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ABSTRACT 

Is it possible to conneet ISDN terminals to the existing digital 

line interface of SOPHO-S via a Private Network Termination? 

This is one of the problems, that have to be solved, before SOPHO-S 

(i.e. the Philips digital PABX) can be regarded as the link between 

Office Automation and ISDN. Other matters, that have to be inves

tigated before SOPHO-S can be considered as an IS-PBX include the 

following: 

• Development of a digital line circuit, in order to be able to 

conneet ISDN terminals directly to SOPHO-S; 

• Definition of a primary rate ISDN trunk, for conneetion of 

SOPHO-S to the public ISDN network. 

This report deals with the specification and implementation of a 

Private Network Termination (PNT), upon which ISDN terminalscan be 

connected. The starting-point is that the development of the PNT 

must not impose modifications on either SOPHO-S or ISDN concepts! 

The development of the PNT is focused on the specification of its 

layer 3 function. This PNT layer 3, that consists of a protocol 

interworking function, is specified using the CCITT's specification 

and description language SDL. 

Chapter 5 treats the translation of the PNT layer 3 specification 

into a software implementation. 

Finally, chapter 6 presents the conclusions and recommendations, 

including the most important one: the PNT layer 3 specification, as 

presented in this report, is indeed capable of supporting communiea

tion between SOPHO-S and ISDN terminals. 
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CHAPTER 1 

INTRODUCTION 

Telecornmunications in its advanced appearance has grown into ISDN, 

the Integrated Services Digital Network. ISDN is under construction 

in many countries of the developed world and will be the universal 

switching and transport medium for all kinds of information: voice, 

data, text and images. 

In Office Automation it is the task of the Private Automatic Branch 

Exchange (PABX) to offer the business organization a set of adequate 

cornmunication functions for in-house use. Historically it serves all 

voice cornmunication, but with modern digital technology it can do 

far more than that: data, text and image communication. The PABX in 

particular can offer a general in-house communication infrastructure 

both for telephone and for office automation and data processing 

applications. Further, the PABX serves as the gateway to the exter

nal cornmunications world. The world of today's telephone, telex and 

public data networks and of tomarrow's ISDN. 

The PABX is in the position to bridge the gap between the two worlds 

of Telecornmunications and Office Automation. However, before the 

digital PABX can be regarded as the link between Office Automation 

and ISDN, a lot of problems must be overcome. One of these problems 

is the subject of this report. 

1.1 FORMULATION OF THE PROBLEM 

The formulation of the problem, that has to be inverstigated, is 

depicted as follows: 

" ... The PABX developed by Philips, the SOPHO-S, offers a digital 

terminal interface based on a 2-wire u-interface with a proprietary 

layer 3 protocol. This layer 3 protocol is the Philips Terminal 

Message Protocol (TMP). 

Philips has developed a Private Network Termination that converts 

the 2-wire u-interface into the 4-wire s-interface conform the CCITT 

1 



CHAPTER 1. INTRODUCTION 

Recommendations (I.430, I.440). Philips digital terminals can be 

connected to this PNT which are physically identical to the public 

ISDN terminals, but on layer 3 still with the proprietary TMP 

protocol. 

Although this kind of terminals CP-terminals) offers far more 

functionality than the public ISDN terminals, it is to be expected 

that the public ISDN terminals will become much cheaper and avail

able in many types. Therefore it is useful to examine the possibi

lity of developing an extended version of the existing PNT. upon 

which public ISDN terminals can be connected. 

For this purpose the following must be investigated: 

• What parts of the protoeals can be converted? 

• Describe the layer 3 conversion function using the CCITT 

specification language SDL; 

• Implement the conversion function (partially) in order to 

demonstrate the feasibility of this conversion. 

In first instance, ISDN terminals based on the German version of the 

ISDN Recommendations (1TR6) must be considered. 

" 

An introduetion into the concepts of ISDN and SOPHO-S will be given 

in chapter 2, before a more detailed investigation into the proble

matic nature can be started in chapter 3. 

After SDL terminology is explained, the SDL specification of the PNT 

layer 3 conversion function is presented in chapter 4. The mapping 

of this SDL specification on a software implementation is the 

subject of chapter 5. 

Finally, chapter 6 presents the conclusions and recommendations. 

2 



CHAPTER 2 

ISDN AND SOPHO-S 

In this chapter a short introduetion will be given into the ISDN 

concept. Also the structure of a SOPHO-S will be treated. The 

terminology that will be explained in this chapter will be used 

frequently throughout the rest of this report. 

2.1 THE OSI MODEL 

2.1.1 METHODOLOGY USED 

In this section the ISO (International Standardization Organization) 

reference model for Open System Interconnection will be explained. 

This model is developed in order to provide a framework which can be 

employed in the developrnent of protoeals for cornrnunicating devices. 

A protocol defines the rules and conventions used for this corn

rnunication [TANE 81]. The OSI reference model is used by rnany 

organizations, which deal with the developrnent of protocols. The 

reason is that this model allows a structured approach for defining 

protocols. The concepts defined by this model will also be used 

throughout the rest of this report. 

The OSI model consists of seven layers. Each layer perforrns a well 

defined function. The boundaries between these layers are chosen so 

that the inforrnation flow across the interfaces is as low as pos

sible. 

A layer consists of logical entities, which are the active elernents 

in a layer. Two entities in the sarne layer, which are in separate 

systerns, are called peer-entities. These peer-entities cornrnunicate 

by means of a peer-to-peer protocol. The (N)-layer offers services 

to the (N+l)-layer and uses the services offered by the (N-1)-layer. 

The point at which (N)-services are provided by an (N)-entity to an 

(N+l)-entity is called the Service Access Point(SAP). 

3 



CHAPTER 2. ISDN AND SOPHO-S 

(N•1)-Iayer 

(N)-Iayer 

Figure 2.1 "The layered concept." 

Because a layer can have several entities, it can also have several 

SAPs (see figure 2 .1). Inside a Service Access Point there can be 

several Conneetion Endpoints (CEs), these are indicated in figure 

2.1 with a • . By allowing several CEs in a SAP, multiplexing can be 

performed from layer (N+l) to layer (N) for one service. For infor

rnation to be exchanged between two or more (N+l) -entities a data 

link conneetion must be established between the entities in the (N)

layer using an (N) peer-to-peer protocol. 

Interaction between two adjacent layers is perforrned by means of 

primitives. A primitive may contain parameters. There are four 

different types of primitives (see figure 2.2). 

4 
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Figure 2.2 "Communication primitives between layers." 

1. Request primitive type, used when an (N+l)-layer is requesting 

service from an (N)-layer; 



2.1. THE OSI MODEL 

2. Indication primitive type, used by an (N)-layer to notify the 

(N+l)-layer of activities related to the primitive type 

request. 

3. Response primitive type, used by an (N+l)-layer to acknowledge 

receipt of the primitive type indication (which came from the 

(N)-layer). 

4. Confirm primitive type, used by the (N) -layer providing the 

requested service, to confirm the (N+l)-layer that the ac

tivity has been completed. 

2.1.2 THE DIFFERENT LAYERS 

As described in the previous section, ISO uses a layered model to 

model the protocol stack of a communicating device. In this section 

a brief description will be given about the functions performed by 

the different layers. 

Layer 7: The Application layer. 

This is the highest layer in the model. It provides services to 

the application processes which are also part of this layer. It 

is up to the user to define the application present in this 

layer. 

Layer 6: The Presentation layer. 

The purpose of this layer is to deal with the syntax and seman

tics of the data to be transmitted, independent of the applica

tion layer. Functions like encryption and compression are ser

vices offered by this layer. 

Layer 5: The Session layer. 

This layer manages the dialogue in an orderly manner. It provides 

synchronization markers to indicate different communication 

phases. It also determines which service is allowed to send. 

Layer 4: The Transport layer. 

This layer provides an end-to-end service to the upper layers. 

Functions like automatic recovery from loss of network connee

tions, multiplexing from different transport connections on a 

network conneetion to reduce costs and additional error detection 

are performed in this layer. 

5 



CHAPTER 2. ISDN AND SOPHO-S 

END SYSTEM END SYSm 

J. Appl i cation J. Appl icat1on 

6. Pr esenta ti on ' 6. Pr esenta ti on .. 

5. sess ion 5. Sess ion 

4. Transport 4. Transport 
NETWORK NODE 

l Network ( ) l Netwerk ( ) l Network 

2. Data 1 ink ( ) 2. Data 11 nk ( ) 2 Data I ink 

1. Physica I ( ) 1. Physical ( ) 1. Physica I 

I Medium 11 Medium T 
Figure 2.3 "The OSI reference model." 

Layer 3: The Network layer. 
Layer 3 functions provide the means to establish, maintain and 

terminate network connections between communicating application 

entities. Functions performed by layer 3 include the following: 

• processing of primitives for communicating with the data link 

layer; 

• generation and interpretation of layer 3 messages for peer

level communication; 

• administration of timers and logical entities (e.g., call 

references) used in the call control procedures; 

• administration of access resources including B-channels and 

packet-layer logical channels; 

• checking to ensure that services provided are consistent with 

user requirements (e.g., compatibility, addresses, service 

indicators). 

Layer 2: The Data link layer. 

6 

The task of this layer is to transform the errorprone physical 

channel into a reliable link. Errors in frames are detected and 

possibly corrected. Also flow control and frame sequencing are 

functions performed by this layer. The terms "Layer 2 11 and 11 L2 11 

are used as abbreviations for data link layer. 



2.1. THE OSI MODEL 

Layer 1: The Physical layer. 

This layer is concerned with the transmission of bits. Timing, 

voltages etc. are dealt with in this layer. 

Figure 2.3 shows the OSI reference model. 

2.2 INTEGRATED SERVICES DIGITAL NETWORK 

ISDN is defined by the CCITT (Comité Consultatif Internationale de 

Télégraphique et Téléphone) as follows: 

"An ISDN is a network, in general evolving from a digital telephone 

network, that provides end-to-end digital connectivity to support a 

wide range of services, to which users have access by a limited set 

of standard multipurpose user-network interfaces." 

The ISDN concept can be summarized in the following: 

• The ISDN supports a range of voice and non-voice services on 

the basis of a limited set multifunctional user-interfaces; 

• The ISDN supports both packetswitched and circuitswitched 

connections; 

• The ISDN evolves from the digital telephone network. 

2.2.1 REFERENCE CONFIGURATION 

Reference configurations are conceptual configurations useful in 

identifying various physical and functional user access arrangements 

to an ISDN. Two concepts are used in defining reference configura

tions: reference points and functional groupings. Functional groups 

are sets of functions which may be needed in ISDN user access 

arrangement. Specific functions in a functional group may performed 

in one or more pieces of equipment. 

Interfaces between functional groups are identified by reference 

points. In a specific access arrangement, a reference point may 

correspond to a physical interface between pieces of equipment, or 

there may not be any physical interface corresponding to the refe

rence point. Figure 2.4 shows the reference configurations for the 

ISDN user-network interfaces. 

Figure 2.4.a defines the reference configuration with the functional 

groups NTl, NT2 and TEl. Figure 2.4.b illustrates that TEl may be 

7 
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a) t 
b) t I TE2 TA 

D Functional group1ng 

h-
+ Reference point 

pub I ie 
ISDN 

Figure 2.4 "Reference configurations for the ISDN user-network interfaces." 

replaced by the combination of TE2 and TA. Lists of functions for 

each functional group are given below. 

NTl. Network Termination 1, includes functions broadly equivalent to 

layer 1 of the OS! reference model. These functions are associated 

with the proper physical and electromagnetic termination of the 

network. NTl functions are: 

• line transmission termination; 

• layer 1 line maintenance functions and performance monitoring; 

• timing; 

• power transfer; 

• layer 1 multiplexing; 

NT2. Network Termination 2, includes functions broadly equivalent to 

layer 1 and higher layers. PABXs and local area networks are ex

amples of combinations of equipment that provide NT2 functions. NT2 

functions include: 

• layers 2 and 3 protocol handling; 

• layers 2 and 3 multiplexing; 

• switching; 

TE, Terminal Eguipment, includes functions broadly belonging to 

8 



2.2. ISDN 

layer 1 and higher layers. Digital telephones and data terminal 

equipment are examples that provide TE functions. 

TEl. Terminal Eguipment 1, includes functions belonging to the 

functional group TE, and with an interface that complies with the 

ISDN user-network Recommendations. 

TE2. Terminal Eguipment 2, includes functions belonging to the 

functional group TE but with an interface that complies with inter

face Recommendations other than the ISDN interface Recommendations. 

TA, Terminal Adapter, includes functions that allow a TE2 terminal 

to be served by an ISDN user-network interface. 

2.2.2 ISDN SERVICES 

An user has, via the various reference points, access to the tele

communication services offered by the ISDN. These services can be 

divided in two main groups: 

1. bearer services; 

2. teleservices. 

Bearer services are defined at the S- or T-reference point and use 

broadly the lowest 3 layers of the OSI model. An example of a bearer 

service is a 64 kbit/s transparent circuitswitched connection. 

Teleservices are defined at points 1 and 2 in figure 2. 4 and use 

broadly layers 1 up to 7 of the OSI model. At the lower layers these 

services use some bearer service. Telephony is an example of a 

teleservice. 

2.2.3 ISDN USER-NETWORK INTERFACE CAPABILITIES 

Up to now, GGITT has defined two user-network reference points S and 

T. At these reference points one or more channels are defined with 

the following structures: 

• Basic access 2 B + D(l6) 

• Primary rate access 30 B + 0(64) 

The B channel (capacity 64 kb/s) is used to convey information and 

9 



CHAPTER 2. ISDN AND SOPHO-S 

the D channel is used for signalling information. 

In the CCITT Recommendations is defined that a maximum of 8 physical 

terminals may be connected to a s- interface. In case of a basic 

access s-interface, only 2 of this maximum of 8 physical terminals 

can use a B-channel simultaneously. 

2.2.4 ISDN LAYER 2 D-CHANNEL PROTOCOL 

The function of layer 2 is proteetion of layer 3 information against 

transmission errors. A well known layer 2 protocol is the High Level 

Data Link Control, HDLC. The ISDN layer 2 D-channel protocol, the 

Link Access Procedure on the D-channel (LAPD), is basedon this HDLC 

protocol [Q. 921]. The structure of a layer 2 frame is given in 

figure 3. 5. 

FLAG ADORE55 CONTROL INFORMATION FCS FLAG 

··. 

·-------~ 
·- ... 

·- .. ·- .. __ 

··. 

I 
SAP I TEl 

I 
Figure 2.5 "Structure of a layer 2 frame. " 

The frame is marked at the begin and end with an unique bit-pattern. 

The errorprotection of a layer 2 frame is handled by a Frame Check 

Sequence (FCS). FCS takes care of faultdetection; faultcorrection 

takes place by retransmission of frames. 

In order to handle multiple terminal installations at the network 

interface as well as multiple layer 3 entities such as signalling 

and packet communication, LAPD has the capacity of supporting 

multiple data link connections simultaneously on a single D-channel. 

In order to identify a specific data link connection, the layer 2 

address field consists of two subfields, namely, the data link 
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Service Access Point Identifier ( SAPI) subfield and the Terminal 

Endpoint Identifier (TEl) subfield. (See figure 2.5). 

According to OSI layered model terminology, SAPI identifies a point 

at which data link layer services are provided to layer 3. For 

example, SAPI=O identifies a layer 2 service intended for call 

control procedures. 

The TEl identifies a specific endpoint within a SAP. Normally a TEl 

value identifies a specific logical terminal (Notice that a physical 

terminal can consistsof one or more logical terminals). A group TEl 

is assigned to the broadcast (point-to-multipoint) data link. All 

other TEl values are used for point-to-point data links. 

A TEl value can be assigned to a logical terminal in one of the 

following ways: 

• Values 0 - 63 are reserved for TEis that are static adjusted in 

a terminal; 

• Values 64 - 126 are dynamically assigned by the network via the 

TEl assignment procedure; 

• TEl value 127 is the global or broadcast TEl. This TEl value is 

used if a message has to be sent to all data link endpoints 

inside a SAP. For example, the layer 3 message SETUP (indica

ting that a call is present) will be sent by the network layer 

2 with address TEI=l27, SAPI=O. 

2.2.5 ISDN LAYER 3 D-CHANNEL PROTOCOL 

The ISDN layer 3 D-channel protocol is defined in Recommendations 

[Q.931]. These Recommendations describe the procedures for the 

establishing and clearing of network connections such as follows: 

• Circuit-switched connections using the B-channel; 

• User-to-user signalling connections using the D-channel; 

• Packet-switched connections using either the D-channel or the 

B-channel. 

Layer 3 defines the various signalling messages, such as the request 

11 
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to set up a call and to break off a connection. A layer 3 message 

consists of a header, followed by one or more information elements 

(Figure 2.6). 

HE ADER 

PROTOCOL 
DISCRIMINATOR 

INFORMATION 
ElEMENT 

Figure 2.6 "Structure of a layer 3 message." 

The Protocol Discriminator indicates the type of protocol, according 

to which the messages are coded. 

Each incoming and outgoing call is identified by a call reference. 

All messages related to the same call have the same call reference. 

The message type identifier identifies the type of the signalling 

message: SETUP, CONNECT, etc .. 

A signalling message may contain one or more information elements, 

such as display-information, digit-information or channel iden

tification. 

2.3 SOPHO-S 

Synergetic Open PHilips Office Switch (SOPHO-S) is the name of the 

present line of digital PABXs developed by PTDSN Hilversum. The 

SOPHO-Switches belong to the office automation philosophy of Philips 

called SOPHOMATION (Synergetic Open PHilips Office autoMATION). 

SOPHO-S is basedon ISDN principles: 

• SOPHO-S offers a (2B+D) digital terminal interface based on the 

2-wire u-interface with a proprietary layer 3 protocol; 

• SOPHO-S offers various primary rate (30B+D) Digital Trunk 

Units. For example DPNSS, for signalling over leased lines. 

Figure 2.7 shows a functional decomposition of SOPHO-S. 
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X.21,V.24 

di g ita I 
te I ephone 

(sopho-set) 

digital 

28 + D 

digital 

28 + 0 

ALC= Analogue Line CiCUit 
ATU= Analogue Trunk Unit 
DLC= Digital Line Circuit 
DTU= Dlgital Trunk Unit-Primary Rate 
LAM= Li ne Adapter Modu Ie 

SOPHO-S 

DPNSS= Digital Private Network Signa II ing System 
PSTN= Public Switched Telephone Network 

dlgital 
308 t 

analogue 

0 P N SS 

PSTN 

Figure 2.7 "Functional decomposition of the SOPHO-Switch." 

The SOPHO-S digital terminal interface uses a proprietary layer 3 

protocol, called Terminal Message Protocol (TMP). The following 

categories of functions are provided by this layer 3 signalling 

protocol: 

• Extension-equipment initialization; 

• Downloading of parameter settings and function key contents; 

• Conneetion establishment and disestablishment; 

• User-to-user signalling; 

• Execution of operational maintenance commands. 

In contrary with the ISDN s-interface, the SOPHO-S digital terminal 

interface supports only one connected terminal. This terminal has 

two ports, one for each B-channel. The ports are addressed by SOPHO

S by means of separate portnumbers. In the first message that is 

sent to a port, SOPHO-S assigns one of the two B-channels to the 

port. From now, the port is the sole owner of the indicated B

channel. Due to this fact, the TMP protocol, active on layer 3 of 
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CHAPTER 2. ISDN AND SOPHO-S 

the port, expects a fulltime present B-channel! 

Currently, there exist two, basic types, SOPHO-S terminals: the 

SOPHO-SETand the LAM (Line Adapter Module). The SOPHO-SET has one 

voice portand one data port; the LAM offers two data ports. Various 

terminal models, based on one of these basic types, are available. 

NOTE: 

In contrary with TMP, the ISDN layer 3 does not expect a fulltime 

present B-channel. A terminal can use a B-channel only if it is not 

in use by an other logical terminal that is also connected to the s

interface. 
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CHAPTER 3 

SOPHO-S FROM PABX TO ISPBX 

3.1 INTRODUCTION 

When looking at ISDN introduetion scenarios in the various countries 

one should be aware of the effort that still is required in the 

standardization process and also take into account that the con

struction of a digital infrastructure in itself is already an 

enormous task. Interesting in this respect is the commitment of the 

EEG countries to achieve an ISDN coverage of 5% by the end of 1992. 

Who are these new customers? Apparently not the residential users, 

the homes. For them even the initial ISDN functions exceed most of 

the wishes and almost certainly their budgets. No, the users most 

eager to start with ISDN are in the business community. They have a 

justification for the improved functionality that ISDN may offer 

over the traditional cornrnunication means and therefore the money. 

And more important, a company-wide scale is much easier to manage 

than a nation-wide or even larger scale. Historically, however, the 

business cornrnunity is served by PABXs. This leads to an interesting 

confrontation. On the one hand the public ISDN providers (the PTTs) 

try to get hold of this market by offering services via the public 

ISDN network or approaching the very small business without an 

irnrnediate need for PABX services. On the other hand the PABX sup

pliers try to secure their share of the market by portraying their 

systems as Integrated Services PABXs (=ISPBXs). Is there such a 

thing as an ISPBX and if so what are the characteristics? 

In the next sections, the position of the PABX in the ISDN network, 

will be discussed. In the ISDN reference configuration, the PABX is 

positioned as the NT2 functional grouping; see figure 3.1. 
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TE1 NT 2 NT1 ~ 

L!:.AJli 

TA ~ TE2 

Figure 3.1 "ISDN reference configuration model." 

3.2 PABX CONNECTION TO PUBLIC ISDN 

Up to now mature international signalling standards for PABX to 

public ISDN over primary ra te interfaces, were not available. For 

that reason primary rate equipment with nationally defined channel 

associated signalling is being installed in various countries. 

The CCITT basic access and primary rate interfaces can bath be 

applied at reference point T (i.e. between PABX and public ISDN). 

The choice for one of them depends on the required number of 64 

kbit/s trunk channels. 

The SOPHO-S PABX supports a pre-ISDN scenario based on primary rate 

interfaces with channel associated signalling: DPNSS. Digital 

Private Network Signalling System is a private network signalling 

system for signalling over leased lines. Layer 1 and 2 specifica

tions are nearly identical to the specificatien DASS II, the UK 

standard for PABX to public ISDN signalling. An interesting option 

of DPNSS is the usage of the public ISDN insteadof leased lines! 

Since it is expected that the standardization process takes quite 

some years, in the meantime DPNSS serves as a pre-ISDN standard. 

3.3 PABX INTERFACES FOR ISDN EQUIPMENT 

In order to transfarm the PABX to ISPBX, the PABX should have built

in s-interface circuits to which the terminals TE can conneet 

directly, either in a single or multi-terminal arrangement. One of 

the disadvantages is that the s-interface is a 4-wire interface and 

most of the networks in place are still 2-wire. Another problem is 

that the s-interface may not cape with the terminal-to-PABX distance 

requirements. The distance limitations specified within the Recom-
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mendations range from 1 km(single terminal) to 200 meters(multi

terminal). The average loop length of a medium sized PABX is ap

proximately 600 meters. 

Because of the wiring and distance requirements mentioned above, a 

cost-effective 2-wire private network is under discussion within the 

various standardization bodies in Europe. The Philips PABX SOPHO-S 

uses such a 2-wire echo canceller based private u-interface. 

The outcome of the ISPBX terminal issue in Europe will probably that 

the S-terminals of the public ISDN can be connected to either 4-wire 

s- interface circuits integrated in the ISPBX(short loop) or NTs 

behind a 2 -wire u- interface circuit (long loops) . The NT can be 

integrated either in the terminals (TE/NT) or constructed as a 

PRIVATE NETWORK TERMINATION (PNT) to convert the "U" to standard 

"S". Figure 3. 2 illustrates the different PABX interfaces for ISDN 

equipment. 

DLCi = Digital Line Circuits-interface 
DLCu = Digital Line Circuit u-interface 

Figure 3.2 "ISPBX interfaces for ISDN terminals." 

3.4 THE PNTl 

A more detailed description of the function of the Private Network 

Termination is given in figure 3.3. This figure illustrates the PNT 

OS I-model. 

Development of the PNT includes both hardware and software conver

sion. The hardware conversion implies the conversion of the 4-wire 

ISDN s-interface into the 2-wire SOPHO-S u-interface. 
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CHAPTER 3. SOPHO-S FROM PABX TO ISPBX 

IWF= lnterWorKing Function 

Figure 3.3 "The PNT OSI-model." 

The software conversion implies the conversion of a layer 3 ISDN 

protocol into the layer 3 TMP protocol (i.e. SOPHO-S proprietary 

protocol). 

As a first stage, Philips developed the PNTl that takes care of the 

hardware conversion. The PNTl is made in the first instanee to 

bridge the difference in the transmission medium of the ISDN s

interface (4 wires) and that of the SOPHO-S echo-canceling based u

interface (2 wires). Not the protocol conversion is implemented in 

the PNTl. but rather a message relay. Consequently, the PNTl sup

ports only terminals with ISDN implementations on layers 1 and 2 and 

the TMP protocol on layer 3. This kind of terminals will be denoted 

as P-terminals. Figure 3.4 illustrates the PNTl OSI-model. 

Because the PNTl is useless without a P-terminal, Philips also 

developed a P-terminal. 

P-terminals have fixed TE Is (=Terminal Endpoint Identifiers): 

P-terminal with TEI=O :terminal uses BO-channel; 

P-terminal with TEI=l :terminal uses Bl-channel; 

P-terminal with TEis=O & 1 :terminal uses both BO and Bl. 
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IS-termina I 

Figure 3.4 "The PNTl OSI-model." 

The TEl value of a terminal is used by the PNTl layer-2-ISDN-side to 
address a specific terminal. 

A P-terminal expects a fulltime present B-channel; this fact is 
inherent to the layer 3 protocol ( =TMP) of this terminal. As a 
consequence a maximum of 2 P-terminals can be connected to the PNTl; 
one for each B-channel. 

PNTl Layer 3 function: 
As stated before, the PNTl performs at layer 3 not a real conversion 
but rather a message relay between the ISDN s- interface and the 
SOPHO-S u-interface. This means that at layer 3 level the PNTl does 
not manipulate the layer 3 messages it receives but simply transmits 
them to the other side. 

PNTl Layer 2 function: 
At layer 2 level the PNTl maintains the links at both sides: 

SOPHO-S <--> PNTl and PNTl <--> P-terminals. 

At the SOPHO-S side the PNTl supports the SOPHO layer 2 protocol and 
at the P-terminal side the PNTl supports the ISDN layer 2 protocol. 

PNTl Layer 1 function: 
At layer 1 level the PNTl converts all ISDN physical signals into 
SOPHO-S physical signals. 
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3.5 THE PNT 

In order to be able to conneet public ISDN terminals to SOPHO-S via 

a Network Terminatien, the PNTl ( see figure 3. 4) has to be trans

formed to the PNT ( see figure 3. 3). It shows, by camparing both 

figures, that the PNT will have the samehardware and layers 1 and 2 

as the PNTl. 

The difference between the PNT and the PNTl is the layer 3 function: 

The PNTl is transparent on layer 3 (i.e. message relay) and the PNT 

layer 3 must consist of an interwerking function that performs a 

conversion between TMP and an ISDN protocol. As a consequence, we 

may only conneet ISDN terminals to the PNT ! 

Because layer 3 function is implemented in software, it seems 

possible to combine both the PNT and the PNTl layer 3 software in 

one and the same network termination. Both P-terminals and ISDN ter

minals could be connected to this new PNT. See figure 3.5. 

Figure 3.5 "PNT OSI-model." 

Remark on figure 3.5: 

The difference between P-terminals and ISDN terminals occurs on 

layer 3, and not on layers 1 and 2. The PNT layer 2 terminal-side 
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treats P-terminals and ISDN terminals in the same way. The PNT layer 

2 terminal-side addresses a specific terminal by its TEl value, and 

is not aware of the type of the terminal (P- or ISDN terminal). 

Moreover, this is conform the OSI concepts, because the layer 2 task 

is to convey layer 3 messages on a peer-to-peer connection, regard

less the kind of layer 3 function. 

However, is it desirable to develop a PNT upon which both ISDN 

terminals and P-terminals can be connected? The answer to this 

question must be affirmative because of the following reasons: 

• The combination-PNT replaces two PNT versions; 

• The combination-PNT offers the elient the option 

combination of P-terminals and ISDN terminals, 

necessity of changing the network termination: 

to conneet a 

without the 

The PNT of figure 3.5 offers the possibility to connect, for exam

ple, one sophisticated telephone (i.e. a P-terminal) and one public 

ISDN FAX-G4-terminal, to one and the same network termination. 

Note: 

From this point PNT refers to the PNT as described in figure 3.5. 

As a direct consequence of connecting both P- terminals and ISDN 

terminals to the PNT, the following 2 restrictions occur: 

Restrietion l: 

P-terminals have fixed TEis and ISDN terminals can have fixed or 

non-fixed TEis. Therefore it is not allowed to conneet fixed ISDN 

terminals with TEI=O or l to the PNT; otherwise the PNT layer 2 can 

not distinguish between ISDN- and P-terminals. 

Restrietion 2: 

A P-terminal expects a fulltime present B-channel. As a consequence 

we have to assign a higher priority to P- terminals than to ISDN 

terminals. 

For example, a P-terminal with TEI=O will always become the owner of 

the BO-channel. In the case that a P-terminal with TEI=O and an ISDN 

terminal are connected to the PNT, the ISDN terminal cannot setup a 
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call requesting for the BO-channel because the P-terminal 'owns' 

this channel. So, in this case, the ISDN terminal should setup a 

call using the Bl-channel. 

At this point, the problem definition of the PNT layer 3 is comple

ted. In the next chapter, the specification of this layer 3 function 

can be started. 
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CHAPTER 4 

SPECIFICATION OF THE PNT LAYER 3 

The specification of the PNT layer 3 function will be in SDL. What 

is SDL? 

SDL stands for Specification and Description Language and is defined 

by the CCITT. It is a formal specification language specially 

designed for specifying telecommunication systems. 
Why SDL? The main reason for using SDL as the specification language 

for the PNT is the fact that it has been developed, standardized and 

used by the CCITT and therefore accepted in the world of telecom

munication. Secondly, it is a formal language that is supported by 

computer tools and thus can lead to more complete and more consis

tent specifications. Thirdly, it is an executable specification 

language that can be used for verification by simulation. 

4.1 SOL: CCITT'S SPECIFICATION AND DESCRIPTION LANGUAGE 

4.1.1 INTRODUCTION 

SDL has been designed by the CCITT as a vehicle to specify and 

describe the behaviour of telecommunication systems. lts design 

started as early as in 1972 when study group XI of the CCITT started 

to design a programming language, a specification and description 

language and a Man/Machine interaction Language (MML). This work 

resulted among others in a recommendation in which a graphical 

method was specified to describe an extended finite state machine. 

The language was called CCITT Specification and Description Language 

(SDL). 

During the period 1976-1988 the language has been thoroughly exten
ded and revised. The semantics of the language were defined formal

ly, so that i t became possible to develop support tools to verify 

the specifications. 

SDL can be used to specify the required behaviour and to describe 

the actual behaviour of a system. It can also be the base for a 

methodology of documentation to represent completely a system 
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specification. Furthermore, it may be used to represent, at various 

levels of detail, the functional properties of a system. 

Specifications and descriptions in SDL can be written in a partially 

formal or in a total formal way. Partially formal specifications 

contain statements in natural language, so a wider range of people 

can understand it. On the other hand, totally formal specifications 

only contain formal statements. 

SDL is based on an Extended Finite-State Machine (EFSM) model 

provided with the following properties: 

• every combination of input and state yields an output and a 

next state (an ordinary property of an FSM); 

• the FSM is extended with auxiliary storage operated on by 

auxiliary operations; 

• auxiliary operations are: decision, which makes a choice 

between several alternatives depending on parameters associated 

with inputs and on information in auxiliary storage; task, 

perfarms actions on auxiliary starage and manipulates input and 

output parameters; 

• interactions between EFSM' s are represented by signals which 

are optionally parameterized; 

• communication between EFSM's is asynchronous implemented by 

FIFO queues. 

SDL can be represented in two different forms depending on the same 

semantic model: 

• Graphical Representation (SDL/GR) using graphical symbols; 

• Phrase Representation (SDL/PR) using program-like statements. 

SDL/GR is better suited for expressing ideas and allows the control 

flow to be easily visualized, while SDL/PR is preferable for use on 

a machine, because checks can be placed upon it more easily. 
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As SDL is a formal language it is possible to support the language 

with computer tools. There are a number of tool-packages commercial

ly available. The tool-package that is used to specify the PNT is 

the SDT (SDL Design Tool) package from TeleLogic Sweden [ SDT 89]. 

The following modules are available at this moment: 

• SGE: ( SDT Gr aphical Editor) a gr aphical editor to edit and 

maintain SDL descriptions in the Graphical Representation (GR). 

• SRG: (SDT Report Generator) a report generator. Th is report 

generator is used to print the SDL-diagrams made with SGE. 

• SAC: (SDT Analyzer and Converter) this module comprises the 

syntax and semantic analyzer tools, the syntax conversion tools 

and the simulator generator. The conversion tools convert the 

Graphical Representation to the Phrase Representation (PR). 

• UTILITY: Utilities to maintain the databases of the SDL des

criptions. 

• MAINT: Utilities to create and delete SDL databases. 

The SDL specification of the PNT has been edited graphically using 

SGE/PC version 2. 02. A communication program (for example Kermit) 

must be used to transfer the GR files to the VAX. Further, the SAC 

tool on the VAX system is used to convert this graphical specifica

tion into the PR form. Next SAC checks the syntax and semantic of 

the specification. If SAC does not detect any irregularities, a 

simulator can be generated. 

4.1.2 BASIC CONCEPTS OF SDL 

Systems in SDL can be modelled by using building blocks for express

ing the structure of a system. The behaviour of these blocks is 

specified by using processes, extended finite-state machines com

municating through signals. 

Building b locks 

A system in SDL is composed of a number of blocks connected by 

channels. Each block may contain one or more processes, which 

describe the behaviour of the block. The only means of communication 
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between processes in two different blocks is by sending signals that 

are transported by the channels (see Figure 4.1). 

5Y5TE~ s 

I 51GNAL S1,S2,53,54,S5; 'l 

C 1[ S1, 52] 
8 1 "' c2r 531 ,. ,. 

I l r.1r S4l 82 C4r 551 ,. 

Figure 4.1 "A SDL system diagram." 

Within a block processes can comrnunicate with one another either by 

signals or shared variables. The signals between processes in the 

same block and between a process and the environment of the block 

are carried by signalroutes (see Figure 4.2). 

BLOCK 81 I SIGNAL Sx,Sy; ~ 
RJ[ SJ] 

L c 2 

c 1 
R1[ S1] (pj [Sx] R 5 

\ ' 'if [Sy] 

R2r s21 ( P2(0,5) ..... R4r S41 - c 3 

Figure 4.2 "A SDL block diagram." 

A channel connects two different blocks in the system or a block and 

the environment of the system. It can be unidirectional or bidirec

tional. When a signal is delivered to a signalroute leading to a 

block boundary, the signal is given to the channel connected to the 

signalroute. When a signal arrives at a block from a channel and the 
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channel is connected to one or more signalroutes, the signal is 

delivered to the signalroute containing the identifier of the signal 

in its signal list. The signal list of an incoming channel is 

partitioned into disjunct sets, one set per signalroute connected to 

the channel. The signal list of an outgoing channel is partitioned 

into sets, not necessarily disjunct, one per signalroute connected 

to the channel. 

A signal consists of a signal name and possible a number of parame

ters carried with the signal. Signals are thus typed, whereas 

channels and signalroutes are not typed. Signals are used for 

synchronization between processes and for carrying information from 

one process to another. 

Processes 
A process is an extended finite-state machine, defining the beha

viour of a part of a system. Each process has one input queue in 

which input signals for the process are stored until the process is 

able to receive them. Thus, there is no separate signal queue per 

signalroute or signal type. Figure 4.3 illustrates an example of a 

process. 

Figure 4.3 "SDL process state transitions." 

Data handling 

Variables can be declared in a process and are local to that pro

cess. Only the owner process can change the value of the variables. 

Processes in the same block can share variables. The process owning 

the shared variable must deelare it as a revealed variable. The 

process wanting to share the variable must deelare a viewed variable 

with the same identifier and the same sort as the one being shared. 
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The viewing process can not modify the value of the viewed variable. 

A process can export a variable to all other processes, not necessa

rily in the same block. The exporting process must deelare the 

variable as exportable and the importing process must deelare a 

variable with the same name and sort as importable. 

A more detailed description of the SDL concepts is beyond the scope 

of this report. The interested reader is referred to [BELI 89]. 

4.2 PNT PROCESSES 

4.2.1 PNT SYSTEM DIAGRAM 

The first stage in the specification of the PNT is the definition of 

the PNT system diagram. Because the PNT layer 3 function is under 

consideration, the system diagram will consist of one block called 

PNT LAYER 3. See also figure 4.4. 

SYSTEM PNT 

terminal-channel PNT-LAYER-3 sopho-channel 
"' .."_ ,. .... 

' ~~ 

Figure 4.4 "The PNT system diagram." 

Two channels are connected between the block PNT LAYER 3 and the 

environment. One channel to convey messages tojfrom PNT-layer- 2-

SOPHO-side, and one channel to convey messages tojfrom PNT-layer-2-

ISDN-side. 
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4.2.2 PNT BLOCK DIAGRAM 

The PNT layer 3 function is twofold: 

• Supporting cornmunication between SOPHO-S and ISDN terminals. 

An interworking function is needed which perfarms a protocol 

conversion between the ISDN protocol 1TR6 and the SOPHO-S 

protocol TMP; 

• Supporting cornmunication between SOPHO-S and P-terminals. 

The PNT layer 3 must include a message relay function to deal 

with this kind of cornmunication. 

The PNT_LAYER_3 block diagram will consist of 4 processes in order 

to support both functions described above. Figure 4. 5 illustrates 

this PNT LAYER 3 block diagram. 

T~P ~essages TMP messaaes 

to 15-terminal(s) + from SOPHO-S 

(1,1) 

'"""---! SophO-s lll!ssages 
distribution process 

m6 messanes to 

1TR6 term i na l(s) I ' ' 
(O,NJ 

(0,2)' 
Proloco I contro I 

1-- PNT initia I1Sat1on 
process (oPCP) & downloodillJ 

process ( oiOP) ./ 

/ (1,1) 

Terminal lll!Ssages 
distribution process 

T~P messages to SOPHO-S 

t 
IMP messages from 15-ter~inals, 

BLOCK 1TR6 messages from m6 terminals PNT-LAYER-3 

Figure 4. 5 "The PNT LAYER 3 block diagram." 

The Protocol Control Process (PCP) is the main process. Conversion 

between TMP messages and 1TR6 messages is carried out by this 
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process. For each new call a separate PCP process instanee will be 

created and after call completion this process instanee will be 

removed again. 

When a SOPHO-S digital extension line is taken into service, the 

SOPHO-S terminal (the PNT in this case) connected to this extension 

interface will be initialized and downloaded. A separate Initia

lization & Downloading Process (IDP) will deal with this initiali

zation and downloading. The reason for not including these matters 

in the PCP process, is that the PNT initialization has nothing to do 

with the PCP conversion function. Two IDP instances will be active; 

one for each B-channel. 

The "SOPHO-S messages distribution process" distributes the incoming 

messages from SOPHO-S. A TMP-message destined for a P-terminal will 

be passed directly to the PNT-layer-2-ISDN-side (message relay). A 

TMP message destined for a 1TR6 terminal will be passed to the 

conversion process PCP. Finally, messages concerning initialization 

and downloading will be passed to the IDP process. 

The "terminal messages distribution process" distributes the mes

sages from the terminals. A TMP message from a P-terminal will be 

passed directly to the PNT-layer-2-sopho-side (message relay). 

Messages from 1TR6 terminals will be passed to the conversion 

process PCP. 

The SDL specification of the 4 processes from figure 4.5 is carried 

out by a detailed inspeetion of, on the one hand the TMP specifica

tion and on the other hand the 1TR6 layer 3 specification. The 1TR6 

specification is given in SDL [ 1TR6 90]. The TMP specification, 

however, was incomplete and given in CCS [MIL 80]. A new consistent 

TMP specification in SDL has been made, [TMP 90], because it is 

convenient to have both protocols already specified in SDL when 

generating a SDL specification of the interworking function of these 

two protocols. 

As a first stage, only the basic call control, i.e. messages to 

setup, maintain or break off a call, is considered in this report. A 

protocol conversion that also includes supplementary services, such 

as "automatic ring-back", "enquiry", "add-on conference" and "fol

low-me" should be subject for further study. Nevertheless in section 

4. 7 more will be said about the feasibility of implementing these 
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supplementary services. 

4.3 PNT INITIALIZATION PROSLEM 

As a direct consequence of the rather different natures of the TMP 

protocol and the 1TR6 protocol, the following problem arised during 

the specification of the PNT layer 3 IDP process. 

Situation: 

When SOPHO-S takes a digital extension line into service, a port (or 

B-channel) projection has to be made via Operational Maintenance 

(OM) procedures. 

Note: 

As stated befare in section 2.3, a port is directly related to a B

channel. Therefore it is allowed to speak of BO- and Bl-channel in 

stead of port A and port B. 

Four different 

BO-channel: 

DATA 

VOICE 

VOICE 

DATA 

projections are possible: 

Bl-channel; 

DATA (the LAM projection) 

VOICE 

DATA (the SOPHO-SET 375D projection). 

VOICE 

Consequently, the OM-procedures decide whether the B-channel will be 

used for data communication or for voice communication. 

Once this projection has been made, a terminal corresponding to this 

projection should be connected to the extension line. 

The projection cannot be changed by the terminal, but only by inter

vention of the OM-procedures. 

How can SOPHO-S determine whether a correct type of terminal is 

connected? (Correct type means corresponding to the projection). 

For each port/B-channel, SOPHO-S sends an initialization message to 

the terminal and the terminal must react to this message with either 

a voice-confirmation or a data-confirmation. Next, SOPHO-S compares 

this answer with the projection and in the case that the two do nat 

match, SOPHO-S will not continue the initialization procedure and an 

alarm will be generated. It is important that this situation will 
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not occur! A terminal that does not correspond to the projection, 

should not be connected to the extension line. 

PNT problem: 

Each type of terminal connected to SOPHO-S perfarms a standard 

confirmatien according to its fixed function. For example a LAM will 

always confirm both B-channels with data. 

However the PNT cannot perfarm a standard fixed confirmation, 

because various terminal configurations can be connected to the PNT. 

How should the PNT confirm after an initialization message is 

received from SOPHO- S? Consider two possible solutions for this 

problem: 

4.3.1 STATIC SOLUTION 

The PNT is informed about the projection by means of a dipswitch 

setting in the PNT hardware. Figure 4.6 illustrates this solution. 

80 aná 81 
not yet I confirmed 

':.\o.. 

dipswitch ,~:.· inlt1al ization message 
setting 'reaa · dipswitch setu 1VJ froo SOPI()-S 
conta ins 
projectioo 
inforlfL'ltion 

~ ~ 

80 data 80 data 
81 voice 80 voice 80 voice 81 data 

81 data 81 voice 

Figure 4.6 "The static solution." 

In this case the PNT can always send the voicejdata confirmatien 

irrespective of the fact whether there are any terminals connected 

to the PNT! 

The PNT is also able to disregard a wrong type of terminal. Wrong 

type means here not corresponding to the proj eetion information 

adjusted by the dipswitches. 

The persou who adjusts the dipswitch setting is responsible for the 
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correct confirmation. This person should adjust a setting correspon
ding to the projection information. 

Drawbacks: 
The PNT has to offer the possibility to adjust a projection; this 
requires extra hardware. 

4.3.2 DYNAMICAL SOLUTION 

The PNT determines the types (data or voice) of connected terminals 
after receiving the initialization message from SOPHO-S. The types 
of the found terminals define whether the PNT will confirm with data 
or with voice. See figure 4.7. 

oo termlilals 

initialization ~ressage 
trom :JJPfll-S 

t wo or :1ore 
cata 
termt na Is 

Figure 4.7 "The dynamical solution." 

Camment on figure 4.7: 

1. Instead of a v/d-confirmation message, it is also allowed to 
send a port_absent message to SOPHO-S in response to the 
ini tialization message. In this case SOPHO-S will break off 
the initialization procedure for this B-channel. In a later 
stage, the PNT can send a link_up message to SOPHO-S in order 
to restart the initialization. 

2. The PNT is not able to distinguish between a BO=voice, Bl=data 
proj eetion and a BO=data, Bl=voice proj ection. As a conse 
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quence of this fact, one of these two projections has to be 

excluded! 

A similar agreement has been made for the SOPHO-SET 375D ter

minal. This terminal always confirms the BO-channel with 

voice, and the Bl-channel with data. Therefore the SOPHO-S 

projection BO=data, Bl=voice should never occur. 

The same agreement will also be made for the PNT: 

• When the PNT finds at least one data- and one voice-termi

nal, the PNT will always confirm the BO-channel with voice 

and the Bl-channel with data; 

• When the PNT finds one voice terminal, the PNT will always 

confirm the BO-channel with voice; 

• When the PNT finds one data terminal, the PNT will always 

confirm the Bl-channel with data; 

• The SOPHO-S projection BO =data, Bl=voice should never 

occur. 

The pers on who connee ts the terminal ( s) to the PNT is respons ible 

for the correct confirmation. This persen should only conneet these 

types of terminals, that correspond to the projection. 

How can the PNT determine the types of terminals connected to its s

interface? For this purpose the following important property of the 

ISDN concept will be used: 

• Only terminals offering a service, corresponding to the service 

indicator indicated in the setup message, may respond to this 

setup message. 

The following strategy, based on this property, is proposed in order 

to determine the types of connected terminals: 
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A. A service indicator list consisting of all valid service 

indicator values must be present in the PNT. 

B. Send a fake (i.e. there exists no calling party) setup message 

via the braadcast data link to all connected terminals. In 

this setup message a service indicator from the service 

indicator list is indicated. 
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C. Next, administer all those terminals that respond to this 

setup message and clear the corresponding point-to-point 

connections (i.e. there exists no calling party). 

D. Send another fake setup message with the next service in

dicator from the service indicator list. 

E. Repeat steps C and D until all service indicators from the 

service indicator list are checked, or as soon as terminals 

have respond to two different service indicators. 

After step E, the PNT knows the various types of connected terminals 

and the confirmation procedure of figure 4.7 can be carried out. 

The dynamica! solution is preferred above the static solution, 

because it is undesirable that the development of the PNT layer 3 

should impose modifications on the PNT hardware. The SDL specifica

tion of the dynamica! solution can be found in the PNT layer 3 SDL 

specification in Appendix A. 

4.4 PNT S-INTERFACE VERSUS THE ISDN S-INTERFACE 

The PNT defines a s-interface within the SOPHO-S environment. The 

required layer 3 protocol conversion between TMP and the 1TR6 proto

col involves some consequences. This fact is inevitable because of 

the rather different nature of both protocols. Does an ISDN terminal 

connected to the PNT offer the same functionality as an ISDN termi

nal connected to an ISDN network? 

The s-interface defined by the PNT has the following two restric

tions: 

The service indicator problem 

When an incoming call arrives from SOPHO-S on a data B-channel, the 

PNT sends a setup message via the braadcast data link. A data 

service indicator has to be included in this setup message. Because 

SOPHO-S does not send any further information concerning this data 

call, the PNT cannot determine what data service indicator should be 

chosen. As a consequence only data terminals of one type must be 

present at the PNT's s-interface, so that the PNT is able to assign 

a data service indicator (the only one) to the incoming call from 

SOPHO-S. 

The same problem also applies for voice. 

Hence the PNT can only support one voice service and one data 
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service at the same time. 

No sub-addressing 

The s-interface of the PNT cannot support sub-addressing because 

sub-address information is not sent by SOPHO-S. Consequently all 

voice (data) terminals connected to the PNT will ring in case of an 

incoming voice (data) call. A calling party cannot address one 

specific ISDN terminal connected to the PNT. 

Apart from the restrictions described above, the s-interface of the 

PNT offers the same functionali ty as the s- interface of a public 

ISDN network. 

An ISDN terminal connected to the PNT offers the same 'basic facili

ties' as an ISDN terminal connected to a public ISDN network. The 

three main basic facilities are: 

• 'display calling number' 
Information concerning the number of the calling party is sent 

by SOPHO-S to the PNT. The PNT will use this information to 

fill in the 'originating address' field of the SETUP message. 

• 'call waiting indication' 

When SOPHO-S sends a call waiting indication message, the PNT 

will send a SETUP message with parameter 'both B-channels 

occupied'. 

• 'metering result' 

SOPHO-S metering information will be placed in an INFO message 

that will be sent to the terminal by the PNT. However metering 

information is often sent by SOPHO-S after call completion. In 

this case the PNT cannot use the metering information, because 

the call process is already ended. 

4.4.1 B-CHANNEL SELECTION PROCEDURE 

The PNT B-channel selection procedures will be conform the ISDN 

Recommendations [Q.931]. In order to set up a call, an ISDN terminal 

sends a setup message to the PNT. In this setup message, the ter

minal indicates one of the following: 
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a) channel is indicated, no acceptable alternative; 

b) channel is indicated, any alternative is acceptable; 

c) any channel is acceptable. 

If no indication is included, alternative c) is assumed. 

In cases a) and b), if the indicated channel is available, the PNT 

selects it for the call. 

Note: 

In this section, the term 'available channel' means: 

1. A free channel; 

2. The type (datajvoice) of the channel corresponds with the 

service indicator, which is indicated in the setup message. 

In case b), if the PNT cannot grant the preferred channel, it 

selects the other available B-channel associated with the D-channel. 

In case c), the PNT selects any available B-channel associated with 

the D-channel. 

The selected B-channel is indicated in the first message returned by 

the PNT in response to the SETUP message (i.e. a SETUP ACKNOWLEDGE 

message). 

4.4.2 THE USE OF CALL REFERENCE 

The purpose of the call reference is to identify the call at the 

local terminal-PNT interface to which the particular message ap

plies. Call reference is a matter between PNT and the connected 

terminals and notbetween PNT and SOPHO-S. The call reference is the 

second part of every message. 

The PNT will maintain a call reference administration conform the 

ISDN Recommendations [Q.931]. 

The call reference information element includes the call reference 

value and the call reference flag. Call reference values are assig

ned by the originating side of the interface for a call. These 

values are unique to the originating side only within a particular 

D-channel layer 2 logical link connection. The call reference value 

is assigned at the beginning of a call and remains fixed for the 

lifetime of a call (except in the case of call suspension). Aftera 
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call ends, or, after a successful suspension, the associated call 

reference value may be reassigned to a later call. Two identical 

call reference values on the same D-channel layer 2 logical link 

conneetion may be used when each value pertains to a call originated 

at opposite ends of the link. 

The call reference flag can take the values "0" or "1". The call 

reference flag is used to identify which end of the layer two 

logical link originated a call reference. The originating side 

always sets the call reference flag to "0". The destination side 

always sets the call reference flag to a "1". Hence the call refe

rence flag identifies who allocated the call reference value for 

this call and the only purpose of the call reference flag is to 

resolve simultaneous attempts to allocate the same call reference 

value. 

4.5 SIMULATION OF THE PNT SPECIFICATION 

One of the goals of using SDL, was the use of the available tools to 

validate and verify the PNT layer 3 specification. The analyzing and 

conversion tools, together with an optional simulator generator are 

organized in the SAC module on the VAY.. system. Therefore the PNT 

layer 3 processes, specified using SGE/PC, are uploaded to the VAX. 

These SDL descriptions of the 4 PNT layer 3 processes can be found 

in appendix A. 

The PNT layer 3 specificatien is used as input for the SAC tool. 

This tool performs several tasks in the following order: 
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1. Conversion; the GR diagrams are converted to a PR description 

file. 

2. Syntax-check; a syntactical check is performed. When the 

syntax analyzer detects an error, an error message is genera

ted and added to the error file. 

3. Analyze; When no errors are detected during the syntactical 

check, a semantica! check is performed. 

4. Generate-simulator(optional); when the system is semantically 

correct, a simulator is generated of the SDL description. 
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Why is it attractive to have a simulator of the specification? First 

of all because at present it is the only tool available to validate 

and verify the dynamica! behaviour of a system. The simulator can be 

used to validate a system specification against the requirement 

specification before an implementation is made. 

4.5.1 THE USE OF THE SIMULATOR 

The PNT layer 3 specification is validated against its environment. 

A monitor can be used to simulate the behaviors of the connected 

terminals and SOPHO-S. A monitor is a text file in which simulator 

commands are listed. The monitor contains e.g. signals that ter

minal(s) or SOPHO-S might send to the PNT. 

Insection 4.6 the concepts of SDL '88 that are not supported by the 

simulator generator at the time this report was written are summa

rized. Despite the many restrictions, only the following are examin

ed more closely: 

• viewedjrevealed variables are not allowed; 

• importedjexported variables are not allowed; 

• only procedures without internal states are allowed; 

• continuous signals or enabling conditions are not allowed. 

Viewed/revealed and imported/exported variables 

Sometimes it is necessary for processes to inspeet values of other 

processes. For example, in case of the PNT layer 3, i t would be 

convenient when a PCP process could inspeet the sopho_mess_distr 

process whether a particular B-channel is free by using the impor

tedjexported variable concept of SOL. Also, normally a network has 

several call control processes and one general process which con

trols the freejbusy administration of switch resources. 

It would be convenient to be able to use the viewedjrevealed and 

importedjexported concepts for the simulation. Instead, the PNT 

layer 3 model uses, in the case of the freejbusy b-channel ad

ministration, the extra signals chan_request, chan_change and 

rel_chan to solve the lack of importedjexported variables. 

In other cases, the PNT layer 3 has to use variables that are set 

and changed during the simulation. 
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Procedures with internal states 

In the PNT layer 3 model, the procedure DET_TERM (see appendix A.) 

creates a PCP process and then starts a timer. The procedure should 

terrninate when this timer expires. Therefore this procedure includes 

one internal state to wait for this timer to expire. 

However, the concept of internal states within a procedure is not 

supported by the simulator generator. Therefore this DET TERM 

procedure cannot be used for sirnulation. 

Continuous signals and enabling conditions 

When a setup message frorn an ISDN terminal arrives in the PNT, 

destination address digits included in this setup message must be 

sent to SOPHO-S. These digits are sent to SOPHO-S in digit messages 

by the PCP process in the dial state. It would be convenient to have 

a digits_present continuous signal indicating the nurnber of present 

digits. This continuous signal could be used in the dial state in an 

enabling condition for sending digit messages to SOPHO-S. Instead in 

the PNT layer 3, an extra signal is used to solve the lack of 

continuous signaljenabling condition. 

Despite the rnany restrictions of the simulator generator, a sirnula

tor of the PNT layer 3 specification has been generated. 

A SDT simulator is built as shown in figure 4.8. 

SOL 
description 

Generaled 
Pasca 1 
program 

ffeco'l'i led 
run-t'"' ternel 
ana ~on i tor 
systeo for SDL 

Executable 
simulator 

Figure 4.8 "The production of an executable simulator." 

The precornpiled kernel provides the user-interface and the monitor 

control systern. A user interacts, using SDL terrninology with the 
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simulator through a user-interface, that has commands to: 

• send signal instances from the environment to the system; 

• examine the state of active processes; 

• examine and add signals to and delete signals from the input 

queues of processes; 

• examine and change the parameter values of signal instances; 

• examine and change the values of variables of processes; 

• examine theevent queue (i.e. the process scheduling queue); 

• trace the state transitions of processes; 

• set and reset breakpoints; 

• start and stop monitors. 

4.5.2 A SIMULATION EXAMPLE 

The simulator of the PNT layer 3 combines the use of monitors and 

processes to simulate calls. Terminals and SOPHO-S are simulated 

using monitors and the PNT layer 3 is simulated using processes. The 

user can send the following signals to the simulator system: 

tmp_mess_from_sopho( <messagename>, <B-channel> ) 

isdn_mess_from_term( <messagename>, <call-reference> ) 

tmp_mess_from_term( <messagename>, <B-channel> ) 

Among the numerous situations that have been simulated, consicter as 

an example the following sequence of monitor commands: 

OUTPUT-TO TMP_MESS_FROM_SOPHO(INITPORT,O) SOPHO_MESS_DISTR,, 
PROCEED-UNTIL 0.1 
Comment: Initialization message for BO-channel. 
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OUTPUT-TO ISDN_MESS_FROM_TERM(SETUP,O) TERM_MESS_DISTR,, 
PROCEED-UNTIL 0.2 
Conunent: ISDN terminal A tries to set up a call. However, this 
request should be refused because the PNT is not yet initialized. 

OUTPUT-TO TMP_MESS_FROM_SOPHO(TERM_INIT,O) SOPHO_MESS_DISTR,, 
PROCEED-UNTIL 0.3 
Conunent: This message terminates the initialization of the BO
channel. 

OUTPUT-TO TMP_MESS_FROM_SOPHO(INC_CALL,O) SOPHO_MESS_DISTR,, 
PROCEED-UNTIL 0.4 
Conunent: An incoming call arrives from SOPHO-S on the BO-channel. 

OUTPUT-TO ISDN_MESS_FROM_TERM(ALERT,l) TERM_MESS DISTR,, 
PROCEED-UNTIL 0.5 
Conunent: ISDN terminal B reacts to this call. 

OUTPUT-TO ISDN_MESS_FROM_TERM(CONN,l) TERM MESS_DISTR,, 
PROCEED-UNTIL 0.6 
Conunent: ISDN terminal B accepts the call. Consequently, the PNT 
should send a answer message to SOPHO-S. 

OUTPUT-TO TMP_MESS_FROM_SOPHO(ANSW_ACK,O) SOPHO_MESS_DISTR,, 
PROCEED-UNTIL 0.7 
Conunent: SOPHO-S acknowledges the answer message. 

OUTPUT-TO ISDN_MESS_FROM_TERM(REL,l) TERM_MESS_DISTR,, 
Conunent: ISDN terminal B breaks off the connection. 

Appendix B contains the simulator output. Inspeetion of this output 
shows that, in this case, the PNT operates adequate. 

Besides the above example, a lot of other simulations have been 
carried out. An exhaustive simulation (=100% coverage) was of course 
not possible. However, the various simulations that have been 
carried out, have resulted in a much more consistent SDL descrip
tion. Various wrong descriptions have been discovered by the simula
tions. 
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4.6 NOT SUPPORTED SOL CONCEPTS 

In this section the concepts of SDL '88 that are not supported by 
SDT are described for SGE and the SAC module. Especially the simula
tor generator of the SAC module imposes restrictions on the SDL 
concepts that may used. 

4.6.1 SGE, THE GRAPHICAL EDITOR 

This section deals only with the PC version of SGE. 

• The 'service' concept of SDL '88 is not supported; 

• Only block and process references are permitted inside a block. 

4.6.2 SAC, THE ANALYZER, CONVERTERAND SIMULATOR GENERATOR 

The analyzer and converter do impose some minor restrictions in 
actdition to those of SGE. 

• No spaces innames; 

• No generic systems or transition options; 

However, the simulator generator imposes much more strict restric
tions on the SDL concepts that have may be used. At the moment this 
report was written it was not clear which restrictions will remain 
and which will be solved in the future: 

• No channel substructures; 

• No procedures, which contain one or more states; 

• Parameters to 'create' may not be omitted; 

• No continuous signals or enabling conditions; 

• No signal refinements; 

• No view, reveal, import or export; 

• No timer active expressions; 
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• No conditional expressions; 

• No new operators rnay be introduced insort definitions; 

• Only the following user defined sorts are irnplemented: 

syntypes of integer and character, which represent a se

quence of consecutive values; 

newtypes, where literals are enurnerated (using the 'opera

tors ordering' clause); 

STRUCT containing only sorts irnplernented by SDT; 

ARRAY with an index sort acceptable as index in a Pascal 

array and any sort irnplernented by SDT as component sort; 

If there were no restrictions irnposed by the simulator generator, 

then the service concept, internal states within procedures, con

tinuous signals, enabling conditions and viewed, revealed, imported 

and exported variables would have been used in the PNT layer 3 

specification. 

4.7 SUPPLEMENTARY SERVICES 

Both the 1TR6 protocol and the TMP protocol offer a variety of 

facilities. A detailed investigation into the probiernatie nature of 

facility conversion is subject for further study. However, by 

cornparing the 1TR6 and TMP facilities, the PNT should be able to 

support the following supplernentary services: 

• User-to-user signalling; 

• Enquiry; 

• Do not disturb; 

• Follow-rne; 

• Add on conference; 

• Autornatic ring back. 
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CHAPTER 5 

IMPLEMENTATION OF THE PNT LAYER 3 

As stated before in section 3.5, the PNT wi11 consist of the sarne 

hardware as the PNT1 hardware. Moreover, PNT and PNT1 1ayers 1 and 2 

sopho-side (u-side) and ISDN-side (s-side) wil1 a1so be the sarne. 

See figure 5.1. 

SOPHO-S 
u-interface 

s-i nterface 

PNT 

SOPHO-S 
u-1 nter face 

Figure 5.1 "PNTl and PNT OSI-models." 

s- interface 

Consequent1y, the software a1ready written for the PNT1 1ayers 1,2 

s-side and 1ayers 1,2 u-side can a1so be used for the PNT! 

In section 5.2 the 1ayers 2 s- and u-side wi11 be exarnined more 

c1ose1y, because the PNT 1ayer 3 has to cornrnunicate with these 

1ayers. But first the PNT hardware wi11 be considered. 

5.1 THE PNT HARDWARE 

Figure 5.2 i11ustrates the functiona1 decornposition of the PNT 

hardware (=PNT1 hardware). 
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Figure 5.2 "Functional decomposition of the PNT hardware." 

8051 u-PROCESSOR 
The PNT is equipped with the Intel 8051 single-chip microcomputer. 
This 40-pin microprocessor inc1udes the fo11owing features: 

• 4096 bytes program memory on-chip; 

• 128 bytes data memory on-chip; 

• Four register banks; 

• 64 Kilobytes each program and externa1 RAM addressabi1ity; 

• One microsecond instruction cyc1e with 12 MHz crysta1; 

• 32 bidirectiona1 I/0 1ines organized as four 8-bit ports; 
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• Multiple mode, high-speed programmable Serial Port; 

• Two multiple mode, 16-bit Timer/Counters. 

S-INTERFACE CHIP 
The 29C53 Digital 

digital transceiver 

Loop Controller 

providing the 

is an advanced, programmable 

layer one interface at the s-

interface in ISDN basic access applications. It provides access to 

the two B-channels and the D-channel in accordance wi th the CC ITT 

Recommendation 1.430 and supports both point-to-point and multipoint 

topologies. 

The 29C53 is programmed for PNT purposes: 

The serial SLD-bus normally consists of BO-, Bl- and D-channel 

frames. However within the PNT environment, the SLD-bus conveys 

only BO and Bl frames. D-channel information frames are sent 

tojreceived from the ~-processor in order to be able to manipu

late them. 

U-INTERFACE CHIP 
The OQ-1510 is a custom designed chip that performs functions analog 

to the s-interface chip. The chip defines an echo canceller based u

interface. The Highway-bus conveys BO- and Bl-channel information. 

D-channel frames are sent tojreceived from the ~-processor in order 

to be able to manipulate them. 

US I-CHIP 
The U to S Interface chip (USI) is a custom designed gate array 

developed to perform the following functions: 

• Bus-conversion; the B-channel information from the Highway-bus 

of the u-interface line circuit is transferred to the SLD-bus 

of the s-interface line circuit and vice versa. 

• Memory control; 

• Generation of chip select signals. 

Consictering the functions of the various components of the PNT 

hardware, it shows that the hardware bridges the difference in the 

transmission medium of the s-interface and that of the u-interface. 

The hardware also offers the possibility to manipulate the D-channel 
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information. D-channels frames, retrieved from the interface chips 

are passed to the ~-processor so they can be processed by the PNT 

software. D-channel frames, generated by the PNT software, are 

directed to the interface chips. 

5.2 LAYER 2-3 COMMUNICATION 

It is necessary to examine the structure of the layers 2 u- and s

side in more detail because layer 3 of the PNT has to communicate 

with these layers. 

5.2.1 PNT DATA LINK LAYER S-SIDE 

The PNT data link layer 2- side is implemented conform the ISDN 

Recommendations [0.921]. 

The data link layer consists of the Link Access Procedure on the 

D-channel, LAPD. The purpose of LAPD is to convey information 

between layer 3 entities across the ISDN user-network interface 

using the D-channel. So LAPD is a protocol that operates at the data 

link layer of the OSI architecture. Figure 5.3 illustrates the data 

link reference model. 

O.to lirt 
conneet ion endpOint 

Physicalconnection 

Figure 5.3 "Data link reierenee model." 

A data link layer Service Access Point (SAP) is the point at which 

the data link layer provides services to layer 3. The services 

provided by the data link layer are the combination of the services 
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and functions by both the data link layer and the physical layer. 

Cooperation between data link layer entities is governed by a 

peer-to-peer protocol specific to that layer. In order for informa

tion to be exchanged between two or more layer 3 ent i ties, an 

association must be established between the layer 3 entities in the 

data link layer using a data link layer protocol. This association 

is called a data link connection. Data link connections are provided 

by the data link layer between two or more SAPs. Data link layer 

message units are conveyed between data link layer entities by means 

of a physical connection. 

Services provided to layer 3: 
Two forms of information transfer services, provided by the data 

link layer, are associated with layer 3. The first is based on 

unacknowledged information transfer at the data link layer while the 

second service is based on acknowledged information transfer at the 

data link layer. 

Unacknowled~ed information transfer service: 

In this case, the information transfer is not acknowledged at the 

data link layer. The information transfer is via braadcast data link 

connections. The characteristics of the unacknowledged information 

transfer service are surnmarized in the following: 

• Provision of a data link conneetion between layer 3 ent i ties 
for unacknowledged information transfer of layer 3 message 

units; 

• No verification of message arrival within the peer data link 

layer entity. 

The only primitive associated with the unacknowledged information 

transfer service is: 

DL-UNIT DATA-REQUEST <parameter = layer 3 message>. 

The DL-UNIT DATA-REQUEST primitive will be used by the PNT layer 3 

to send messages destined for all connected 1TR6 terminals (=braad

cast information transfer service). 

Acknowled~ed information transfer service: 

There is one mode of operation defined: multiple frame. The charac

teristics of the acknowledged information transfer service are 

surnmarized in the following: 
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• Provision of a data link conneetion between layer 3 ent i ties 

for acknowledged information transfer of layer 3 message units; 

• Sequence integri ty of data link layer mes sage units in the 

absence of malfunctions; 

• Notification to the peer entity in the case of errors, for 

example, loss of sequence. 

The primitives associated with the acknowledged information transfer 

service are: 

i) Data transfer 

DL-DATA-REQUEST/INDICATION <parameter = layer 3 message>; 

ii) Establishment of multiple frame eperation 

DL-ESTABLISH-REQUEST/INDICATION/CONFIRH; 

iii) Terminatien of multiple frame operatien 

DL-RELEASE-REQUEST/INDICATION/CONFIRH; 

The ability of the data link layer to execute a service request by 

layer 3 depends on the internal state of the data link layer. For 

the layer 3 entity, the internal state of the data link layer is 

represented by the state of that data link conneetion endpoint 

within a data link service access point which is used by this layer 

3 entity to invoke a service. 

Data link layer representation as seen by layer 3: 

The states of a data link conneetion endpoint may be derived from 

the internal states of the data link layer ent i ty supporting this 

type of a data link connection. 
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• The broadcast data link conneetion endpoint is always in the 

information transfer state; 

• The point-to-point data link conneetion endpoint states are: 

- link conneetion released state; 

- awaiting establish state; 

- awaiting release state; 

- link conneetion established state. 
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Figure 5.4 "State transition diagram of a p-to-p data link conn." 

Primitives provide the procedural means to specify conceptually how 

a data link service user can invoke a service. The possible overall 

sequences of primitives at a point-to-point data link conneetion 

endpoint are defined in the state transition diagram, figure 5.4. 

In fact figure 5. 4 defines the layer 2-3 communication rul es. For 

example: 

When the data link conneetion is in the LINK CONNECTION ES

TABLISHED state, layer 3 can read a layer 3 message indicated 

in the primitive DL-DATA-INDICATION or layer 3 can put a layer 

3 message into the primitive DL-DATA-REQUEST. 
On receiving an active DL-DATA-REQUEST, layer 2 will send the 

layer 3 message indicated in this primitive to its peer data 

link layer entity. 

After call completion, layer 3 ends the call process by acti

vating the primitive DL-RELEASE-REQUEST. The data link connee

tion (as seen by layer 3) will be in the AWAITING RELEASE 

state. On receiving the active DL-RELEASE-REQUEST, layer 2 will 
release the link conneetion and activates the primitive DL-RE
LEASE-CONFIRJ1. 
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On receiving this active DL-RELEASE-CONFIRH, layer 3 will 

regard the data link conneetion as being in the LINK CONNECTION 

RELEASED state. 

- Etc. 

The PNT layer 3 has to maintain an administration for each data link 

connection, in order to know in which state the data link conneetion 

is and which primitives are active! For this purpose the PNT will 

contain a so called link conneetion management entity, that deals 

with this administration. 

For the PNT a maximum of 8 data link conneetion endpoints can be 

active simultaneously. Therefore the layer 2-3 primitives will be 

implemented eightfold. The number of 8 is sufficient for PNT pur

poses (the PNT can set up data link connections endpoints wi th 8 

logical terminals) and should not be increased unnecessarily ( to 

much impact on RAM). 

5.2.2 PNT DATA LINK LAYER U-SIDE 

The PNT data link layer is not implemented conform the CCITT data 

link layer Recommendations Q.921; this layer is a Philips implemen

tation. No layer 2 data link conneetion states are defined. There

fore layer 3 can maintain a rather small data link layer administra

tion consisting of only two primitives: 

DL-DATA-REQUESTjiNDICATION <parameter layer 3 message>. 

The reason that no data link conneetion states are defined, is 

merely the fact that there is a fixed data link conneetion between 

SOPHO-S and the PNT. This data link conneetion cannot be established 

nor released, it is always active. The only service provided by this 

data conneetion endpoint is the acknowledged information transfer 

service (so, no unacknowledged information transfer service). Layer 

3 communication with layer 2 is restricted to: 
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• Reading layer 3 messages indicated in the DL-DATA-INDICATION 
primitive; 
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• Putting layer 3 messages into the DL-DATA-REQUEST primitive. 

5.3 PL/M-51 

The PNT software is written using the Intel PL/M-51 language. PL/M-

51 is the Programming Language for the MCS- 51 family of embedded 

controllers. 

PL/M is a high-level language for programming various families of 

microprocessors and microcontrollers. It was designed by Intel 

Corporation to meet the software requirements of computers in a wide 

variety of systems and applications work. Following are some of the 

characteristics of PL/M: 

• It has a block structure and control constructs that aid 

structured programming; 

• It includes facilities such as data structures, structured 

arrays and pointer-based dynamic variables; 

• I t is a typed language, that is, the compiler perfarms data 

type compatibility checking to detect logic errors in programs 

at compilation time. 

The two types of statements in PL/M are declarations and executable 

statements. A simple example of a deelare statement is: 

DECLARE WIDTH BYTE; 

An example of an executable statement is: 

CLEARANCE WIDTH + 2; 

PL/M is a block-structured language; every statement in a program is 

part of at least one block. A block is a well-defined group of 

statements beginning with a DO statement or a procedure declaration 

and ending with an END statement. The compilation unit in PL/M-51 is 

a module, which is a labelect simple DO block (The DO block is 

described as simple because it is just one of four DO-blocks). 

A module can contain other blocks but is never itself contained 
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within another block. 

Every PL/M program consists of one or more modules, separately 

compiled, each consisting of one or more blocks. 

PL/M has two kinds of blocks: DO blocks and procedure de fini ti on 

blocks. A procedure definition block is a set of statements begin

ning with a procedure deelaratien and ending with an END statement. 

PL/M has four types of DO statements which are used to construct 

four kinds of DO blocks: 

A simple DO block merely groups, as a unit, a set of statements to 

be executed sequentially (except for the effect of GOTOs or CALLs). 

An iterative DO statement introduces an iterative DO block and 

causes the executable statements within the block to be executed 

repeatedly. 

The DO WHILE statement contains a condition and eaus es the ex

ecutable statements in the block to be executed repeatedly as long 

as the condition is true. 

The DO CASE block, which is introduced by a DO CASE statement, uses 

the value of the given expression to select a statement to be 

executed. 

In PL/M, a variable can be a scalar (a single quantity), an array, 

or a structure. A scalar variable or constant always has as type: 

BYTE, WORD, or BIT (so, no character-types, string-types, boolean

types, etc.). 

An array is a list of scalars; a structure is an aggregate of 

scalars, arrays, or both. 

A PL/M variable has a name, a type, and a memory-space. The 8051 ~

processor has more than one memory-space (five locations in all), so 

an address by itself is not enough to specify in PL/M- 51 where a 

variable resides. The memory-space in which it resides must be 

declared by affixing a suffix to the declaration. The suffix can be 

any one of the following: 

• MAIN refers to the directly addressable on-chip RAM; 

• AUXILIARY refers to the off-chip RAM; 
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• REGISTER refers to the rnernory-rnapped hardware registers; 

• IDATA refers to the indirectly addressable on-chip RAM; 

• CONSTANT refers to ROM. 

PLIM is used to create blocks of code containing declarations 
followed by executable statements. These blocks are ordered and 
nested in such a way as to sirnplify and clarify the flow of data and 
control. A collection of these blocks perforrning a single function, 
or a srnall set of related functions, is usually compiled as one 
module. 
Beyond the advantages of rnodularity, simplicity, and clarity, the 
nesting of blocks serves another very basic purpose: narnes declared 
at an outer level are known to all statements of all nested blocks 
as well. 

Extended scope 
To extend the scope rneans to make narnes available for use in modules 
other than the one where they are defined. For example, scope can be 
extended for variables, labels, or procedures. The following decla
ration defines a procedure: 

SUMMER: PROCEDURE (A, B) BIT PUBLIC; 
DECLARE (A, B) BYTE; 

END SUMMER; 

Any other module rnay invoke SUMMER if it first declares: 

SUMMER: PROCEDURE (A, B) BIT EXTERNAL; 
I* A,B can be any narnes *I 
DECLARE (A, B) BYTE; 
I* but these narnes must match them *I 
I* and each type must match its public definition *I 

END SUMMER; 

A more detailed description of the PLIM concepts can be found in 
[PLM 88]. 
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5.4 MAPPING THE SOL PROCESSES ON SOFTWARE STRUCTURES 

The next step in the process of implementing the PNT layer 3 SDL 

specification, is the mapping of the 4 SDL processes on software 

structures. First, consicter the use of data request/indication 

primitives by the 4 processes. Table 5.1 is derived from figure 4.5. 

The protocol control process does not inspeet any primitives direct

ly, because process input is received via one of the distribution 

processes. Also the initialization & downloading process does not 

check any primitives directly, because process input is received via 

the "SOPHO-S messages distribution process". 

PNT layer 3 primitives for primitives for 
processes: process input: process output: 

SOPHO-S messages dl-data-ind-u-side dl-data-req-s-side 
distribut ion 
process 

Terminal messages dl-data-ind-s-side dl-data-req-u-side 
dis tribution 
process 

Protocol control ---- dl-data-req-u-side 
process (input via dis tri- dl-data-req-s-side 

bution processes) dl-unit-data-req 

Initialization & ---- dl-data-req-u-side 
downloading (input via SOPHO-S 
process mess. distr. proc.) 

Table 5.1 "The use of primitives by the PNT layer 3 processes." 

Figure 5.5 illustrates the PNT layer 3 software module configuration 

together with the relating primitives. 

The PCP and IDP processes are controlled by the two message dis

tribution processes. Therefore a "Layer 3 control" module is created 

consisting of the implementations of the sopho_mess_distr process 
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Figure 5.5 "Layer 3 software modules with relating primitives." 

and the term mess distr process. 

The PCP and IDP processes will be implemented in separate modules. 

The translation of the various SDL descriptions into program code 

appeared to be a rather straightforward task. The SDL description 

offered a well defined framework for the software implementation. 

The translation did not introduce any new problems, because all the 

SDL entities could be easily replaced by software entities. The 

translation only involved practical matters that had to be solved, 

as a direct consequence of the use of informal SDL descriptions. For 

example: 

• The SDL description uses the informal task 'choose free call 

reference'. The trans la tor has to choose a data structure in 

order to be able to maintain a call reference administration. 
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• The SDL description of the PCP process uses the inforrnal decis

ion 'selection digits present?'. The translator has to irnple 

ment a message decoding function, that must be capable of 

decomposing the setup message searching for possible present 

digits. 

Except for this kind of practical matters, the translation of the 

SDL descriptions did not introduce any new problerns. This experience 

is also supported by the knowledge that in the near future a new SDT 

tool, the SPG module, will becorne available. This SDL Program 

Generator will he capable of a autornatic generation of a computer 

program of the SDL description. Planned languages to be supported 

are C and Ada. 

In order to illustrate the ease of the translation, consider the 

following exarnple: 

Figure 5.6 shows a part of the SDL description of the PCP process, 

connected state. 

Figure 5.6 "Part of the SDL description of the PCP process." 

The PL/M code in table 5.1 corresponds to the above SDL description. 
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Table 5.2 "Part of the PL/11 code of the PCP process." 

By cernparing figure 5.6 and the corresponding PL/M code, it shows 
that the translation of the SDL description into PL/M code is indeed 
a rather straightforward process. 
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5.4.1 PNT LAYER 3 SOFTWARE MODULES 

THE PROTOCOL CONTROL PROCESS MODULE 

Because several PCP processes can be active at the same time, PCP 

process instances are implemented as an ARRAY of STRUCTURES: 

Variables relating to the PCP instances can be administered by using 

this type of data structure. 

A separate procedure is implemented for every PCP process state. 

These state procedures use the variable pcp_instance_nbr as parame

ter, so that one and the same state procedure can be used for state 

processing by all pep instances! 

The two message distribution processes can use the following public 

procedures, defined within the PCP module: 

• Return_free_pcp_instance 
(To create a pep instance); 

• Return free call reference 
(This procedure returns a free call reference value); 

• Cr_tei_comb_present 
(The term_mess_distr process uses this procedure to determine 

to which PCP instanee the 1TR6 message has to be scheduled); 

• PCP_state_processing 
(This procedure executes one PCP state transition). 

THE INITIALIZATION & DOWNLOADING PROCESS MODULE 

A maximurn of 2 (2 B-channels) IDP process instances can be active. 

The following data structure is used to represent these instances: 
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Again the IDP process states are implemeneed in separate procedures. 
There is only one public procedure defined in the IDP module: 
idp_state_processing. The sopho_mess_distr process can call this 
public procedure in order to force an idp process state transition. 

LAYER 3 CONTROL MODULE 
Besides a layer 3 initialize procedure, this module also contains 
the main loop procedure of the PNT layer 3, ly3_control. The 3 major 
functions of this procedure are: 

• Handling of possible present 1TR6 messages; carried out by the 
procedure sopho_mess_distr_process. 

• Handling of possible present sopho messages; carried out by the 
procedure term_mess_distr_process. 

• Handling of the layer 3 timers. 

The ly3_control procedure has to be placed in the, so called PNT 
scheduler entries list. This list consists of procedures that have 
to be carried out in an endless loop: 
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The public procedure ly3_initializer has to be added to the PNT ini

tialize entries list. 
- -

It is beyond the scope of this report to treat the various software 

modules in more detail. Moreover, each procedure is provided wi th 

the necessary comment explaining the function of the procedure. 

5.4.2 GENERAL REMARKS ON THE SOFTWARE 
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• Procedures with formal parameters are not used in the PNT 

software. Although the use of formal parameters leads to a 

better structured program, in big programs it also leads to an 

enormous impact on the stack! Therefore, in order to avoid 

stack overflows, the PNT software does not use procedures with 

formal parameters. 

• The PNT software uses no CASE statements. Instead IF-THEN-ELSE 

constructs are used. The reason for not using CASE statements 

is the increased impact on RAM in comparison to the IF-THEN

ELSE construct. 

• In sections 4.5 and 4.6 the SDL concepts, not supported by the 

SDT simulator generator were discussed. Because of these 

shortcomings, the PNT layer 3 SDL description had to be modi

fied in order to generate a simulator. In particular the lack 

of viewedjrevealed and importedjexported variables resulted in 

extra signals and process states (see section 4.5.1). 

PL/M procedures being in different modules can share common 

variables. Therefore, during the SDL-to-PL/M translation, the 

introduced modifications have been deleted again! 

For example, in the case of the freejbusy b-channel administra

tion, the necessarily introduced signals and process states are 

not translated. Instead the b-channel administration is imple

mented in a data structure, which can be directly manipulated 

by the different process procedures. 



CHAPTER 6 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 USE OF SOL AS SPECIFICATION LANGUAGE 

The experiences with the PNT layer 3 model have clearly shown that 

SDL is very well suited to be used as specification language. 

Compared to informal methods, SDL has the following advantages: 

• Unambiguous, consistent specification of the behaviour of a 

system; 

• Comprehensible doeurneuts when using the graphical representa

tion; 

• It may result in (semi)automatic methods to implement a new 

system; 

• It has a low level of abstraction. Therefore, it is easy to 

learn; 

• Validation and verification of a design is supported by the 

simulator. 

However, there are also some drawbacks: 

• Designers have to get used to formal methods; 

• Due to the low level of abstraction, one has to be very careful 

not to implement a system instead of specifying it. 

6.1.1 ABOUT THE SDL SIMULATOR 

The process of validating and verifying a design is simplified by 
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the possibility to generate a simulator. Several mistakes in the PNT 

layer 3 specification were detected using the simulator. The use of 

a simulator has surely made the specification much more consistent. 

However, the simulator generator has also some major drawbacks. The 

simulator generator imposes strict restrictions on the SDL concepts 

that have may be used. At the moment this report was written it was 

not clear which restrictions will remain and which will be solved in 

the future. Because of these restrictions, the PNT layer 3 specifi

cation had to be modified in order to be able to generate a simula

tor. Especially the lack of viewed/revealed and importedjexported 

variables, continuous signals and enabling conditions resulted in 

extra signals and process states. 

6.2 FROM SOL SPECIFICATION TO Pl/M IMPLEMENTATION 

The implementation phase, i.e. the translation of the SDL descrip

tion into PL/M code, appeared to be a rather straightforward pro

cess, The SDL description offered a well defined framework for the 

software implementation. The translation did not introduce any new 

problems, because the SDL structures could be easily replaced by 

software structures. No strange tricks had to be carried out to 

convert the SDL structures into PL/M code. 

The main point of the PNT layer 3 development process lied with the 

SDL specification, and not with the SDL-to-PL/M translation. The 

translation only involved practical matters that had to be solved, 

as a direct consequence of the use of informal SDL descriptions. 

The experience that the translation did not introduce any new 

problems, is also supported by the knowledge that in the near future 

the SDL Program Generator tool will become available. 

6.3 ABOUT THE PNT LAYER 3 

The subj eet of the proj eet was to investigate the possibili ty of 

connecting ISDN terminals via a PNT to SOPHO-S. When the PNT layer 3 

protocol conversion, as specified in appendix A is used, it is 

indeed possible to conneet ISDN terminals to the PNT. Moreover, the 

PNT layer 3 specification even allows a combination of ISDN termi

nals and P-terminals to be connected to the PNT. 
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The s-interface defined by the PNT is conform the ISDN Recommenda

tions except for two matters. First, the PNT only supports one 

voice- and one data service at the same time. Next the PNT cannot 

support sub-addressing. On the other hand, the PNT does support 

basic facilities such as 'display calling number' and 'call waiting 

indication' . 

Within the SOPHO-S environment, one may only conneet a terminal to 

an extension line, which corresponds wi th the proj eetion of that 

particular extension line. Th is fact together wi th the knowledge 

that SOPHO-S does not send projection information, caused the PNT 

initialization problem. The PNT layer 3 is provided with the neces

sary intelligence to solve this problem. The implemented dynamical 

solution is based on the assurnption that only terminal- configura

tions, corresponding the projection, may be connected to the PNT's 

s-interface. 

6.4 FOR FURTHER STUDY 

Due to the limited space of time, it was not possible to test the 

software implementation (circa 3500 program lines) of the PNT layer 

3. Further work, that has to be carried out, must include a thorough 

testing of this software. 

At this moment, the PNT layer 3 specification/implementation in

cludes only the basic call control. A comparison of the 1TR6- and 

SOPHO-S supplementary services resulted in the assumption, that the 

PNT should be able to support most of these facilities. However, 

further study is required to deal with the necessary protocol 

convers ion. 
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CC ITT 

ces 
CE 
DCT 
DM 
DPNSS 
EFSM 
FCS 
FSM 
GR 
HDLC 
IDP 
ISDN 
ISO 
ISPBX 
IVF 
LAM 
LAPD 
12 
MML 
NT 
OSI 
PABX 
PCP 
PL/M 

PNT 
PNTl 
PR 
PTDSN 
SAC 
SAPI 
SDL 
SDT 
SGE 

LIST OF ABBREVIATIONS AND GLOSSARY 

Business Communication Systems 
Comité Consultatif Internationale de Télégraphique et 
Téléphone 
Calculus for Comrnunicating Systems 
Conneetion Endpoint 
Data Comrnunication & Textswitching 
Data Modules 
Digital Private Network Signalling System 
Extended Finite State Machine 
Frame Check Sequence 
Finite State Machine 
Graphical Representation of SDL 
High level Data Link Control 
Initialization & Downloading Process 
Integrated Services Digital Network 
International Standardization Organization 
Integrated Services Private automatic Branch eXchange 
InterWorking Function 
Line Adapter Module 
Link Access Procedure on the D-channel 
Layer 2, Data Link Layer 
Man Machine interaction Language 
Network Termination 
Open Systems Interconnection 
Private Automatic Branch eXchange 
Protocol Control Process 
Programming Language for the Intel MCS- 51 family of 
embedded controllers 
Private Network Termination 
PNT with layers 1 & 2 ISDN and layer 3 TMP 
Phrase Representation of SDL 
Philips Telecommunicatie & Data Systemen Nederland 
SDT Analyzer and Converter 
Service Access Point Identifier 
Specification and Description Language 
SDL Design Tool 
SDT Graphical Editor 
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SOPHO-S 

switches Telephony switches of the SOPHOMATION line of Philips 
SOPHOMATION Synergetic Open PHilips Office autoMATION 

SPG SDT Program Generator 

SRG SDT Report Generator 

TA Terminal Adapter 

TE Terminal Equipment 

TEI Terminal Endpoint Identifier 

TMP Terminal Message Protocol 

1TR6 German version of the ISDN recommendations 
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PNT LAYER 3 SDL SPECIFICATION 
System PNT/Page 1 

SYSTEM PNT 

AUTHOR: E.F.M. WILLEMSEN 

SIG!!AL TMP mess from sopho (name type 1, chan no), 
TMP mess from tërm(näme type 2); - - ;1 
ISDN_mess_from_term(namë_typë_3,call_reference), 
digits_in_buffer; 

answ ack,clear call,datacheck,date time, 
downÏoad_class;download_dte_info,download_funkey, 
download ring rhythm,download ring time,enable status request, 
inc_call;initPort,led_control;om_oP command,poS_cpc, -
pts,send digits,set mode,status monTtoring,term inc call, 
term init,meter resÜlt,displ cw;cw off,cng nbr,dispÏ nbr; 
!oPERATORS - - - - -

ORDERING 
iENDNBif'l.'YPE name_type_l; 

NEWTYPE name_type_2 
LITE!!ALS 
answer,call_request,olass_download_conf, 
clear_call_and_reconnect,datacheck_result,digit,digitl, 
dte_download_conf,enquiry,facility_status_request, 
funkey_download_conf,inc_call_term,inc_disr,initport_conf_d, 
initport conf v,om op message,on hook,oper oonf, 
pct_statUs_request;reStart_diallTng,ring_dÖwnload_conf, 
setmode conf,stop ring download,link up,port absent, 
download~request;- - - -
OP EBATORS 

ORDERING 
ENDNBWTYPE name type 2; 

setup,alert,conn,conn ack, 
disc,rel,rel ack,det,info,fac,fac ack,fac rej, 
user info,faë canc,fac reg,res,suSp,fac inf,fac sta; 
OPERATORS - - - -

ORDERING 
ENDNBWTYPE name_type 3; 

07-09-1990 

NBWTYPE channel number type 
LITERALS - -
BO,Bl; 
OPERATORS 
ORDERING 
ENDNBWTYPE channel_number_type; 

NBWTYPE state name 
LITERALS -
idle,call_present,connect_requested, 
release request,release ack, 
disconnëct indication,check terndnals; 
OPERATORS - -
ORDERING 
ENDNBWTYPE state_name; 

SYNTYPE ohan no-integer 
COI!ISTANTS O:Ï 
ENDSYNTYPE chan_no; 

SYNTYPE call referenoe=integer 
CONSTANTS O:ÏOO 
ENDSYNTYPE call reference; 
NEWTYPE portnumber type 
ARRAY(chan no,integer) 
ENDNEWTYPE-portnumber_type; 

NBWTYPE IS term type 
ARRAY(chan-no,boolean) 
ENDNBWTYPE-IS_term_type; 

NBWTYPE pid_type 
ARRAY(chan_no,pid) 
ENDNBWTYPE pid_type; 

NBWTYPE v_d_a_type 
ARRAY(ohan no,v d a sort) 
ENDNEWTYPE-v_d_ÎÏ_tyP.,; 

NEWTYPE flag active IDP type 
ARRAY (chan nÖ,booleÎÏn) -
ENDNEWTYPE-flag_aotive_IDP_type; 

NEWTYPE oause_type 
LITERALS 
chan_occupied,chan_not_yet_initialized; 
OPERATORS ORDERING 
ENDNEWTYPE cause_type; 

NBWTYPE v d a sort 
LITERALS - - -
ahsent,voioe,data; 
OPERATORS 
ORDERING 
ENDNBWTYPE v d a sort; 

1 

1 ( 3) 



PNT LAYER 3 SDL SPECIFICATION 
System PNT/Page 2 

SYSTEM PNT 

AUTHOR: E.F.M. WILLEMSEN 

SIGNAL s answ ack,s clear call,s datacbeok,s date time, 
s download class,s download dte info,s download funkey, 
s:download:ring~rhYthm,s_doWnloäd_ring=time,s_eDable_status_request, 
s inc call,s in~tport,s led control,s om op cammand,s_pos_cpc, 
s:Pts;s_send=digits,s_sët_möde,s_statUs_mDnitoring,s_ter.m_inc_call, 
s term init,s meter result,s displ cw,s cw off,s eng nbr,s displ nbr, 
s:answër,s_call_reqÜest,s_cläss_doWnload_cÖnf,s_ëlear_call=andTrëconnect, 
s_datacheck_result,s_digit,s_digitl,s_dte_download_conf,s_enqu~ry, 
s_facility_status_request,s funkey_download conf,s_inc_call_term, 
s inc disr,s initport conf d,s initport conf v,s om op message,s on hook, 
s:oper_conf,S_pct_status_rëqueSt,s_restärt_dialling;s_ring_downlOad:conf, 
s_setmode_conf,s_stop_ring_download,s_link_up,s_port_absent, 
s_download_request,ehan_request(chan_no),rel_chan(chan_no), 
chan_change(chan_no,pid),B chan_assigned,B_chan_not_assigned(cause_type), 
idp started(chan no),idp finished(chan no); 

SIGNAL 
i setup,i alert,i conn,i conn ack, 
i-disc,i rel,i reï ack,i-det,T info,i fac,i fac ack,i fac rej, 
i-user iDfo,i Call-sent,T canc-ack,i ëanc rej,i-con cön,i-reg ack, 
i:re9_rej,i_rës_ack,i_res:rej,T_~etuP_ack;~_stat~i_Susp_aCk, ~ 
i_susp_rej,i_canc_ind,i_inf_ack,1_inf_rej,~_reg~1nd,i_sta_ack, 
i sta_rej,i susp,i res,i fac reg,i_fac_canc,i_fac_inf,i_fac_sta; 

signallist rMP_mess_to_term-s_answ_aok,s_clear_call,s_datacheck, f\ 
s date time,s download class,s download dte info,s download funkey, ~ 
s:download_ring_rhythm;s_download_ring_time;s_enable_status:request, 
s inc call,s initport,s led control,s om op command,s_pos cpc, 
s:Pts;s send:digits,s_sët_mÖde,s_statÜs_monTtoring,s_term:inc_call, 
s term Tnit,s meter result,s_displ_cw,s_cw_off,s_cng_nbr,s_displ_nbr; 

SIGNALLIST TMP mess to sopho=s answer,s call request, 
s class downloäd coöf,S clear ëall and reconöect,s_datacheck_result, 
s:digit;s_digitl;s_dte_download_conf,s:enquiry,s_facility_status_request, 
s_funkey_download_conf,s_inc_call_term,s_inc_disr,s_initport_conf_d, 
s_initport_conf_v,s_om_op_messaqe,s_on_hook,s_oper_conf, 
s_pct_status_request,s_restart_dialling,s_ring_download_conf, 
s setmode conf,s stop ring download,s link up,s_port_absent, 
s-download requeSt; - - - -

07-09-1990 

SIGNALLIST ISDN mess from term-i setup,i alert,! conn,i conn ack:~ 
i disc,i rel,i rel aëk,i det,i into,i faC,i fac äck,i tic reJ, 
i:user_info,i_fac_ëanc,i:fac_rëg,i_reS,i_suSp,i:fac_inf,i:fac_sta; 

SIGNALLIST ISDN mess to ter.m-i setup,i alert, i conn,i conn ack, r\ 
i disc,i rel,i rel aCk,i det,i-info,i fac,i faC ack,i-fac rej, ~ 
i-user_info,i_ëall=sent,T_canc-ack,i_Canc_rëj,i=con~cOn,i=reg_ack, 
i-reg_rej,i res_ack,i_res_rej,I_setup_ack,i_stat,i_susp_ack, 
i:susp_rej,i_canc_ind,i_inf_ack,i_inf_rej,i_reg_ind,i_sta_ack, 
i sta rej; 

2 

2 (3) 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 07-09-1990 
System PNT/Page 3 

SYSTEM PNT 

[<TMP _mess_to_sopho~ 'i' 

,l,... 

term channel 
/ - ' ' / PNT LAYER 3 

[<ISDN_mess_to_term) J [ISDN_ mess_ from _term] - -
(TMP _mess_ to _term) TMP_mess_from_term 

3 

3 (3) 

sopho_ channel 

[TMP_mess_from_soph~ 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 
Block PNT_LAYER_3/Page 1 

BLOCK PNT LAYER 3 

CONNECT term channel AND to IS term,to 1TR6 term, 
- frÖm_t'erm; - - ..:..: 

CONNECT sopho_channel AND from sopho,to sopho 1, 
o IS term to_sopho_2,to=sopho=3; 

07-09-1990 

from_sopho 
rTMP mess from soph~ 
l - - - J ' 

(1, 1) 

[<TMP _mess_ to _term~ sopho~ess_distr 

to 1TR6 term 

[<ISDN_mess _ to _term~ 

sr 6 

[<ISDN_mess _from _term~ 

from term 
' 

[<TMP_mess_to_term~ 

' ,I 
-----------' I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

(--- ------------
sr 1 1 

I 
I 
I 
I 
I 
I 
I 
I 
I 

\.; I 

~
chan _request] 
rel chan, 
chail_change 

"I' 

sr 2 
(0, 100) 

protocol_control 1'1~-chan_assigned, 1 
~-chan_not_assigne~ 

sr 4 

[s_initpor~ 

to_sopho_1 

sr 5 
ridp-started;j 
Lidp _ finishe~ 

I 
I 
I 
I 

[<TMP _mess_ to _sopho~ l~v 

I (0, 2) 
I 
I 
I 
I init and downl 
I 
I 

(1, 1) 

rrsDN_mess_from_term~ 
~MP_mess_from_term j 

term mess distr to_sopho_3 

[<TMP _mess_ to_sopho~ 

sr 3 

[< TMP _mess_ to _term~ 

to_sopho_2 

[<TMP _mess_ to _sopho~ 

1 

1 ( 1) 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 07-09-1990 
Process protocol_control/Page declarations 

PROCESS protocol control 
~---------------,-(0,100); ~ 
:FPAR ~ 
1CR,TEI integer, I 

rstart state state name; 1 

ISIGRALSET - : 
:(TMP_mess_to_term), 1 

1 (ISDN_mess_from_term), 1 
tB chan assigned, I 

tB=chan=not_assigned, : 
ldigits in buffer; 1 
L----~-~----------

HEWTYPE check type 
LITERALS -
oke,ignore setup; 
OPERATORS ORDERING 
EHDNEWTYPE check_type; 

NEWTYPE type of call request 
LITERALS - - -
data call,voice call; 
OPERATORS ORDERING 
EHDHEWTYPE type_of_call_request; 

HEWTYPE reasen for clearing type 
LITERALS - - -
a,b; 
OPERATORS ORDERING 
EHDHEWTYPE reasen for_clearing_type; 

HEWTYPE cpc type 
LITERALS -

om_session_started,connect_with_party_added_on, 
connect_with_held_party,network_reached, 
connect_without_held_party,connect_when_free, 
redirected call,terminal called,enquiry nack, 
dialling aCk,facility re9istered, -
party cleared; -

OPERATORS -
ORDERING 

ENDNEWTYPE cpc_type; 

declarations 

SYNOHYM T305 
SYNONYM T308 
SYNOHYM T303 
SYNONYM Tnonx 
DCL 

dur a tien 
dur a tien 
dur a tien 
duration 

=120; 
=4; 
=1.5; 
=4; 

setup counter integer :=0, 
length integer :-2, 
d counter integer :=0, 
disc received boolean :=false, 
seleCtion_digits_present boolean :=true, 
mode_nonxmode boolean :=false, 
signals_in_process_queue boolean, 
fac accepted and B chan free boolean :=true, 
other_CR_TEI:PreSent - boolean :=false, 
two times boolean :=false, 
all-serv ind checked boolean :=false, 
proëess OccuPies B chan boolean :=false, 
active nonxmode timer boolean :=false, 
active-setup tiier boolean :=false, 
chan - - chan no, 
idp inst pid,-
check check type, 
call request is type_Of call_request, 

~ 

reasOn for cÏearing, 
choice- -
cpc_value 

reasen for clearing type, 
cpc type, - -

causa cauSe_type; 

TIMER 
rel_timer,disc_timer,setup_timer,nonxmode; 

1 

(23) 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 07-09-1990 
Process protocol_control/Page init 

PROCESS protocol_control 

(id e) (cal! 
_present) 

i setup VIA 
(t~lTR6_term 
/*(TEI~l27)*/ 

di se 
received:= 

false 

( conneet 
_requested) 

(release 
_request) 

SET(N01i+T308, 
rel_timer) 

(release 
_ack) -

( disconneet 
_indication) 

init (23) 

(check 
_termiilals) 

2 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 07-09-1990 
Process protocol_control/Page anystate 

PROCESS protocol_control 

ini t _er _pend, 
di al, 

1----lconnected, 
conneet requested, 
disconnëct_indication 

3 

anystate (23) 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 
Process protocol_control/Page idle/1 

PROCESS protocol_control 

I 
arequest tor 

--- -IB-channel 
I 

L--------

(ignore_setup) 

SET(HOW+T308, 
rel_timer) 

i setup VIA 
/tö1TR6 term 
'\,;/*TEI=Ü7* I 

SET(HOW+T303, 
setup_timer) 

set up 
_counter:=~, 

07-09-1990 

idle/1 (23) 

i alert,i conn, 
i-conn ack, 
i-disc;i det, 
i-info, i-fac, 
i-fac ack,i fac rej, 
i-user info; -
i-fac Canc,i fac reg, 
i=res;i_susp; -
i_fac_inf,i_fac_sta 

4 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 
Process protocol_control/Page idle/1/I 

PROCESS protocol_control 

selection 
digits -

Jresent 

07-09-1990 5 

idle/1/I (23) 

(chan_occupied) (chan_not_yet_initialized) 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 
Process protocol_control/Page idle/2 

PROCESS protocol_control 

I 

----- :no layer 2 terminal-side exists 
I 

L----------------------

07-09-1990 6 

•release 
layer_2;-

•release CR 1 

idle/2 (23) 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 
Process protocol_control/Page init_cr_pend/1 

PROCESS protocol_control 

i_setup_ack VIA 
to lTR6 

_::term-

ll 

-s 

(data_call) (voice_call) 

protocol 
controÏ 

/*choose a 
1---;free CR*/ 

(er, 127, 
call_present) 

SET(NOW+T308, 
rel_timer) 

07-09-1990 7 

'release 
layer_2° 

'release eR• 

init_cr_pend/1 (23) 

reason 
for -

:cle'äring 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 
Process protocol_control/Page init_cr_pend/2 

PROCESS protocol_control 

'release CR' 

SET(NOW+T308, 
rel_timer) 

07-09-1990 8 

i setup,i alert,i eonn,i conn ack, 
- ,i-rel ack;i det, - - -

i-infO,i faë,i fac ack,i fac rêj, 
i-user iflfo,i fac Canc,i-fac-reg, 
i:res,I_susp,I_faÖ_inf,i:fac:sta 

init_cr_pend/2 (23) 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 
Process protocol_control/Page call_present/1 

PROCESS protocol_control 

I 
lwhen entering this state: 

- -ldisc received-false ! ! ! 
I -

L------------------

(tr6 
~ 

(tr6 
~ 

(cr,TEI, 
1----;release 

_request) 

07-09-1990 

protocol 
control 

r,-----------------it is not possible to 
____ :send s_inc_call_disr 

1to Sopho s; so we have 
1to wait llntil Sopho s 
lwill send term inc Call! L---------: __ : ___ _ 

(er, TEI, 
I----; release 

_request) 

protocol 
control 

call_present/1 (23) 

(cr,TEI, 
f----t conneet 

_requested) 

chan change 
(ëhan, > 

offspring) 

•release CR' 

9 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 07-09-1990 1 
Process protocol_control/Page call_present/2 

PROCESS protocol_control call_present/2 (23) 

(true~ 

~ 

(cr,TEI, 
I----j release 

_ack) -

~etup_counter<3 

(true) Y, 

SET (NON+T303, 
set up_ timer) 

setup counter:• 
setup:counter+l 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 07-09-1990 
Process protocol_control/Page call_present/3 

PROCESS protocol_control 

RESET( 
setup_timer) 

protocol_ 
_ control 

call_present 

i setup,i conn ack, 
i-rel ack;i de't, 

r-----~i-infO,i faë,i fac ack,i fac rej, 
i-user info,i fac ëanc,i-fac-reg, 
i=res,i_susp,i_faC_inf,i=fac:sta 

(er, TEI, 
1------jrelease 

_request) 

12 

call_present/3 (23) 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 
Process protocol_control/Page call_received/1 

PROCESS protocol_control 

y 
(false) 

I 
rwhen entering this state: 

- -ldisc received-=false ! ! ! 
I -

L------------------

(tr~ 

release 
-'-.__./ 

(tr~ 

release 
-'-.__./ 

(false) 

07-09-1990 

(true) 

'get this 
CR/TEI'-

~ 
(false) 

disc received 
:~true 

RESET( 
setup_timer) 

call_received/1 (23) 

(tr~ 

release 
-'-.__./ 

(cr,TEI, 
release_request) 

13 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 07-09-1990 14 
Process protocol_control/Page call_received/1/C 

PROCESS protocol_control call_received/1/C (23) 

protocol 
_eontroï 

(cr,TEI, 
t-----iconnect _ requested) 

other CR TEI 
;>------i_presënt- -

(cr,TEI, 
t-----irelease_request) 

(fa se) 

other CR TEI 
:>------i_presënt- -

<c-1-e> set up 
-time:ë 

-~(false) 
(true) 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E. F .M. WILLEMSEN 07-09-1990 
Process protocol_control/Page call_received/2 

PROCESS protocol_control 

protocol 
_contro1 

I 
twhen entering this state; 

- -ldisc received-false ! ! ! 
I -

L------------------

(tr~ 

release 
-'-.._/ 

(cr,TEI, 
1----jrelease 

_ack) -

(a) (b) 

~ 
~<3 

(fals<>) (t+e) 

SET(N'OW+T303, 
setup_timèr) 

setup counter:= 
setup:counter+l 

call_received/2 (23) 

i setup,i conn ack, 
i-rel ack;i det, 
i-infO,i faC, 
i=fac_ack,i_fac_rej, 
i user info, 
i-fac Cane, 
i-fac-reg, 
i-res;i susp,i fac inf, 
i=fac_sta - -

1 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 
Process protocol_control/Page call_received/2/C 

PROCESS protocol_control 

(false) 

(true) 

(cr,TEI, 
release 
_request) 

'release CR' 

07-09-1990 16 

(cr,TEI, 
~--~dis conneet 

_indicatioÏl) 

A 
_release 

protocol 
_ control 

call_received/2/C (23) 

(cr,TEI, 
f----jrelease 

_request) 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 
Process protocol_control/Page dial/1 

PROCESS protocol_control 

1overlap sending 
----: call proceeding 

1call delivered 

L-----------

(true) 

selection 
digits -

J>resent 

(true) 

(false) 

-x 

07-09-1990 

(true)] 

SET(IIOW+Tnonx, 
nonxmode) 

I 

i conn VIA 
to 1TR6 

term-

SET (NOW+T308, 
rel_timer) 

dial/1 (23) 

i_setup,i_alert, 
i conn,i conn ack, 

~----~i-rel ack,i det, 
i-fac;i fac-ack, 
i-fac r'ëj, -
i-user info, 
i-fac Canc,i fac reg, 
i-res;i susp; -
i=fac_iDf,i_fac_sta 

17 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 
Process protocol_control/Page dial/2 

PROCESS protocol_control 

(connect_without_held_party, 
connect_with_held_party, 
connect_with_party_added_on) 

(terndnal called, 
redirected call, 
connect_when_free) 

ELS 

RESET( 
nonxmode) 

RESET( 
nonxmode) 

07-09-1990 

'release CR' 

reasen 
for -

=cle'äring 

18 

dial/2 (23) 

'release CR' 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 
Process protocol_control/Page connect_requested/1 

PROCESS protocol_control 

(a) 

reason 
for -

=clei'ring 

07-09-1990 

SET(NOW+T308, 
rel_timer) 

'release 
layer_2 1 

'release CR' 

19 

connect_requested/1 (23) 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 
Process protocol_control/Page connect_requested/2 

PROCESS protocol_control 

SET(HOW+T308, 
rel_timer) 

i setup,i alert,i conn,i conn ack, 
i-rel ack;i det, - - -

"~----~i-infÖ,i faC,i fac ack,i fac rej, 
i-user info,i fac Canc,i-fac-reg, 
i=res,i_susp,i_faC_inf,i=fac:sta 

07-09-1990 20 

connect_requested/2 (23) 

'release CR' 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 
Process protocol_control/Page connected 

PROCESS protocol_control 

SET (N0ii+T308, 
rel_timer) 

---- :active 
I 

L-------

•release 
layer_2 ;-

•release CR 1 

(b ) 

SET(NOii+T305, 
disc_timer) 

(a) 

reasen 
for -

=cle8ring 

SET(NOii+T308, 
rel_timer) 

07-09-1990 

SET (N0ii+T308, 
rel_timer) 

connected (23) 

i setup,i alert,i conn, 

.,------~i-rel ack;i det, -
i-fac;i fac-ack, 
i-fac rë"j, -
i-user info, 
i-fac Canc,i fac reg, 
i-res;i susp; -
i=fac_inf,i_fac_sta 

21 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 07-09-1990 
Process protocol_control/Page disconneet indication 

PROCESS protocol_control 

rocess 
ccupieS~ 
B cha.;/""'" -:r 
(true) 

•release 
layer_2 1 

'release CR 1 

RESET( 
disc_timer) 

SET (NOW+T308, 
rel_timer) 

r rocess 
ccupieS~ 
B cha.;/""'" -y 

(false) (true) 

SET (NOW+T308, 
rel_timer) 

disconneet indication (23) 

i setup,i alert,i conn, 
i-conn ack, -

"~----_,i-rel ack,i det, 
i-infO,i faC,i fac ack, 
i-fac re), - -
i-user info,i fac canc, 
i-fac reg, - -
i-res;i susp,i fac inf, 
i=fac_sta - -

22 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 
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PROCESS protocol_control 

rocess 

ccupie~-B cha -(x) (fa se) 

~r;Ïe~S;---
____ 1 already 

lsent tvo 
I times? 

.----'~·""~'~---

07-09-1990 

release_request (23) 

i setup,i alert,i conn, 
i-conn ack, -

T------;i-disc;i rel,i det, 
i-info, i-fac, -
i-fac ack,i fac rej, 
i-user info; -
i-fac Canc,i fac reg, 
i-res;i susp; -
i=fac_iDf,i fac_sta 

23 
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PROCESS protocol_control 

i setup,i alert,i conn,i conn ack, 
/*all other i-disc,i rel ack,i det, - -
'_messages*T-----~i-info,i-fac;i fac-ack,i fac rej, 

i-user info,i fac Canc,i-fac-reg, 
i=res,i_susp,i_faë_inf,i=fac=sta 

,--....1...----, 
'adjust service 'adjust service 
indicator tableT indicator table7 

I I I 

I 
protocol_ I (er, TEI, 

I 
protocol_ 

~ control lrelease_request) - control 

I ' , 

'I/ 

( check on ) 
_termfÏlaiS 

(cr,TEI, 
release 
_ack) -

07-09-1990 

check on terminals (23) 

~th;rë-is- ;;o- tim~------
set up timer _____ 1 for a restart! 

1 
IOnly 15 sec. to respond 

~a.::e~ _ ~e_::i~~~g- ~n! ~~o_:: 

-----------------
<all~s~rv~ :All service-indicators 

c:enckëd/ ---- :already checked? 

-(:t:--(true) L----------------

i setup VIA 
Ao1TR6 term 
'-'!*TEI=Ï27* I 

SET(NOii+T303, 
set up_ timer) 

'release CR' 

24 
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PROCESS init and down! 
. ------------,-
:~~); L\ 
:eh chan no; i 

1SIGNALSËT : 
1 (TMP_mess_to_term), 1 
Is initport; t 
L=------------• 

(true) 

6 

1There are two IDP instances possible: 
--:One for BO, the IDP(ch=O) instanee 

1and one for Bl, the IDP(ch=l) instance. 

L----------------------------

(false) 

I 
•lxamine serviel 
indicator tablet 

(no_term_found) 

SET(NOW+TO, 
r_TO) 

protocol 
_controÏ 

SET (NOW+Tl, 
timer_Tl) 

first check 
:==f"äls:e 

powered _up ( 6) 

DCL 
er integer; 
first check boolean; 
downl-ring info boolean :•false, 
terminals - det term answers 
:•two or more voice term-found, 
v d a- - - - v d-a type; 
TÏMËR tTroer-TO,timer Tl; 
SYNONYM TO duration=lO; -
SYNONYM Tl duration=5; 

/*choose free CR*/ 
r------;(er,l27,cheek_terminals) 

NEWTYPE det term answers 
LITERALS - -
no term found, 
IDP is BO instanee and 
onë däta-ter.m found, 

ÏDP Is Bl-instanee and 
onë vÖicë term follnd,

ÏDP Is Bl instaDoe and 
onë dita-ter-m found, -

ÏDP is Bl-instance and 
at-leäst-one voicë and one 

-data terii\ foÜnd, ........ -
two or morë data term 

found; - - -
ÏDP is BO instanee and 

onë vÖicë term follnd,
ÏDP is BO instanee and 

at-leäst-one voicë and one 
-data te riL foÜnd, - -
two or morë voice term 

foünd; - - -
OPERATORS ORDERING 
ENDNEWTYPE det term answers; 

1 
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PROCESS init and down! 

Pl 

J check service 
1 

indicator tablef 

I 

r-----------------------------~ terminals 

(no_telm_found) 

protocol 
control 

SET(NOW+Tl, 
timer_Tl) 

first check 
:=true 

(IDP is BO instanee and 
one-data Eer.m found, -- - - -1 

IDP is Bl instanee and 
_onë_vOicë_term_follnd)-

/*choose free CR*/ 
r-----_,(cr,l27,check_terminals) 

vda(ch):= 
- ä"bsent 

s_port_ 
absent 

w 

powered_up ) ( powered_up ) 

(IDP is Bl instanee and 
one-data term found, -

;DP :s Bl-inst:nde and 
at-leBst-one voicë and one 

-data terïil fotind, - - -
- - - I 
two or more data term 
_found) - - -

v d a(ch):= 
--data 

s_initport_ 
conf d 

w 

pre_oper ) 

(IDP is BO instanee and 
one-voice-term found, - - - f 

IDP is BO instanee and 
at-least-one voice and one 

-data terin follnd, -

~wo o: mor: voi~e te~ 
_fo\Ïnd) -

v d a (eh):= 
voice 

s_initport_ 
conf v -

w 

pre_oper ) 

2 

powered_up/Pl (6) 
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07-09-1990 

PROCESS init and down! 

(no_term_found) 

v d a(ch):= 
-absent 

SET (NOW+TO, 
timer_TO) 

'check service 
indicator tablel 

(IDP is BO instanee and 
one-data ter.m found, -- - - -1 

IDP is Bl instanee and 
_onë_vOicë_ter.m_foÜnd)-

v d a(ch):= 
- äbsent 

(IDP is Bl instanee and 
one-data term found, -

;DP ~s Bl-ins!:nce and 
at-le8st-one voicë and one 

-data tei.m foÜnd, - -
- - - I 
two or more data term 
_found) - - -

v d a(ch):= 
-data 

(IDP is BO instanee and 
one-voice-te~ found, -

;DP ~s BO ~Jsta:ce and 
at-le8st-one voicë and one 

-data term foÜnd, - -

~wo o~ mor:
1
voice term 

_found) - -

v_d_a (eh):= 
voice 

3 

powered_•~p/P2 (6) 
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Process init_and_downl/Page pre_oper/1 

PROCESS init and down! pre_oper/1 (6) 
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Process init_and_downl/Page pre_oper/2 

PROCESS init and down! pre_oper/2 (6) 

( pre_oper 

\/ 

Pl 
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AUTHOR: E.F.M. WILLEMSEN 07-09-1990 

PROCESS init and downl 

( idle 

I idp_starte 
(eh) 

Pl 

I 
ISENDER is 

- -lan PCP instanee 
I 

L-----------

6 

idle (6) 
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07-09-1990 

PROCESS sopho mess distr 
~-------------~----~---------, I (1,1); 1\ 

1SIGNALSET TMP mess from sopho,chan request,, 
1rel chan,chan-chan9e,idP started, - I 
lidp-finished;- - I 

L - --- - - - - - - -- - - - - - - - - - - - - - - - - - - - _I 

idle 

I IS term(O):-false, 
IS-term(1):=false, 

lr-----~IDP id(O):=null, 
IDP-id(l):=null 

TMP mess from sopho 
(ÏnessäÇe näme, I eh)- \_. 

1
determine I 

portnumber-
of messageï 

DCL 
message name 
portnumber found 
IS terminaÏ 
er 
ch,chan 
inst 
portnumber 
IS term 
IDP id 
PCP-id 
active IDP 
cause 

name type 1, 
boolë"an :;;false, 
boolean :=false, 
integer, 
chan no, 
pid,
portnumber type, 
IS term type, 
pid type, 
pid-type, 
flag active IDP type, 
causë"_type;- -

1 

idle/1 (7) 
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PROCESS sopho_mess_distr 

mess to IS term 

\J 
mess to idp 

~ 

(true) 

pep id(ch):= 
OITSPRING 

s_mess_to_pcp 

\..._/ 

:Does IS-terminal 
--- - 1occupy 

,this portnumber? 

L-----------· 

r.--------IDoes an PCP 
____ 1 instanee 

loccupy this 
lportnumber? L--------

: choose free CR, 
--- _ 1 TEI=127, 

1start_state=idle 

L-----------· 

s_m.ess_to_pcp 

\..._/ 

07-09-1990 

message name= 
""'-initpört/ 

~ 
(false) 

I 
tdis ard 

--:mes age 

L-

I 
(true) 

I 
( 'determine_ 
channelnumber 

BO or Bl' -

idle/1/I (7) 

~o~;s- ÏS tërininaï-w-aïit--

- 1Invoke layer 2 TEI-check 
lprocedure -

(fa se) 

mess to idp 

~ 

(true) L-- ---------------

active idp(ch) 
:=true-

IS_term(ch) := 
true 

mess to IS term 

\J 

2 
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PROCESS sopho_mess_distr 

T ------------
............. ~dp_l.d> :ehannel not yet 
~(ehan) ----,· it' 1' d? 

pep J.d(chan) 

07-09-1990 

chan change 

t""'I"" 
pep J.d(ehan) 

~~9rv>-_____,l =n:c-ull c_::_l.~: ___ _ 

(true>---------------------, 

~~E~DER~>-----------,l 

(x) (fa se) (true) (false) 
( ) 

act~idp 
(ehan)= 

true 

1idp is active 
----:on this 

,ehannel? 

L---------

cause:=chan 
_not_yet_

_initialized 

B c an not 
=assi9ned-) 

(eause) 
TO SENDER 

:ille al attempt 
-- 1to r lease 

1a eh nnel! 

L-----------

:illega 
- _ 1to ass 

1a chan 

L----

at tempt 
gn 
el 

idle/2 (7) 

active idp 
(ehan):

true 

3 
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PROCESS sopho_mess_distr 

I3 

B ehan 
_aSsign'ëd 
TO SENDER 

------------pcp_id :an pep instancé 
(ehan) -- -- 1has takén a B-

:-SENDER rchannel 

1..-----------
,.._ 

idle 

07-09-1990 4 

idle/2/I (7) 
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PROCESS sopho_mess_distr mess to IS term (7) 

r\ -x= 
r--------,-----------<,m~essage~_name>-----------r------------------r-----------------,------------------r----------(-d_o_w_n_l_o_a_dr_--f_u_n_k_e_y_)---------,r----(-d_o_w_n_l_o_a_d ___ r_~-.n-,g_--t_i_me __ ) __________ -, 

T (datacheck) 
(clear_call) (download_ring_rhythm) 

(inc_call) (initport) (om_ op_ oommand) (pos_cpc) (pts) (set_mode) 

(meter result) 
ï 

(displ_cw) (cw_off) (cng_nbr) (displ_nbr) 

I "-s meter result 

nable_status_request} 

I 
I s_enable~ 
_status_request 

5 
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PROCESS sopho_mess_distr mess to IDP {7) 

x 
r-------,----------<~~~.ssage ~-name>---------~----------------~----------------,-----------------r---------~-d-o_wn __ l_o_a,d ___ f_u_n_k_e_y_)---------r----(-d_o_w_n_l_o_a_d ___ r_i_n~gr_-t_i_me __ ) __________ _, 

(answ_ack) T (datacheck) (download_class) 
(clear_call) (download_ring_rhythm) 

(meter resul t) 
ï 

(displ_cw) (cw_off) (cng_nbr) (displ_nbr) 

~ meter resàt 
Tö idp_}d (eh)' 
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PROCESS sopho_mess_distr s mess to PCP (7) 

(\ ·ycy 
r--------r--------~~~~>---------~-----------------r----------------,-----------------~---------(d_o_w_n_l_o_a;dr_-f_un __ k_e_y_)---------,----(-d_o_w_n_l_o_a_d __ r_i_n_gr-t-i_me __ )-----------, 

(answ_ack) T (datacheck) - ,-

(inc_eall) 

(clear_call) (date_time) (download_ring_rhythm) (enable status request) - - I 

(initport) (om_op_command) 

(metar result) 
T 

(displ_cw) (cw_off) 

~ met ar res~ t 
To pcp_::id(ch)' 

(pos_opc) 

(cng_nbr) 

(pts) 

(displ_nbr) 

s displ nbr';) 
TO-pcp id(eh) 

(set_mode) (status_monitoring) 

I s_enable~'
status request 

-TO pep:id(ch) 

7 



PNT LAYER 3 SDL SPECIFICATION AUTHOR: E.F.M. WILLEMSEN 07-09-1990 
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PROCESS te~ mess distr ______________ , 
,<1,1); l' 
,SIGNALSET 'Î 
aiSDN mess from term, I 

~T~-~~s=~r-o~-:.t~:~ _; 

(false) 

mess to sopho 

\.:/ 

IS N mess from term 
( message -name2, er) 

.:J~~,-~ 
pep instanoes 

table' 

tive_pcp_instances table type 
refere.nce,pid) 

ENDNEWTYPE active_pcp_instances_table_type; 

DCL 
message narnel name_type_2, 
message:name2 name type 3, 
er call-reference, 
tei inte9er, 
active_pcp_instances_table 
active_pcp_instances_table_type; 

active_pcp_ :does message belong 
_instances_tabl•---- 1to a existing pep 

'{cr)=null' 1process instance? r (true) '---------------

i_mess_to_pcp 

I I 
protocol control 
<=,TE~ id1e) 

active_pcp~instanoes_ 
table(cr):• 

- OFFSPRING 

1 

idle (3) 
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PROCESS term mess distr idle/mess_to_sopho (3) 

r\ -yo 
r--------r----------me~l~(c_l_a--ss-_-d--own-r-l-o_a_d_--c_o_n_f_)------,----------(d_a_t_a __ ch--erc-k_--r_e_s_u_l_t_)-------,----------------~-----------------r-------------{e_n_q_u~~-·r_y __ )-------------, 

{call request) (clear_call_and_reconnect) (dte download conf) (falcility_status_request) -1 - I-
I '-. 
s dte download 

- :conf -

(on_hook) 

(setmode conf) 
(ring download conf) - {stop_ring_download) 

- I -
(link_up) (port_absent) {download_request) 

~ do:nfo1:cf_:ë~ 
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PROCESS ter.m mess distr idle/i_mess_to_pcp (3) 

I 
(eonn) 

I 
(eonn_aek) (diL) (r1 

I 
(rel_aek) 

i_conn To, i eonn aek TO i dise T~ i rel T t> i rel aek TO 
aeti ve _pep=> äetive_pep:) ac;:t'ive_pcp_ acflve_pcp_ äCtive_pep=) 
_instances- instances _~nstances instances instances 
_table (er)' _table(er)' table (er)' _table (er)' _table(er)' 

(fae_aek) (fae_rej) (user_info) (fae_eane) (fae_reg) (res) (susp) (fae_inf) (fae_sta) 
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PROCEDURE det term 

DCL 

AUTHOR: E.F.M. WILLEMSEN 07-09-1990 

er integer; 

protocol 
_controÏ 

SET(Noti+Tl, 
timer_Tl) 

SYNONYM 

/Wchoose free CR*/ 
~----~(cr,l27,check_terminals) 

I 
lperiod=(numb. of 

----land <lSsec. 
I 

L-----------
service-indicators) * l.Ssec~ 

1 

1 (1) 



APPENDIX B 

SIMULATION OF A BASIC CALL 

In this appendix the trace file of the simulation example of section 
4.5.2 is printed. In the trace list the moments on which the monitor 
commands are given are inserted as comments written in this letter 
type. The trace level is set to 6 (the maximum). The simulator 
generator SDT SAC Version R4B is used. 
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APPENDIX 8. 

*** TRANSITION START 

* PID TERM MESS DISTR:l 
-

,'( STATE : START STATE 

* NOW : 0.00 
"~<** NEXTSTATE IDLE 

*** TRANSITION START 
* PID SOPHO MESS DISTR:l 

* 
* 

STATE 
NOW 

* TASK 

START STATE 
0.00 

*** NEXTSTATE IDLE 

*** TRANSITION START 
* PID SOPHO MESS DISTR:l 
,'r STATE IDLE 

* INPUT TMP MESS FROM SOPHO 

* SENDER ENV:l 

* NOW 0.00 

* PARAMETER(S) INITPORT, 0 

* TASK 

* DEC I SION 

* DEC I SION 

* TASK 

* DEC IS ION 

* CREATE INIT AND DOWNL:l 

* PARAMETER(S) : 0 

* TASK 

* DEC IS ION 

* OUTPUT OF S INITPORT TO INIT AND DOWNL:l 
*** NEXTSTATE IDLE 

*** TRANSITION START 
,'( PID INIT AND DOWNL:l 
"/( STATE : START STATE 
,'( NOW : 0.00 
,'( PARAMETER(S) : 0 
*** NEXTSTATE POWERED UP 

*** TRANSITION START 
* PID INIT AND DOWNL:l 
* STATE POWERED UP 
* INPUT S INITPORT 
* SENDER SOPHO MESS DISTR:l 

118 



SIMULATION OF A BASIC CALL 

* NOW 
* TASK 
* . DECISION 
* TASK 

0.00 

* OUTPUT OF S INITPORT CONF V TO ENV:1 
*** NEXTSTATE PRE OPER 

Here the situation Now=0.1 is reached! 

*** TRANSITION START 

* 
* 
* 

PID 
STATE 
INPUT 

TERM MESS DISTR:1 
IDLE 
ISDN MESS FROM TERM 

* SENDER ENV:1 
* NOW 0.10 
* PARAMETER(S) SETUP, 0 
* TASK 
* DECISION 
* CREATE PROTOCOL CONTROL:1 
* PARAMETER(S) : 0, 0, IDLE 
* TASK 
* DECISION 
* OUTPUT OF I SETUP TO PROTOCOL CONTROL:1 
*** NEXTSTATE IDLE 

*** TRANSITION START 

* PID PROTOCOL CONTROL:1 

* STATE : START STATE 

* NOW : 0.10 

* PARAMETER(S) 0, 0, IDLE 

* TASK 

* DEC IS ION 
*** NEXTSTATE IDLE 

*'ldr TRANSITION START 

* PID PROTOCOL CONTROL:1 

* STATE IDLE 

* INPUT I SETUP 
'Ie SENDER TERM MESS DISTR:1 

* NOW 0.10 

* DEC IS ION 

* OUTPUT OF CHAN_REQUEST TO SOPHO MESS DISTR:1 

* PARAMETER(S) : 0 

119 
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*** NEXTSTATE WAIT 

*** TRANSITION START 
* PID SOPHO MESS DISTR:1 

* STATE IDLE 
* INPUT CHAN_REQUEST 
* SENDER PROTOCOL CONTROL:1 
* NOW 0.10 
* PARAMETER(S) : 0 
* DECISION 
* DECISION 
* TASK 
* OUTPUT OF B CHAN NOT ASSIGNED TO PROTOCOL CONTROL:1 
* PARAMETER(S) CHAN OCCUPIED 
*** NEXTSTATE IDLE 

*** TRANSITION START 
* PID PROTOCOL CONTROL:1 
* STATE WAIT 
* INPUT B CHAN NOT ASSIGNED 
* SENDER SOPHO MESS DISTR:1 
* NOW 0.10 
* PARAMETER(S) : CHAN OCCUPIED 
* DECISION 
* OUTPUT OF I DISC TO ENV:1 
* SET ON TIMER DISC TIMER AT 120.10 
*** NEXTSTATE DISCONNECT INDICATION 

Here the situation Now=0.2 is reached! 

*** TRANSITION START 
* PID SOPHO MESS DISTR:1 

* STATE IDLE 
* INPUT TMP MESS FROM SOPHO 
* SENDER ENV:1 
* NOW 0.20 
* PARAMETER(S) TERM_INIT, 0 
* TASK 
* DECISION 
* DECISION 
* DECISION 
* DECISION 
* OUTPUT OF S TERM INIT TO INIT AND DOWNL:1 

120 



SIMULATION OF A BASIC CALL 

*** NEXTSTATE IDLE 

*** TRANSITION START 
* PID INIT AND DOWNL:l 
* STATE PRE OPER 
* INPUT S TERM INIT 
* SENDER SOPHO MESS DISTR:l 
* NOW 0.20 
* OUTPUT OF S OPER CONF TO ENV:l 
* OUTPUT OF IDP FINISHED TO SOPHO MESS DISTR:l 
* PARAMETER(S) : 0 
*** NEXTSTATE IDLE 

*** TRANSITION START 

* PID SOPHO MESS DISTR:l 

* STATE IDLE 

* INPUT IDP FINISHED 

* SENDER INIT AND DOWNL:l 

* NOW 0.20 

* PARAMETER(S) : 0 

* TASK 
*** NEXTSTATE IDLE 

Here the situation Now=0.3 is reached! 

*** TRANSITION START 

* 
* 
* 

PID 
STATE 
INPUT 

SOPHO MESS DISTR:l 
IDLE 
TMP MESS FROM SOPHO 

* SENDER ENV:l 
* NOW 0.30 
* PARAMETER(S) INC_CALL, 0 
* TASK 
* DECISION 
* DECISION 
* DECISION 
* DECISION 
* CREATE PROTOCOL CONTROL:2 
* PARAMETER(S) : 0, 127, IDLE 
* TASK 
* DECISION 
* OUTPUT OF S INC CALL TO PROTOCOL CONTROL:2 
*** NEXTSTATE IDLE 

121 
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*** TRANSITION START 

* PID PROTOCOL CONTROL:2 
* STATE : START STATE 
* NOW : 0.30 
* PARAMETER(S) 0, 127, IDLE 
* TASK 
* DECISION 
*** NEXTSTATE IDLE 

*** TRANSITION START 
* PID PROTOCOL CONTROL:2 
* STATE IDLE 
* INPUT S INC CALL 
* SENDER SOPHO MESS DISTR:1 
* NOW 0.30 
* OUTPUT OF I SETUP TO ENV:1 
* SET ON TIMER SETUP TIMER AT 1.80 
* TASK 
*** NEXTSTATE CALL PRESENT 

Here the situation Now=0.4 is reached! 

*** TRANSITION START 

* PID TERM MESS DISTR:1 

* STATE IDLE 

* INPUT ISDN MESS FROM TERM 

* SENDER ENV:1 

* NOW 0.40 

* PARAMETER(S) ALERT, 1 

* TASK 

* DEC IS ION 

* DEC IS ION 

* OUTPUT OF I ALERT TO PROTOCOL CONTROL:2 

*** NEXTSTATE IDLE 

*** TRANSITION START 

* PID PROTOCOL CONTROL:2 

* STATE CALL PRESENT 

* INPUT I ALERT 

* SENDER TERM MESS DISTR:1 

* NOW 0.40 

* DEC IS ION 
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* TASK 
*** NEXTSTATE CALL RECEIVED 

Here the situation Now=O.S is reached! 

*** TRANSITION START 

* PID TERM MESS DISTR:1 

* STATE IDLE 

* INPUT ISDN MESS FROM TERM 

* SENDER ENV:1 

* NOW' 0.50 

* PARAMETER(S) CONN, 1 

* TASK 

* DEC IS ION 

* DEC IS ION 

* OUTPUT OF I CONN TO PROTOCOL CONTROL:2 

*** NEXTSTATE IDLE 

*** TRANSITION START 
* PID PROTOCOL CONTROL:2 
* STATE CALL RECEIVED 
* INPUT I CONN 
* SENDER TERM MESS DISTR:1 
* NOW' 0.50 
* DECISION 
* DECISION 
* CREATE PROTOCOL CONTROL:3 
* PARAMETER(S) : 0, 127, CONNECT_REQUESTED 
* OUTPUT OF CHAN CHANGE TO SOPHO MESS DISTR:1 - - -
* PARAMETER(S) : 0, PROTOCOL_CONTROL:3 
* DECISION 
* TASK 
* DECISION 
*** STOP (NO SIGNALS W'ERE DISCARDED) 
* TIMER OF TYPE SETUP TIMER W'AS REMOVED 

*** TRANSITION START 

* PID PROTOCOL CONTROL:3 
* STATE : START STATE 
* NOW' : 0.50 
* PARAMETER(S) 0, 127, CONNECT_REQUESTED 
* TASK 
* DECISION 
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APPENDIX B. 

* OUTPUT OF S ANSYER TO ENV:l 
*** NEXTSTATE CONNECT_REQUESTED 

*** TRANSITION START 
* PID SOPHO MESS DISTR:l 

* STATE IDLE 

* INPUT CHAN CHANGE 

* SENDER PROTOCOL CONTROL:2+ 

* NOY 0.50 

* PARAMETER(S) : 0, PROTOCOL CONTROL:3 

* DECISION 

* TASK 
*** NEXTSTATE IDLE 

Here the situation Now=0.6 is reached! 

*** TRANSITION START 
* PID SOPHO MESS DISTR:l 
* STATE IDLE 
* INPUT TMP MESS FROM SOPHO 
* SENDER ENV:l 
* NOY 0.60 
* PARAMETER(S) ANSY_ACK, 0 
* TASK 
* DECISION 
* DECISION 
* DECISION 
* DECISION 
* DECISION 
* OUTPUT OF S ANSW ACK TO PROTOCOL CONTROL:3 
*** NEXTSTATE IDLE 

*** TRANSITION START 

* PID PROTOCOL CONTROL:3 

* STATE CONNECT_REQUESTED 

* INPUT S ANSY ACK - -

* SENDER SOPHO MESS DISTR:l 

* NOY 0.60 

* OUTPUT OF I CONN ACK TO ENV:l 
*** NEXTSTATE CONNECTED 

Here the situation Now=0.7 is reached! 
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SIMULATION OF A BASIC CALL 

*** TRANSITION START 
* PID TERM MESS DISTR:1 
* STATE IDLE 
* INPUT ISDN MESS FROM TERM 
* SENDER ENV:1 
* NOW 0.70 
* PARAMETER(S) : REL, 1 
* TASK 
* DECISION 
* DECISION 
* OUTPUT OF I REL TO PROTOCOL CONTROL:3 
*** NEXTSTATE IDLE 

*** TRANSITION START 

* 
* 
* 
* 
* 

PID 

STATE 
INPUT 
SENDER 
NOW 

PROTOCOL CONTROL:3 
CONNECTED 
I REL 
TERM MESS DISTR:1 
0.70 

* OUTPUT OF S ON HOOK TO ENV:1 
* OUTPUT OF REL CHAN TO SOPHO MESS DISTR:1 
* PARAMETER(S) : 0 
* OUTPUT OF I REL ACK TO ENV:1 
* TASK 
* DECISION 
*** STOP (NO SIGNALS WERE DISCARDED) 

*** TRANSITION START 
* PID SOPHO MESS DISTR:1 

* STATE IDLE 

* INPUT REL CHAN 

* SENDER PROTOCOL CONTROL:3+ 

* NOW 0.70 

* PARAMETER(S) : 0 

* DECISION 

* TASK 
*** NEXTSTATE IDLE 

*** TIMER SIGNAL WAS SENT 
* TIMER DISC TIMER 
* RECEIVER PROTOCOL CONTROL:1 
*** NOW 120.10 

*** TRANSITION START 

125 



APPENDIX 8. 

* PID PROTOCOL CONTROL:1 
* STATE DISCONNECT INDICATION 
* INPUT DISC TIMER 
* SENDER PROTOCOL CONTROL:1 
* NOW 120.10 
* OUTPUT OF I REL TO ENV:1 
* SET ON TIMER REL TIMER AT 124.10 
*** NEXTSTATE RELEASE_REQUEST 

*** TIMER SIGNAL WAS SENT 
* TIMER REL TIMER 
* RECEIVER PROTOCOL CONTROL:1 
*** NOW 124.10 

*** TRANSITION START 
* PID PROTOCOL CONTROL:1 
* STATE RELEASE_REQUEST 
* INPUT REL TIMER 
* SENDER PROTOCOL CONTROL:1 
* NOW 124.10 
* DECISION 
* TASK 
* OUTPUT OF I REL TO ENV:1 
* SET ON TIMER REL TIMER AT 128.10 
*** NEXTSTATE RELEASE_REQUEST 

*** TIMER SIGNAL WAS SENT 
* TIMER REL TIMER 
* RECEIVER PROTOCOL CONTROL:1 
*** NOW 128.10 

*** TRANSITION START 
* PID PROTOCOL CONTROL:1 
* STATE RELEASE_REQUEST 
* INPUT REL TIMER 
* SENDER PROTOCOL CONTROL:1 
* NOW 128.10 
* DECISION 
* DECISION 
* TASK 
* DECISION 
*** STOP (NO SIGNALS WERE DISCARDED) 

MONITOR SYSTEM (NOW = 128.10) 
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