 net wor ked t el ecommuni cations. There is illustrated the manner in

whi ch the : functional entities4[err]-FE[err] of the specification
structure 81 are mapped onto the program structure 82. Again, the
t el ephone instrunments 83a and 83b are connected, respectively, to

access A and 8 4 SR CtIV mlarly, a .user
A entity 85asgfg&zsiélﬂgs%arfr gﬁqfﬁ l%g!f’t')'%aggrl n %Lf%lsleypa‘f'%’f% ?ﬁ" sue ubJ ects

wi thin the pPEEFaft sEFREHRes H’é?t ade addesdrebganplienddoyeddherel n
addi tion, thare ionlg ftwot I&ehtﬁelv\@tk—udeﬁgaéﬁnhaﬁéb}'e&hsEGaﬁho%n‘M th a

' t t k A
don, 87 andtine8® e U E¥acdhenE 18, haba ety i HoRet vor k

protocol 88 Fﬁpgrg%mlt §tgucture statement. Set forth below is an
example from the phase level in which we assume the first
set-up clause in the exanple above has matched the
received message. The function call in this clause,
call_start_up (Self, CallType), is called.

1 # call_start_up( Self,CallType ) -->
case

check{ call allowed Self ) {

no --> notify( release(barred) Selfy,
“barred;

yes --> remember( call_direction,caller A ),

notlfy(ﬂaetup ack(normal) Self ),
~ok
}.

© 1991 Teléfonaktiebolaget'L ¥ Ericsson

W‘hen the call_start_up clause in its'turn is matched, the
first function call is the a0s functlon check/z which
has two parameters. This function is evaluated and the -
result is returned to the call_start_up function, which
does its job by calling a couple of other A0S functions

and then returning the result to the calling setup
function. '

One problem inherent in the development of imbedded reél-_
time systems, to which telecommunications systems belong,
is that there are alv&ays two computers involved. There
is a host computer, usually a VAX, IBM or other compar-
able computer,. on which the program development takes
blaée and a target computer such as the APN or APZ
specialized Processors used in the Ericsson AXE SPC
teleccmmunications switching system, on which the
programs execute in the operational system. T_his
necé‘és'arily meéans that there will be a large turn around
timeﬁbetween developing and editing programs on the host
computer and testing them in the target machine. 1In the

system of the present invention, however, these acti-



network access A entity 89 and a network access B enti{y 9015

In the prototyping systemof the present invention, the s RR&PHas BRIGE tcehs
used to nodel the run time structure call nodel of the apdi§

processes executing concurrently with one anot herﬂlﬂ'ﬁ"’&ﬁlm ﬁ
becones active due to an externagh stinmuli/signal

execution of the actual code, a process renains _ in a certain
defined state. Such a nodel matches very well the characteristics of 20

the application in that there are many parallel calls and each call -
triggers severvities are cogbdpedcesThfouglersomepmmnipulations a line|n

general , the syt&arpale/ mdasikhprchlt) rrgd%bnkﬁoibéa;@ilma VR¥x! Battise

functional nodel, i,n the specification is divided, Referring next to FIG
12, the and (b, FPBRATCT &flar EHoa (FEDIR 0 5RR TUREEHANT BfetSent i ¢ es
for accesses IEstarmhdZargetf cpmputes d6lthandhe reddddiexecnteocybkse
modul es, the Iifel {LHndby0eYGEN 2] infnated. 2 A5 H19Qs15026ET SLY
nodel ed. Thus,_as illustrat gd 3|'/n,FI G]lﬁlzi mfor each_%?e ‘ofs a
separat e proceSes hfe SR GhEgsLER/ eXaFukitth IRRHBITa tden dactufeser
process 163); rfimewach dduanmtalgesi ne (access process 164); and (c) each
party in a - call (user process 165). 30 - Net wor ki ng
features, as well as stand-al one PBX features, should be well
mat ched and, shhckEturfrades apr ey Hac®¢ KRCYReVeTAdsdalingdlérsin t he
a substantially greater number of steps compared to the
system of the present invention. There can be seen how
the features are housed in a large number of blocks 141
in comparison to the simple symbol task module 142 of the
present invention. Thus, theére is a great simplification
of the steps of specification and coding that lead to a
final operational software.systemn.

cal |,

Hggher software quality is yet another advantage that
stems from the present system. A number of aspects of
the present system have been'implémented.and tested to
determine their design efficiency over an earlier, known
telecommunications system. The results of the design ’
efficiency tests are that the preseht system performs
better than the known system for every tested feature.
Further, on average; the time required using the present
system to design, implement, verify and document a

feature is much less than the time required under the
- known system. '

These efficiency factors, coupled with the fact that a
designer need 'not, ‘in the present system, wait for
another designer's work before verifying his own éqde,
means . that software'dévelopment can occur in a planned
and properly ordered sequence. The present systeﬁ'
produces software with a clear hierarchy compriéing
individual, already verified building blocks that makes
it easy to see and understand the whole system readily.

Further, the present system allows code to be verified
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g . ]3enR Jaced
speci ficati on work phases, separate call sides are reph ferent
entities. Therefore, a split viewis chosen for M\@
resulting in two call sides, each having its o sses
Split call control also includes the additional advant age that the
total nunber of- states is significantl §8reduced. Split call control

requires, in nmany cases, negoti ations/comruni cation between the cal
si des before decisions are made. Thus, the comuni cation between the sides

SURRRIe h ol d as it
Iszses bet ween %qeml?og}égs%}r‘g}!&heﬂémw ahd igsgp%\ﬁé%z scusslad I n

greater det aiffoThtHRr t’?‘?@%’?ﬂeﬁf’é‘o%r‘é"dﬁ) analygigni t st théi‘?%l}ﬁl vi ded
into several nemptdiohed TAbSvES fidies ndinbleirnoff pdyvamifgesroiwel for both

design and verification of the feature can be reduced to
a single individual thereby reducing waiting time and
lead time. The present system also enables planning and

design verification to be done even before functional
testing.

The main factors that make it interesting and‘yet easy to
design feature modules employing the system of the
present invention include the fact that the verbal text
of the functional specification corresponds to the code
in the feature module, thus improving both code and
feature understanding. Further, programs can be made
small and surveyable by using language qualities like
matchlng, list handling and recursive functions. The
'deSLgn is generated 1ncrementa11y and interactively and
allows structured . growth. - Therefore, patching is not
needed or even possible as prdgramé can bé recompiled on ~
the fly. Repeated verification of a feature or of parts
thereof is automatic, i.e. merely by test file activation
and data can be displayed at a high symbolic level. In
addition, it is not necessary to consider capacity
problems during design, there are many fewer documents to
write, and the designer can verify the entire feature
before it is released for real use. The quality of
software is greatly'enhanced, which in turn produces
- greater satisfaction for the designers.

Most of the efficiency factors mentioned above are also
valid when adding new functionality to a system. . The
addition of functionality is equivalent to adding a new
feature module to the system. This feature module either
contains completely new functionality that is added to
the Basic Call module or a replacement of already

existing functionality on the feature module over the
Basic Call module.



as the fact that: (1) the application bem

of the selected operating syst ens; S SheetHMeen placed

ys
appl i cati on becomes i ndependent of the sel ected CPU har dvvare
as of the tel ecommunications hardware; and "
di stribution of processors is hidden fromd he application

The | ayered structure of the systemarchitecture is shown in FIG 8 in

whi ch an application |ayer 91, an application operating system|ayer 92,

and a basi c operating system | ayer 93 conprise the software system
The applicationMy of thayeffigdemdys fdetionst aeénthonedeabbhatardiaalso

applicati on Sof Welier SheHChL Fodlig Wflacure in a 8fsEeSEle el ool €

the operational run tinme envi ronrrent he applcati

i ncl udes a nunb&VGFOPREBbendtht Pogk m%n%wﬂh%%?ew@ad%ethe
sal es obj ect s/ f datatr ébapraavalopmentel s ndibivided himtspemalilc ahd occonpglidtphase.

These task JrRd ar ur, %gpeﬁl ; | es 94,
access nodul es 95 Zéim 'ﬂoﬁﬁlgg dri ?gfre &%géls%libgié/ ac u&(?eﬁﬁ%?lﬁngog% -
handl es the accedhemdepigpert when creatinghis fRatyineat dpeaddition t he
traffic control rpoftdwrintergatest u&Ee kEaeh me@estor coordind@idbd &8s,

i vi dual cal | BELEonbhe SR BeRYErSrhamate A, A SSOLHES ARELBT ogi cal
signals to bitstiedihe fonehiomspemifécahiionhethiecastiual oferisioat ofariee and

| ogi cal 30 Syl 3 traryt BRahaedeaeeappiteatiankopaeit £5g 88y saser i be
t_he conplete set Ofl xit. Finally, interaction between features, i.e,

the order in which features are called, is solved by
operational procedures ‘and the interactions may be tested

in one single location.

As can be seen from examining the various aspects of the
system of the present invention, there are numerous
advantages inherent in both the software 1anguage'
structure which enables the 1mp1ementatlon of software
prototypes as well as basic software architectures for
implementing telecommunications switching systems.
Further, it can be readily seen that the system can be

easily adapted to other process control system
applications.

It ‘is thus believed that the operation and construction
of the present invention will be apparent from the

foregoing description. While the method, apparatus and

system shown and described has been characterized as
being preferred, it will be readily apparent that various

changes and modifications can be made therein without

departing from the spirit and scope of the invention as
" defined in the following claims.



functi;;%:\:‘?zﬁﬁTﬁ?Er+{u~
signalin SSgee”‘IﬂSBeenRe lace . . - 22 -

pr ot ocol MM Z8enment tasks; or (c) the interaction between

f eat ur ed! mandatory feature of the present systemis the basic
cal |l sequence. The application layer 91 of the system al so

contains an application library so0 97. The application library 97 of
conponents provides a powerful tool for 5 desi gners and devel opers

that raises the |l evel of application design. It contains functions

which are frequently used when designing features. Each of these
functi ons rrswfﬂt% I RER] ISR t he specification phase for each new
application 1.

A declarative programming language construction
system for use in generating software systems to operate
as part of a process control systen,
construction comprising:

either (a) the tel ephone tasks, including

said language

a subject represented by a process containing actions;

a predicate, represented by predicates of a declarative
language defined as discrete program procedures; and

an object represented by data and real world entities
defined in symbolic form.

2. A declarative programming language construction

system as set forth in Claim 1 in which:

. a «subject comprises a sequence of predicates and is
characterized by the actions it is able to perform.

o

A declarative programming language construction -
system as set forth in claim 1 in which:

3.

said predicate is specialized for use in conjunction with
only one said subject.

4. A declarative programming language construction

‘system as set forth in claim 1 in which:

said predicate 'is common and available for use in
conjunction with any active subject.

S. A declarative programming language

construction
system as set forth in claim 1 in which:

said object is implemented as an object
taining related actioms.

AR v

process con-




and— . rated into the systemwi thout the need to actually programthe
det aj,l.s req d to make the functionality operational. 10

Cont 1 Figit emeﬂ hacdg0 FIG 8, the application library 97 incorporates, for.
exanp hat are frequently used when designing features.
Funct y be identified in the specification phase and then
al so S|nply reus W thin t he wdr k phase. The functions of the
application library 97 may wel | involve functionality on several
call sides in contrast to the constraints in that regard on 15 t he
appl i cation oeperatA n%eﬁhﬁherﬁéﬂnéthEﬁcﬂ' foll %eaty e 2 doletlva ?
functions Qgt nugﬁ} be in Iugf I.n he app I cation [ibrary 97:
(a) Answer S ﬁ‘:m or a econmunications tchingh&ﬁ %%Iclmnprls‘
(c) Connecingathe si@®@ps of: (d) Di sconnect cal | ;
(e) Distribute calls; _ (f) Jo:r ng

eue ca
E?g _ gg{?ﬁkgeflnlng the overall(F?scrlpé}éﬁ%gfcgg%lserv1ce aspects
(k) Resuneofathe software system from the user's point of view;

ideni:ifying the origination and termination of user

sequences forming the actual subjects within a user
process;

identifying the functional entities and information flows
within the system;

mapping the functional entities and identifications of
unique and common predicates; and

representing the real world entities as objects within
the systemn.

7. A multi-layer software architecture for use within
a telecommunications switching system comprising:

an application layer for implementing telecommunications

O features within said switching system and being con-

structed with a direct correspondence to the telecom-
munications application being specified;

én application operating sy’s_tém layer for providing
support functions to the application layer and hiding and
isolating the implementation details of the telecom-
munications applica'tion therefrom;: and -

a basic operating system layer including the primitives ~
and functions needed for implementation of teleconm-
munications functions as well as standard primitives and

run-time executives for a time sharing computer system.

_

N o



(1) Revert call, (m Sei ze parties; 30

(n) en Replaced (0) Split call; and
-23- I (p) Suspend cal | . I.n addition,
appl i cat functions nmay al so be defined for managenent -

type features.

52

8. A multi-layer software architecture for use within
a telecommunications switching system as set forth in
claim 7, wherein said application layer includes:

task modules for defining particular tasks within a
telecommunications function béing implemented.

9; A multi-layer software architecture for use within
a telecommunications switching system as set forth in
claim 8, wherein said task modules include at least one
of:

a feature module for defining a particular telephony
task within a telecommunications function being
inplemented including the signaling protocols to be
enployed therein; and |

2 management module for defining a management function
associated with ‘the providing of the telecommunications
functions being implemented.

10. A multi-layer software architecture for use within
a telecommunications switching system as set forth in

claim 8, wherein said task module comprises a feature
module which includes:

a user module for controlling the setting up and super-

vision ‘of calls in a line protocol independent manner;

an access module for handling the semantic:part of each
protocol toward each specific type.of'hafdware used in
the implementation of said telecommunications functions
and for'preseﬁting a device independent protocol toward
said user module; and |

a driver module for handling the syntactic part of each
protocol by encoding and decoding the signals between the
hardware and said access module. '

* c L M S * :



The ;application operation system (AOCS) | ayer 92 of the system5
architecture, also shown in FIG 8, provides support functions to the

2gele|rﬁmnﬂnllmu”m|flu ﬁreres?l' and hel ps devel opers avoid duplicating code in

Ll It also assists in allow ng application
programi‘ng toMocéur*at as high a | evel of abstraction as possible

by again hiding inplementation detail g4fromthe application
designer. The ACS layer 92 has two prinmary function groups, a tool 10

kit 98 and a set of generic functions 99. The tool kit 98 provides general
pur pose functions to the application layer 91 that includes, for
exanpl e, theitol | Bwanlti-layer saftearensrchiyechure ptox wsomatilsation; (b)
swi t chi ng; (g) Qe HoRtuni dat {6i NBwitching syfteabl Biest Foritn( fih nunber
anal ysis; an %gé con 1§ura1|0n nana%enené. he 1 . generic functions
98 within th&t FBye¥Nere i RAlde YSHE REENLR| SRE1RRRESsary 15 to
execute the user 94 and access 95 nodul es contained within the feature

modul es 90. ., jnitiation partCrdPHinifgS¥akeThiial ChSEO MR LAL | ONS
systens are usuaFFly Si rrp?e run-time executives with little nore

functional i t PYt haR t Aeseeipind | £patyreefPr Performings BRECHE M Men parts
of the systemellephdngotiaskperform |/ O operations, etc. 20 This often
means, in telecomrunications systens, that it is nore-difficult to

manage distribution, restarts, or other operational/procedural mechani sns
t han a jwsers precedure 't §ast A8RiPing Wien RFRCEAREPaFYRE ure or
appl i cation. aH®EeneBRiAgCind for assi@iirididedpalat valney toeimbtishky present
i nvention, anelg'j!nléS& rd%tt%q LRaF! G 8_, is to

a traffic part for defining the operation of the as-
sociated feature. - '

12. a multi-layer software architecture for use within
a telecommunications switching system as set forth in
claim 10, wherein said access module includes:

an initiation part for setting default data for the
actual line, activating the hardware and resetting the
terminal into an appropriate state; and

a traffic part forldispatchihg and handling of traffic
events. : '

13. A multi-layer software architecture for use within
a telecommunications switching system as set forth in
‘claim 11, wherein the traffic part of said user module is’
divided so that there is one call side for each party to
a telecommunications transaction, each having its own set
of states. )

14. A multi-layer software architecture.fpr use within

a telecommunications switching system as?set forth in

claim 13, wherein said traffic part of said user module

also includes: ————_______;________
This Sheet Has Been R,

T e



is more akin to those

avai | 32]5 on standard time-sharing systems but which also contains
t he laded/ e s and functions needed especially for

tel eco %” one exanpl es of such functions include:

(a) ns for drivers 102,54 (b)

I niti aI | zation funct ions 103; 30 (c) dat abase storage and
retrieval functions 104; (d) devi ce all ocation 105 and
de-al l ocation functions;

-24 - event driven logic comprising event and substate func-

tions which are visible to other user modules in the
telecommunications system and interact with said user
modules by defining event and substate functions whlch
assume control of said user modules.

15. A multi-layer software architecture for use within
a telecommunications switching system as set forth in
claim 14, wherein said event driven logic of the traffic
part of said user module includes:

means for calling the appropriate phase for performing a
desired job associated with a particular telecom-
munlcatlons functlon, returnlng a result and initiating
2 next state or substate.

16. A multi-layer software architecture for use within
a telecommunications switching system as set forth in
clainm 15, wherein said phase jobs called include analysis

of address information, querles to other parties and.
switch-operations.

17. A multi-layer software architecture for use within
a telecommunications switching system as set forth in

claim'lg, wherein. said traffic part of said access module
includes: '

an évent -handling part includihg event driven logic
comprising event and substate functions which are visible
to other access modules in the telecommunications system
and interact with said modules by defining event and
substate functions which aséume control of said modules:
and

RRR AR |



(e) __error reeovery functions 106; (f) swi tch handl i ng
based upon the_swgh..group abstraction; and (9) hi di ng

t he r &hisiShsgt Becr ri buted architecture and act ual
configu‘ H \ ‘\0 Standard primtives for message passing

bet ween cess scheduling, /0O connections to hardware,
etc. are of course also present, along %3 with a control program

panel . The basic operating system ("B0S") 93 of the pr esent

i nvention raises the |l evel of programm ng but also contributes to naking
the system faultyg : B ' |NSs d ' ich 10
resour ces have-bé%%hg%?g%gfg g%o ap ?ng%?%ﬁbB%E%gggéggéﬁﬁgdﬁgggngﬂt whi ch
processes are FiRReBTt ERet ABRET PArEY ankERRs AL ingh ;2 ldysdgnaleadntooccur s,
ei t her ebentssanafl feefingr saRNgventer tor daddawsent ¢tRGEAILGaL Ng node

fails, the BOS %ﬁt I s capable of term nating the connected processes
and restoring PRé fesour ces. One effect of this is that-it allows

per-call error recovery. Another advantage is 15 that it provides a

very robust tesg.enxi naDEAlaydy dirtRlagemamich@teBeire for usaRdlth@at i ons
sof tware. Furt her,

[ . resent exepmplary sysigerl her ef ore .
har dwar e and SSfﬁ%ﬁf%°%§§P?ga§h?9ﬁa??éc?h%%%'%Y%ﬁgécé?oﬁs iﬁ°ﬁﬁpcﬁ"they
occur and claiphd7 syhenpisusaid evenyadyien degiceof dehetraf fie
efficient and gager by SBY#Ciccess module includes:

means for calling the appropriate phase for performing a
desired job associated with a particular telecommunica-
tions function, returniﬁg a result and initiating a next
state or substate. . '

19. X multi-layer software architecture for use within
a2 telecommunications switching system as set forth in
claim 18, wherein said phase jobs called include handling
of several call access possibilit%es, and indication of
call progress messages to ihe user of the telecom--
munications function.

-

20. A multi-layer software architecture for use within
a telecommunications switching system as set forth in
claim 1¢, which includes one driver module for each type
of hardware and for those features which have driver

dependent parts and wherein said driver module also
includes:

means for providing generic driver support functions-
inherited at startup of the module for event handling in

said basic operating system of architecture.

21. A multi-layer software architecture for use within
a telecommunications switching system as set forth in

claim 8, wherein said task module comprises a management
module which includes:

I

U



oper at i
enpl oys
ERLANG

| anguages LI

As dlSﬂﬁﬁﬁ@QH@Q%%g ﬁi Qoramm ng of both prototype and real time 20

IR

SP, PROLOG, and PARLOG were I nvesti gated. The

i nvestigation indicated the need for additional constructs to 25

paral |l el i sm

t el econmmuni catwgeas mwidlehifey spateablimyerhd heetsipiae) alp @nassupbrtogi c

| anguages
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granul arity

with concurr

ccordance with the present exenplary invention
arative | anguage such as, for exanple, the | anguage

I n accordance with the par adi gm of active
subj ects di scussed above. In choosingsgg ERLANG for this purpose,

t he

handl e

real tinme operations, and other characteristics particeular to

ers,” sti

do not ude su
of concurrency that an

cons

asynchronous t el ephone process
can be reprearnaecedy modilkglferphaaassing tiidiesafantic lpHiglage eaBRLANG

oS RSSO 0

used in the implementation of said telecommunications
functions and for presenting a device independent
protocol toward said user module; and

a driver module for handling the syntactic part of each

module through said database for configuration commands.

management protocol by encoding and decoding the signals
between the hardware and said access module.

22. A multi-layer software architecture for use within
a telecommunlcatlons switching system as set forth in
claim 9, wherein said task module includes at least one
feature hodule and at least one management module and
wherein said basic operating system includes a database
and said management module interacts with said feature

23. A multi-layer software architecture for use within
a telecommunications switching system as set forth in
claim 7, wherein said application layer includes:

an appliéation library containing -a plurality of func-

tions which are frequently used in designing features and

. which are selectable for use in said application layer.

24. A multi-layer.software architecture for use within

- a telecommunications switching system as set forth in

claim 7, wherein said applidation operating system layer
includes: ' -

a tool kit for providing general purpose functions to
said application layer; and

means for providing generic support functions for event

and substate handling and for entering new states.

AR ) I



-25- ——— tanguage itself. As will be apparent froma review of the
above-i fig }E&ﬁ-ﬁéﬁ‘&nR@ laced @ Feferences on ERLANG ERLANG includes the

characte | IeveI synbolism a pattern matchi ng syntax,
si npl e cq hi gh-1 evel data structures, support for
error det rectlon l'ight wejght processes, and 5 nmessage
passi ng. In the inplenentation of the prototyping system of
the present invention, t he prototyping environnent may conprise
standard work stations running under the UNI X operating system The

devel opment eR%ir ohmenl tinlayer worfitoteatei enshitecture nfogr jusel wddhanuser
interface inc Buddélﬁc%m)ﬁﬁﬂgle&émﬁé CE&Y@éhi’Hgt hs P&t baseded O fortn24ness.

ver si on managenment, text editors runni ng dnder UNI X, docunent
preparation tfladBh $4an¥PRERAP, S cBRADSI &AT oRTOVIIINGCFHEdmi | . In
addi tion, the spppbntymmgtscmqo(fm eyehtmnd cubdeateobhsdlnig ikhin

speci fication gl : AS . t yL fd verification
phases. Tool s Whl cﬁpg%léc%%%ﬁoq%altﬁﬁ fs%tt&ﬁejs:leﬁ\a/\gr%&ﬁlases i ncl ude
bromsers, sel ected views, hypertext editors,

- means for matching the event or substate to either an
appropriate user module or an access module in accordance
with a feature list.

26. A multi-layer software architecture for use within
a telecommunications switching system as set forth in

claim 7, wherein said basic operating system layer
includes: '

a data base memory for the storage and retrieval of data

associated with telecommunications features to be
implemented by said system.

27. A mulii-layer software afchitécture'for_use within
a telecommunications switching system as set forth in

claim 26, wherein said data base of said basic operating
system layer includes:

means for storing extension classes of data; and
means for storing configuration classes of data.

28. A multi-layer software architecture for use within
a telecommunications switching system as set forth in
claim 27, wherein means for storing extension classes of

data within said data base of said basic operating system
layer includes:

means for storing class data;
means fpr storing default data; and

means for storing independent data.

AR R O 0



15 traceability within a docunent, between docunents in the sane work

phase and - traceability between the specification and the ultimte
code. This Sheet Has Been Replacgbr t he speci fication work phase, the support system
pr OVI d tools, tools for static and dynam c nodeling, and
t enpl at sign and _))If?l’l fication work phases, the nost

i mportant tool is the ERLANG system which 20 supports the foll ow ng
capabilities: (a) executing a feature nodul e and

si mul ati on of hardware nodes; (b) tracing steps of-

I ndi vi dual

f ect i omn'gthod for managing @@kta wiRHWiRgtRe atdhiy@Etuyecati ons to
a particular g

i.e., determini ncec\%zl \rlg%:%astleonszfwlQ%lngeéwt%ngh%ﬁcﬁ%lﬁe@Ct ures,

suspended, how
" processes aré | ﬁﬁRE’dr‘Form%liuP‘Sr ek ofepnagenent module withpBsed etc;

(e) exanmi nla‘r@nﬁaﬁtnbace:ageﬂlahnla \tﬁfﬁaallia%, wimﬂnn a basic opera- (f

reconpiling o.d e and | ro | n l.nt.o the operational

run tine syste‘m n&éf‘?l on, provides
i nteractive graphics, data base and : ther t ool s.

creating feature unique data fields within said data base
and assigning formats, limits and default values to said

fields by means of an initiation part of said feature
module;

creating in an initiation part of said management module
commands and parameters referring to said data fields
within said data base and storing said commands and
parameters in said data base;

analyzing each command in response to the reception
thereof and checking the authority of its use and whether

the parameters thereof are within preselected_'value
limits; and : i '

accessing the appropriate individual data element by a
management feature in response to the acceptance of said
command and operating upon the appropriate feature unique

data field to modify said field in response to said
command.

30. A method for managing data within the architecture
of a telecommunications switching system which includes
a feature module and a management module within an
application layer and a data base within a basic opera-
tion system layer as set forth in claim 29, wherein said
commands include deciding which data shall be output and

evaluating against certain criteria whether.pr not said
received data should be thrown away.

P

31. A system for managing data within the architecture
of a telecommunications switching system which includes
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i ous features may be chosen as test objects in the
prototypi ng technol ogy. Such features are

t
E““E&Bﬁe functi onal specifications for a nodem
i@ n MD 110 and include the fol | owi ng
asi & ctl|®

basi-c networ k calég basic cordless call, calling Iine
I dentification, three-party services, call forwardi ng, operator
extending, cal | conpl eti on on busy/no reply, operator recall, and
‘ntrusion. As set forth above, the layerin approach in the
sof twar e ar chiat effakere module tangbt Rermagiagdenend choditl srapprhinofan he
nctional st l’a'#i:tllil’c%tllﬂnt meyéﬁe&mdla:&ia&n%ase withinN&KSadic idle to

ve a single |nd|V|s%% ?a orq&the entire feature design and 10
nplenentatlon M YS S Rar 9 Gtiat E}eﬂng be responsible for the function

speci fication work phase thus making it possible for software designers to
econe means for creating feature unique data fields within said

data base and assigning formats, 1limits and default

values to said fields by means of an initiation part of

said feature module; '

means for creating in an initiation part of said manage-

ment module commands and parameters referring to said

data fields within said data base and storing said
' commands and parameters in said data base;

means for analyzing eaéh command in response to the
- reception thereof and checking the authority of its use

and whether the parameters thereof are within preselected
value limits; and

means for accessing the appropriate individual by a »
management feature in response to the acceptance of-said
command and operating upon the appropriate feature unigque

data field to modify said field in response to said
command.

32. A multi-layer software architecture for use within
a process control system comprising:

an application layer for implementing process control
functions .within -said system and being constructed with
a direct correspondence to the 'pi-ocess control applica-
tion being specified:

an application operating system layer for providing
support functions to the application layer and hiding and
isolating the implementation details of the process
control application therefrom; and

._\
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real appl icat—i—tm—desi—g‘nervwi—th their focus on the custoners and their
requi rerrent.f(hlséll;et%a riher . Iows the lower layers in the architecture to
be taken Yy system designers, nore particularly suited to
t he task. 15 II ml:lﬂ“iiFe cl ose mapping of the software architecture to
t he function makes the work nodel very sinple. As a

consequence, the nunber of docunents 60 produced by the present system
is greatly reduced. Further, sone docunents in t he prototype can be
automatical ly generated. Mreover, a neasurenent of desi gn

efficiency co ared to present sy i ndi_cat gast.an Jncrease in 20
efficiency o?nip rg%ﬁﬁg.s egaf% cal %tslﬁ‘g n ﬁb@‘f”&* etSons

i nvol ved and quttlheSdelsfi%}iﬁdanGWerimpb%lfwréma@ﬁora Qrﬁecplm@e#seature of

prototype sofbnersy i 'f%nctlons as &eﬂyceeéi ét%n@%%d' peixi€ials anli glhoffers
nunmer ous advant 2988, . i,ncl udi ce_of long waiting

periods and FA&S rgft 8550 Fogeﬁdt’tl??re%ha%%r cngp%ar “Systen Bpenefit is nore

accurate software planning. 25 The design of task, feature or

nmanagenment. npgul eg ﬁﬁlﬁﬂyiagﬁﬁsgﬂftﬁﬂféQﬁ%chltectufésf&@ ﬁEéV@iﬂhfﬁsy and yet
|nteIIectuaIIy stimulatin a nunb fferent

ecause of
factors. For2eEhf5iess (¢an %\F thaFYSRER 8F tsr?é: fGﬂEY’i’oﬁ-&l "s"p’éé‘i f3%ati on
corresponds twhetbincexlial iappllieatiah Ll gyepdine uddwr eby i nprovi ng code and

feature understanding. In addition, prograns are small in size and
surveyabl e 30 usi ng Ianguage qualities |ike matching, |ist handling and
recursive fuﬁé‘??‘or%"dules for rgefiring o PaESigRIRE tRekemstittiinany

interactive. pRdctbe ESMARAS fahlceWdnfBéing implemented.

34. A multi-layer software architecture for use within
a process control system as set forth in claim 32,
wherein said task modules include at least one of:

a feature module for defining a partlcular control task
within a process “control function being implemented
1nc1udlng the signaling protocols to be employed therein;
and

a management module for defining a management function
associated with the providing of the process control
functions being implemented.
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-27- structured grow h.. Patching is not needed in the present
syst em because progranms can be reconpiled on the fly and because

repeated verification of features or of parts thereof is automatic
and acconplished nerely by test file activation. Finally, data can
be displayed at a highly synbolic level; it is not 5 necessary to
consi der capacity problens during design; and there is far |ess
docunentation to prepare. As can be seen fromthe above
description of the prototyping t&chnique of the present invention,

the architectural work is based upon genui ne know edge

SOFTWARE STRUCTURE FOR TELECOMMUNICATION SWITCHING SYSTEMS
ABSTRACT OF THE DISCLOSURE

| The disclosed system includes a declarative language
construct £for use .:Ln programming telecommunications
switching systems; compriéed of certain natural language
elements such as subjects, predicates and objects. The
discloéed system also includes an efficient method for
constructing prototype telecommunications system software
that provides the capability to handle the real-time and
para:llel nature of operations in telecommunications

sys{:ems (Figs. 1-3).  In yet another aspect, the
disclosed system provides a layered software architecture
(Figs. B and 9) for use in connection with

telecommunications éwitching systems that enhances
overall system functionality.

(Figure 11)
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about the user application. This nmakes it possible to create a limted

nunber of 10 well defined entities within a |ayered structure. The
systemdelimts the entities and strictly defines their functiona

- content rather than requiring the devel opnent ' of additional nethods
for how to docunent and inherit the objects. The conbi nati on of

that architecture, which is relatively easy to understand and

handle, with a real tine declarative | anguage construct as set forth above,
greatly 15 reduces the anmount of work needed to inplenment new services
and features in a t el ecompupigations switching system It also
makes possi bl e the performnce of real life testing of new services
and features by inplenenting advanced prototypes before they are
introduced in large scale into the market. The t echni que of the
present invention nakes it possible to_nove the volunme of work 20 away
frominpl enentation problens and it alfA'd\{s.codcentration on custoner

needs and on the devel opnent of new and nore advanced services.

Software Architecture and Technol[ogy. < AS di scyssed above in
connection with Ef i sof t jar e syqte#ﬁAML”Y archi t C?Ere of the
present inventi o t=and i ncl udes arusapRgll i cap-@h | qayer 25° 91,
an application o 5t em l{ayer 9P, aR®W0EDasi £ oper @ting system

| ayer 93. tibn, aninpl eperEat+oR—tayer 101jreceives the

Ty ey w———
| ayered software Chiteclture. THEE&QPF§?%§g3n25ay r 91 includes an
al® 10 bk noddl es 89. Each _

7 |

application libra g
' - : . 24
' | ICATIONS \256.
a NEW APPLICA
< . \_25
~ NEW S/W TECHNOLOGY

task nodul e 89 includes a uger no
PROTOTYPE

CONTRIBUTIONS TO ° REQUIREMENTS ON i
27-"1 STANDARDIZATION | |PRODUCT DEVELOPMENT{ ™28

3 FIG. 2 a

\ o -z
" FEATURE - FEATRE o4 SYSTEM
SPECIFICATION DESIGN AND st
eci VERIFICATION |
woee | | ST |7 |smuct feruanc]| | veri. || vere.
1] seec | o | Tseec || woo. woo. [ toc
7 7/ 7/ N N )
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an access nodul e 95 and a driver nodule 96. The application operating

system 30 | ayer 92 includes a tool kit 98 and a set of generic
functions 99. The basic operati ng systen1|ayer 93 includes generic
functions for drivers 102, system

- 28- startup and restart functions 103, data base storage and
retrieval functions 104, generic functions for device

al | ocati on/ deal | ocati on 105, and error recovery functions 106. The
i mpl enmentation in block 101 includes a declarative pr ogr amm ng

| anguage system 107, such as Erlang, { har dwar e operating system 5
("OS") 108, a central processing uni a? "CPU') 109, and tel econmuni cati ons

FIG. 3 RESULTS IN:
CCITT 3-STAGE WETHOD, STAGE 1
XISTING . .
gplamﬂcmon OVERALL DESCRIPTION FROM THE P~ *!
e e USERS POINT OF VIEW |
42— ! _____ IDENTIFICATION OF ORIGINATION
PACS STEP 1 | A ROUGH LAYOUT OF THE SUBJECT | _ AND TERMINATION
- WITHIN THE PACS IN A USER USER SEQUENCES FORMING
T - THE ACTUAL SUBJECT
EXISTING .~ [TCCITT 3-STAGE WETHOD, STAGE 2
SPECIFICATION |~ IDENTIFICATION OF ~43
SEP FUNCTIONAL ENTITIES
I USER SEQUENCES ARE
- [MAPPING oF FUNCTIONAL ENTITES | el L o
PACS STEP 2 | AND IDENTIFICATION OF UNIQUE
44~ — A NATURAL AND EASY TO

UNDERSTAND WAY)

. ' ¥

: .  ACCESS SEQUENCES ARE
PACS STEP 3 REPRE%'I‘TT?E”SG lgFORBE’&T‘gORw REPRESENTED IN OBJECTS
457 : 1S 1 (INTERNALLY STRUCTURED

" AS SUBECTS)

Sl STATE -

, USER
52 — REQUEST
si~[ ) runctional  FIG. 4
ACTION
{ OUTPUT OUTPUT
56~ NETWORK /USER
| ' REQUEST —
57~ NETWORK /USER
RESPONSE
58~ FUNCTIONAL COMPONENT
< —1 (PARAM, PARAM)
OUTPUT é OUTPUT
| FUNCTIONAL
54 >3 ACTION
| RESPONSE 60 RESPONSE

TATE ;
SSD S . 61 STATE



swi tch hardware 110. Referring next to FIG 9, there is

shown anot her view of the | ayered software architecture of the
present exenpl ary enbodi ment in which the application consists of
t he highest layers, i.e., those closest to the application 10
specificati.on. The other |ayers represg deeper | ayers of inplenentation
whi ch ~--.are closer to the physical™ machine running the software. As
shown, the ~~ application consists of the application |ayer 91, which
includes the application library 97 and the application operating
system | ayer 92. The application |ayer 91 gives a viewthat

. corresponds to the way in which the application was initially 15
. specified. The application layer 91 is also isolated fromthe basic

. operating system and the system architecture by the application
operating system | ayer 92. The application operating system | ayer
92 provides support functions to the application layer 91 in order

~to avoid reproducing code in several different tasks or features,

;to raise the applicatgoon prograng@ng to as hi a |level oésabstraction 20

; as possible and to isalate the application desygner from pnpl enentati-on

 det ai | s. 4 th iceqt i QT 91 ¢ ivided into a

' plurality of v h Il:ﬁgdul ich gé"f unctionally
viewed as a ¢ Redugst ur modlul es 90 and nmanagenentgg
nmodul es 111. e two types of nodul ¢s, feature noil es 90
and nmanagenent s—th1, are [yeryysinml afptoyjone 25 aNRNCEONANd
full'y subdi vi usgr (cal l{jhanfll i ng) g(pdulies 1124ib, BCCOEDNENT

| ;‘\/ MESSACE T —-67
660—’l ./ REQUEST L2
- MESSAGE < L-69
. 68"/ REQUEST é
" [ T\ MESSAGE: 72
VA REQUEST |
) —
74~ ZMESSAGE /-
RESPONSE 73
76~ MESSAGE N
RESPONSE 75
78~  MESSAGE
LgR_ESPONSE 77
- K ||reseonse
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L+ﬁe~handr“‘—~”_‘——— s 113a-b, and driver npdul es 114a-b. The feature

( M

90 ‘and nmanagenent nodul es 111 toget her describe the

conpl ete set -of - features
conprlse

f or exanpl e,

only managenent

or tasks within the system A task may
managenent task itself,
protocol s,

a tel ephone and
~how to |nteract with ot her features,
BaS|c Cal

signaling 30

Is considered as a nandatory feature which nust

al ways be included within the system Task nodul es 89 nay,

for a particul ar

7~

SPECIFICATION STRUCTURE

( CFa G

task, contain only feature nodules 90 or, for another task,
nmodul es 111. In other cases, however, a task
nodul e 89 may conprise both 4 /9
FIG. 6
SPECIFICATION STRUCTURE
[- - (e
850 ; 85 - - 82
3 PROGRAM /STRUCTURE " . /
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2 | USER USER i
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feature nodul es 90 and managenent nodul es 111. | The user

nmodul e 112a of a feature nodule 90, for exanple, controls the 5 basi c
call as well as any features. It controls the setting up and sSupervisT
calls in a line protocol independent manner. By way of exanple, a user

modul e 112a coul d cont ai n: (a) an initiation
part which defines the initial data needed by the feature in order
to performtasks such as the creation of unique data fields, the 10
assignment of default data to such fields and the |iKke; (b)
a user procedure part which def bngsQuser procedure syntax and
neani ng and assigns default val ues; and (c) atraffic
part which defines how the feature worksappiicaTION LAYWRN nt nodul es 111
have sim larly sfrug ? , nodul es 113b and
driver nodul es 1f14b. APPLICATION BBARY af fic paft ¢f the feature is
divided so that Y hgre ag one caf - 94 (Yifew |fo p@:h pRrty -
having its own set|{qf_<sStates s p&&ﬂo@ﬁﬁg thé o r c IIF . 8'side.
This greatly reduced DRWER gt al | MICESS (OT~ neusersaf y-kal f states with the
remai ni ng -st at es| beimog ral “rser—=fat o'e—t-y=t @k lal | ocated in the
future. The 20 traffic D@Pﬁlcﬁfloﬁ@@ﬁzﬂﬁ&f SPRENLRYERI4a i s hierarchical ly
built froma top]level. As rustratedy! G| 10, all external
and internal stihuli enter this t NEB%WNCEIOHFMQ L-92 {0 reach the
state/event driven logic consisti| : = ggibstjat e- functions
TOOL K!
BASIC OPERATING SYSTEM LAYER 93
GENERIC INIT. GENERIC
oRIVER | [FuncTions| | PATABASE | | siocat.
7 ~ 7 S <
102 103 ) 104 105
ERROR RECOVERY FUNCTION ~ 106
“ DECLARATIVE PROGRAMMING |
1087 0S | v
TELECOMMUNICATIONS "
SWITCH HARDWARE o ~110
91~ eaRe P, [ wanacanent | || FIG. 9
MODULE 12 N MODULE - :
iR M o | [ use
MODULE 126\ wopuLe
83 ¢ ACCESS {1130 ACCESS
MODULE 113bd  MODULE
ORIVER  [}114a ORIVER
114b—V
g7 APPLICATION LIBRARY
APPLICATION
92 A APPL OPERATING SYSTEM
a3 BASIC OPERATING SYSTEM




170. | t—+s—+F+romthis—toptevel that the appropriate phase 171 is called

wth the— resul T of the phase being initiation of the next state or
substate as well as the 25 addition/renmoval of parties in the call.
Thi s construct provides the designer with . a good overview of the
entire feature just by reading this top |evel. The event -

and substate- functions are the only parts of the user nodule

which are visible to the other user nodules within the system They include

t he possibility of i nter§cti Ag with a first call handling nodul e
sta

by defining event- or 30 su e- functions which take over control
and return it thereafter. For exanple, __logging features al ways
return the control after the featlure-has canpleted
- 30- 1 § evenl( , , Stote, Parties, ) — L~170
phase( , Arg, ) :
res] — NextState;
res2 — SubState;
| re‘s3 —> NextStote, Add_Party
3
RESULT 173 -
- 1
Y
CFIG. 10| [ et may 71
locallib_Function( , Arg, ), '
applicationLib_function{ , Arg, ),
mos_Function( , Arg, ),
mos_function{ -, Arg, ),
- Fe-at—um(res)().
i
. 1
v _ -
x 1 # localLib( , Arg, ) —» 172
FIG. 11 92 104 -
st Feature A0S [ 80S: 0ATABASE 121
MODULE create_field(Extension, intrusion EXTENSION CLASS
1120-\\ USER = | _cat_Alype.default) il CLASS DATA 122
MOULE I~ W |  oermr 1S
3o [ Access T~ J23 DATA
MODULE ~ —~
" 13& ®-\ 4 \IND EXTENSION DATA
o .
T oriver
. < _
132 ' 131
1114 MANAGEMENT | | | 124
_ . MODY : :
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execution. The generic support functions for state/event handling are

prog%ﬂggi_f______gy_th_application operating system 92. A
pha T°Is, to a large extent, a conbination of function calls

addressed to either.its own local library 172, the application library 97
or to-the 5 ~application operating system92. After conpletion of a
phase 171, a result 173 is returned to the top |evel. Exenplary
phase jobs include: (a) analysis of address information; (b) checks
on authorities; (c) queries to other parties; (d) answers to
gueries by other parties; (e) smﬁtﬁgzgzerations; and (f) conmands
to take over a line. The hierarchi tructure used within the traffic
portions of 10 the application layer is illustrated in FIG 10. There
it is shown how various dctiofisPare called fromvarious libraries
and operating systens in order to c sg | ement the traffic functions.
The structure ponents of the @& ! ¥ the present invention is
agai n expressigd, FEATURE t ef ngpi ve form in R . re it is illustrated
that the 15 ampess npdul es 113a, b conf&fﬁn&%XAgPﬁe depend parts of
features. Thdjg s = uni qUE acce odul e f AWSERAUSEREYPE” of |ine
term nal éﬁﬂ"tgr tUSERse | gatures having g%ge BrRgyeooient parts.
Exanpl es of IﬂrelﬂEUﬁina s include anal | SDN t el ephone
term nal s ang|arategdih|tal /1 SDN trunks pasi ¢ and suppl enentary
services. Eadih access nopul e 113 handl es e semantic part of1%1protocol
For USER/ACCESS~~
_ 60 PROTOCOL
160 ~ : :
N aggESS ACCESS \ -164
ULE PROCESS
i ACCESS/ORIVER~_
PROTOCOL 102
| DRIVER - DRIVER
162 | MODULE PROCESS N 463
. S R . DRIyER/HARDWAREs§183
— PROTOCOL .
HARDWAR
: S \ST .
FIG 13
CALL SIDE ONE CALL SIDE TWO
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20 each specifitctype-of hardware. The access nodul e al so presents a

devi ce i ndep it protocol directed toward the user nodule 112.
This protocol . is™ . ‘purely functional and independent of |ine

term nal type.. Each access nodul e 113a, b i ncl udes:

(a) an-initiation part which sets default data for the actual |ine, 25

activates the hardware and resets the termnal into an appropriate state;
and (b) a traffic part which caters to dispatching and

handling of traffic events. The structure of the
access nodule 113 is slightly differeng frgmnthat of t he user

nodul e 112. The top level of the access nodule 113 is divided into two 30
smal l er parts, nanely, the dispatching part and the event handling part.

The pur pose of the dispat chi_}ﬁg'@gr't 7fig to refine incomng events by
1909 auiriNG parTY"S’ 188~ paRKED PARTY 900

v Orw O
- Ub Ab
192b)A\\-// 191b

189~ inouiRep parTy  130¢

&
Uec Ac
192¢/ -’ 191c

) . / SERVICE | _ 195
Craao)—(us =

~ EXTERNAL PARTY FIG. 16  RINGING EXTENSION
Olook
2000 2000
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— : : : :
- 31- ﬁ__*____pngess+ng+ﬁranslat|ng signals comng fromthe line or from
the other party to an ; I nternal set of events before feeding them

into an event handling part. This pre- processing is done with
respect to receiving nessages, nessage data and term nal - states.
The event handling part is simlar to the top Ilevel in the user nodule. 5
Typi cal phase jobs in the access nodule 113 incl ude: (a)
-the handling of several call access possibilities; (b) the
.indication of call progress nmessages to the user; (c) the
handling of the semantic part of t ighe term nal protocol;
(d) the performance of nunber, proceédure and suffix analysis; and 10
(e) the creation of and cooper atAioETMERNRET cal | handl ers. The
driver nodul es e[seen as an I nterface 1o the hardware.
They handl e the hagghipge pprt ‘ '
portion of featores:
signal s/bit streans and SER
appropri ate access npdutre—+E3—Fhe! 15
synbolic signals froithe acg jEnER - har d
There are al so gener{c driven f ] ent/s
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nmodul e. They

handling in the operdﬂREBLAQEL@m\AﬁHEBT .re i nher :T%(_a
&g The| runni ng neé
T

transfer between
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this system erbod
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reserves all copyrights whatsoever.

ie In . _

The invention relates to telecommunications switching systems and, more
particularly, the development and structure of process control software for
telecommunications switching systems.

The development of software architectural structures and application
programs for stored program controlled telecommunications switching systems has
his_torically been a complex and time-consuming task. The process requires many
steps ranging from the development of functional specifications defining the
operation and interaction of the services to be provided to the testing of the actual
real-time code in the hardware within which the system is to run. Development of
such software architectures has also required the interaction of a ﬁumber of different
developers each working in different aspects of the development and requiring the
coordination of multiple activities at each step along the way in the development
process. Thus, bringing to market new software systems for implémenting user
demand driven functions and features has been very expensive and such an arduous
and time-consuming process that by the time systems are designed, developed, tested
and commercially implemented in the marketplace, the user demand has often
changed to still newer requirements.

One of the pfincipal considerations m the development of any software
system is a selection of the method of programming to be employed in constructing

the system. Well known prior -art methods of programming include: process-
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operates, the manage mﬁéﬁﬁﬁmm modul e 114b handl es the syntactic
part of the managenept] protocol and t he managenent access nodul e
113b i s responsi ble {of t0gpE®I¥ic| pprt of the managemnent
~protocol. Finally, the]lmnagenent ues 111 interact with the 5

' feature nodules 90 ap tottows: (a) via the database for

. configuration commangs; (b) ~%3 reports/ message receivers
-for logging features;  and (c) via the database a

‘directly with theotientédeprogfammingnwith languagesrsuchgesnbADA™ or "PASCAnIEi" object-
Cont i gurat | on. of - PHEN HEOHRTEE AN ATERReF RIS TG e O oA TALR®, gnd
ﬁ'e tS 3,8 en and airr'D'n; bl ,ﬁ%@az ﬁnglFahﬁuné 1ngijicaggl§ao nb ?\l%bh' d%_?_"ﬁ!&f;mGP h,e "Lmdle'lr aNbh®©6f
creates feature utheyecladgiages i cmnttﬂnsl ahe frlrlIljl se6t o? featu?'es %aeglgb?e rrl%rude(aaveslgo?;nng
5 telecommunications switch software. = For example, the process-oriented

programming language concept provides a good understanding and a good definition

of the subject to be programmed, but, it gives very limited support for structuring

and defining actions or predicates within the process. When programming the

actions within a process, the designer is required to supply a great number of

10 individual details within the application software.  Similarly, while the
PASCAL/ADA generation of programming languages gives some support to
deﬁnihg and handling of data, the programmer is still required to do a great deal of
work on a detail level which has very little to do with the actual application being
produced.

15 Even the latest object-oriented programming methods have their limitations.
Such object-oriented methods of programming have concentrated on various
techniques to define and inherit objects and on how to document objects. Although
these techniques make a significant contribution in the case of developing programs
that contain a large number of objeéts to be defined and handled, many problems

20 related to clarity and structure occur when a program is itself defined as an object.

In process control programs such as those for telecommunications systems,
however, the program entity is always the subject which acts and directs the
activities within the system. The objects in a telecommunications process program
system are basically of two types:

25 . (1) Al such program systems have internal objects defined in terms of
data upon which the programs operate. These objects are the software systems'
reality and the data is the static picture of the real world which the programs
manipulate.

(2)  All real time and process control systems, however, also operate on

30 dynamic objects outside the program systems. Examples of such dynamic objects

are images on a display screen or telephones and trunks in a telecommunication
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produced. First, the control programs become fragmented and very complex

10 interactions and relationships become necessary between the objects. Such a result
requires an overlay control structure and in known object-based telecommunication

systems, complex C.C.LT.T. specification design language (SDL) flow charts have

been required to describe such control structures. Moreover, the dynamic
relationships between the objects are still very difficult to describe and to understand

15 even with the use of such flow charts. Second, when no entities in the control
software system are defined as a subject, any explanatory model becomes inherently
defective. The program actions, that is, its predicates, become bundled together

with the objects, thus rendering both the objects and the actions very difficult to

locate. ‘This makes almost impossible the organization of actions within process
20 control systems into logical groups. Further, designers are unable to structure '
applications in a natural way that would be bbth highly understandable to anyone

viewing the organization and easy for designers to work with.

The latest generation of declarative programming languages such as

PROLOG and LISP are very efficient and reduce the work of software design and

25 programming because: (a) all programming can be done in symbolic form; and
(b) the concept of predicates and a whole new set of powerful instructions have been

included within those languages. The use of such languages dramatically reduces

both the number of details a programmer needs to be concerned with and the
importance of program encapsulation. The real disadvantage of utilizing declarative

30 languages in process control and real time systems such as stored programmed
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have been used to allow programmers to perform rapid prototyping of functions or
programs. Rapid prototyping techniques have a number of recognized advantages
that flow from the ability to incrementally design and develop an application or a
system. Potentially costly design errors can be detected and corrected earlier in the
development process; individual aspects of a system can be implemented and tested
very quickly; lengthy test and/or implementation phases can be avoided; and fast
prototype development allows designers to explore a number of options with respect

to an application or function. Many other advantages to prototyping exist as well.

Rapid prototyping techniques have benefits in the context of
telecommunications systems as well. Until now, however, the techniques have had
several drawbacks due to the real-time nature of the processing activities that occur
in telecommunications systems and the parallel nature of these operations. The
system of the present invention includes certain aspects that extend previously known
prototyping methods and capabilities so that rapid prototyping can effectively be
used m connection with telecommunications systems. Experiments in the use of
prototyping techniques in connection with telecommunications systems are described
in "Using Prolog for Rapid Prototyping of Telecommunication Systems," J.L.
Armstrong and M.C. Williams, Seventh International Conference on Software
Engineering for Telecommunication Switching Systems, July 3-6, 1989,
Bournemouth, and in "Experiments with Programming Languages and Techniques
for Telecommunications Applications," B. Dacker, N. Elshiewg, P. Hedeland, C-W
Welin, M. Williams, Sixth Int'l Conference on Software Engineering for
Telecommunication Switching Systems, April 14-18, 1986, Eindhoven, which are
hereby incorporated herein by reference.

The development of the declarative language ERLANG has essentially solved
these two problems allowing the introduction of process control concept into the
world of declarative languages. The basic concepts of the ERLANG language are
described in the article "ERLANG: An Experimental Telephony Programming
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10 language construct for use in programming process control systems such as

telecommunications switching systems. The language construct includes natural

language elements comprising a subject, represented by the process of actions, a

predicate, represented by predicates of the declarative language defined as program

procedures, and an object, represented by data and real world entities defined in
15 symbolic form and included in object processes.

In another aspect, the system of the present invention includes a method for
constructing prototype software for telecommunications switching systems including
the procedures for preparing functional specifications and subsequently mapping
those functional specifications directly onto the users and the network functional.

20 entities employing the declarative language construct of the present invention.

In still another aspect, the present invention includes a software architecture
for use within a process control system such as a telecommunications switching
system. In this aspect, the system includes a layered architecture comprising an
application layer, an application operating system layer, and a basic operating

25 system layer each cooperating with one another to provide an enhanced level of
functionality.

In a further aspect, the invention includes a method for constructing a
prototype software system for a telecommunications switching system in which the
overall description of the service aspects of the software system is first defined from

30 the user's point of view. The origination and termination of user sequences forming
the actual subjects within a user is identified. Next, the functional entities and
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information flows within the system are identified and the functional entities and
identifications of unique and common predicates are mapped. Finally, the real
world entities are represented as objects within the system.

In yet another aspect, the invention includes a multi-layer software
architecture for use within a telecommunications switching system which includes
an application layer for implementing telecommunications features within the
switching system and which is constructed with a direct correspondence to the
telecommunications application being specified. An application operating systeni

layer is provided for support functions to the application layer and for hiding and

_ isolating the implementation details of the telecommunications application. A basic

operating system layer includes the primitives and functions needed for

implementation of telecommunications functions as well as standard primitives and

~ run-time executives for a time sharing computer system. One embodiment of this

aspect includes an application layer having task modules for defining particular tasks
within a telecommunications function or application being implemented, including
the signaling protocols to be employed therein. In some cases, if the implementation
of a feature requires no specialized management functions to be directly associated
with it, a task may comprise only one or more feature modules. Similarly, there
may be instances in which a task may only comprise one or more management
modules, with no feature modules included. Finally, a task module may comprise
both one or more feature modules alohg with one or more management modules.
In yet still another aspect, the invention includes a system for managing data
within the architecture of a telecommunications switching system which includes at
least one feature module and at least one management module within an application
layer and a data base within a basic operation system layer. Feature-unique data
fields are.created within the data base and assigned formats, limits and default values
by means of an initiation part of the feature module. An initiation portion of the
management module creates commands and parameters referring to the data fields
within the data base and stores the commands and parameters in the data base. Each
command is analyzed in response to its reception and is checked for the authority of

its use and whether its parameters are within preselected value limits. The
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10 For an understanding of the present invention and for further objects and
advantages thereof, reference may now be had to the following description, taken
in conjunction with the accompanying drawings, in which:

FIG. 1 is a block diagram illustrating the application of the system of an
embodiment of the present invention to the development of prototype software for

15 the control of telecommunications switching machines;

FIG. 2 is a block diagram of the steps employed in the development of
- prototype software;
FIG. 3 is a flow chart illustrating software development in accordance with
an embodiment of the system of the present invention;

20 , FIG. 4 is a flow chart illustrating the steps of specifying the service aspects
of telecommunications soﬁware development in accordance with an embodiment of
the invention;

FIG. 5 is a flow chart illustrating the specification of the functional network
aspects of the development of telecommunications software in accordance with an

25 embodiment of the invention;

" FIG. 6 is a block diagram illustrating the mapping of functional entities from

a functional specification onto the software system structure in accordance with an
embodiment of the present invention; -

FIG. 7 is a block diagram illustrating the mapping of functional entities in

30 the case of a network from the specification to the software system in accordance

with an embodiment of the present invention;
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st %t $8lecommunications switching system constructed in accordance with an
embodiment of the present invention;
FIG. 9 is a block diagram illustrating the telecommunications software
5 system architecture of an embodiment of the present invention,;

FIG. 10 is a block diagram illustrating the manner in which the traffic
portion of a user module is hierarchically built in an embodiment of the present
invention;

FIG. 11 is a block diagram alternatively illustrating a data handling operation

10 within the architecture of the software system of an embodiment of the present
invention; _

FIG. 12 is a block diagram illustrating the call side separation aspect of an
embodiment of the present system;

FIG. 13 is a diagram illustrating the interaction of the call sides in an

15 embodiment of the present system;

FIGS. 14-16 are diagrams illustrating various aspects of the implementation
of functional features within an embodiment of the present system;

FIG. 17 is a block diagram showing an overall development environment
within which an embodiment of the present system for prototyping may function;

20 and
FIG. 18 is a block diagram illustrating certain differences between the system

of the present invention and certain other known systems.

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED

25 EXEMPLARY EMBODIMENT
The preferred exemplary system of the present invention consists of several
different related aspects including a programming language structure especially
adapted for use in software of real time prbcess control systems such as
telecommunications systems; a methodology used for the preparation of prototype
30 software used in telecommunications switches; and a software architecture and

program construction tool for telecommunications switching systems. Each of these
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processes used in the system of the present invention incorporaté capabilities to

handle real time processing and performance as well as parallelism of operations,

by employing a robust declaraﬁve language with a novel language construction

technique to produce clear and easy to understand application-oriented software
15 architectures.

The language construction technmique of the system of the exemplary
embodiment is characterized by the usage of the three natural language elements of
subject, predicate, and object. The subject is represented by the process of actions,
while the predicate is represented by predicates of the declarative language defined

20 as program procedures. The object is represented by data and real world entities

such as telecommunications trunks and telephones, all of which are defined in

_ symbolic form and included in an object process. The present technique not only

makes it possible for a software designer to concentrate on defining the different

entities in the application structure being constructed, but it strongly encourages it.

25 Usage of the three basic elements of human language allows a model to be created

that is not only powerful but also clear and easy to understand. Moreover, the

present language construction may also be viewed as a paradigm of active subjects
("PACS").

‘In the present exemplary system, a subject is defined as a sequence or a

30 number of sequences of predicates and is characterized by the actions that it is able

to perform. This provides a powerful mechanism for structuring all functions into
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in addition, it supports the introduction of the language element of "subject" into the

construction of computer programming languages. In the present system, a subject
5 process is named and specified as to its content of action in a manner similar to the
way in which individuals such as masons, mechanics or carpenters are named and
defined in the real world. This enables the patural specification of relations between
actions. For example, in a PBX software system, this aspect is known as service
interaction, which in the employment of the present methodology, becomes a natural

10 part of the subject speciﬁcatibn. A thorough knowledge of the actual application is
required, however, in order to define the proper subjects for an application or
service. The subject concept also supports the effort to move the focus of software
development from low-level implementation details toward overall applications and
solutions to user-defined problems.

15 Subjects can be defined, in the present exemplary system, at any, except the
lowest, level of abstraction within the designer's conceptualization of the system or
application being developed. At the highest level of abstraction, there is a subject
that defines and breaks down the entire functionality of the system. The highest
level subject that pro.vides the overall control sequence and flow for the system is

20 akin to a main program or routine utilized in traditional programming languages;
In this aspect of the system of the present invention, subjects comprise a sequence
of subject, predicate and object processes or a sequence of only predicate and object
processes to define the full set of activities that form a part of that subject.

Examples of functions or activities that might be defined as subjects within

25 the present system include, but are not limited to: (a) activation of a
telecommunications switching system; and (b) interrogation of a telecommunications
system as to what sgrvices are available within the system. It should be understood
that a subject which is defined as a sequence or a number of sequences of predicates
could be interpreted as activities, or control flows, within the user part of the feature

30 module that handles a particular aspect of a feature, as described below in the
sections related to the "Improved Prototyping Technology" and "Software
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10 <Initiation of default data, user procedures, test procedures,

used user suffixes and timers, e.g.>

<User sequences, PACS step 1 > ACTIVATION, DEACTIVATION and
REGISTRATION>
15 activate (FromUser,UserState,UsersParticipated, UserData) ->
<activate predicate 1>

<common predicate x>
20 <activate predicate N>
<deactivate (FromUser,UserState, UsersParticipated, UserData) ->

<common predicate y>

<deactive predicate x>

25 .

<common predicate N>

register (FromUser,UserState,UsersParticipated,UserData) ->
30 <register predicate 1>

. <common predicate z>

<register predicate N>
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speci fication objects. <VPA¢S segvenaedctPACEaRESPt b 1 ANTERROGATION

-37- interrogate (FromUser, UserState, UsersParticipated, UserData) ->

<interrogate predicate 1>
<common predicate z>

5 .

<interrogate predicate N>

10 <User sequences, PACS step 1 > INVOCATION
userInvocation (UserState, InteractingState,UsersParticipated,
UserData) ->

<continue in user 1 operation>

15 interactinglInvocationl (UserState,InteractingState,
UsersParticipated,UserData) ->

<continue in user 2 operation>

interactingInvocation2 (UserState,InteractingState,
20 UsersParticipated, UserData) ->

<continue in user 23 operation>

<User sequences, PACS step 1> OPERATION
25 <USER 1, PACS step 2>
userl (UserState, InteractingState,UsersParticipated,UserData)
-2
<user 1 predicate 1>
<common predicate x>
30 .

<uger 1 predicate N>

35 <USER 2, PACS step 2>
user2 (UserState, InteractingState,UsersParticipated, UserData)
->

<user 1 predicate'1>



or each hardware device in a driver process,

assunpt i AREH ACE %ﬁ‘ e

each Lt PEEED: in an access process and each party in a user
process. Bgcause networ ki ng features and stand-al one

t el econmyni jcaBFHDEC 1997 swi t ching features should be well matched, the

pr esent itg view 5 for inplementing call control.
This nea wo call sides, each one having its own
set of pri advant ages of splil3call control include

the foll ow ng: (a) The total nunber of states are
significantly reduced. Thecaumgpegpredicate x>concept is used to reduce
conplexity of the application code and is, as such, a 10 hi ghl y

desired concept. In centralized call nodels, the nunber of states tends to
grow out of control as states have to"be applied to conbi ned configurations

W th _ several parkuss: 1 predicate N> (b) The parties are well
i sol ated frogn each other, each having its own state and history.
When a call returns to an original call configuration, normally 15 a
two party call, the data for each call side is still valid. Split

call control requires kosgBy sxsestdpegoti ati on and conmuni cati on between
call sides before decisions ¢ be de. .The .co icall etweel L& pat
si des is supporté‘ﬁeﬁzs&ase ‘?%%erier%/téa a%tr%l?ng%% e'g%%r\%?gf%g or riessagaea)
passi ng bet ween ppocesses. At |east three different conmunication
situations ggn be supportgdselq pregicate 1(a) Message sending with no

acknow edgenent ;
<common predicate x>

<user 1 predicate N>

15
<User sequences, PACS step 1 >EXCEPTIONS
activationException (UserState,InteractingState,
UsersParticipated,UserData) ->
20 <activationException predicate 1>
<common predicate x>
<activationException predicate N>
25
deactivationException (UserState, InteractingState,
UsersParticipated,UserData) ->
<deactivationException predicate 1>
30 <common predicate y»>
<deactivationException predicate N>
35

© 31991 Telefonaktiebolaget L M Ericsson



(b). - MessERIPIACEMENTS know edgement; and (c)
Message sepdi Wt t{ for further information and with

acknow edgg each of these types of conmunications there
may be fou 2 (a) A notify message which is

used to sepd n . - acknow edgenent nessage
I S expectef; . (b) . A request nessage which is used to send
messages wherr—am ackdd edgerment message i s

expect ed; (c A verif massage which is used to request

further information 30 The predicates used by the subigcts are glefined)inathe epemplanssystsa

and of the present invention by either basic instructions or by the formation of new

predicates by defining program routines referred to as procedures. Each
procedure can be specialized and unique for one particular subject or it may be
5 generalized and used by many different subjects. Each procedure is also
characterized by its action. The use of procedures in a layered architecture as
predicates in the declarative language introduces a virtually unlimited possibility
for raising the abstraction level and increasing the power of the top level
language. One basic rule that should be employed in designing this type of

10 S).'stem should be to keep the number of procedures small enough so as to keep
the system easy to understand and maintain. A predicate should be viewed as a
discrete procedure such as, for example, number analysis. Although the
predicate could perform a complex task, it must always be very clear. At the
lowest level, a predicate could consist of nothing more than a single declarative

15 language statement. It should also be understood that the predicates used in the
language construction aspect of the invention are represented as predicates in a
declarative language and defined as program procedures within the application
operating system (AOS) as described below in the section related to the "Software
Architecture and Technology” aspect of the invention.

20 The present exemplary method can be compared to the known C++
manner of providing for the inheritance of all or part of a program. In that case,
however, both the real objects and the predicates are called objects and the
actions or predicates are always closely linked to the real objects. This is done
in C+ + in order to provide encapsulation. However, the need for encapsulation

25 is not nearly as important when using the declarative languages as when using the
objeci:—oriented languages. The weak linkage of actions to objects, as in C+ +,
is highly counterproductive to the production of an easy to understand functional
structure. The present method, on the other hand, makes it possible to inherit
only predicates or actions which support creation of a clear functional structure.

30 Such functional structures are then easy to understand and this is always of great

importance in the construction of process control software systems.



- 38- A reply message which is the acknow edgement
nmessage t ? g previ ous request mnessage.

FIG 12 i t ih is been di scussed above within the context of

a particul for a prototype PBX switching system FIG 12

5 1 Tju ft dcol s that nust be I npl emented and utilized in
order to jeffect t he communi cati ons between call sides that is
necessi t atedFy=tire ' all control -15- paradigm The comunication
bet ween sides is supported, first, by a high |evel protocol 180

for message passi ng fr dm object,tin the resefit kxemplanye systemcis defutedcasl 3 process
support the conpl etlon of co ni cations gdowy to t re.level an
back 10 up t hEORNAME ng‘ﬁl’g O @WP(&?%"%‘S‘?’ %Wfﬂ(?gé% er With
communi cations betjg r Hpos S
164. The access/dri vep rglragetdoaccgf)n ‘S’ﬁﬁmﬁ(eg ?%’f\;éﬁg %?mgtgmc tlﬁgsgs
bet ween t he accesanypaaioas whith4raclosely tisd toahe objeamﬂ not of vital imp6itandei toahd y,

t he hardware_driver protocol 183 provides for_conmunjcations
bet ween a drfver [Re@bsiEuchge of predicatasy | heh rowines ireiude, for example, routines for

FIG 13 illustrat oL

processes 165a, b, géaaé@gggﬁlépsrt%@%?segs aﬁgtfs ‘gﬂ%rﬁfé/ uﬁg‘lfhéoa}:lesgé)eég W%r
for each aWerfafifolijud, ﬁﬂpﬁflﬂi&les f@|dlslﬁaﬁﬂ§s@ﬁethﬁh? dwe® sstedr| Thus, the
il lustrated. The hardware detects when the call is initiated and

sends a signal bi pribeipdadvamsage of ahjgoi-oriented methods such as C++ are utilized in the
present system. It is, however, of great importance that Subjects and objects are

10 not intermixed with one another because they are both implemented as processes.
The process is an implementation technology and subjects, predicates and objects
are all process entities within the application architecture. If a routine is not
tightly coupled to the data object, it should be separated out as a predicate
process. Methods employed to inberit and to include other objects may be

15 introduced as needed, as is well known in this technology. By the same token,
if a predicate is large or complex, then it should be structured as a subject
instead. ‘

It should also be understood that the aspect represented by data and real
world entities in the langnage construction aspect of the invention can be

20 interpreted as the access part as described below in conjunction with the section
on thé "Software Architecture and Technology" aspect of the invention. In that
connection the user part executes a predicate, or a procedﬁre, which is an order
to the access part to perform a specific task. This order is not dependent on how
the actual real world entity is designed. That is, the order could be to inform the

25 access about actual conditions of the call, e.g., an incoming call, the number of
the célling party, e.g., 12345, and the category of the incoming party, e.g., an
operator. If the access is an analogue extension then probably it would only be
possible to generate a ringing signal within that access aspect. However, if the
access aspect is a feature phone and has a display then the numbef 12345 could

30 be shown on the display along with the possible indication of the operator
category.



&3=¢-hen converts the signal bit streaminto synbolic

ot oatitSe ELa | nessage to its own access process 164, which
waits fe@rj recei Ves, ' anal yzes and converts address information for
t he cal | pﬁ?_tbﬁﬂ;w t pell ogi cal i ndi vi dual reference for the
called pajty. \Wen thisjwprk is conplete, the access process 164
initiategs’ 5 1165 for its own call side and sends a set-up
messageltq it. The user p ocess 165 al |l ocatd®-the | ogical individual
reference for 25 e called party. Then, it initiates a user process

165b for the same call a&eﬁaﬁwyre structure mWOM§f|WQPW§@F%F@EB§é“WGB@QO
set up the call. The user pr ss_165Db

t he access proces§ ?L%é BI? '?‘g%%vreﬂ?“{ §(§?‘¥a§etdﬁ%1g %rﬂaié@g We}ya‘g&ks
Jlink itself to thiggmig§lleRémaRnlehidbnd hhaf aRhchralaPicdedieboutRabRoes | S

sent back to the originating side's user process 165a and the
conpl ete call noden therapplication itselfheltimnalies possibleithe icreation of clgar and easy to
5 understand application-oriented software architectures even when the applications

involve very complex processes and logic. The technique of the present
exemplary invention makes the software easy to maintain and to enhance by
adding functions, as will be further exemplified below in connection with the
description of other aspects of the present exemplary embodiment.

10
The preferred exemplary system of the present exemplary invention can
be used to develop and evaluate state of the art software architectures or
telecommunications switching systems, and in particular, for the production of
15 a useful prototyping base for th(_e development of new applications or extensions

for such software. The programming paradigm used in the present system is that

of declarative programming, as set forth above, and the operating system

employed is especially adapted for the support of telecommunications

applications. For example, the operating system has been extended to include
20 per-call fault recovery.

The development of telecommunications switching software is becoming
more and more market driven. With increasing frequency, application experts
are becoming involved in software architecture designs in order to simplify the
handling of sales features throughout the entire development chain. That is,

25 features in the product specifications are mapped onto actual feature modules
within the software architecture. This, in fact, introduces a market driven
approach into software development.

Prototyping communications switching systems architecture and switching
systems software involves the solving of very complex problems and necessitates

30 the verification of the results of practical experiments at an early stage.

Prototyping is divided into cycles, each having its own defined objectives wherein



-3 9- RELACEMENTS erring next to FIG 14, there is shown an

Il lustrgtijon depicting cal | nodel for calls including three
parties| ForOQDEO®I7 y|cpl | 187 or when an operator sets up a
second g¢alfl side, the agcess process 19l1a parks the first call 188

and set$ Up ar-roemtead peries of processes (user 192a - userl 92c - access
191c - driver 190cfj for this new call 189. The access process 191la
is thus linked to series of prdcdesses 188, 189, one for each
call. Referring next to FIG 15, there is shown an
illustration of aonatyclevcahtdins a limited nurhter ofi feattires whichtaye &ally implemented and
imulti-party calls, an ordi,n%fry/ call ,side chain of [ocesses J

| R

! used for each par yseessivepycle BirodiceR v featurgs. Sugh PROFIVRESITEPISRIL feplistic
rcommon ordinary sgpylfe idnt OPREGHSSS can ha
ipropesses, Yo! % tﬂ{é@%&%%ﬁ% ﬁ%?\te?rg!&'éﬂgﬁf?ﬂﬂdgﬁﬂﬁke a set cg? ve
cordi nary two-part yedlatiine ¢hacacteristics and softwapeniqualitiesathat arec edtnparable. to real

"Referring next to FIG 16, there is shown_ an i|lustration of a call nodel
‘for a recall3to t PEOAYEEs Y.formaﬁféblsmasqurtth%{w@%f’ LE'“BWEPEN?@P%F F¥Fcal |

side 15  linke SE&&E%E%Bmﬁ%ﬁr%%@%PM]&O g.ﬁori ginal call to one
: al'rside.

operator user 201 ~on eac en desi gning features,
‘the call nodel nust be TeRRPrototyping frocess is a very important phase in the preparation of

an overall work model and allows designers to make the user the primary focus.

Referring to FIG. 1, there is shown a block diagram illustrating the process in
10 which the usability 21 of the proposed system is evaluated from study of the
users' and their requirements 22, followed by a user interface simulation/test 23
providing the initial working premises of the prototype. Next, the prototyping
process itself 24 is implemented. This process utilizes the new software
technology 25 for prototyping new applications 26 in order to achieve thoroughly
15 reviewed requirements specifications for product development 28, as well as to
produce qualified inputs to standards organizations 27. A further benefit
achieved is that, with relatively little effort, these prototypes can be developed
into a final, operational product.
In practice, prototypes of new applications or features are designed,
20 implemented and then tested at a cooperative user site. The actual work model
for constructing the prototype is shown in FIG. 2 and the ultimate model is
characterized by the housing of each feature in a feature module. FIG. 2
illustrates the corresponding documents that must be produced during the
specification and design phases, which includes a feature specification 31 which
25 comprises both a functional specification 32 and a test specification 33. From the
feature specification 31, a feature design and verification phase 34 is entered
which includes the preparation of a structural specification 35, a plurality of
declarative language modules 36, and a verification module 37 which is used to
produce a verification log 38. Finally, a system test Phase 39 is undertaken and
30 completed. |
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30

t stage ofq the three-stage methodology prescnbed by the C.C.I.T.T. standard
procedures. More particularly, these techniques are shown in C.C.I.T.T.
specifications 1.130 (Method for Characterization of Telecommunications
Services); Q.65 (Detailed Description of Stage 2); and 1.310 (JSDN Network
Functional Principles), each of which is hereby incorporated herein by reference.
This initial stage provides for the preparation of an overall description or
specification of the application from the user's point of view. Next, at 42, there
is prepared a rough layout of the various subjects to be incorporated within the
declarative language construction set forth above for each user. This involves the
identification of both origination and termination user sequences forming the
actual subjects. Thereafter, at 43, the system employs another specification step,
Stage 2 of the three-stage methodology set forth in the above-identified
C.C.L.T.T. procedures, including the identification of functional entities. Next,
at 44, functional entities are mapped and unique and common predicates are
identified in accordance with the declarative language approach set forth above.
In this step, user sequences are represented in a subject(s) and the various
functions are structured and/or grouped in a natural and easy to understand way.
Finally, at 45, each of the real world entities are represented as objects. For
example, access sequences are represented using objects, although they may be
internally structured as subjects.

By way of further explanation of the prototyping technique of the present
exemplary embodiment, FIG. 4 illustrates the Stage 1 specification of the service
aspect of the functional specification. This is the procedure within which the
overall description is prepared from the user's point of viéw. As shown in FIG.
4, the service may already exist in a particular state 51 and, in response to a user -
request 52, it may require a functional action 53. The result of such a functional

action at 53 may produce an output triggering a user response at 54 and a
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program ‘B (e) processes, process
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with per-gall error recovery; and (9) cl ose approxi mation
to SDL, the specificat+en— | anguage -19-

selection of a particular state 55. However, the functional action at 53 may also

take the form of a network/user request 56 invoking a network/user response 57

that results in a functional component 58. The output of the component 58 may

produce further functional actions 59, alohg with a user response 60 taking the
5 system to an internal state 61.

Similarly, the Stage 2 procedure of generating the functional specification
deals with the functional network aspects such as the identification of functional
entities and the information flows within the system. As can be seen in FIG. 5,
a plurality of functional entities (FE,-FE,) 62-65 are interconnected with the

10 functional component aspect of the network 66. Each of these functional
components are capable of exchanging messages with other functional
components so that there is a complete information flow within the various
components of the system to link the entities into a functional network. For
example, a message request sent at 66a from the functional entity 62 is received

15 at 67 of functional entity 63. In response, it forwards a message request from 68
to 69 at functional entity 64 which in turn forwards a message from 71 to
receptor 72 in functional entity 65. Thereafter, a response generated in
functional entity 65 is passed by means of message responses from 73-74 and
from 75-76 and 77-78 through the functional entities 64 and 63 to the functional

20 entity 62 which provides a response at 79 to the original request.

Referring next to FIG. 6, there is shown an illustrative diagram of the
manner in which the functional entities in the case of local, i.e., non-networked,
telecommunications are mapped onto the program structure. There, it is shown
how the functional entities FE,-FE, comprising the specifications structure 81 are

25 mapped onto the program structure in accordance with the present exemplary
embddiment 82. As can be seen, two telephone instruments 83a and 83b, are
interconnected, respectively, to the software structure by means of access 84a and
access 84b. Each of the accesses perform as objects within the software
structure. Similarly, the accesses 84a and 84b are interconnected by means of a

30 user A entity 85a and a user B entity 85b, which form subjects within the



By way of illustration, set forth
M les taken from 10 the Basic Call
lgwi ng is an exanple fromthe events/state

i npl emeng aft i

I evel i [ mgssage i ncluding five paraneters has been

recei ved. e jevent has been inplenented for feature nodul es
accordi l}i st. Other features have had the chance to

I Nt er acti==a b event, but none B@ A last matching is tried
with the Basic Call nodule as 15 set forth bel ow 1 # setup(
Sel f, _, 1dle,][Selflprégtainlsirugtarercf thepresent invention and are, as can be seendsem FIG. 6,

cal l startup( Sel f, Call T};pe ) { barred --> abort( bl ocked
); access/object independent.

Referring next to FIG. 7, there is shown a similar illustrative diagram
illustrating the way in which functional entities are mapped in the case of
5 networked telecommunications. There is illustrated the manner in which the
functional entities FE,-FE, of the specification structure 81 are mapped onto the
program structure 82. Again, the telephone instruments 83a and 83b are
connected, respectively, to access A and access B 84a and 84b, respectively.
Similarly, a user A entity 85a and a user B entity 85b again form separate

10 subjects within the program structure that are access/object independent. In
addition, there is a further network dependent subject 86 along with a generic
network subject 87. Each of these contain a network user A 86a, 87a and a
network user B 86b, 87b. In addition, a network protocol 88 interconnects a
network access A entity 89 and a network access B entity 90.

15 In the prototyping system of the present invention, the process concept is
used to model the run time structure call model of the application with processes
executing concurrently with one another. A process becomes active due to an
external stimuli/signal and after execution of the actual code, a process remains
in a certain defined state. Such a model matches very well the characteristics of

20 the application in that there are many parallel calls and each call triggers several
sequences of operations.

In general, the system divides the call model in the same way that the
functional model in the specification is divided. Referring next to FIG. 12, the
functional feature modules 90 each have different entities for accesses 160 and

25 for users 161, and, in addition to these modules, the line/ terminal devices 162
are also separately modeled. Thus, as illustrated in FIG. 12, for each side of a
call, separate processes are assigned for: (a) each hardware device (driver
process 163); (b) each type of line (access process 164); and (c) each party in a
call (user process 165).

30 Networking features, as well as stand-alone PBX features, should be well

matched and, since they are already placed in the functional model in the



20 RBX)LACEMENTCSHEEL state( call _started );

conpl etp(f Partner) -->|stlate(callstarted, add( Partner 2 #
setup( Be f 09 DEQ 19T Sdl 1l , [ Cal | Type, Name] ) --> 25 case
establightal |l ( Self, Cal{ Tiype, Name ) { barred --> abort(
bl ocked])?* . yes (Partner) -->

state | _ (cal lstarted, sei zureadd(Partpgg)); 30 99 #
setup(__, __, __,__,_) --> cont i nue. [err] 1991

Tel ef onaki T ebol a%&cﬁca%oﬁr&&ﬁ philes, separate call sides are represented by different entities.

Therefore, a split view is chosen for call control resulting in two call sides, each

having its own set of processes. Split call control also includes the additional

advantage that the total number of states is significantly reduced. Split call

5 control requires, in many cases, negotiations/communication between the call

sides before decisions are made. Thus, the communication between the sides is

supported by a high level protocol hiding the message as it passes between
ProCEsSOrs. ' |

As will be discussed in greater detail below, the system software

10 architecture is divided into several layers. This offers distinct advantages such

as the fact that:
(1) the apblication becomes independent of the selected operating

systems;
(2) the application becomes independent of the selected CPU hardware
15 as well as _of the telecommunications hardware; and

(3) the distribution of processors is hidden from the application.
The layered structure of the system architecture is shown in FIG. 8 in
which an application layer 91, an application operating system layer 92, and a
basic operating system layer 93 comprise the software system. The application
20 layer code is delimited in order that the application software structure may model,
as closely as possible, the operational run time environment. The application
layer. 91 includes a number of independent task modules 89 which reflect the
sales objects/features previously defined in the specification work phase. These
task modules 89 are further subdivided into user modules 94, access modules 95
25 and driver modules 96. Each user module 94 handles the access independent
aspeéts of a feature, i.e., the traffic control portion of a feature. Each access
module 95 handles terminal characteristics and origination/termination of
individual call sessions. Each driver module 96 handles encoding of logical
signals to bitstreams to the hardware and the decoding of bitstreams and logical
30 signals from the hardware. These task modules 89 describe the complete set of
functions or features for either (a) the telephone tasks, including signaling
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protocols; (b) the management tasks; or (c) the interaction between features. One
mandatory feature of the present system is the basic call sequence.
The application layer 91 of the system also contains an application library
97. The application library 97 of components provides a powerful tool for
5 designers and developers that raises the level of application design. It contains
functions which are frequently used when designing features. Each of these
functions may be identified in the specification phase for each new application
and incorporated into the system without the need to actually program the details
required to make the functionality operational.

10 Continuing to refer to FIG. 8, the application library 97 incorporates, for
example, functions that are frequently used when designing features. Functions
may be identified in the specification phase and then also simply reused within
the work phase. The functions of the application library 97 may well involve
functionality on several call sides in contrast to the constraints in that regard on

15 the application operating system functions. The following is a list of functions
that might be included within the application library 97:

(a) Answer call;
(b) Check call;

©) Connect call;

20 (d) Disconnect call;
@ Distribute calls;
® Join call;

(g0 Merge call;
. (h) Queue call;

25 () Relink;

- @) Reroute call
(k) Resume call;
1)) Revert call;
(m)  Seize parties;
30 (n) Sefnp call;
) Split call; and
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case staterrent yer, the, nost n
statement. Set forth app%’c\:gtlon operation system 8{6§) tla)‘f\'ecx)' r usgftstlérrne
5 architecture, also shown in FIG. 8, provides support functions to the application

layer 91 and helps developers avoid duplicating code in several different features.
It also assists in allowing application programming to occur at as high a level of
abstraction as possible by again hiding implementation details from the
application designer. The AOS layer 92 has two primary function groups, a tool

10 kit 98 and a set of generic functions 99. The tool kit 98 provides general purpose
functions to the application layer 91 that includes, for example, the following
functions: (a) interparty communication; (b) switching; (c) queuing; (d) timing;
() call history; (f) number analysis; and (g) configuration management. The
generic functions 98 within the AOS layer 92 provide the mechanisms necessary

15 to execute the user 94 and access 95 modules contained within the feature
modules 90.

The operating systems of telecommunications systems are usually simple
run-time executives with little more functionality than the capability to send
messages between parts of the system, load code, perform I/O operations, etc.

20 "This often means, in telecommunications systems, that it is more difficult to
manage distn'bution; restarts, or other operational/procedurai mechanisms than
it is to code the functionality of a particular feature or application. The approach
of the operating system of the present invention, as illustrated in FIG. 8, is to
instead provide a basic operating system 93 that is more akin to those available

25 on standard time-sharing systems but which also contains the additional primitives
and ﬁmctions needed especially for telecommunications. Some examples of such
functions include:

(a) generic functions for drivers 102;

(b) initialization functions 103;

30 : ©) database storage and retrieval functions 104,

(d) device allocation 105 and de-allocation functions;
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1991 Tel ef onakt i ebol ag&®’ L W@: feeQugy functions 106;
(®  switch handling based upon the switch group abstraction; and

(2) hiding the reality of a distributed architecture and actual

configurations.
5 Standard primitives for message passing between processes, process
- scheduling, I/O connections to hardware, etc. are of course also present, along
with a control program panel. The basic operating system ("BOS") 93 of the
present invention raises the level of programming but also contributes to making
the system fault-tolerant. ‘The BOS 93 maintains information about which
10 resources have been allocated to application processes and also about which
processes are linked together in a transaction. Thus, when a fault occurs, either
because of a programming error or because a cooperating node fails, the BOS 93
is capable of terminating the connected processes and restoring the resources.
One effect of this is that it allows per-call error recovery. Another advantage is
15 that it provides a very robust test environment for development of new
applications software. Further, in the present exemplary system, therefore,
hardware and software faults only affect the transactions in which they occur and
the system can be reorganized and reordered in an efficient and orderly manner.
As discussed above, programming of both prototype and real time
20 operating systems in accordance with the present exemplary invention employs
a declarative language such as, for example, the language ERLANG constructed
in accordance with the paradigm of active subjects discussed above. In choosing
ERLANG for this purpose, the languages LISP, PROLOG, and PARLOG were
investigated. The investigation indicated the need for additional constructs to
25 handle parallelism, real time operations, and other characteristics particular to
telecbmmunications switching systems. Even the special class of logic languages
capable of handling parallelism, such as PARLOG, concurrent PARLOG and
others, still do not include sufficient granularity of concurrency that an
asynchronous telephone process can be represented by a single process in the
30 language. ERLANG possesses the desirable features of both PROLOG and
PARLOG but with concurrency and error recovery constructs built into the
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symbolism, a pattern matching syntax, simple control structures, high-level data
structures, support for error detection and correction, light weight processes, and
5 message passing. '

In the implementation of the prototyping system of the present invention,
the prototyping environment may comprise standard work stations running under
the UNIX operating system. The development environment in the workstations
may include a user interface including X-Windows, archives with ménu—based

10 access, version management, text editors running under UNIX, document
preparation through frame maker, and communication via electronic mail. In
addition, the prototyping support system includes tools for the specification phase
as well as for future design and verification phases. Tools which are common for
these work phases include browsers, selected views, hypertext editors,

15 traceability within a document, between documents in the same work phase, and
traceability between the specification and the ultimate code.

For the specification work phase, the support system provides graphic
tools, tools for static and dynamic modeling, and templates. For the design and
verification work phases, the most important tool is the ERLANG system which

20 supports the following capabilities:

(@ executing a feature module and simulation of hardware nodes;

(b) tracing steps of individual functions;

(c) spyingonall comrhunications to a particular process;

'(d)  examining process structures, i.e., determining which processes

25 are suspended, how processes are linked for eITor recovery

purposes, etc; |

(¢) examining the process global variables; and

@ recompiling code on the fly and introducing it into the operational

run time system.
30 The support system, in addition, provides interactive graphics, data base and

other tools.



as the APN or APZ specialized Processors used

E SPC tel econmuni cati ons switching system on
_ QHBC 1997 ~execute in the operational system This
necessar ijl Orrgans Phat “thete wll be a | arge turn around tine
bet ween i li §i ng prograns on the host conput er and

testing tjhemin the target fmachine. In the ﬁstem of the present 15

exenpl ar ; er, these activitPés are conbi ned. Through sone
mani pul ations a line ipterface nodule ("LIM) is cqontroJled by a, wor
station and  + Vi feaon iay b chosenlas et BRI D 1he REALGHAR BF e

host and target c S uﬁ-@%r@ elipfettsodbii ' '

thereby virtually el1mn %eé:gxlxolgéy.i PP%I{;?Jraat e %glg [ nB@ll@fal'??tfguchOh%
desi gn/ executi on specificgtiomstfona modein/PBX, sucheasahis EridssontMDeFL0 atd include the
As illustrated in FIG 18, one_ known work nodel includes a substantially

greater number of following fegures: basie eall; hasicyatwark c3ll, basic eerdlcsseall, palling; ling
Th 3 h | f
bl ocks 141 i - dbBfiGEn Bitel e SPRYCET oA JofUTRE. eBeariiidii ey ©

the present invengdmpletion on busy/dé véply,t diRiRor fecall,Hin@dhurasion! | fi cation of the
steps of specification and coc?,i ng that 25 lead to a final operational

software system As set forth abopieg ther layeringanpsoaghdnithe, softwaretarehitecines,

of the present sy BB Ak Eigre mappind S e RneB e { HIRE R RIOGIRE 1 e
their design effimaRsHE positié tﬂﬁv@ﬂ%in?l,éripdividual perfof O ehfeSfe SiTa ddsia drdns
system The results of "the design efficiency tests are

10 implementation. This individual may also be responsible for the function
specification work phase thus making it possible for software designers to become
real application designers with their focus on the customers and their
requirements. This further allows the lower layers in the architecture to be taken
care of by system designers, more particularly suited to the task.

15 The close mapping of the software architecture to the functional structure
makes the work model very simple. As a consequence, the number of documents
produced by the present system is greatly reduced. Further, some documents in
the prototype can be automatically generated. Moreover, a measurement of
design efficiency compared to present systems indicates at least an increase in

20 efficiency of up to 10 times. The reduction in the number of persons involved
in the design and verification of a specific feature of prototype software is
reduced to one individual, which offers numerous advantages, including the
disappearance of long waiting periods and the reduction of lead times. A further
benefit is more accurate software planning.

25 The design of task, feature or management modules in the present system
is reiatively easy and yet intellectually stimulating because of a nmumber of
different factors. For example, the verbal text of the functional specification
corresponds to the code in the feature module, thereby improving code and
feature understanding. In addition, programs are small in size and surveyable

30 using language qualities like matching, list handling and recursive functions.

Further, a design is incremental and interactive and the process allows for
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activation. Finally, data can be displayed at a highly symbolic level; it is not
5 necessary to consider capacity problems during design; and there is far less
documentation to prepare.

As can be seen from the above description of the prototyping technique
of the present invention, the architectural work is based upon genuine knowledge
about the user application. This makes it possible to create a limited number of

10 . well defined entities within a layered structure. The system delimits. the entities
and strictly defines their functional content rather than requiring the development
of additional methods for how to document and inherit the objects. The
combination of that architecture, which is relatively easy to understand and
handle, with a real time declarative language construct as set forth above, greatly

15 reduces the amount of work needed to implement new services and features in a
telecommunications switching system. It also makes possible the performance
of real life testing of new services and features by implementing advanced
prototypes before they are introduced in large scale into the market. The
technique of the present invention makes it possible to move the volume of work

20 away from implementation problems and it allows concentration on customer
needs and on the development of new and more advanced services.

Software Architecture and Technology.

As discussed above in connection with FIG. 8, the software system
architecture of the present invention is layered and includes an application layer

25 91, an application 'operating system layer 92, and a basic operating system layer
93. In addition, an implementation layer 101 receives the layered software
architecture. The application layer 91 includes an application library 97 having
a number of task modules 89. Each task module 89 includes a user module 94,
an access module 95 and a driver module 96. The application operating system

30 layer 92 includes a tool kit 98 and a set of generic functions 99. The basic

operating system layer 93 includes generic functions for drivers 102, system

5
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for real 10 specification. The other layers represent deeper layers of implementation which

are closer to the physical machine running the software. As shown, the
application consists of the application layer 91, which includes the application
library 97 and the application operating system layer 92. The application layer
91 gives a view that corresponds to the way in which the application was initially
15 specified. The application 1ayer 91 is also isolated from the basic operating
system and the system architecture by the application operating system layer 92.
The application operating system layer 92 provides support functions to the
application layer 91 in order to avoid r'eproducing code in several different tasks
or features, to raise the application programming to as high a level of abstraction
20 as possible and to isolate the application designer from implementation details.
Internally, the application layer 91 is subdivided into a plurality of independent
task modules 89 which can be functionally viewed as a combination of feature
moduies 90 and management modules 111. Each of these two types of modules,
feature modules 90 and management modules 111, are very similar to one
25 another and fully subdivided into user (call handling) modules 112a-b, access
(line handling) modules 113a-b, and driver modules 114a-b. The feature modules
90 and management modules 111 together describe the complete set of features
or tasks within the system. A task may comprise, for example, a telephone and
management task itself, i.e., how to interact with other features, signaling
30 protocols, etc. The "Basic Call" is considered as a mandatory feature which must
always' be included within the system. Task modules 89 may, for a particular
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modules 111. In other cases, however, a task module 89 may comprise both

feature modules 90 and management modules 111.
The user module 112a of a feature module 90, for example, controls the
5 basic call as well as any features.- It controls the setting up and supervision of
calls in a line protocol independent manner. By way of example, a user module
112a could contain:

(@) an initiation part which defines the initial data needed by the

feature in order to perform tasks such as the creation of unique data fields, the
10 assignment of default data to such fields and the like;

(b)  a user procedure part which defines user procedure syntax and
meaning and assigns default values; and

©) a traffic part which defines how the feature works.

Management modules 111 have similarly structured user modules 112b, access
15 modules 113b and driver modules 114b.

The traffic part of the feature is divided so that there is one call side
(view) for each party having its own set of states separate from the other call
side. This greatly reduces the total number of necessary call states with the
remaining states being natural user states that can be allocated in the future. The

20 traffic part of each user module 112a is hierarchically built from a top level. As
iltustrated in FIG. 10, all external and internal stimuli enter this top level in order
to reach the state/event driven logic consisting of event- and substate- functions
170. It is from this top level that the appropriate phase 171 is called with the
result of the phase being initiation of the next state or substate as well as the

25 addition/removal of parties in the call. This construct provides the designer with
a good overview of the entire feature just by reading this top level.

The event- and substate- functions are the only parts of the user module
which are visible to the other user modules within the system. They include the
possibility of interacting with a first call handling module by defining event- or

30 substate- functions which take over control and return it thereafter. For example,
logging features always return the control after the feature has completed
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10 the application layer is illustrated in FIG. 10. There it is shown how various

functions are called from various libraries and operating systems in order to
implement the traffic functions.
The structure of the components of the system of the present invention is
again expressed, in alternative form, in FIG. 11. There it is illustrated that the
15 access modules 113a,b control the line dependent parts of features. There is a
unique access module for each type of line terminal and for those features having
line dependent parts. Examples of line terminals include analog/digital/ISDN
telephone terminals and analog/digital/ISDN trunks for basic and supplementary
services. Each access module 113 handles the semantic part of a protocol for
20 each specific typé of hardware. The access module also presents a device
independent protocol directed toward the user module 112. This protocol is
purely functional and independent of line terminal type. Each access module
113a,b includes:
(@) an initiation part which sets default data for the actual line,
25 activates the hardware and resets the terminal into an appropriate state; and
(b)  a traffic part which caters to dispatching and handling of traffic .
events.
The structure of the access module 113 is slightly different from that of
the user module 112. The top level of the access module 113 is divided into two
30 smaller parts, namely, the dispatching part and the event handling part. The
purpose of the dispatching part is to refine incoming events by
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SW tcrt' g_system whic ncl udes a feature nodule and a managemnent
nodul v apprichtion layer and a data base within a basic 5
oper ati=aa-s\ > conpri si ng: Bt means for creating

feature uni que data fields within said data base and
processing/translating signals coming from the line or from the other party to an

internal set of events before feeding them into an event handling part. This pre-

processing is done with respect to receiving messages, message data and terminal

states. The event handling part is similar to the top level in the user module.
5 Typical phase jobs in the access module 113 include:

(a) the handling of several call access possibilities;

(b) the indication of call progress messages to the user;

(c) the handling of the semantic part of the line terminal protocol; -

(d) the performance of number, procedure and suffix analysis; and

10 () the creation of and cooperation with call handlers.

The driver modules 114a,b can be seen as an interface to the hardware.
They handle the hardware part of the line protocol, i.e., the syntax portion of
features. The driver module 114 decodes hardware line signals/bit streams and
delivers them in a symbolic form to the appropriate access module 113. The

15 driver module 114 also encodes symbolic signals from the access module 113 to
bardware signals. There are also generic driver support functions for event/signal
handling in the operating system which are inherited upon start-up of the module.
They may be seen as the running mechanisms for signal transfer between
hardware and software. There is one driver module for each type of

20 terminal/hardware.

Included within this system embodiment are a number of management
modules 111 that accommodate an array of different types -.of management
functions, including: (a) fault management; (b) configuration management; (c)
accounting management; (d) performance management; and () security

25 management, among others.

| Management features are handled by management modules 111 in a
manner similar to the way that feature modules 90 define and implement
telephone features. A management module may handle a single type of or more
than one management function. Management modules 111 are composed of

30 management user modules 112b, management access modules 113b, and

management driver modules 114b, respectively, as illustrated in FIGs. 9 and 11.
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(b)  as reports/message receivers for logging features; and
© via the database and directly with the hardware for line
management.

10 Referring again to FIG. 11, the block diagram illustrates not only the
configuration of the various components of the software architecture, as also
illustrated in FIG. 8, but it also indicates the interaction between and arnong each
of the components. The feature module 90 creates feature unique data fields 121
in the appropriate BOS database 104 and assigns formats and limits default data

15 values 122 during its initiation part, as illustrated at 122 and at 123. The
management module 111 creates its initiation part commands and parameters by
referring to class data fields 124 as illustrated at 125. These are stored in the
configuration database 104 together with the retrieving class data field 124 limits
and access authorities. Upon reception of a command at 128 into the driver 114b

20 of a management module 111, the command is analyzed by a command analyzer
at 127 and the authority to use the command is checked. Further, at 127 and 128
it is determined whether the given parameters are within the value limits stored
in the class data field 124. When the command is accepted, the appropriate
individual will be allowed access by the actual management feature and the

25 appropriate feature- uniqué data field 131 may be operated upon and received by

- the user module 112b as illustrated at 132 and 133. Such operations may include
insertion, change, print and remove operations.

More particularly, the initiating part within the user module 112a of the

feature module 90 will, when initiated, call a procedure "create_field" within the

30  AOS layer 92. This procedure initiates the default data in the BOS database 104
of extension class data 121 to be used for the attribute (or parameter)
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the A-party, to initiate intrusion). The assigned format or limits for this data is
also stored in the database 104.

When executing the traffic part within the user module 112a of the feature
module 90 and when testing the intrusion_cat A, a procedure check within the
AOS layer 92 is called. This procedure first checks whether the concerned user
has an individual category for "intrusion cat A" programmed in the individual
extension database 131. If so, this category will be used. Otherwise, the default
data specified in 122 of the extension class database 121 will be used.

The initiating part within the user module 112b of the management
module 111 will, when initiated, by use of an AOS layer 92 procedure, create
references 125 in the configuration class data 124 for each attribute or parameter
defined in the extension class default data 122.

When a management operation is received within the access module 113b
of the management module 111 then the actual operation is validated, along with
the management user's authority to use the operation. Once the management
operation is found to be valid it is then passed to the user module 112b. If the
management operation was to create a data field for "intrusion cat A" for
extension "12345" with the value "yes" then the following takes place: the user
module 112b will, by use of an AOS layer 92 procedure, call the default data 122
within the extension class 121 to get the actual format of the data field
"intrusion_cat A" parameter. If the value "yes" is valid within this format then
a procedure within the AOS layer 92 is called to update the individual extension
data 131 for extension "12345" with value "yes". If the management operation
was to get data field "intrusion cat A" for extension "12345" then an AOS layer
procedure is called which fetches 133 the actual value in the individual extension
data 131. |

A management feature can also receive an output from a feature logging
data, for example. The managemént feature then subscribes to certain events and
selected telephone features and, when these events occur, the telephone features

@ﬁrol ling said tel ecommuni cation switch hardware and
Fo—qadh of said plurali ty of telephone instruments, said
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10 Application data are divided into two types, static data and dynamic data.
All data are physically stored within databases which are managed by the basic
operating system 93 and each of the views of the data described above are seen
from the application layer 91. Static data are data which live longer than one
call. The lifetime of static data can be short, e.g., one day, the lifetime of the

15 data depends upon which feature owns the data and most such data will not
normally survive a system breakdown or longer, in which case the data lives until
it is changed by command or restored from backup media after system
breakdown. Examples of short lifetime data include call back information or
follow me data while examples of long lifetime data are number series, allowed

20 feature accesses for users (class of service), user activated features, feature
related data, efc.

The data of a certain type belong either to a class of objects or to a super
class in which a class can be seen as a certain user type. This data type has a
name, a default value, a specified format, an allowed value interval, and

25 information about whether or not it should be restored after system breakdown.
Individuals are associated with a class when created; upon instantiation of the
individual entities, they inherit the appropriate class data. The default data value
may then be changed for each of the individuals. Typiéal class data include:
extension class data 121, configuration class data 124, operator class data,

30- destination class data, route class data and trunk class data. To find classes and

class individuals, analysis tables are included in the present system. These are
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individuals.
Dynamic data are data, associated with calls, which die when the call has
ended. Typical dynamic data includes references between parties in the call, call
5 history (i.e. executing features, earlier connections, etc.) and call states.
Dynamic data can only be manipulated by the object/process itself and access is
achieved via the data name. For static data, in contrast, access is obtained by
owner reference in combination with data name.
The application operating system layer 92, a level below the application
10 layer containing the feature module 90 and the management modules 111, is also
depicted in FIG. 11. The intention with the application operating system layer
92 is to isolate implementation details from the application layer, thereby raising
the abstraction level associated with application design. The interface to the
operating system is general and implies that the application operating system layer
15 92 remains unaffected with respect to internal changes and operating system
functions contained in system hardware. The application operating system layer
92, as illustrated in FIG. 8, includes two main function groups comprising a tool
kit 98 and generic functions 99. The application operating system tool kit 98
provides general purpose functions to the application layer 91. Typical functions
20 which may be included in the application operating system tool kit 98 include: (a)
inter party communication; (b) party handling; (c) switch operations; (d)
queue handling; (¢) timing; (f) history handling; (g) data field handling; (h)
mumber handling; (i) procedure handling; and (j) administration handling.
Referring further to FIG. 8, the application operating system 92 generic
25 functions 99 provides support functions for event/substate handling and for
entenng new states. The generic functions 99 can be seen as the engine for the
application layer. When an event or substate occurs, the support functions
provided by the generic functions 99 try to match this event or substate, including
its parameters, to the user modules 112 (or the access modules 113) of the system
30 in a fixed order. If the event or substate concerns a user, matching is tried upon

the user modules 112 according to a feature list. If the event concerns access, .
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The application operating system 92 also contains built-in functions for

entering new states which can either be directed to the user module or the access
module. The "new state” may include:

10 (a) a new state;

(b)  a substate before entering a given new state;

() a new state in combination with adding or removing parties;
d current state; or

© abort the call/no state.

15 In defining the call model, the process concept has been chosen to model
the run time structure of the application. The term process, as used in this
context, means the sequential execution of statements with an associated set of
data. Processes may be executed concurrently, and a process becomes active,
i.e. under execution, due to an external stimuli/signal. A process is always in a

20 certain defined state when execution is completed. All of these characteristics of
the process concept match very well the characteristics of the telecommunications
applications, i.e., many parallel calls, each of which consists of one or several
sequences of operations. The process concept is supported by both the extended
operating system and the specialiy created programming language of the present

25 invention, as described above.

| . Inthe present exemplary. system, the extent of processes is delimited in

the same way as the application code is delimited in order to have as complete a

match as possible between the application structure and the run time structure.

As shown in FIG. 12, the application code has been modularized as close as

30 possible to the functional specification objects. This construct leads to the
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Because networking features and stand-alone telecommunications

20, | FERLACENEN SHEE]

switching features should be well matched, the present system uses a split view
5 for implementing call control. This means that there are two call sides, each one
having its own set of processes. The main advantages of split call control include
the following: |
(@)  The total number of states are significantly reduced. The state
concept is used to reduce complexity of the application code and is, as such, a
10 highly désired concept. In centralized call models, the number of states tends to
grow out of control as states have to be applied to combined configurations with
several parties.
()  The parties are well isolated from each other, each havihg its own
state and history. When a call returns to an original call configuration, normally
15 a two party call, the data for each call side is still valid.
Split call control requires in many cases negotiation and communication between
call sides before decisions can be made. The communications between the sides
is supported by a high level protocol providing for message passing between
processes. At least three different communication situations can be supported:
20 (@) Message sending with no acknowledgement;
(b)  Message sending with acknowledgement; and
(c)  Message sending with request for further information and with
acknowledgement.
For each of these types of communications there may be four message types:
25 (@) A notify message which is used to send messages when no
acknowledgement message is expected;
(b) A request message which is used to send messages when an
acknowledgement message is expected; '
(c) A verify message which is used to request further information

30 | before giving a reply message; and
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previous request message.

FIG. 12 illustrates what has been discussed above within the context of -
a particular implementation for a prototype PBX switching system. FIG. 12
illustrates the protocols that must be implerhented and utilized in order to effect
the communications between call sides that is necessitated by the split call control
paradigm. The communication between sides is supported, first, by a high level
protocol 180 for message passing from user to user. Other lower-level protocols
support the completion of communications down to the hardware level and back
ﬁp the chain. The user/access protocol 181 provides for communications between
a user process 165 and an access process 164. The access/driver protocol 182
provides for communications between the access process 164 and a driver process
163. Finally, the hardware driver protocol 183 provides for communications
between a driver process 163 and individual hardware units 184.

FIG. 13 illustrates a call model example for a basic call, showing user
processes 165a,b, access processes 164a,b, and driver processes 163a,b, one for
each of the two separate call sides of the basic call illustrated. The hardware
detects when the call is initiated and sends a signal bit stream to its driver
process. The driver 163 then converts the signal bit stream into symbolic form
and sends a message to its own access process 164, which waits for, receives,
analyzes and converts address information for the called party into the logical
individual reference for the called party. When this work is complete, the access
process 164 initiates a user process 165 for its own call side and sends a set-up
message to it. The user process 165 allocates the logical individual reference for
the called party. Then, it initiates a user process 165b for the same called party
and ésks—its user process 165a to set up the call. The user process 165b for the
called party asks the access process 164b for this party to seize the party and to
link itself to this user process 165b. Then, an acknowledgement message is sent
back to the originating side's user process 165a and the complete call model for

the basic call is then set up.
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for a multi-party call. In multi-party calls, an ordinary call side chain of
processes is used for each participant. On the opposite call side there is one
10 common ordinary service user process 195. It has no linked access processes, so
this configuration makes it look like a set of ordinary two-party calls from each
participant's call side.

Referring next to FIG. 16, there is shown an illustration of a call model

for a recall to the operator. At recall to the operator there is a new call side
15 linked in from each user 200a,b of the original call to one operator user 201a,b
on each call side. When des1gnmg features, the call model must be kept in mind
and the philosophy and examples set forth above in connection with FIG. 13-16
can be seen as guidelines in making the call model for future scenarios. Ideally,
one should strive for a model that matches the application concept well and which
20 is easily adaptable to probable new statés in the application picture.

The programming language used in the system of the present invention is
an extended declarative Janguage capable of implementing parallelism along with
real time facilities. The language ERLANG includes these necessary
characteristics, some of which, for example, are as follows:

25 (a)  high level data structures like lists and tuples from LISP or
PROLOG supported by dynamic memory management;

(b)  high level symbolic programming giving the same type of efficient
program development such as LISP;

(c)  execution through pattern matching and simple control structures

30 giving a short and clear style of programming;
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9. The ngthod of claim8
i nf or mati pn=For aecrdr ng wh

(d  modules, employed as an aid for structuring large program
systems; '
()  processes, process management and communications supporting
concurrency and real time operations;
5 ® support for error detection and error correction that enables the
design of robust systems, for instance with per-call error recovery; and
(g) close approximation to SDL, the specification language
recommended by C.C.L.T.T.
By way of illustration, set forth below are some code examples taken from
10 the Basic Call implementation. The following is an example from the
events/state level in which a set-up message including five parameters has been
received. Matching of the event has been implemented for feature modules
according to the feature list. Other features have had the chance to interact with
the event, but none did. A last matching is tried with the Basic Call module as

15 set forth below:
1 # setup( Self, ,Idle, [Self], [CallType.no _name] ) -->

case
call_start_up{ Self,CallType ) {
barred --> abort( blocked };
20 ok --> state( call_started );
_ complete( Partner) --> state(call_started,add{ Partner
)};
}.
2 # setup( Self, , Idle, [Self], [CallType,Name] ) -->
25 case
establish call( Self,CallType,Name )} {
barred --> abort( blocked );
' yvyes (Partner) - -> state

(call_started, seizure,add(Partner));

30 }.
99 # setup (__I__I__'_..'_._.) -=>
continue.

® 1991 Telefonaktiebolageﬁ L M Ericsson
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phurality of tel ephoneP?th’é'PrlﬂﬁtEh‘PB ocgugsfnywhich majching jth the received set-up
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t el ecommuni cati ons application, said application |layer including at |east
one of 5 applied. If the function does not match, matching is tried on the next clause, and

so on. If there is no match on the parameters the control is given back to the
engine. Because the Basic Call is the last feature in the feature list, the call
would in this case be aborted. Examples of high level symbolic programming
can be visualized by the function called names and of the parameter names in the
10 set-up clauses. Suitable names of any length may be chosen by the software
designer. '
High level data structures are included with the parameter [CallType,
No_Name] of the set-up clause that is a list that represents a data structure with
two variables. There are, in the present system, simple call control structures in
15 which there are actually very few such control structures at all. In the example
above there are only two control structures, namely case and continue. The case
statement is; however, the most important control structure statement. Set forth
below is an example from the phase level in which we assume the first set-up
clause in the example above has matched the received message. The function call
20 in this clause, call_start up (Self, CallType), is called.

1 # call_start_up( Self,CallType ) -->
case
check( call_allowed,Self )
25 no --> notify( release(barred),Self),

“barred;

- yes --> remember( call direction,caller A ),

notify( setup_ack(normal), Self ),

“ok

® 1901 Telefonaktiebolaget L M Ericsson
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Si‘l’:m;ction check/2, which has two parameters. This function is evaluated and
the result is returned to the call_start up function, which does its job by calling
a couple of other AOS functions and then returning the result to the calling setup
function.

One problem inherent in the development of imbedded real-time systems,
to which telecommunications systems belong, is that there are always two
computers involved. There is a host computer, usually_ a VAX, IBM or other
comparable computer,' on which the program development takes place and a
target computer such as the APN or APZ specialized Processors used in the
Ericsson AXE SPC telecommunications switching system, on which the programs
execute in the operational system. This necessarily means that there will be a
large turn around time between developing and editing programs on the host
computer and testing them in the target machine. In the system of the present
exeﬁlplary embodiment, however, these activities are combined. Through some
manipulations a line interface module ("LIM") is controlled by a work station and
its computer and, thus, combines the functions of the host and target computer
so that the edit-execute cycie time is thereby virtually eliminated. As illustrated
in FIG. 17, such a design/execution configuration includes numerous advantages.

As illustrated in FIG. 18, one known work model includes a substantially
greater number of steps compared to the system of the present invention. There
can be seen how the features are housed in a large number of blocks 141 in
comparison to the simple symbol task module 142 of the present invention.
Thus, there is a great simplification of the steps of specification and coding that
lead to a final operational software system.

| Higher software quality is yet another advantage that stems from the
present system. A mumber of aspects of the present system have been
implemented and tested to determine their design efficiency over an earlier,
known telecommunications system. The results of the design efficiency tests are
that the present system performs better than the known system for every tested

feature. Further, on average, the time required using the present system to



said tr ig-'f;ﬂ., oA 5 % v event driven |ogic having event and substate
functi opis§ e visible to other user nodules in said user
nodul e ; vent and substate functions which assune

control ul e, and 5 sai d managenent nodul e
define fd gmai nt enance function - associated with the
provi di aid teleco ni cati ons functions being I npl enent ed,;

an application operating systemlayer providi3mg a support function to the
application |layer and isolating i n&l enentation details of said )
predeterm ned 10 design,cimplementniverityi andsdegupient atfeanret isemudhr less thamdthe time

a basic operating systeml.ayer which includes primtives and functions
needed for inpl enﬁ%‘%&&ﬂdﬁtﬁ?&‘%%mt:at ion functions as well as

st andar d Pri M Th@Serlidndy fipldrilRofSRAIY 8 thallindt of delReme P Add b,

conputer system conput er system contal ni ng
execut abl e progr ain dhel present lergmplary system, wrdithfor aisothenr designer's r wopka befors)
| anguage, said conpuyter system operati [

g igevn

t el ecommuni cat i on¥ e %%%@%stegw_ﬁﬁ "lqvﬁ]g’Pg{egé/‘l’?%eoccur in a planged
D b ot Cor SRR 088 S AR Sty Sl B e
conputer 20 s wéth@glear hierarchy comprising individual, already verified building blocks that
makes it easy to see and understand the whole system readily. Further, the
present system allows code to be verified independently and incrementally, and

10 it'provides tools for error recovery and for code analysis. As briefly mentioned
above, the number of persons involved for both design and verification of the
feature can be reduced to a single individual thereby reducing waiting time and
lead time. The present system also enables planning and design verification to
be done even before functional testing.

15 The main factors that make it interesting and yet easy to design feature
modules employing the system of the present invention include the fact that the
verbal text of the functional specification corresponds to the code in the feature
module, thus improving both code and feature understanding. Further, programs
can be made small and surveyable by using language qualities liké matching, list

20 handling and recursive functions. The design is generated incrementally and
interactively and allows structured growth. Therefore, patching is not needed or
even possible as programs can be recompiled on the fly. Repeated verification
of a feature or of parts thereof is automatic, i.e. merely by test file activation and
data can be displayed at a high symbolic level. In addition, it is not necessary to

25 consider capacity problems during design, there are many fewer documents to
wﬁté, and the designer can verify the entire feature before it is released for real.
use. The quality of software is greatly enhanced, which in turn produces greater
satisfaction for the designers.

Most of the efficiency factors mentioned above are also valid when adding

30 new functionality to a system. The addition of functionality is equivalent to
adding a new feature module to the system. This feature module either contains
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Many of the efficiency factors mentioned above are also valid when
designing a feature in a distributed design environment. The most important of
these includes the fact that development is divided into small and complete
feature modules. The designer becomes independent of other designers when
creating his feature. In addition, narrow interfaces make the need for
coordination very small. The only necessary input to the feature designer is the
function specification, the actual version of the system library and of the
application operating system tool kit. Finally, interaction between features, i.e,
the order in which features are called, is solved by operational procedures and the
interactions may be tested in one single location.

As can be seen from examining the various aspects of the system of the
present invention, there are numerous advantages inherent in both the software
language structure which enables the implementation of software prototypes as
well as basic software architectures for implementing telecommunications
switching systems. Further, it can be readily seen that the system can be easily
adapted to other process control system applications.

It is thus believed that the operation and construction of the present
exemplary invention will be apparent from the foregoing description. While the
method, apparatus and system shown and described has been characterized as
being preferred, it will be readily apparent that various changes and modifications
can be made therein without departing from the spirit and scope of the invention
as defined in the following claims.
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forth in claim13 wherein each of said sequence of 10 execut abl e

i nstructions withiWHALR &LAIMEDJS} ects is an Erlang statenent.
15. The system as set fort |n claim 13 V\/nereéﬂn eai@ Ehsa cEi seauen of
execut abl e instructi ons Wi t 13 YL a or a

statenent. telecommumcatmns swmchmg system which includes a feature module and a

management module within an application layer and a data base within a basic
5 operation system layer, comprising:
means for creating feature unique data fields within said data base and
assigning formats, limits and default values to said fields by means of an
 initiation part of said feature module;
means for creating in an initiation part of said management module
10 . commands and parameters referring to said data fields within said data base and
storing said commands and parameters in said data base;
means for analyzing each command in response to reception thereof and
for checking authority of said command use and whether said parameters thereof
are within preselected value limits; and
15 means for accessing an appropriate individual feature module by a
management feature in response to acceptance of said command and operating
upon said appropriate feature unique data field to modify said field in response
to said command.

20 2. A telecommunications switching system for controlling
telecommunication information between a plurality of real world entitiés,
comprising:

telecommunication switch hardware;
a plurality of telephone instruments connected to said switch hardware via

25 an access means;

. a-program storage means for storing a multi-layer telecommunication

| control program for controlling said telecommunication switch hardware and an

access to each of said plurality of telephone instruments, said multi-layer control
program comprising:

30 an application layer implementing telecommunications features within said

switching system, constructed with a direct correspondence to a predetermined
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management module,

5 said feature module defines a particular telephony task within said
telecommunications function being implemented including signaling protocols to
be employed, said feature module includes: - .
a user module for controlling a setting up and supervision of calls in a
line protocol independent manner, said user module includes:

10 a first initiation part for defining an initial data needed by an associated
feature for performing particular telephony tasks;

a user procedure part for defining user procedure syntax and meaning, and
for assigning default values to initially defined data; and
a first traffic part for defining the operation of the associated feature

15 wherein said first traffic part of said user module is divided so that there is one
call side for each party to a telecommunications transaction, each said call side
having its own set of states, said first traffic part includes event driven logic
having event and substate functions which are visible to other user modules in
said user module to define other event and substate functions which assume

20 control of said user module; '

an access module for processing a semantic part of each protocol and
passing said semantic part to each specific type of hardware used to implement
said telecommunications functions and for passing a device independent protocol
to said user module, said access module including:

25 a second initiation part for setting default data for an. actual line, for
activéting the switch hardware and for resetting a terminal.into an appropriate
state; and

a second traffic part for dispatching and handling of traffic events; and
. a driver module for handling a syntactic part of each protocol by encoding
30 and decoding signals between said switch hardware and said access module; and
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* a management module for defining a management function associated with
the providing of said telecommunications functions being implemented;
an application operating system layer for providing a support function to
the application layer and for isolating implementation details of said
5 predetermined telecommunications application therefrom; and
a basic .operating system layer which includes primitives and functions
needed for implementation of telecommunication functions as well as standard

primitives and run-time executives for a time sharing computer system.

10 3. The telecommunications switching system of claim 2, wherein said
event driven logic of said first traffic part of said user module includes:
means for calling an appropriate phase for performing a desired job
associated with a particular telecommunications function, returning a result and
initiating a next state or substate.
15
4. The telecommunications switching system of claim 3, wherein said
appropriate phase for performing said desired job includes.analysis of address

information, queries to other parties and switch-operations.

20 5. The telecommunications switching system of claim 2, wherein said
traffic part of said access module includes:
an event handling part including event driven logic comprising event and
substate functions which are visible to other access modules in said
telecommunications sysfem and interact with said inodules by defining event and
25 substate functions which assume control of said modules; and
| a-dispatching part for processing signals coming from said actual line or
an other party, translating said signals into events and providing said events to
said event handling part.

30 6. The telecommunications switching system of claim 5, wherein said

event driven logic of said traffic part of said access module includes:
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said telecommunications function.

10 8. A method for managing data within a telecommunications switching
system, said telecommunications switching system including a feature module and
a management module, both said feature module and said management module
being within an application layer, and a data base for storing data and being
within a basic operation layer, said method comprising the steps of:
15 establishing a plurality of feature unique data fields, said data fields
describing telephone operation features in said feature module;
assigning formats, limits and default values to said data fields by an
initiation means within said feature module;
transferring said feature unique data fields to said data base;
20 storing said feature unique data fields in said data base;
bandling communication management functions in said management
module which interacts with a syntactic part of a management protocol and with
said feature module via said data base;
creating, in an initiation part of said management moduie, at least one of
25 commands and parémeters referring to said data fields within said data base;
| | storing said commands and said parameters in said data base;
analyzing each said command and checking an authority of said command
use;
“checking whether each said command and said parameter is within a

30 preselected value limit;
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Er | ang. accessing an appropriate individual data element in said data base in

response to each said command; and

modifying a feature unique data field in response to a command.

5 9. The method of claim 8, wherein said commands include an
information for deciding which data in said data base should be output and
evaluated against predetermined criteria.

10. The method of claim 8, wherein said commands include an

10 information for deciding which data in said data base should be deleted.

11. A telecommunication switching system for controlling
telecommunication information between a plurality of real world entities,
comprising:

15 telecommunication switch hardware;

a plurality of telephone instruments connected to said switch hardware via
an access means; '

a program storage means for storing a multi-layer telecommunication
control program for controlling said telecommunication switch hardware and an

20 access to each of said plurality of telephone instruments, said multi-layer control
program comprising:

an application layer implementing telecommunications features within said
switching system, constructed with a direct correspondence to a predetermined
telecommunications application, said application layer including at least one of

25 a feature module and a management module,
| said feature module defines a particular telephony task within said
application layer including signaling protocols to be employed, said feature
module includes a user module for controlling a setting up and supervision of
calls in a line protocol independent manner, said user module includes a traffic
30 part for defining the operation of the associated feature wherein said traffic part
of said user module is divided so that there is one call side for each party to a
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In claim 25 ereln sai
and substate functions which assume control of said user module, and

said management module defines a management and maintenance function -
associated with the providing of said telecommunications functions being
implemented;

an application operaﬁng system layer providing a support function to the
application layer and isolating implementation details of said predetermined
telecommunications application therefrom; and

a basic operating system layer which includes primitives and functions
needed for implementation of telecommunication functions as well as standard

primitives and run-time executives for a time sharing computer system.

12. A computer system containing executable program code developed
with a declarative programming language, said computer system operating to
provide telecommunications services, said system comprising:

a plurality of telecommunications hardware devices with device parameters
and specifications for processing telecommunications data within said computer
system;

a plurality of objects, each object including a sequence of executable
instructions with necessary device parameters and specifications for controlling one
of said hardware devices;

a plurality of device independent predicates, each predicate including a
sequence of executable instructions with object parameters and specifications for
invoking one or more of said objects to control the execution of a specific
telecommunications function through one or more of said plurality of hardware
devices; and

one or more device-and-object independent subjects, each subject including
a sequence of executable instructions each invoking one or more predicates to, in

turn, invoke one or more objects to control the execution of a specific
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telecommunications service through associated hardware devices and allowing each

subject to control telecommunication service execution without specifying object
parameters or specifications for any invoked objects or any device parameters or

specifications for the associated hardware devices.

13. The system as set forth in claim 12 wherein said declarative

programming language is Erlang.

14.  The system as set forth in claim 13 wherein each of said sequence of
10 executable instructions within each of said objects is an Erlang statement.

15.  The system as set forth in claim 13 wherein each of said sequence of

executable instructions within each of said predicates is an Erlang statement.

15 16.  The system as set forth in claim 13 wherein each of said sequence of

executable instructions within each of said subjects is an Erlang statement.

17.  The system as set forth in claim 12 wherein one of said hardware
devices is a telephone trunk.
20
18.  The system as set forth in claim 13 wherein one or fnore of said

hardware devices is represented by a data structure comprising an Erlang object.

19.  The system as set forth in claim 12 wherein at least one said specific
25 telecommunication functions executed by one or more objects invoked by a

predicate is subscriber number analysis.

20. The system as set forth in claim 12 wherein at least one of said
telecommunication services includes subscriber call forwarding,
30
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22.  The system as set forth in claim 13 further comprises data and real
5 world entities wherein said data and real world entities are represented by Erlang

objects.

23.  The system as set forth in claim 12 wherein one or more of said
predicates are software functions or procedures.
10 |
24.  The system as set forth in claim 12 wherein one of said subjects is the

main software body of said executable code.

25. A computer program product comprising:

15 . a computer usable storage medium having computer readable program code
embodied in said medium for causing the assembly of sets of executable computer
instructions coded in a declarative programming language, and which instructions
form part of a process control system to provide telecommunications services, said
computer program product having:

20 means for organizing sets of executable computer instructions into objects
that are specifically defined for communication with telecommunications hardware
devices, wherein said executable computer instructions within each object contain
specific parameters and specifications needed to control a specific
telecommunication hardware device;

25 means for organizing sets of executable computer instructions into device
independent predicates for invoking selected ones of said objects and performing a
specific t(-aleconnnunications function; and

means for organizing sets of executable computer instructions into device-
. and-object-independent subjects invoking selected ones of said predicates and, in

30 turn, calling one or more objects and performing the execution of said

telecommunication services.
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26.  Said computer program product for causing the assembly of sets of
executable computer instructions as set forth in claim 25 wherein said declarative

programming language is Erlang.

5 27.  Said computer program product for causing the assembly of sets of
executable computer instructions as set forth in claim 26 wherein each of said

executable computer instructions is an Erlang statement.

28.  Said computer program product for causing the assembly of sets of
10 executable computer instructions as set forth in claim 25 wherein one of said

telecommunications hardware devices is a telephone trunk.

29.  Said computer program product for causing the assembly of sets of
executable computer instructions as set forth in claim 26 wherein one or more of
15 said telecommunications hardware devices are represented by a data structure

comprising an Erlang object.

30.  Said computer program product for causing the assembly of sets of
executable computer instructions as set forth in claim 25 wherein said specific

20 telecommunication function is subscriber number analysis.

31.  Said computer program product for causing the assembly of sets of
executable computer instructions as set forth in claim 25 wherein one of said
telecommunication services is a special subscriber service feature.

25

32.  Said computer program product for causing the assembly of sets of

executal;le computer instructions as set forth in claim 26 wherein one of said

subjects comprises an Erlang module.
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33.  Said computer program product for causing the assembly of sets of
executable computer instructions as set forth in claim 26 wherein data and real

world entities within said control system are represented by Erlang Objects.

5 34.  Said computer program product for causing the assembly of sets of
executable computer instructions as set forth in claim 25 wherein one or more of

said predicates are software functions or procedures.

35; Said computer prograin product for causing the assembly of sets of
10 executable computer instructions as set forth in claim 25 wherein one of said

subjects is the main software body of said control system.
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SOFTWARE STRUCTURE FOR TELECOMMUNICATION
SWITCHING SYSTEMS

ABSTRACT OF THE DISCLOSURE

The disclosed system includes a declarative language construct for use in
programming telecommunications switching systems, comprised of certain natural
language elements such as subjects, predicates and objects. The disclosed system
also includes an efficient method for constructing prototype telecommunications
system software that provides the capability to handle the real-time and parallel
nature of operations in telecommunications systems (Figs. 1-3). In yet another
aspect, the disclosed system provides a layered software architecture (Figs. 8 and
9) for use in connection with telecommunications switching systems that enhances

overall system functionality.

(Figure 11)



