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Summary. 

Summary. 

To get software components which are interchangeble between different products in the 
same maIk:et (ISDN), it is necessany to make use of a geneml and modular software 
architecture. The lAS group has developed such an architecture for ISDN network products. 
In that architecture the network layer is the highest implemented layer. 

A terminal adaptor is a product for connecting non-ISDN terminals to an ISDN. For several 
functions of the terminal adaptor, software components of the network products should be 
used 

This report describes the necessity of a tenninal adaptor. The functions of the terminal 
adaptor are defined and a product specification for a ISDN terminal adaptor for V.35 
terminals is given. Also a set of HAYES compatible commands is defined for initializing the 
terminal adaptor and for setting ISDN call control infonnation. 

The operational function of the terminal adaptor is given. The functions of the terminal 
adaptor are divided in functions which are implemented in hardware and those which are 
implemented in software. 

Also the way in which the hardware is implemented and the working of the hardware 
components is given. 

A description is given about the software architecture of the existing network products and 
the interworking between the processes in that architecture. 

This report also evaluates the reusability of sixteen software components. Hereby the 
existing software architecture has been studied and the software components needed by the 
terminal adaptor were positioned in that architecture. 
However, the highest implemented layer in the terminal adaptor turns out to be the 
application layer. Hence an extended architecture is defined with a new interface between the 
application layer and the network layer and the presentation layer. 

The new interfaces are defined and the functional specification of the software components 
are given. 

Of the sixteen components. which are evaluated for their reusability. ten components are 
reusable and in six components cbanges must be made. The changes diverge from including 
new functions to changing existing functions. 
Because in the terminal adaptor the application layer is the highest inplemented layer. most 
of the changes are the result of the extended architecture. This means that most of the 
changes (50%) have to be made in the network layer. 

The chosen architecture by the lAS group is a good one. About 2/3 of the existing evaluated 
components are reusable. 
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Chap. 0 Introduction. 

Introduction. 

To connect non-ISDN equipment to the ISDN, a tenninal adaptor is necessary. The terminal 
adaptor provides the convertion of the user bit rate to the ISDN 64 kbit/s and the convertion 
of the V.24 signaling to ISDN LAPD signaling. 

Some of the requirements are solved by the hardware (bit rate adaption, R to srr -interface 
adaption), others must be solved by software (call establishment/release). 

The software architecture of the existing lAS products is claimed to be reusable. This report 
describes the investigation into the reusability of software components in the terminal 
adaptor. 
It also proposes an extended architecture which is very useful in future aplications (e.g. 
network management applications). 

Chapter one provides an introduction to the subject of data communication, both in general 
and in ISDN. 
Chapter two gives a brief description of the requirements of the terminal adaptor. 
Chapters three and four provide the working of the terminal adaptor and the hardware 
architecture. 
Chapter five begins with a review of the seven-layer OSI reference model and the 
architecture of the existing software. It also provides the investigation of the extended 
architecture of the software and the implementation of it in the terminal adaptor. 
Chapter six gives the results of the investigation to the reusability of the software 
components. 



- 1 - Chap. 1 Data communication. 

1. Chapter 1. Data communication. 

1.1 Introduction. 

The transmission of the digital data via a PSTN will be in an analogue form. The modern 
modulates the digital bit stream into a carrier and demodulates the analogue signals into 
the digital bit stream. 
Because one uses the public swichted telphone network, which means a limited 
bandwidth, the transmission speed is also limited. Without special modem modulation 
techniques and/or coding methods one can reach a bit rate of 2400 bit/so With modem 
techniques one can reach bit rates up to 19.2 kbit/s for asynchronous transmission. When 
a transmission rate higher than 2400 bit/s is wanted a leased line of the national P1T is 
necessary. 
During the development of the more modem public data networks there has been a 
gradual growth in demand for good interface standards between terminals or computer 
systems on one hand and the network on the other hand. For public data networks CCI1T 
has developed a number of standards know as the X-series recommendations. This series 
includes X.I, X.2 (services and facilities), X.20, X.20-bis, X.2I, X.21-bis, X.24, X.26, 
X.27 and X.29 (interfaces). 
Recommendation X.20 is for start-stop transmission and X.21 for synchronous 
transmission. 
Recommendation X.21 is one of the most important interfaces and defines the physical 
characteristics and call control procedures for a general purpose interface between DTE 
and DCE. The electrical characteristics of the cicuits are specified in recommendations 
X.26 and X.27. Specific bit rates are 2400, 4800, 9600 and 48,000 bit/so (for a more 
specified list see appendix C) 

1.2 DTEIDCE interfaces. 

To connect terminals or computer systems (DTEs) to eXlstmg conventional networks 
(PSTN) via a modem, the CCI1T's recommendations V.24N.28 interfaces are used (fig. 
1). V.24 is a serial communication interface used for asynchronous as well as 
synchronous data transmission. V.24 describes the function of the interface circuits. 
Apart from recommendation V.24 CCnT gives a number of other recommendations 
directly related to the V.24 interface. These recommendations contain information about: 

- power levels for data transmission over telephone lines (V.2), 

- electrical characteristics for unbalanced V.24 circuits (V.lO), 

- electrical characteristics for balanced V.24-cicuits (V.lt), 

- electrical characteristics for unbalanced double-current interchange cicuits (V.28), 

- modem types (V.2I, V.22, V.23, V.26, V.27, V.32, V.35). 
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V.24 
I 
I 
I 
I 

DTE I 

I 
I 
I 
I / 

V.lON.IIN.28 

DCE 

V.21 
V.23 
V.26 
V.27 
V.29 

V.32 

Fig. 1. Types of interfaces and modems. 

1.3 Modem connections. 

One can distinguish two kinds of modem connections: 

- modems connected ",,;th leased lines (via a PTSN), 

- modems connected with a circuit switch network. 

DCE 

DTE 
ct 107 (DSR) ron 

power 
ct 103 ~ mod I-

ct 104 
dem I-

Fig. 2 Direct operational modem. 

DCE 

DTE ~ ___ ct __ l_08 ____ -+ ________ I _________ ~ __ ~~ 
r- ct107 ~ 

line 

ct 103 
:r-; 
I power -_...L 

mod 
ct 104 

dem 

Fig. 3 Indirect operational modem. 

PTSN 

line PTSN 
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1.3. J Leased lines. There are two possibilities to be connected with a leased line. In one 
case it satisfies to switch on the power of the DCE (fig. 2). In this case the DCE will be 
operational and informs the DTE via CfIO? (DSR) that the modem is connected to the 
line and is ready for use. In the other case the modern will not be operational at once 
(fig. 3). The DTE has to tum CfIOS.I (CDSL) in the ON condition. This causes the 
DCE to connect the modem to the line and to tum on CftO? (DSR). In both cases no 
call establishment is necessary. 

1.3.2 Switched connections. In this case it is necessary first to establish a link, before one 
can connect the DCE to the line. To establish the line three options exist: 

- 1. manual calling and answering, 

- 2. manual calling and automatic answering, 

- 3. automatic calling and answering. 

In the manual calling and answering mode the local operator has to dial the number of the 
called party. When the called party answered the call, both can switch their moderns on 
the line. 
After the data transport phase the operators can switch off the modems from the line and 
by a hang-up release the link. 
When the second method has been used, the called party has a modem which 
automatically detects an incoming call. When it detects an incoming call, it will answer 
the call and switch the modem on the line. 
For automatic informing the DTE, the interchange V.24 circuit Cfl25 (Calling indicator) 
is used. This will causes the DTE to turn on the V.24 circuit connect data set to line 
CTI08.1. To switch off the modern from the line the DTE turns off CfIOS.I. 
It is also possible not to use Cf125. In this case Cf1OS.2 (Data Terminal Ready) is 
used. When the calling indicator detects an incoming call, it will tum on a signal. This 
signal and an on condition of CfIOS.2 will switch the modern on the line. An on-to--off 
transition of CfIOS.2 switches off the modem from the line. 
(In the first case CfIOS.1 is a command and in the second case Cf1OS.2 is a condition.) 
CCfIT recommended the V.2S (parallel) and V.2S-bis (serial) recommendations for the 
automatic calling facilities. 

/.3.2.1 Serial automatic calling. (fig. 4) Recommendation V.2S-bis describes a 
procedure by which a DTE, by use of the 100-series interchange circuits, may instruct a 
DCE to perform the call esthablishment function. The transmission, from DTE to DCE, 
of each digit to be dialled is achieved in serial form on the interchange circuit 103. 

1.3.2.2 Parallel automatic calling. (fig. 5) Recommendation V.25 describes a procedure 
by which a DTE, by the use of the 200-series interchange cicuits, may instruct a DCE to 
perform the call establichrnent function. The transmission, from DTE to DCE, of each 
digit to be dialled is achieved in parallel form on interchange circuits 206 through 209. 

/.3.3 Hayes protocol. A much used non-standard interface protocol is the so called 
HAYES protocol. Hayes has defined a command set implemented on the auto-dialing 
moderns for asynchronous terminals. The user can set up a call via his terminal or 
keyboard by giving commands to the modem. The modem will establish the call and 
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infonn the user. When an incoming call arrives the modem can also automaticly answer 
the call. Nowadays many modem manufacturers support the Hayes command set. Figure 
6 gives an overall view of protocol and interfaces of automatic calling. 

DTE V.24 interfaces. DCE 

V.25 lOO-series 
bis 

Fig. 4 Serie auto calling. 

DTE V.24 interfaces. DCE 

I ~O-series 
modem I 

I 
I "'").;: 
I 

200-series IACU 

Fig. 5 Parallel auto calling. 

Automatic calling. 
I 

I 
parallel 

I 
protocol 

V.25 

interface 

j 
protocol 

V.25 - bis 

interface 

l' a1 sen 

line 

I 
protocol 
Hayes 

interface 

V.24 
100 modem modem -[ modem 

-[ 200 ACU V.24 100 -[ ACU RS ·232C ACU 

Fig. 6 Protocol/interfaces automatic calling. 
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Much private users have distributed commumtles of computers. A communication 
between those communities are required for many reasons. For example transfer file 
information, elektronic mail exchange etc. 
For the communication between those distributed systems they use the public 
communication services. Especially for high speed transmission, up to 64 kbitls, the 
national PTf's have build a seperate digital data network. 
Hence, the national PTf's have to maintain seperate networks for the different kind of 
services (voice and data). 

ISDN is a network which offers the user an end-to-end digital connection. 
Two types of digital communication channels are available for the user, 2 x 64 kbitls (B
channel) for data communication and 1 x 16 kbitls (D-channnel) for signalling 
information. These 2 x 64 kbitls channneis offers the users of telecommunications an 
increased capacity over the previously available offerings. 
These increased capacity leads to the possibility of carrying both data and voice traffic 
and means that still only one network is necessary which is capable of handling all 
services. 
This is an obvious attraction especially for telecommunications managers of corporate 
networks, which prime concern is the optimisation of the basic transmission resource, to 
maximise function and performance while minimising costs. 

However, during the evolving of an Integrated Service Digital Network (ISDN), ISDN 
will co-operate with existing networks. Future ISDN customer access for existing user
network are described in the CenT I-series recommendations I. 460-1.469. The most 
inportant and far reaching of these is recommendation 1.462 (X.31) for 'Support of 
packet mode terminal equipment by an ISDN.' 
This recommendation recognises that the two networks may not in fact merge to become 
a true ISDN but may remain complementary networks, each suited to different services 
and facilities. It does, however, address the problems of integrated access procedures 
between the two networks. 
At the customer end of the digital connection, 1.420 is the base recommendation for 
customer access. This recommendation (and the associated series of recommendations) 
encompass both circuit switch access and packet switch access. An integrated set of 
procedures is described that allow packet switched terminals and circuit switched terminals 
to use the same basic access mechanism to the exchange. At the exchange end the 
different types of call are seperated into circuit switch and packet switch information by 
recognition of the different Layer 3 used in the signalling (0. )channel. Hence each layer 
3 (packet or circuit) at the customer has a seperate layer 3 associated with it at the 
exchange end. For example one layer 3 may be a circuit switch call control layer three, 
another a packet layer for an X.25 call. A customer may connect either type of terminal 
to the local Network Termination (NT) via the I-series passive bus. It is the terminal and 
network combination that connect the customer end to the appropiate service/network. 
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Chap. 1 Data communication. 

1.4.2 Minimum and maximum integration scenarios for network handling of packet 
handling by ISDN. 

The I-series of CCnT recommendations for basic rate access to ISDN are based on a 144 
Kbitsls tranmission system with two time 64 Kbitsls B channels and a 16 Kbitsls D 
channel. The 16 Kbitsls 0 channel operates the LAP 0 protocol. 

Two scenarios (fig. 7 & 8) are described in CCnT recommendation 1.462 for network 
handling of packet communications from I-series terminals. 
The minimum integration scenario refers to a transparent handling of packet calls 
through the ISDN. Only access via the B channel is possible. Support is given to packet 
calls on a physical 64 Kbitsls semi-permanent or switched B channel. Two stage set-up 
procedures are still required to set-up calls both to and from the packet network using a 
special Interworking Port provided by the packet network itself. This means that the 
establishment of the ISDN access circuit using LAPD signalling procedures on the 0 
channel is followed by the control phase of the virtual circuit using X.25 procedures on 
the B channel. 
The maximum integration scenario refers to the provision of a packet handling fuction 

within the ISDN. Both B and 0 channel access is supported, with the Packet Handling 
(PH) performing the necessary processing for packet calls, standard X.25 functions for 
X.25, as well as path-setting functions and possibly rate adaption. 
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The exact nature and position of the Packet Handler has yet to determined, then CCI1T 
recommendation allows a number of possible options and configurations. The options 
range from using existing interfaces between PH and the packet network (for example 
X.75) to new protocols. 

Maximum-integration. 

TAl; provides transparent X.2l handling 

TA2 : provides processing X.21 handling. 

TV : Interworking unit 

AU: Access unit 

Minimum-integration. 

Fig. 9 Maximum and minimum integration. 

1.4.3 Minimum and maximum integration scenarios for support X.2' and X.21 bis DTEs by 
ISDN. 

Two scenarios (fig. 9), minimum integration and maximum integration, are described in 
recommendation 1.461. 

Minimum integration: in this scenario the ISDN is simply used as a digital bearer circuit 
for connection either directly between terminals (via a terminal adaptor) or directly to a 
Circuit Switched Public Data Network (CSPDN). Access is provided by use of either the 
'hot-line' facility or a semi-permanent connection. In case of hot line access the X.2l 
terminal is switched through to the corresponding port of the CSPDN when an X.21 call 
is originated by the user. Before the X.21 signalling messages are transferred in band 
between the terminal and the CSPDN, a 64 Kbitsls connection of the appropriate port of 
the CSPDN is set up via an ISDN signalling procedure. In the case of semi-permanent 
access the X.21 terminal is tightly connected to the corresponding port at the CSPDN. 
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The TAl may perform only the necessary physical channel rate adaption between the user 
rate at the reference point R and the 64 Kbitsls rate. 
The TA interfaces X.211X.21 bis equipment to ISDN, but neither it nor the ISDN 
network handle X.21 procedures. The TA may, however, perform rate adaption. 

Maximum integration: in this scenario full support is given to X.21iX.21 bis DTEs by a 
special TA. This TA converts X.21 signalling to 1.451 D-channel signalling of the ISDN 
and vice versa. The 1.461 recommendation extensively details this conversion process 
including the rate adaption procedures. Interworking to existing CSPDNs is via a 
specialised Interworking Unit. 

TYPE A 

I 

V.series 

1.. ______ _ 

V.series 

ISDN 

1 Common TEl and TA functions 
2 Spe9fic T A functions 
3 Spedfic TEl functions. 

Fig. to Connection of DTEs with V-series interfaces to an ISDN. 

Support of data terminal equiprnents with V-series type interfaces (fig. to) by an ISDN 
are described in ccrrr recommendation 1.463. The DTEs are connected to ISDN via 
special terminal adaptors. Control of the call is either manually (from the terminal 
adaptor, called by CCnT TA.A) or via V.25 and V.25 bis protocols from the customer 
equipment and the mapped to I.4S1 by the terminal adaptor (called TA-B). 
Connection to existing services and terminals on the PSTN is via a special Interworking 
Unit. 
The 1.463 recommendation extensively decribes the data rate adaption procedures and the 
working of the V.24 circuits. 

The T A-A provides manual call control functions associated with alternate voice/data, 
circuit switched service. The following functions are included: 

- conversion of the R-reference point to the SIT reference point. 

- bit rate adaption of the V ·series data signalling rates to the 64 Kbitsls B channel rate. 
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- end-te-end synchronisation of entry to and exit from the data transfer phase. 

The TA-B provides, in addition to those functions provided by a TA-A, the mapping 
functions necessary to convert automatic calling and/or automatic answering procedures of 
recommendations V.25 and V.25 bis to an ISDN's D channel signalling protocol. 

1.4.4 Interworking between existing networks and ISDN. 

To achieve the goal of universal ISDN service, it is inportant that ISDN be able to 
interface a great number of existing terminal types and protocols and be able to handle a 
multitude of call types. As ISDN becomes more universally applied, many ISDN 
terminals of various capabilitites will become available. However during the introduction 
of ISDN and for a number of years afterward, it will be necessary to adapt existing 
terminal devices to ISDN. ISDN terminal adaptors (TAs) \\ill have to be conceived, 
designed and implemented to permit existing terminals and data network devices to 
interface ISDN through the basic access srr reference point. 
To maximise the market penetration of ISDN, ISDN TAs should be designed to meet a 
majority of existing data apllications. Some of the more prevalent applications must be 
considered. 

Replacement of: 

asynchronous and synchronous modems for use over public dial and private leased 
lines. 

private dedicated facility, such as is used in cluster controller to host applications. 

Support of: 

protocol conversions, such as asynchronous to packet. 

- X.25 data communications 

- transport of personal computer generated data. 

communication with data subscribers on the analoque network. 

ISDN terminal adaptor application environment. 

The following prime areas for ISDN terminal adaptor application can be considered: 

- modem replacement 

- packet services 

- computer host Iterminal networking. 

1.4.4.1 M adem replacement (jig. II). 

Use of the ISDN basic access interface and the ISDN central office transport to replace 
the existing analogue modem access and connection arrangements can provide for 
substantial improvements in data transmission quality, efficiency an connectivity. 
For widespread application the T A must be able to serve all standard low-te-intermediate 
data rates up to 19.2 Kbits/s for both asynchronous and low speed synchronous modem 
replacement. The T A will adapt the incoming data rate on to one of the ISDN basic 
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access 64 Kbitsls B channel. For asycnchronous applications, variable character lenghts 
must be supported. Full duplex or half duplex operation, with a selectable ready-to
sendlclear-to-send delay, also should be supported. Call set-up ""ill be accomplished via 
conversion from the de facto standard HAYES autodial modem commands into the [SON 
Q.931 layer 3 protocol. 
This will provide for the transparent replacement of modems and allow existing dialing 
procedures and programmes to work with [SON. 

SIT 

Fig. 11 T A application: Modem replacement. 

1.4.4.2 Packet services (jig. 12). 

Host 
com
puter 

The use of HOLC-based X.25 packet techniques is integral to successful introdution and 
development of [SON services. Packet handling, through its statistical multiplexing 
techniques, makes the most efficient use of existing office and transmission facilities. To 
maximise these efficiencies it is important that packet services be integrated with voice 
and other data services as far out towards the end-user as possible. This packet handling 
provisions of the ISDN signalling protocols allow its integration at the SIT reference point. 
To take advantage of this the ISDN terminal adaptor must include X.25 packet handling 
capabilities. 
To maximise X.25 packet applications, the ISDN terminal adaptor must support X.25 
data communications on both the B and 0 channels of ISDN Basic Access Interface. It 
also should support X.25 LAPB data terminal equipment functions. 
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Host 
com
puter 

Fig. 12 T A application: Modem replacement via X.25 Packet. 

1.4.4.3 Computer host/terminal intenvorking (jig. 13). 

The 64 Kbitsls capacity of ISDN B channels is sufficient to support many eXIstIng 
computer/tenninal network scenarios. In conjunction ... ith a high speed ISDN tenninal 
adaptor, the ISDN transport can be used to support synchronous communication at 48K, 
56K and 64Kbitsls. This application replaces dedicated special service facilities such as 
cluster controller to host leased lines, and can be used for other synchronous data 
communication applications, such as replacement of synchronous data sets. 
An example of this application would be a terminal adapter that emulates IBM 3270 
series cluster controllers to provide SNA communication capability. This would allow 
non-IBM DTE access to the SNA communication network. 
Protocol conversion from SNA to X.25 may also be required for interworking to the 
existing packet network. 

IBM 
DTE 

PC 

Ouste.r 
controller 

TA NT 

cO---I 
• 3274 Emulator SNA 

TA' 

Fig. 13 Computer hostltenninal networking. 

It is also possible to consider the integration of an external adaptor ISDN S bus function 
onto a PC liD slot. This approach has several obvious advantages in the PC environment. 
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An interface to the ISDN S bus can be less expensive than an external adaptor 
approach. An in-slot approach can share the power and packaging of the Pc. 

- The adaptor does not require a ROM or EPROM design. since it can loaded from the 
PC's diskette or disk. This allows significantly greater flexibility in tailoring the 
function of the adaptor to meet new application requirements. 

New applications have an unconstrained access to the adaptor via a PC bus interface. 
The extemalextemal adaptor approach only permits access to the S bus via established 
serial interfaces. 

1.5 Conclusions. 

The CCnT has considered that during the evolution of ISDN, there will exists non_ISDN 
terminals which have to be connected to the ISDN. For the most common non_ISDN 
terminals such as X.21, X.21. bis and V-series the CCnT has described scenarios known 
as minimum and maximum integration. 
For the integration of ISDN and packet mode terminal equipment (X.25) the CCITT 
recommendation 1.462 exists. However, the exact nature and the position of the PH has 
to be determined. 

The terminal adaptor is the only way to connect non_ISDN terminals to an ISDN. 
However, the great mixture of applications makes it difficult to speak about the terminal 
adaptor. The different applications requires other requirements of the terminal adaptor. 
To meet such a mixture of applications, it would be necessary to develop a large family of 
ISDN terminal adaptors. 
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2. Chapter 2. Terminal adapter. 

2.1 Brief product specification of the T A 

2.1.1 Introduction. The T A works as an adaptation unit between the interface towards 
the network termination unit (the SIT-interface) and the interface of non-ISDN terminals 
(the R-interface). 

The T A provides: 

the conversion of the electrical, mechanical, functional and procedural characteristics 
\ of the V-series type interfaces to those required by an ISDN at refecence points SIT, 

bit rate adaptation of V-series data signalling to the 64 kbitls B-channel rate, 
according to V.llO, 

- end-to-end synchronization of entry to and exit from the data transfer phase. 

2.1.2 User interfaces. 

The T A has two separate user interfaces, one for data transport (synchronous or 
asynchronous) and one for programming the configuration and the call control 
requirements of the T A (asynchronous). 

2.1 .2.1 Data interface. 

Various synchronous data rates are supported: 1.2, 2.4, 4.8, 9.6, 19.2, 38.4, 48, 56 and 
64 kbitls. 

Various V.24 circuits are supported (shown in table 1.). 

The data rate adaptation for speeds to 64 kbitls is according to V.IIO. 

The data interface connector will be a 25 pin DB plug. The electrical interface for the 
data and clock circuits is according to V.35 (strap selectable V.28). Adaptor cables are 
supplied to meet the requirements for the standard connectors. 

2.1.2.2 Control interface (optional the control interface can operate on the data interface. 

The control interface connector will be a 8 pin jack. The electrical interface is according 
to V.28. 

For hot-line operations the directory nwnber can be pre-programmed. 

ISDN address and subaddress can be programmed. 

The programming of the T A will be done with HA YES compatible commands. 

The control interface will operate at 4800 baud, 7 bits, even parity and I stopbit. 
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Test loops can be set. 

The T A will be equipped with four leds for status and alann indications. 

2.1.3 Network interface. 

2.1.3 .1 Network interface layer ] . 

The implementation of layer one is fully in accordance ""ith 1.430 (S-interface, layer 1). 

2.1.3 .2 Network interface layer 2. 

The implementation of layer two is in accordance with CEPT Recommendation TIS 46-
20. 

2.1.3 .3 Network interface layer 3. 

2./.3.3. ] Call establishment messages. 

Call establishment at the orignating interface will be done in accordance to 
TELEVERKET requirement specification MXJMI 1056 - 038 § 5.1. 

Call establishment at the destination interface will be done in accordance to 
TELEVERKET requirement specification MXJMI 1056 - 038 § 5.2. 

- PROGress messages are ignored. 

2.1.3.3.2 Call information phase messages. 

- call rearrangement procedures are not supported. 

2.1.3.3.3 Call clearing messages. 

- detach procedure is not supported. 

2.1.3.3.4 Miscellaneous messages. 

- CONgestion CONtrol messages and USER-USER infonnation are not supported. 

- NOTIFY messages are ignored. 

Unexpected and unrecognized messages will be handled according to TELEVERKET 
requirement specification MXJMI 1056 - 038 annex B. 
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V.24 circuit TE2rrA *) Electrical Programmable Sigrtal name 

102 Signal ground or commom return 
103 .... V.35**) -- Transmitted data 
104 - V.35**) -- Received data 
105 - V.28 yes Request to send 
106 - V.28 yes Ready for sending 
107 - V.28 yes Data set ready 

108/1,2 - V.28 yes Connect set to line, Data 
terminal ready 

109 - V.28 yes Data channel receive line signal 
det. 

114 - V.35**) -- Transmitter signal element timing 
115 - V.35**) -- Receiver signal element timing 
125 ... V.28 Calling indicator 
141 - V.28 Local loopback 

TABLE t. Supported V.24 circuits at the data interface. 

*) - From TE2 to TA. 

... From TA to TE2. 

* *) Strap selectable for V.28. 

V.24 interfaces 

V.28N.35 

synchronous 

data 
slt-referentie 

punt 

V.28 TA NT HOST 
control 

asynchronous 

Fig. 1 Typical HOSTfTA coni1guration. 
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3. Terminal adapter operation. 

3.1 Bit rate adaptation. 

3.1.1 General. The bit rate adaptation functions within the TA are perfonn by the 
EDRA. A three stage method is employed, with functional blocks RAO, RA1 and RA2 
(shown in fig 1). 

RAO RAl RA2 
h 

intermediate 
sync r. user 

~~hr. data 600 ~ .~. b~~s. . .. . . ........ rTe ....-_---, 
data asynchr.: bit repe_ 80 bits :1 

ruro ti fimne· ro I oo~...:., I 0'. ~;.,"J kbW, l 
< 19.2 kbitJs 2 ~ 600 biVs 2 kx J kbitJs 64 k itJs 

Fig. 1. Three step rate adaptation. 

Function RAO is an asynchronous-to-synchronous conversion-stage. 
Function RA 1 converts the user data signalling rate or the bit stream from RAO to an 
appropriate intennediate rate defined by 2k times 8 kbiUs. RA2 perfonns the final 
conversion from the intennediate rates generated by RA 1 to 64 kbitls. Synchronous rates 
of 48 kbitls and 56 kbitls are converted directly into the 64 kbitls channel rate. 

3.1.2 Adaptation to intermediate rates. (RA 1 ). 

The RAI function will either take the output of RAO or the output of a synchronous V.
series interface. 
User rates of 600, 1200 and 2400 bitls are firts adapted to a 4800 bitls intennediate rate. 
User rates of n*4800 bitls (n= 1,2,4 or 8) are adapted to the next intennediate rate 
defined by 2k *8 kbitls. 
These two functions are done by bit repetition and frame arrangement. 

3.1.2.1 Bit repetition. 

The bit repetition depends on: 

the next intennediate rate, 

- the user data rate, 

- the number of available data bits in the frame. 

The number of bit repetition: 

n = 48 * next intermediate rate 
80 user data rate 

(In cases n is not an entire number (user rates n*3600bitls), no bit repetition occurs but 
several filling bits are placed in the frame.) 
When the user rate is a multiple of 4800 bitls no bit repetition is necessary. 
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3.1.2.2 80 bit frame conversion. 

The frame structure is shown in table 1. 

Octet number Bit number 

1 2 3 4 5 6 7 8 

0 0 0 0 0 0 0 0 0 
1 1 01 02 03 04 05 05 SI 
2 1 D7 08 D9 010 011 012 X 
3 1 013 014 015 016 017 018 S3 
4 1 019 020 021 022 023 024 S4 
5 1 El E2 E3 E4 E5 E6 E7 
6 1 025 026 027 028 029 030 S6 
7 1 031 032 033 034 035 036 X 
8 1 037 038 039 040 041 042 S8 
9 1 043 044 045 046 047 048 S9 

TABLE 1. 80 bit frame structure. 

A frame consists of ten octets. For frame alignement purposes octet zero consists of all 
bits set to binary 0 and the first bit of the following nine octets set to binary one. Further 
six S-bits and two X-bits and seven information (E) bits and 48 data bits. 
The bits S and X are used to convey channel control information (table 2). The S-bits are 
put into two groups SA and SB, to carry the condition of four interchange circuits 
(enOS, Cfl06, Cf108 and Cf109). The X-bit is used for synchronization purposes 
between T As and to carry the condition of Cfl06. 

circuit status-bit circuit 

108 Sl,S2,S6,S8 = SA 107 

105 S4,S9 SB 109 

Frame synchr. X2,X7 106 
106 (OTE) 

TABLE 2. Status bit S and X mapping. 

Both S- and X-bits are used for synchronization of entry to and exit from the data transfer 
state. 
For the S and X bits, a ZERO corresponds with the ON condition, a ONE with the OFF 
condition. 

The E·bits carry the following information: 
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- Rate repetition information: bits El, E2 and E3, 

- Network independent clock information: bits E4, E5 and E6, 

- Multiframe information: bit E7. 

The bit assignment and frame structure are in accordance with ECMA-I02 and CCIlT 
V.IW. 

3 .J.3 Adaptation of 48 kbitl s user rate to 64 kbitl s. 

For user bit rates less then 48 kbitls the frame structure consists of ten octets. The frame 
alignment pattern consists of 17 bits (all 8 bits of octet zero are set to ZERO and all bits 
in position one of the following octets are set to ONE.) 

The 48 kbitls user data rate is adapted to the 64 kbitls B-channel rate in one step as 
indicated in table 3. The frame alignment bits are the firts bits of the four octets (1011). 

Octet Bit 
Number one two three four five six seven eight 

one 1 01 D2 03 D4 05 D6 Sl 
two 0 07 08 09 010 011 012 X 
three 1 013 014 015 016 017 018 S3 
four 1 019 D20 D21 022 D23 024 S4 

TABLE 3. Frame structure of adaptation of 48 kbitls to 64 kbitls. 

3.2 Jnterworking between TAs. 

One can distinguish five phases: 

- initialization phase, 

- link establishment phase, 

- frame synchronization phase, 

- data transfer phase, 

- link release phase. 

3.2.J Initialization phase. The initialization of the T A takes place across the 
asynchronous user interface. With the enhanced HAYES AT-command set the user is 
able to intialize the TA. The applied options are stored in memory. The TA uses these 
options to intialize the rate adaptor and to inform the remote T A by means of the 
information elements of the SET-UP messages. 

3.2.2 Link establihment phase. During this phase the T A will send link establishment 
messages to the network: 



SET-UP MESSAGE, 

CONNECf ACKnowledge, 
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After the receipt of a CONNECf message a B-channel connection with the remote T A 
exists. The T A then has to come in synchronization with the remote T A. 
This is done by sending the frame synchronization patterns toward the network. 

3.2.3 Frame synchronization. During this phase the TA will transmit synchronization 
frames convey V. 11 O. When the T A recognizes the synchronization pattern in the 
incomming bit stream it will turn on the S- and X-bits in the transmitted frames. When 
the receiver detects that these bits are in the on condition it will turn on the appropriate 
V.24 circuits towards the DTE and will connect the data to the data bits of the outgoing 
frames. 

3.2.4 Data transfer. During this state the T A will be transperant for the transmitted 
data. It only will do bit rate adaptation convey V.llO. When it recognizes an on-to-off 
transition of Cf108 it will set the data bits in the outgoing frames to zero. 
When the DTE'S are in the half-duplex mode *) the TA will stop transmitting data if it 
recognizes an on-to-off transition of Cfl05. The TA will set the data bits in the 
transmitted frames in the one condition and the status bits SB in the off condition. 
The receipt of an off condition of status bit SB causes the T A to drop Cfl09 and to place 
Cfl04 in a one condition. 
The remote DTE is now able to reverse the sequence by turning on Cfl05. 

'. This mode is optional. Not implemented in version YO. 

3.2.5 Link release. 

An on-to-off transition of Cfl08 causes the TA to turn off the S bits in the frames and 
start a timerT2*. It also will set the data bits in the transmitted frames to the zero 
condition and turns off CTS. 
When the receiver of the remote T A recognizes the transition of the S bits from ON to 
OFF and the data bits to zero, it turns off DSR and DCD. The remote DTE then will 
turn off DTR. This causes the remote TA to turn off the S bits in the transmitted frames 
and to set the data bits to the zero condition. 
When the receiver of the local T A detects the transition of the S bits from on to OFF and 
the data bits to zero, it also turns off DSR and DCD and stop the timer. 
If after the expiring of the timer T2 the local T A has not detect an on-to-off condition of 
the S bits in the incoming frames, it will start the disconnect procedure. 
At least the local T A will start the ISDN D-channel disconnect procedure by sending 
towards the network the following messages: 

- Disconnect request, 

- Release request. 

After the receipt of a release indo or release confirm the T A will return in the idle state. 

• not in ECMA-I02 or CCrIT recommendation V.ltO. 
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3.3 TA synchronization of entry to and exit from data transfer phase. 

Upon an off-to-on transition of en08, the TA will send a SET-UP MESsage towords the 
network with the preprogrammed number in the calling party field. When at least the T A 
received a CONNECf-MESsage (this means a B-channel is available) the TA transmits 
the following towards the network: 

frame synchronization pattern, 

- data bits = ONE, 

status bits S=OFF and X=OFF. 

At this time the T A will begin to search for the frame synchronization pattern in the 
received bit stream and starts a time-out timer. When the receiver of the TA recognized 
the synchronization pattern it tums on the g.. and X-bits in the outgoing bit stream. On 
the receipt of status bits S and X in the ON condition the T A will inform the DTE by 
turning on: 

DSR (Cf 107) and stop the timer, 

- crs (Cf 106), 

DCD (Cf 109). 

After Cf106 is turned on the T A may connect CfI03 to the data bits of the transmitted 
frames. 
THE T A IS NOW IN THE DATA TRANSFER PHASE. 

An on-to-off transition of Cf 108, which indicates a completion of the data transfer 
phase will cause the T A to: 

- turn OFF the status bits S in the transmitted frame,status bits X are kept ON, 

- turn OFF Cf 106 , 

- set the data bits in the transmitted frames to binary O. 

If Cf 108 is still ON at the remote T A, this T A will recognize the transition of the status 
bits from ON to OFF and the data to binary 0 as a disconnected signal. This will cause 
the TA to turn OFF CfI07 and Cf109. The DTE should respond by turning OFF 
Cf108 and transferring to the disconnected mode. The disconnection win be signaled via 
ISDN D-channel signaling protocol. 

The T A that originated the disconnect request will recognize recption of S= OFF or loss 
of framing signals as a disconnect acknowledgement and turn OFF Cf107 and Cf109 and 
transfer to disconnected mode. 
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The main application of the terminal adapter is to pennit eXlstmg data terminal 
equipments, to connet to the S reference point basic access interface of the ISDN 
facilities. The T A may be viewed as an ISDN compatible modem. As a modem converts 
a DCEIDTE interface, such as V.35, to an analogue telephone network compatible 
interface, the T A converts the same DCEIDTE interfaces to an all digital ISDN 2B + D 
S bus interface. 

The T A must interface to existing DTEs, emulating a DCE interface so that the DTE is 
unaware that it is actually interacting to the ISDN facility. The DCE interface emulation 
must also interface to the link level and network layer protocol. Once a call is established 
the adapter must allow these existing protocols to work transparently on an end-to-end 
basis. 
The blockdiagram of the terminal adapter is given in fig. 1. Four different functions can 
be disguished: 

- Extended Data Rate Adapter (EDRA) , 

- S-chip interface controller, 

- Universal Asynchronous Receive and Transmit, 

- J.l.-Controller. 

64 kbitls 64 kbitls 

~ 
Extended S-chip 

data Logic interface 
rate controller 

V.35 interface adapter 

~ 

controller 

• I UART I 
RS 232 interface i 

FIGUUR 1. Terminal Adapter (functional diagram) 

The EDRA adapts the user R-reference rate to the 64 Kbitsls of the ISDN B channel. 
The S-chip causes the interface to the S reference point of the CCITT recommendation 
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(1.430 & 431). 
The UART receives the user commands and transmit the appropiate network messages to 
the user. 
The J.L-controller controls the interworking between the ISDN messages and the user. It 
adapts the user V.35 signalling and the user call setup/disconnect messages to the ISDN 
inband signalling vise verca. 
More detailled information about the working of the hardware components is given the 
following chapters. 

4.2 Extended data rate adapter. 

4.2.1 Introduction. The EDRA adapts synchronous and asynchronous user data rates on 
the called R-interface fully in accordance to CCITT rec. X.301V.1l0 and ECMA-102 
recommendations to a 64 kbitls ISDN B-channel and vice versa. 

The conversion between user data rates and the 64 kbitls data rate takes place in RAO, 
RAI and RA2 adaptation stages as described in chapter 3. 

In order to provide a means to transfer data by j.I.-C to the remote EDRA, an IPE 
exchange mode is implemented. In this mode the j.I.-C can access the 64 kbitls channel to 
transmit data to and receive data from the remote EDRA. 

To be able to communicate with the OTE the J.L-C connected to the EORA can be 
connected to the R-interface. In this way the j.I.-C can demand the OTE for call setup 
information. 

Network independent clocking is supported by the EDRA. It allows the EDRA to be 
connected to a synchronous modem with a data rate upto 19.2 kbitls not locked to the 
user data rate of the EDRA without loss of data. 

4.2.2 Functional block.ifig. 

s chronous data 

Fig. 2 Block diagram of the EDRA. 
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In the EDRA seven functional blocks (fig. 2) can be distinf!Uished: 

A set of V-type interchange cicuits (IC-input, IC-output), 

- Synchronous data interface, 

- A 8 bit microcontroller interface, 

- Receiver (Network Independent Oocking, URF and Inband Paramter Exchange), 

- Transmitter (NIC, URF and IPE). 

- Oockgeneration and synchronization, 

- Multiple frame (Frame Mapping Multiple-Sampling and Frame Demapping-MS). 

URF transmitter/receiver block is a combination of three fucntions: 

- UART, 

- RAO adaption stage (according ECMA-I02 and CCITT rec. V.120), 

- Flow-control. 

The Extended Data Rate Adaptor 

4.2.2.1 The interchange interface. The interchange cicuits are divided in an input and 
output block. All interchnage cicuits can be monitored via the microcontroller interface. 
Via this block, the mapping of the interchange cicuits to the S- and X-status bits in the 
outgoing synchronous data frames can be chosen. 

4.2.2.2 The synchronous data interface. This inteface (fig. 3) can have a transmission 
rate between 64 kbitls and 2.048 Mbitls. The interface consists of: 

- two unidirectional data lines, 

- a clock line determining the transmission rate on this interface, 

- a frame select transmit signal (FSX), 

- a frame select receive signal (FSR) which indicate the transmit and receive timeslot. 

SY1}chronous 
data 

interface 

SDI 

FSR 
SCLK 

~~:e 

ED RA 

Fig. 3 Synchronous data interface. 

4.2.2.3 The 8 bit microcontroller interface. This interface is a data/address multiplexed 
microcontroller interface. Via this interface the EDRA can be programmed and 
monitored. The settings of the EDRA can be prqgrammed in a set of write registers. 
The following settings can be programmed: 
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data rate setting, 
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the mapping of the interchange circuits to the S- and X-status bits, 

intenupt masking, 

- clamping of the interchange circuits, 

64 kbitls channel framing and synchronization control, 

- communication control via UART, 

testloop selection, 

- setting of UART/flow control parameters. 

The following functions can be read out: 

in/out synchronization indication, 

- activity cheek on interchange circuits, 

- readout logic state of interchange circuits, 

- readout of the interrupt source, 

- readout of the UART. 

4.2.3 Modes of operation. The EDRA can operate in three different modes (fig. 4), 
which can be programmed by the micro-controller: 

- Transmission-mode 1: local DTE to remote DTE, 

- Transmission-mode 2: local DTE to local microcontroller, 

- Transmission-mode 3: local microcontroller to 64 kbitls channel. 

micro controller 

Fig. 4 Transmission modes of the EDRA. 

In the transmission-mode lone of four modes can be chosen. Synchronous transmission 
with data rate adaptation according to CCITT ree. V.ll0 or X.30 or asynchronous with 
RAO coding, or flow control or multiple sampling and additional transition coding. 
In transmission-mode 2 only asynchronous transmission is possible. 
In transmission-mode 3 the UART will be used for flow control and parallel-serial 
conversion. 

4.2.4 Mapping of the interchange circuits in data, S- and X-bits. ECMA and CCITT 
specify the interchange circuits that should be mapped into the frame used in the 64 kbitls 
B-channel. The mapping of the interchange circuits into this channel can be perfonned in 
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three ways (table 1). 

mode local subscriber frame te subscriber 

V.ltO cnos S 1 * ,S 3* ,S6,SS= SA CTl07 
Cn05 S4*,S9=SB CT109 

Frame sync! X2*,X7 CTI06(DCE) 
CTI06(DTE) 

CTI03 D I-D24" CflO4 
D25 - 048 

X.30 CT105 SP, SQ, SR Cfl09 
frame sync! X2*, X7 CTI06(DCE) 

CTI06(DTE) 

ue register (S 1 ,X2,S 3,S 4)* register R24 
W07 S6,X7,SS,S9 bit(O- 3" ,4 - 7) 

TABLE 1. Mapping of interchange circuits fro user rates < 38.4 kbitls. 

• for user data rate of 48 kbitls. 

4.2.5 Synchronous data interface. The synchronous data interface (fig. 3) consists of: 

SDI: synchronous data input, 

- SDO: synchronous data output, 

SCLK:data element clock, 

- FSR: receive frame select, 

- FSX: transmit frame select. 

The synchronous data interface can operate between a data rate of 64 kbitls and 2.048 
Mbit/s. The last data rate adaptaion stage RA2, converts the intermediate rates from 
RAt stage to the 64 kbitls data rate. Instead of the adaptation from the intermediate rate 
to the 64 kbitls data rate the intermediate data rate can be placed in apart of the 64 kbitls 
B-channel of the synchronous data interface. 
This means that for an intermediate rate of 8 kbitls (user data rate upto 4.8 kbitls) only 
one of the eight bits of the time slot is used. So eight EDRAs can bet (time division) 
multiplexed in one 64 kbitls. For intermediate data rates of 16 kbit/s or 32 kbitls, four 
respectivily two EDRAs can share the same 64 kbitls channel. 

Via the microcontroller interface the selection of the bit position that will occupied in the 
64 kbitls bitstream can be chosen: an 8 kbitls intermediate bitstream can occupy any bit 
position, a 16 kbitls intermediate bitstream can occupy bit positions (0,1) or (2,3) or 
(4,5) or (6,7), a 32 kbitls imntermediate bitstream can occupy bit positions (0,1,2,3) or 
(4,5,6,7). 
The bit position selections can be made in write register W03. 
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4.2.5.1 Synchronous mapping/demapping. For synchronous data rates of 600, 1200, 
2400, 4800, 9600, 19200 and 38400 bit/s, a X.30N.IIO defined multiframe of 10 bytes 
bits is used (chap. 3 tabel 1). It consists of 5 bytes frames, using subrates of 8, 16 and 32 
kHz. An incoming data rate will be first translated to the next higher rate expressed by 
2k*8 kHz (k=0,1,2,3). For speeds 600,1200,2400 a first rate adaptation to 4800 bit/s is 
done by bit repetition. This firts stage of rate adaptation is called the RAt function. 

4.2.6 Asynchronous interface. 

4.2.6.1 General. In an asynchronous mode the EDRA uses the URF transmitter/receiver 
(fig. 5 & 6) which performs three functions, serial/parallel conversion (UART), 
asynchronous/synchronous conversion (vice versa (RAO» and flow-control. 
The RAO uses the technique described in ECMA·I02/CCTIT V.120. This means that it 
will do break signal detection, searching for startbit, detecting a period of n stopbits etc .. 

asynchronous 
data in 

Fig. 5 URF receiver. 

Fig. 6 URF transmitter. 

synchronous 
data out 

asynchronous 
data out 

4.2.6.2 UAK/'. The UART is used in transmission mode 2 and transmission mode 3 and 
the asynchronous modes of transmission mode 1. The UART has the following 
capabili ties: 
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- receive and transmit buffer: each 32 bytes FIFO, 

- threshold levels for FIFO guarding, 

- all registers directly addressable, 

- number of bits/character: five, seven or eight, 

- number of stop bits: one or two, 

- parity: odd, even, mark, space or none, 

- break generation and detection, 

- error detection: parity, overrun and framing, 

I/O modes: polling or interrupt driven. 

4.2.6.3 Flow control. 

4.2.6.3.1 General. The flow control function is only used in transmission mode IC of 
the EDRA. 
Flow control allows the connection of two EDRAs with asynchronous terminals operating 
at different user rates, by reducing the character output of the faster to that of the slower 
terminal. Each EDRA has a data rate setting that is equal to data rate of the DTE that it 
is connected to. Between the two EDRAIDTE combinations a rate difference may be 
present. 
Data rate difference between the two EDRAs is taken care of by the end-to-end flow 
control mechanism in the data bit stream (manipulation of the X-status bits). The data 
transfer between the EDRA and the DTE is handled with local flow control. This local 
flow control, shown in fig. 7, can be performed by X-ON/X-OFF (in-band) or by control 
of crl06 (out-band). 

Fast EDRNDTE (local) Slow EDRAIDTE (remote) 

DTE FLC - transmitter FLC - transmitter DTE 

cr 103 cr 104 
FIFO FIFO 

cr illnv 1LI-') I 
~ 

X-QNIX·OFF, + I X - bit I X - bit I 

cr 104 
1.._ ----- -------- ----- _.J cr 103 

FLC - receiver FLC - receiver 

Fig. 7 Fast EDRAIDTE calls a slow EDRAIDTE. 

4.2.6.3.2 End-fa-end flow control. The end-to-end flow control is provided by the X
stsatus bits in the synchronous data interface. The end-to-end folw control cann be 
performed by the EDRA or can be manged by the microcontroller. 
IF the EDRA is in the automatic flow control mode the X-status bit is switched ON and 
OFF according the values of the threshold levels THI and TH2 of the FLC-receiver. 
When the EDRA is not in the automatic mode the microcontroller must know the state of 



- 28- Chap. 4 Hardware structure. 

FIFO thesholds of the FLC-receiver to be able to perform the tlow control. The treshold 
levels can be monitored by interrupt or by polling of the read register (R20). 

4.2.6.3.3 Local flow control. If local tlow control is performed in automatic mode the 
EORA performs the following actions: 
When treshold level TI-II is reached at the FLC transmitter, the transmission of the data 
from OTE to the EORA must be stopped. IF the FIFO level of the FLC transmitter 
drops below treshold level TI-I2, the OTE can start the data transmission again. 
The EORA can stop and start the transmission of the OTE data in two ways: 

- in the AUTO 106 mode Cf106(OCE) will be controlled by the tlow control logic, 

- in the AUTO XONIXOFF mode, character X-OFF or X-ON are inserted in the data, 
and transmitted via CfI04 to the OTE. The ASCII code for XON/XOFF can be 
downloaded in the write registers WI6 and WI? 

It is possible to filter the X-ON/X-OFF characters that are received on Cf103. 

4.2.7 Microcontroller interface. The EORA is controllable by the 8-bit INTEL 
compatible microcontroller bus. This bus consists of: 

- 8 data/address multiplexed I/O lines, 

- a read not input, 

- a write not input, 

- an address latch enable input, 

- a chip select not input input, 

- an interrupt input. 

The ALE is high and the EORA is selected, the address on the data/address lines port is 
latched into the address latch. 
One can select one of the eightteen write- or one of the nine read-regiters. 
The write registers can be deivided into nine groups: 

- mode control registers (WO - W3), 

- general interrupt control register (W4), 

- input interchange circuits registers (WS - W?), 

- output interchange circuits registers (W8 - WlO), 

- URF selection register (Wll), 

- URF mode bits (W13), 

- URF transmit buffer register (WIS) 

- FIFO receiver/transmitter treshold registers (W121W14), 

- tlow control register (W16 - WI?) 
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The read registers can be divided into eight groups: 

- general activity/state register (R20), 

Chap. 4 Hardware structure. 

input interchange circuits activity/status indications registers (R211R22), 

- output interchange circuits activity/status indications registers (R23 - R25), 

UART receive buffer (R26), 

- URF receiver state/activity register (R27), 

- FIFO treshold status/activity register (R28). 
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4.3 The ISDN data controller AM79C32. 

4.3.1 General. The controller provides a 192 kbitls duplex digital path between the 
EDRA and the the S-interface. The controller seperates the basic access bit stream into 
two 64 kbitls bit streams (Bl and B2), and a 16 kbitls bit stream (D-channel). The B
channels are routed to different sections of the controller under user control. 
The D-channel is partially processed in the DLC of the controller and passed to the fJ.
processor for further processing. 

4.3.2 The blockdiagram. 

SBIN SBOlIT SCLK SFS 

r---------- ----------, 
I I 
I 
I 
I MUX LIU 
I 
I 
I 

XT ALl-----illoi--! 

XTAL·b--~~t-i---~--1-~~ 
I 
I 
I 
I 
I 
I 

DLC 

t----+--........ LOlITl 
1-1-_ ........ LOlJT'2 

.....,..1--- LINt 
L1N2 

~I---

: I--_---;.E-_...:..:RESET 

~------~-~-~--~~~~~~~----~ 

DIAGRAM 1. BLOCK DIAGRAM AM79C30A 

In the AM79C32 five functional blocks can be distinguished: 

- LID Line Interface Unit, 

- MPI Microprocessor interface, 

- MUX MUltiplexer, 

DLC Data link controller, 

- OSC Oscillator and timing circuirtry. 
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4.3 .3 The line interface unit. 
The LTV connects to the four wire S-interface through a pair of isolating transformers, 
one for the transmit and one for the receive direction, one basic access rate (2B + 10). 

In both transmit and receive directions, the bits are grouped into frames of 48 bits each. 
The frame structure, frame alignment, IJ...channel access protocol, and the 
activation/deactivation INFO signals for the S-reference point are accordingly to ccrrr 
recommendation 1.430. 

The LTV consists of seven registers. In the status register (read only) the microprocessor 
reads the state of the LTV corresponding to the states as descrided in 1.430 of CCI1T. 

LTV IJ...channel priority register. In the LTV IJ...channel register (read/write) the priority 
level of the O-channel access control can be set. The priority levels are numbered from 0 
to 15. Prirority level 0 corresponds to counting 8 contineous ones in the echo channel (E
bit in the 48 bit layer one frame), priority level 1 corresponds to counting 10 contineous 
ones in the echo channel etc .. 

Interrrupts. By setting the appropriate bits in the mode regiters the LIU can generate 
interrupts when LIU moves from/to state F3 (deactivated), F7 (activated) or F8 (lost 
framing). 

Three O-channel loopback controls are defined. 

remote loopback (Ioopback for maintenance purposes from the NT's perspective), 

- local loopback (Ioopback provided for local testing, incoming data is ignored) , 

- back-off loopback (Ioopback provided for maintenance purposes from the TE's 
perspective) . 

4.3.4 The multiplexer. 
The multiplexer selectively routes the 64 kbitls full duplex B-channels of the LTV, MPI or 
the serial port (SP) to the appropiate destinations depending on the control bits set in the 
MUX control register. 
The data of the D-channel is routed directly from the LIU to the DLe and does not 
pass the MIJX. 

The Mux can support three bidirectional paths. The contents of the MUX control registers 
direct the flow of data between the eight MUX logical B-channels. 

4.3.5 Data link controller. 

The data link controller processes the IJ...channel information. The data carried by the IJ... 
channel is encoded using the LAPD format. The OLC performs processing of levelland 
partial level 2 LAPD protocol including the following: 

- flag detection and generation, 

- zero deletion and insertion (not more then five continguous logical ones are allowed), 

- frame check sequence processing for error detection, 
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- some addressing capability (TEl and SAPI). 

The status of the DLC is held in the status register and relevant interrupts are generated 
under user program control. 
The DLC is able to recognize D-channel addresses. However only the first two bytes of a 
more than two byte address can be check by the DLC. There are four first and four 
second registers which hold the values used to match against the first/second byte of the 
incoming address. 

Registers. The DLC contains 22 registers. Eight of these registers are used for address 
recognition, two registers for the status, one register for error, interrupts etc .. 

4.3 .6 The f..L-processor interface. 

Using this interface, the f..L-processor processes the D-channel information and programs 
the operation of the controller. In total 45 registers are user accessible in each block 
MPI(12), LIU(7), MUX(4) and DLC(22). 

4.4 f..L-Controller 80C31. 

4.4 .1 Features. 
The controller 80C31 has the following features: 

- two 16-bit timer/counters, 

- 32 bidirectional and individually addressable 110 lines, 

- full duplex UART (P3), 

- one interrupt controller (6-sourcesl5-vectors), 

- 8-bit CPU optimized for control applications, 

- 21 special function registers (twelve bit addressable). 

4.4.2 Serial interface port (P3). 

4.4.2.1 General. The serial port is full duplex, meaning it can transmit and receive 
simultaneously. It is also receive-butTered, meaning it can commence reception of a 
second byte before a previously received byte has been read from the receive register. 
The first byte must be read before the second byte is completely received. 
By setting bit zero of the SCON the hardware will generate an interrupt at the end of the 
8th bit time (mode 0) or at the beginning of the stop bit (modes 1,2 and 3). 
The serial port receive and transmit registers are both accessed at SBUF (address 99H). 
Writing to SBUF loads the transmit register. Reading from SBUF accesses the receive 
register. 

4.4.2.2 Modes of operations. 
The serial port can operate in four modes (table 2): 
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mode # bits trans.lrec. baud rate start/stop bit 
0 8 fixed -I-
I 10 variable 111 
2 11* 1132 or 1164 111 
3 11* variable 111 

TABLE 2. Serial port mode operation. 

* A 9th data bit, for example parity, can be assigned. 

The J..L-controller has four bidirectional 1/0 ports. Port 3 also serves the functions of 
various special features. 
One of the special functions is the UART function. The port pins 0 and 1 are respectivily 
used as RXD (serial input port) and TXD (serial output port). 

4.4.2.3 Serial port control register. The J..L-controller has seven special function registers, 
which contain control and status bits for the interrupt system, the Timer/Counter, and the 
serial port. 
The serial port control register SCON (table 3) contains: 

- mode selection bits, 

enable bits, 

transmit and receive 9th data bit, 

- transmit and receive interrupt flags. 

Control reg. MSB 
SCON SMO SMl 5M2 I REN 
TMOD GATE CIT ~ TCON TF1 TRl TFO 0 

IE EA - - IES 

TB8 
GATE 

lEt 
ETl 

TABLE 3. Control registers. 

Meaning of the bits of SCON. 

SMO and SM1 : see table 1. 
SM2 : enable the communication feature in the modes 2 and 3. 

In mode 0, SM2 should be O. 

iSB 
RBS TI RI 

CIT Ml MO 
ITt lEO ITO 

EX1 ETO EXO 

In mode I, if SM2= 1 then RI will not be activated if a valid stop bit was not 
received. 
In mode 2 or 3, if SM2= 1 then RI will not be activated if the RB8=O. 

REN : enable/disable the serial port. 
TB8 : the 9th data bit that will be transmitted in modes 2 and 3. 
RBS : the 9th bit that was received (mode 2 and 3) or the stop bit (mode 1 and SM2=O). 
TI : transmit interrupt flag. 
RI : receive interrupt flag. 
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4.4.3 Timer/counters. 

4.4.3.1 General. The 80C31 has two 16-bit timer/counter registers. 
The timer registers are composed out of two registers (TLx and THx). 
In the "timer" function, the register is incremented every machine cycle. Since a machine 
cycle consists of 12 oscillator periods, the count rate is 1112 of the oscillator frequency. 
In the "counter" function, the register is incremented in response to an one-to-zero 
transition at its corresponding external input pin. Since it takes two machine cycles to 
recognize an one-to-zero transition the maximum count rate is 1124 of the oscillator 
frequency. 
Both the timer and the counter have four operating modes. 

4.4.3.2 Timer/counter mode operations. Mode 0 : Either timer in mode 0 is an S-bit 
counter with a divide-by-32 prescaler. 

In this mode, the timer register is configured as a B-bit register. As the count 
roUs over from aU ones (8191) to aU zeros, it sets the timer interrupt flag TFx in 
the timer/counter control register. 
The counted input is enabled to the timer when TRx: = 1 and either GATE = 0 
or INTx = 1. 

Mode 1 : Is the same as mode O,except that the timer register is being run with all 16 bits. 
Mode 2 : In this mode the timer register TLx is loaded with the preset value of THx. 

Overflow of TLx not only sets the interrupt flag TFx, but also reloads TLx with 
the contents of THx. The reload leaves THx unchanged. 

Mode 3 : In this mode timer 0 is established as two seperate counters, TLO and THO. 
Timer 1 simply holds its count. 
TLO uses the the timer 0 control bits and set the interrupt tlag TFO. 
THO is locked into a timer function (counting machine cycles) and generates an 
interrupt TFt. 

With timer 0 in mode 3, timer 1 can be turned on and off by switching it out of 
and into its own mode 3, or can still be used by the serial port as a baud rate 
generator. 

4.4.3.3 Timer/counter mode and control registers. The timers/counters use two special 
function registers : TCON and TMOD. In TMOD one can select the timer or counter 
function, the operation mode and the control select. 
In TeON one can control the overflow flags (TFx), run control bits (TRx), interrupt edge 
flag (lEx) and the interrupt type control bit (ITx). The interrupt flags are cleared by 
hardware when processor vectors to interrupt routine. 

4.4.4 Interrupts. The 80C31 uses vectored interrupts, meaning every interrupt 
(five)source has his fixed interrupt routine start address (vector), shown in table 4. 
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Interrupt Vector 
source address 

lEO 0OO3H 
TFO OOOBH 
lEI 0013H 
TFI OOlbH 

RI & 11 0023H 

TABLE 4. Interrupts. 

The timer 011 interrupts are generated by TFOI1, which are set by a rollover in their 
respective timerlcounter registers. When a timer interrupt is generated, the flag that 
generated it is cleared by the on-chip hardware when the service routine is vectored to. 

The serial port interrupt is generated by the logical OR of RI and 11. Neither of these 
flags is cleared by hardware when the service routine is vectored to. The user service 
routine has to determine whether it was RI or 11 that generated the interrupt, and the 
clear the bit. 

Each of the interrupt sources can be individually enabled or disabled by setting or clearing 
a bit in the IE register. IE contains also a global disable bit, EA, which disables all 
interrupts at once. 
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5 Software architecture. 

S.I The ISO Reference model for Open Systems Interconnection. 

5.1.1 Introduction. 

Communication between distributed communloes of computers is required for many 
reasons. However, in the earlier days only computers of the same manufacturer could 
communicate with each other in a meaningful way. 
In an attempt to alleviate this problem, the ISO, formulated a reference model to provide 
a common basis for the coordination of standards developments and allow existing and 
evolving standards activities to be placed into perspective with one another. 
In ultimate aim was allow an application to comminicate with an other application in 
an complete different environment. 

This model was termed ISO Reference Model for Open Systems Interconnection. The 
basic structure technique in this reference model is layering. According to this technique, 
each open system is viewed as logically composed of an ordered set of subsystems, 
represented for convenience in the vertical sequence shown in fig. 1. 

Highes t layer 

1 )-layer 

-layer 

Open system 
A 

(N -1 )-layer 

Lowes t layer 

Open system 
B 

Physical media. 

Open system 
C 

Open system 
D 

Fig. 1 Layer model of ISO reference model for OSI. 

I 

An element in the hierarchical division of an open system is called a subsystem. A 
SUbsystems interacts directly only with elements in the next higher division or the the next 
lower division of that open system. 
Adjacent subsystems communicate through their common boundary. Subsystems to the 
same rank (N) collectively form the (N)-Iayer of the reference model of open system 
interconnection. An (N)-subsystem consists of one or several (N)-entities. Entities exist in 
each layer. Entities in the same layer are termed peer-entities. 
Except for the highest layer, each (N)-Iayer provides (N+ I)-entities in the (N+ I)-layer 
with {N)-services. The highest layer is assumed to represent aU possible uses of services 
which are provided by the lower layers. 
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The services of an (N)-Iayer are provided to the (N+ I)-Iayer, using the (N)-functions 
performed within the (N)-layer and as necessary the services available from the (N-I)
layer. 
An (N)-entity may provide services to one or more (N + I )-entities and use the services of 
one or more (N-i)-entities. An (N)-service-access-point is the point at which a pair of 
entities in adjacent layers use or provide services. 

5.1,2 Service primitives. 

For information to be exchanged between two or more (N+ I)-entities, an association 
shall be established between them in the (N)-Iayer using an (N)-protocol. 
The user services provided by a layer are specified by a set of service primitves. The 
service associated with a layer can be of two types: confirmed and unconfirmed. Four 
types of primitives are defined : 

- request primitive: this primitive is used when a (N+ I)-layer askes for a service 
at the (NHayer. 
- indication primitive: this primitive is used by an peer protocol entity to inform 
the (N + 1 )-Iayer the receipt of a peer request. 
- response primitive: this primitive is used to acknowledge the entity who has sent 
the indication primitive. 
- confirm primitive : this primitive is used to acknowledge the peer entity the 
receipt of a request primitive. 

(N-l)-Layer 

Request 
Confirm Indication 

(N)-Layer 
peer-to-peer protocol 

Fig. 2 Service primitives. 

Response 

Normally, a particular transfer starts by the (N+I)-Iayer entltlty passing a request 
primitive across the layer interface. This, in tum, results in an associtiated data unit being 
generated by the (N)-Iayer protocol entity and this being passed, using the services 
provided by the underlying layer, to the correspondent peer protocol entity in the remote 
system. 
Then, on receipt of the data unit, the peer (N)-Iayer protocol entity in the remote system 
creates an associated indication primitive and passes this up to the (N + I )-Iayer entity. 
Tn case of an unconfirmed service this completes the transfer, but with a confirmed service 
this is followed by the (N + I )-layer entity issuing a response primitive. Again, this results 
in an associated data unit generated by the (N)-Iayer protocol entity which is then sent 
back to the originating (N)-Iayer protocol entity, using the services provided by the 
underlaying layer. On receipt of this, the originating (N)-Iayer protocol entity then 
creates a confirmation primitive and passes this up to the (N + 1 )-Iayer entity to complete 
the transfer. 
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5.1.3 The layers. 

Conceptually, the layers can be considered as perfonning one of two overall functions: 
network-dependent functions or application-oriented functions. This in turn gives rise to 
three distinct operational environments: 

- (1) The network-environment, which is concerned with the protocols and 
standards relating to the different types of underlying data communication 
networks. 

- (2) The OST environment,which embraces the network environment and adds 
additional application-oreinted protocols and standards to allow end systems to 
communicate with one another in an open way. 

- (3) The real systems environment, which buils on the OST environment and is 
concerned \\;th a manufacturer's own proprietary software and services, which 
have been produced to meet a particular distributed infromation processing task. 

This is shown in fig. 3. 

0p 0p 
Application layer Application layer 

Presentation layer Presentation layer 

Session layer Session layer 

r- Transport laver Transport laver 

Network layer - - -- Network layer 
1 1 

Data link layer _I 1 Data link layer I : Physical layer I 
Physical layer 

t 
1 I 

t 1 I 

Data network 

Network environment 
OSI environment 

Real s terns environment 

Fig. 3 Overall structure of the ISO reference model. 

The network-dependent layers are: 

network layer (layer 3), 

- data link layer (layer 2), 

- physical layer (layer 1). 

The application-oriented layers are: 

-



application layer (layer 7), 

- presentation layer (layer 6), 

- session layer (layer 5), 

- transport layer (layer 4). 

Physical layer. 
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The physical layer covers the physical interface between devices and the rules by which 
bits are passed from one to another. Example of standards at this layer are RS-232-C, 
RS-449/422/423. 

Data link layer. 
The physical layer provides only a raw bit stream service. The data link layer attempts to 
make the physical link reliable and provides the means to activate, maintain, and 
deactivate the link. The principal service provided by the data link layer to the higher 
layers is that of error detection and control. Thus the higher layer may assume an error
free transmission over the link. 
Examples of standards at this layer are HDLC, LAP-B, LAP-D and LLC. 

Network layer. 
The basic function of the network layer is to procide for the transparent transfer of data 
between transport entities. It relieves the transport layer of need to know anything about 
the underlying data transmission and switching technologies used to connect systems. The 
network service is responsible for establishing, maintaining, and terminating connections 
across the intervening communications facility. 

Transport layer. 
The purpose of layer 4 is to provide a reliable mechanism for the exchange of data 
between processes in different systems. The transport layer ensures that data units are 
delivered erro-free, in sequence, with no losses or duplications. The transport layer may 
also be concerned with optimizing the use of network services and providing a requested 
quality of service to session entities. 
for example the session entity might specify acceptable error rates, maximum delay, 
priority, and security. In effect, the transport layer serves as the users's liaison with the 
communications facility. 

Session layer. 
The session layer provides the mechanism for controlling the dialogue between 
presentation entities. At a minimum, the session layer provides a means for two 
presentation entities to establish and use a connection, called a session. 
In addition it may provide some of the following services: 

Dialogue type: two-way simultaneous, two-way alternate, or one-way. 
Recovery:The session layer can procide a checkpointing mechanism, so that if a failure 

of some sort occurs between checkpoints, the session antity can retransmit all data since 
the last checkpoint. 

Presentation layer. 
The presentation layer offers application programs and terminal handler programs a set of 
dat transformation services. Services that this layer would typically provide include: 
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- Data translation: Code and character set translation. 

- Formatting: Modification of data layout. 

- Syntax selection: Initial selection and subsequent modification of the transformation 
used. 

Examples of presentation protocols are data compression, encryption, and virtual terminal 
protocol. A virtual terminal protocol converts between specific terminal characteristics 
and a generic or virtual model used by application programs. 

Application layer. 
The application layer provides a means for application processes to access the OSI 
environment. This layer contains management functions and generally useful mechanisms 
to support distributed applications. 
Typically application layer services are: File Transfer Acces and Management (FT AM), 
Message Handling System (MHS), Manufacturing Message Service (MMS) and Job 
Transfer and Manipulation (JTM). 
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5.2 Introduction of lAS products software architecture. 

The goal of lAS products software architecture is to get software components which are 
interchangeble between different products so that software components can be reused in 
other products. This requires a modular software architecture. 
A modular software architecture is an architecture wherein functions which may have 
different implementations in different products are identified as seperate components. The 
interfaces between these functions have to be standardised in order to make it possible to 
replace the implementation of a certain function by another implementation, without the 
need to modify other components in the product. 

With this goal in mind the T A software components have to be developed. 

The software can consist of building blocks as given in table 1. 

TABLE 1. Standard software architecture. 

Operating system provides process management, queue management, timeguard functions 
etc. The specification and the interfaces of the OS are product independent. The 
implementation of the OS is processor specific. 

The application base complements the OS functions in providing the application \\;th the 
means to interface the hardware. The implementation of the VO handlers is product 
specific. 
Services are defined as software services needed by a particular group of applications. 

The applications are related to the network interface and to the product. 
The network interfaces requires layer 2, layer 3, management and maintenance functions 
of the access protocol. 

5.3 Software architecture of lAS products. 

The main function of the BAMX is to multiplex 15 ISDN Basic Access rate interfaces to 
one ISDN Primary rate interface. Global the following basic functions can be distinguish: 

- Maintenance and management. 

- Operational. 

When these basic functions would be implemented in two or three software components 
these components would be too big and therefore difficult to maintain and the 
reuseability would be very small. 
Either in the two basic functions one can distinguish more then one function. For 
instance: in the operational function one can distinguish layer 2 (datalink layer functions) 
and layer 3 (network layer) functions. 
Further one has also tried to divide the software in components which are protocol 
dependent and protocol independent. 
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When the intervvorking (interface) between the separate functions of a basic function can 
be clearly defined and when they are rather small (not to much signals between the 
components) one has developed a software component for each of these functions. 
With the above mentioned items in mind one has implemted the BAMX software as 
shown in figure 4 which shows the layer structure. 

- Layer three with the network functions, 

- Layer two with the data-link functions, 

- Layer one with the handlers, 

Maintenance and management functions. 

Two operating systems support the BAMX software. Operating system 0S68 and OS51. 
0S68 is based on the M68000 microprocessor which is used by the multiplex control unit 
(MCU) and OS51 is based on the Intell 8051 microprocessor which is used by the 
exchange transmission termination(s) (ETTs) and the digital transmission termination 
(DIT). 

L3 

9 
cu o 

Fig. 4 BAMX software structure. 

CO" existing interface 

o process 
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One of the requirements of modular software is that the separate components only know 
which messages they can send to each other and what the result is of the transmitted 
messages. 
For that purpose so called layer interface services (L2 service, BTF and CS) have been 
developed. These layer services (belonging to the application base: see table I) hide within 
the group of components the place of the other components. 
These layer interface services transport the messages between the seperate application 
processes of the same basic function. So even processes of the same basic function will not 
be aware of the physical location of the other processes. 

The messages which can be send between the application processes of the same basic 
function are defined in the so called layer services. 
One special Global Interface (10 BAMX) has been developed which describes the lay
outs of signals which can be send between the following groups of application 
components: global maintenance, configuration unit handlers, layer 2 and layer 3 
components. 

To hide for the processes that the BAMX is a multiprocessor system a so called Interface 
Service has been developed. Its purpose is to hide for a group of processes the place and 
the way the other group of processes have been implemented. Its function is to determine 
whether the destination process is located on the same processor or on a different 
processor as the originator. 

The layer 3 processes and their purposes are: 
- call control (CC): high level control of the call, B-channel management such as 
selecting B-channel, checking serviceability, selecting Call Reference Values etc .. 
- protocol handler (PH) : handling the layer 3 protocol, sequence of messages and 
validation, it also performs some checking procedures upon the receipt of a 
message in order to detect and reject all incorrect messages. The content elements 
to check are e.g. call reference information element format, message type etc. 
- basic telephony function (BTF) : forms the shield between the layer 3 
components, 
- IS service (IS) : defines message layout, messages interchanged between PH and 
CC and layer 3 part of the messages to user and network. 

The layer 2 components and their purposes are: 
- datalink handler (DL) : supports different kinds of datalinks (e.g. point-to-point, 
broadcast), 
- multiplexer (MUX) : the multiplexer is responsible for the management of layer 
1: the mux can request for an activation or deactivation at layer 1. The mux. is 
also responsible for checking the sapi's and tei's. 
- layer management (LM) : responsible for the TEl-assignment procedure, 
- layer 2 service (L2) : forms the interface between the network components layer 
management (LM), multiplexer (MUX) and datalink handler (DL). 
- [2 service ([2) : defines the messages which can be send between thenetwork 
components LM, MUX and DL and defines the layer 2 part of messages send to 
user and network. 

The CU handlers and services components are: 
- Primary Line Interface Unit: controls the 2Mbitls interface. It interfaces with the 
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transciver and the digital signalling interface. 
- Basic Access Line Interface Circuit: controls the layer 1 hardware on the BA 
interface. 
- Common Control Data Link Circuit Handler: controls the HDLC controller. 
- Configuration services: forms the interface service between the diffemt handlers, 
- and others. 

The System Base consists of the following components: 
- Operating System 0S68 and OS51: process management, queue mangement and 
timeguard functions. 
- Interface Service: to send messages from one group of components to an other 
group. 
- Database Management: offers the functions(create, get and set} needed by the 
Configuration Unit Database. 
- CU Database Manager: provides to access the stored information of each CU. 

Operation and Maintenance. Operation and maintenance can be performed locally using 
a PC or remotely via a Q2 interface (fig. 5). Commands and result output are send across 
the PC or Q2 interface as messages. 
The BAMX maintenance and operation procedures consists of the following application 
components : 

- Maintenance Message Handler : The MMH is the intermediate between the 
operation and maintenance interface on one hand and the global maintenance 
functions on the other hand. - Global configuration management: handling of 
configuration management messages, sending messages to the CU handlers to 
initiate or block a CU etc., 
- Global fault management : detection, validation (transient or permanent), 
reporting, local or remote, location etc .. 
- Global performance management: bit error rate, time delays etc. 

U-inter- [ 
face 

------I 

BAMX 
2-Mbit interface 

Major alarm 

Minor alarm 

Fig. 5 Operation and maintenance interfaces. 
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5.4 lnterworking between processes. 

The different processes within the BAMX communicate with each other by means of so 
called signals. Within every layer there exists a service (in the application base) that sends 
the signals from one process to the other. 

For example: Within layer 3 there exists two primitives for sending signals from one 
process to the other: 

LSsend_to _ph(iid,ces,crv ,signal_ptr), 

- LSsend_to_cc(iid,ces,crv,signaLptr). 

The first one is used by Call Control for sending signals to the Protocol Handler (PH) 
process and the second is used by the PH for sending signals to Cc. 
These two primitives are supplied by the Basic Telephony Functions (BTF). Every process 
within layer three is unique identified by the tuple (iid,ces,crv). This can be seen as the 
address of the signal. 
When the process with the specifeid (iid,ces,crv) not exists, BTF will start a new PH or 
CC process so that there always will be a process where the signal arrives. 
The Operating System identifies those processes with a so called Process Instance Value 
(PlY). These values are store in a Process Control Data Block (PCDB) with the 
corresponding Call Reference Value (CRV). For every CRV there exists at least one CC 
process and zero or more PH process. 

For communication between two different layers the sending process has to make use of 
the Interface Service (IF) (shown in figure 1). The function which supplies this possibility 
is the so called IFsend(internal_address,remote_proc_id,signaLptr) function. 

Every layer has one or more remote procedures which can be called by processes of 
other layers. In the BAMX software architecture every remote procedure has a list of 
signals which are expected. 

For instance the remote procedure of global maintenance and management is GMreceive 
and its expecting signals are: 

- GMCM_lNmA TED 

- GMCM_BLOCKED 

- GMCM_AUTOBLOCKED 

- GMCM_DELETED 

- GMCM_SCANDATA 

- GMCM_CREA TED 

Example: 
When a layer three process wants to send a signal to layer 2 it will call the 
LSsend_to_L2(iid,ces,signaCptr) function which is offered by BTF. BTF on its turn will 
first convert the iid to an internal_address which is used by the IFsend function and then 
calls IFsend(internal_address,L2_send_to_dl_id,signal_ptr). 
The IFsend function on its turn collects of the internal address and the remote procedure 
identifier whether the process is located on the same processor as the originator or on a 
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different processor as the originator. 

The remote procedure of layer 2, in this case is L2_send_to_dL This can also be seen as 
an entry point for layer three processes to reach a layer two process. 
The remote procedure of layer three is LSreceive. So messages from processes of other 
layers, which are sent to a layer three process by the Inter Face service, looks like 
IFsend(intemaLaddress,LSreceive,signal_ptr). 

5.5 TA software components. 

For the Terminal Adapter (T A) new software components have to be developed and 
several BAMX software components have to be adapted: 
The new software components are: 

UART string handler (for communication across the user control interface), 

EDRA handler (to control the EDRA-chip), 

- S-interface handler and 

- Hayes Message Handler (interpret the user control interface messages), 

The main functions of the HMH are: 
- check the received messages from the UART string-handler on validation, 
- invoke Call Control, 
- convert messages and 
- distribute received messages. 

The main function of the UART-handler is to receive characters from the user and send 
the received characters in a string to the HMH and visa versa. 

5.5. J Places of the TA software components in the existing BAMX software structure. 

The place of the handlers in the BAMX software structure is clear. Only the HMH can be 
placed on two different positions because HMH has a message-handling function but also 
a call control function. 
In the first case it means the HMH has to be placed in the global maintenance and 
management environment. In the second case it means HMH has to be placed in the 
basic call control environment. 
To see which signals and how many signals have to be defined three concepts have been 
investigated (fig. 6, 7 and 8). 
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C+ HMH 

PH 

Basic access I 

----1---------J : RS-232 

1...------1--------
Fig. 6 Call Control and HMH together (case A) 

Basic access I _____ ~------.J 
h
UART 
andler 

I RS-232 

I...-------t---------
Fig. 7 Call Control and HMH seperated (case B) 

I 

Basic access I 

_____ ~------.J 
I RS-232 

~-----I---------
Fig. 8 Call Control and HPH (case C) 

In case A (fig. 6) the two components are put together in one component. 
In case B (fig. 7)the components Hayes Message Handler and Call Control are 
seperated. 
In case C (fig. 8) the component Hayes Message Handler is splitted in a es 
Protocol Handler (HPH) and a procedure HMH. 
These three concepts have been worked out for an originating call and a 
terminating call in appendix A. 
In case A the combined component (CC+ HMH) has interfaces between CU 
handlers, PH and UART handler. 
In case B the HMH has interfaces between CC, CU handlers and the UART
handler. 
In case C the HPH has interfaces with CU handlers, Call Control and the HMH. 
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5.5 .2 Conclusions and decisions. 

In all the three cases the components Call Control and Hayes Message Handler are 
protocol dependent components. However Call Control depends of the specifications of 
the ISDN layer 3 protocol and HMH depends of the user control interface protocol. 

In all the three cases the number of messages between CC and the HMH are not to much 
(set up, proceeding, alerting, disconnect and release) so that the interface can be rather 
small. 

However the prime function of the HMH is to interpret messages from the user 
interface and to define the system parameters so that in the BAMX software 
architecture it better fits in the global maintenance and management environment. 
The other function of the HMH is invoking Call Control which is a typical protocol 
function. 
The only difference with the existing concept is that we have to define an interface 
between this global maintenance and management environment and the network layer. 

When we define two seperate processes for these two different main functions of HMH 
then we can place the hayes message handling (HMH) function in the maintenance and 
management environment and the protocol handling (HPH) function in the network layer 

Then the interface between the message handling part of the HMH and the network layer 
can be reduced to two signals (call setup, and call disconnect messages.) 

In these last case (C) the application components can be smaller so better to maintain and 
when another user interface procotol is used only HMH has to be changed. 

This architecture makes it also easier to have two different EDRAs connected to the two 
B-channels. Because for each EDRA we define a HPH as a system process. 
This extended software architecmre is shown in figure 9. 
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Fig. 9 Extended BAMX software structure. 
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So case C is preferable. 
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5.6 Software functions of the T A in the context of the ISO reference model. 

The software functions of the T A are: 

- handling the characters received from the user control interface, 

- handling of the hardware components (EDRA, S-chip), 

- check messages whether they satisfy the HAYES command set, 

- establishing, maintaining and terminating link connections. 

The handling of the characters received from the user control interface is a typical layer 
one function. The PHYSICAL LAYER only covers the bit stream received across the 
RS-232-C user control interface. 
Because no data link layer functions (such as error detection, error recovery or data-link
connection establishment and release) are required, the data-link layer will be empty. 
Also the network, ptransport and session layers are empty (not implemented). 
The syntax of the messages will be checked in the PRESENT A nON LAYER (P-L). In 
case of the T A the messages will be checked whether they satisfy the HAYES command 
set. 
When the messages satify the HAYES command the messages will be send to the 
APPLICA nON LAYER (A-L). 

The messages received by the A-L can be divided in two main groups: 

- messages which cause interaction with the database, 

- messages which cause connection establishment/termination actions. 

Interaction with the database and specification of message units takes place in the 
APPLICA nON LAYER. 

Examples of a command which causes a database action is AT*INn. On this command 
the number specified in n will be stored in the database. 
Example of call initiate action is the A TDn command. This will cause an link connection 
with the number specified in n. 

The software architecture for the T A in terms of the ISO reference model for OSI is given 
in table 2.(next page) 
In accordance of the ISO reference model for OSI the positions of the software functions 
of the T A can be made as follows: 
on the user side: 

- the position of the character handling function 

- the position of the message handling function 

- the position of the terminal adapter control function 

on the network side: 

- the interface with the S-reference point 

- the handling of the LAPD procedure 

: layer one. 

: layer six. 

: layer seven. 

: layer one. 

: layer two. 
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- the handling of the ISDN network protocol 
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TABLE 2. Software architecture TA (ISO reference model). 

Mapping functions 

5.6.f Interfaces between the T A software functions. 

Interfaces exist between adjacent layers. In the software architecture of the T A the 
following interfaces can be distinguished: 

On the user side between: 

- application layer and presentation layer(7 - 6), 

- presentation layer and physical layer (6 - 1). 

On the network side between: 
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- apllication layer and network layer (7 -- 3), 

network layer and data link layer (3 -- 2), 

- data link layer and physical layer (2 - 1). 

Chap. 5 Software architecture. 

The exchange of information between adjacent layers is done by signals. So between 
adjacent layers interlace signals must be defined. In existing lAS products the interlace 
signals between the lower three layers are well defined. 
So new interlaces signals has to be defined: 
on the user side between: 

- application layer and presentation layer (7 -- 6), 

- presentation layer and physical layer (6 -- 1). 

on the network side between: 

- apllication layer and network layer (7 -- 3). 

The following primitives will be used: 

on the user side: 

- between layer 1 and the mapping layer : PH_DATA_IND, PH_DATA_REO 

- between layer 6 and the mapping layer : S_DATA_REO, S_DATA_IND. 

- between layer 6 and layer 7 : P _DATA_REO, P _DATA_IND. 

on the network side: 

between layer 7 and the mapping layer: 

- P_CONNECT_REO, P_CONNECT_RESP, 

- P_CONNECT_IND, P_CONNECT_CONF, 

P _DISCONNECT_REO, P _DISCONNECT _IND, 

P _DISCONNECT _ CONF, P _DISCONNECT _RESP, 

- P ]ROCEEDING_REO, P _PROCEEDING_IND, 

- P_CONNECT_ACK, P_ALERTING_IND. 

between layer 3 and the mapping layer: 

- N_CONNECT_REO, N_CONNECT_RESP, 

- N_CONNECT_IND, N_CONNECT_CONF, 

- N_DISCONNECT _REO, N_DISCONNECT_IND, 

N_PROCEEDING_REO, N_PROCEEDING_IND, 

- N_DISCONNECT _CONF, N_DISCONNECT _RESP, 

- N_CONNECT_ACK, N_ALERTING_IND. 
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Remark. In the ISO reference model, normally, the type of primitive and the identity of 
the layer providing the service are included with the primitive name. 

For instance: N_CONNECf_REQ is a request primitive, issued by the network service 
user, that is the transport layer, to set up a network connection to the remote network 
service user. 

In case of the layers are not adjacent a mapping function is required. On the user side the 
mapping function is required between physical layer and presentation layer and on the 
network side between network layer and application layer. 
The goal of these mapping functions is to convert the received signals to signals which are 
accepted by the service provider and the user of the service on one hand and on the other 
hand to send the appropriate signals to the next higher/lower layer. 

For example the mapping function on the user side between layer 2 and layer 6 : 
The physical layer sends the signal PH_DA T A_IND to the data link layer. The next 
higher implemented layer on the user side is in this case the presentation layer. However, 
the presentation layer expects a signal from the session layer e.g. S_DATA_IND. 
So the mapping is: convert PH_DA T A_IND to S_DA T A_IND and forward the signal to 
the presentation layer. 

In the presentation layer (P-L) the received data of the signals will be checked whether 
they satisfy the HAYES command set (prefix AT). 
In case the prefix is not correct the presentation layer sends back a S_DAT A_REO with 
an error message. 
If the prefix is correct the signals are sent to the application layer (A-L). 

The presentation layer will first check the received messages whether the message is 
specified in the HAYES command list (which is in the database). When the command is 
specified it will be interpreted. 
In case of a call initiate/release message the A-L will send a signal to the next lower layer. 

In case of a call initiate message the A-L will send a P_CONNECf_REO to the next 
lower layer. All the information necessary by the network for routing the call and all 
information necessary for proper end-to-end user data communication can be get out of 
the database and will be filled in in the message. (the APFRAME of the signal) 
The following elements will be filled in the P_CONNECT_REQ message: 

- calling address, 

- calling subaddress, 

- called address, 

- called subaddress, 

- bearer capability, 

- low layer compatiblity, 

- B channel. 

Because the ISDN network layer is the next implemented lower layer in the T A there 
must be a mapping function between A-L and this layer which converts the 
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On the receipt of a tenninating call the network layer sends a N_CONNECCIND to the 
next higher layer. This signal will be converted to a P_CONNECT_IND to the A-L. The 
A-L will check the infonnation in the received message with the data stored in the 
database. 

When the received data is not an call initiate/release message the A-L will store the data 
in the database. 

5.6.2 Signal conversions. 

Signal conversions on the user side. 

The user mapping layer converts the following signals: 

Signal conversions on the network side. 

P _CONNECT _ACK 

P _DISCONNECT_REO -

N_CONNECT _REO 

N_CONNECCCONF 

N_CONNECT _ACK 

N_DISCONNECT _REO 

N_DISCONNECT_CONF 

N_DISCONNECT _RESP 
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5.6.3 Conclusions and decisions. 

At first sight the structures as given in chapter 5.6 (fig. 6 * 8) were acceptable. Although the 
interfaces between the different processes could be well defined and were rather small, to 
many changes in the consisting components bad to be made. For instance the Basic 
Telephony Function (BTF) must know the difference between the Hayes protocol handler 
and the Networlc protocol handler. Also the network: layer must have knowledgement about 
the hardware implementation (e.g. the LEOs which are available). 

With all the mentioned disadvantages in mind a new software architecture had to be defined. 
The found software architecture for the terminal adapter is the structure as is given in table 2 
and fig. 10. 

The advantages of this architecture are: 

- less influence on the existing software components of the other lAS products. so greater 
reusability, 

- it is easy to implement an other user interface protocol (e.g. LAPB), 

- for the future new functions can be implemented in the empty layers. 

- the signals between the layers are standard interface signals, 

- the interaction with the application data base is only done by the application layer. 

- the architecture is conform the ISO reference model for 051. 

For instance: 
When an other user protocol has to be implemented e.g. LAPB one has only to develope a 
user data link component. The signals between layer one and two can be used for sending 
the data from layer one to two and visa veISe. 

mapping 7 • 3 layer 7 

layer 2 layer 1 mapping 6 - I layer 6 

Fig. 10 Software architecture of the TA. 

Now we have chosen for a specified architecture we have to define: how we implement the 
components and the signal layouts. Both must be done in the context of the existing lAS 
software components. In the next subparagraph we solve the implementation and later I 
define the signal layouts. 
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5.7 Addressing of processes in the ISO reference model for OSI. 

5.7.1 Addressing in the OSl environment. 

Although names are used at the user level, addresses are used within the OSI environment 
itself to ascertain, firstly, the physical location of the computer within the network in 
which the required AP is currently resident and, secondly, the identity of the application 
layer protocol entity to which the AP is currently said to be attached. 
The addresses used in the OSI environment comprise a concatenation of a number of 
sub addresses known as service access points. The latter are used at the interface between 
each protocol layer in the system to which the AP is currently attached; that is, the 
address of an AP is made up of: 

AP address = PSAP + SSAP + TSAP + NSAP 

where PSAP is the service access point subaddress between the application layer protocol 
entity to which the AP is attached and the presentationlayer, and so on. 
The semantics of an address are conveyed by means of protocol exchanges between the 
protocol entity of the originator and its peer protocol entity. The addressing information 
is delivered in the so called Protocol-Addressing-Information (PAl) element of the 
Protocol-Control-Information (PCI) unit. 
The layer protocol specifications define different elements of the PAl to be used for the 
exchange of addressing information. The elements which are defined are: 

- called-address, 

- calling-address, 

- responding-address. 

Included in this information is a single tuple specifying the addressing PAl values required 
to access the application-entities through a PSAP. 

5.7.2 Addressing in the network environment. 

Internal address. The internal address is primarily used to internally identify a 
Configuration Unit, e.g. to address the configuration unit handler. But it is also 
constructed so that the configuration tree structure ( fig. 11) is reflected in the numbering 
scheme. 

81 82 D-CHAN RS-232-C 

Fig. 11 Serviceability relations of the TA. 
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The configuration tree gives the relation between the different configuration units. A 
specified configuration unit can only be reached if all the preceding configuration units in 
the tree are in service. 
For instance the D- and B-channels can only be reached when the BARLIC and the TCU 
are in service. When the BRALIC is out of service then automatically the D- and B 
channels attached to the BRALIC will not be serviceable any more. 

The internal address is composed of the following fields: TCU(T A Control Unit), 
CCf(Circuit), CHAN(Channel) and level. 
The structure of the internal address is depicted in the following figure: 

The level field indicates the level in which the configuration unit (CU) is located in the 
configuration tree. All configuration units on a certain level are sequentially numbered 
and this number is written in the corresponding field. Thus only the fields related to the 
addessed CU level and higher levels are relevant in the address. These fields identify the 
branch that links the configuration unit to the TA Control Unit (top of the tree). 

5.7.3 Addressing of processes in the existing lAS products. 

In the existing lAS products the Interface Service (IF) is responsible for the 
communication between the application processes of different functions. (fig. 12) These 
processes communicate with each other by means of primitives. First the IF has to decide 
to which application base (layer service) the message has to be sent. When a message 
arrives in the application base the service provider of the application base is responsible 
that the message reaches the right process. 

A 
P 

A 
P 

A 
P 

A 

A Iication Base 

INTERFACE SERVICE 

A P : Application Process 

Fig. 12 Communication between application processes. 

So two types of addressing exist : one for reaching the right application base and one for 
reaching the right process of the application. 
For the first type the IF uses the internal address of the sending process and the remote 
procedure identifier. For the second type the remote procedure uses parameters in the 
received primitive. How many parameters are needed and which depends on the 
application itself. 

The layer one application processes (handlers), which are implemeted as non-system 
processes, are identified by their internal address (int. address). 
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In layer two the datalink processes are identified by the tuple interface identifier, service 
access point identifier, connection endpoint suffix (iid, sapi, ces) and the multiplexer and 
layer management processes by their iid. 

The layer three application processes are identified by interface identifier, service access 
point indentifier, call reference value, connection endpoint suffix (iid, sapi, Cry, ces). 
(SAPI value is zero.) 

5.8 Implementation of functions and addressing of processes in the T A. 

Implementation of the different functions fall into three categories: system processes, 
non-system processes and procedures. The functions can be implemented as one of the 
three or a combination of it. The first type are processes which are alive from power-up 
to power down or crashes. The second are processes which are alive as long as they are 
necessary. For instance a call control process is alive during the time the call exists. 

- The handling of the characters received from the user control interface: this is a 
configuration unit handler and has to be implemented in layer one. All 
configuration unit handlers are implemented as non-system processes which are 
activated by the configuration management and identified by their internal 
addresses. 
So this process (UART handler) has to be implemented as a non-system process 
which is identified by its internal address. 

- The message handling function: this function is implemented in layer six. Because 
it has to send a message back to the application base of layer six it must be 
implemented as a non-system process. 
While there exists only one user control interface per terminal adapter only one 
message handling process satisfies. This process can be identified by its internal 
address. 

- Default options of the terminal adapter make it possible, that the terminal 
adapter can operate without the user control interface connected. In the default 
mode it will answer incoming calls and on a off-ta-on transition of the V.35 circuit 
ct108.1 it will establish a link to a preprogrammed number (hot-line operation). 
These two cases makes it necessary that the terminal adaptor manager process must 
be started by the Operating System and that it is not a system process which is 
activated by an activate signal from the cu handler (UART handler) or an activate 
signal from the basic access interface. 

Addressing. The terminal adaptor can support two basic access B channel 
connections. So the processes belonging to a specific B channel connection have to 
be uniquely identified. To identifiy these different processes, belonging to the 
different B channel connections, we introduce an internal connection identifier 
(icid). 
Hence processes in the Application-Layer are identified by their internal address 
and their internal connection identifier (int. add,icid). The origine of the signals 
can be derived from the internal address, which is in the IFsignal. 

- The mapping functions could be implemented as procedures, because the main 
function of the mapping function is to convert and forward signals. 
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Implementation and identification of the processes. 

process name non-system process system process identification 

UART handler X into address 

Message handler X into address 

TA manager X int.address, into connection id. 

TABLE 3. Implementation and identification of the processes. 

Entry point of the application layer (fig. 13). 

An entry point of a layer is that point where signals from other layers arrive. From that 
entry point the signals are distributed to the appropiate processes of the layer. 
The way for sending a signal to an other layer is as follows: 
1. the calling process calls the procedure Lxsend_to_LX, where LX is the destination 
layer 
2. the layer service calls IFsend(internal address, remote_proc_id, signal_ptr). 

Most of the layer interface services in lAS products have only one entry point for 
interfacing facilities with other groups of components. However, the layer two (interface) 
service has two remote procedures (send_to_mux and send_to_dl). 
So two concepts are possible one entry point and one remote procedure or more then one 
entry points and so more remote procedures. 

a 

rAPPLICATIO~ 
'--= lAYER =--'" 

ED~Pl 
han er /' "'" 

b 

Presentation layer (user side) Presentation layer (network side) 

Fig. 13 Entry points of the application layer. 

One entry point. In this case there exists one remote procedure (fig. 13 a) which is the 
entry point of the application layer for all other implemented layers. The remote 
procedure is responsible for the distribution of the recieved signals to the appropriate 
processe of the application layer. The selection could be done on the base of the received 
signal identifier. 
However, the same signal can be received from different processes so the remote 
procedure can not distribute the signal only on basis of the signal indentifier. Hence the 
remote procedure of the application has to know which process has called the remote 
procedure. 
The only remaining possibility to find out which process has called the remote procedure 
is the interface associated with the calling process. On basis of the internal address the 
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remote procedure can find out by which interface the remote procedure was called. 
In the terminal adaptor three configuration unit types can be distinguished: S_chip 
handler (basic access interface), UART-handler (RS-232-C user control interface) and 
EDRA-handler (user data interface). 
Hence we need a relation (translation table) between the internal address and the 
configuration unit type. [These relation already exists in the database.] 

More then one entry point. In this case the different configuration types use a specific 
entry point (fig. 13 b). The entry point is coupled with a specific process of the 
application layer. So the calling process has to decide to which process of the application 
layer the signal has to be sent. 
In this case we have three application entry points: one for each of the mentioned 
interfaces. 

Decisions. 
In the case of more then one entry point, the initiator would be responsible that the 
transmitted signal reaches the right process of the application layer. So the selection 
mechanism would be an issue of the initiating process. However, the aim is that the 
initiator is unaware of processes in the service provider. So the selection mechanism 
should be a local issue and in that way transparent to the initiator. 

Hence the structure with only one entry point has the preference. So the interface service 
of the application layer shall have only one remote procedure termed: 
L7receive and the other implemented layers can use the Interface Service function 
Lxsend_to_L7. 

5.8. I Implementation of the Application Layer. 

An Application Layer entity can be structured internally into a number of seperate 
entities. Three types of elements can be distinguished: 

- Common-Application Service Elements (CASEs), 

- Specific-Application Service Elements (SASEs) and 

- User element. 

The Common-Application Service Elements provide capabilities that are generally useful 
to a variety of applications. For example, the establishment and terminating of a logical 
connection between correspondent SASEs. 
The Specific Application Service elements provide capabilities required to satisfy the 
particular need of the specific application. For example, FT AM, JTM or MHS. 
The User Element provides the user interface to the various distributed information 
processing services supported by the application layer. The interface primitives between 
user application and the user element need not be the same as the standard primitives 
provided by the particular application entity being used. Thus in this case the user 
element performs the necessary mapping function between the two. 

Mapping of this general principle on the terminal adaptor application layer gives: 

- L7service as a common-application service element and 
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- Tenninal Adapter manager as a specific-application service element. 

This is shown in fig. 14. 

Rea.l SyStem 1 EnVirohment 

Open Systt;m 
InterconnectIo 

Environment 

I Tenninal Adaptor Database 

,.,' ,. 

I TAManager I • I L7SERVICE I 

PSAP . , ... ....... 

I Presentation entity I 
f 

Apolication 
Layer 

Pres.entation 
Layer 

Fig. 14 Implementation of the Application Layer. 

5.8.2 Relation between internal connection identifier. call reference value and uinternal 
address. 

An internal connection identifier is assigned by different processes (TAM, T ACC). When 
there is no communication between these processes there exists the possibility that they 
assign the same internal connection identifier to different processes. 
To prevent that this occurs a special guard mechanism should be developed which 
regulates the assignment of the internal connection identifier. 
To avoid the necessity of a guard mechanism for the distribution of internal connection 
identifiers the internal connection identifier consists of a source flag and a value. 

I flag I value I 

In this way the assignment of the kid can simply be done by a procedure call by the 
processes and no complex communication between different processes are needed. 
The internal connection identifier source flag can take the values "0" or "1". 
Hence, the purpose of the internal connection identifier flag is to resolve simultaneous 
attempts to allocate the same internal connection identifier value and to have a simple kid 
assignment mechanism. 
Meaning of the internal connection identifier flag: 

- 1 = application layer assigned, 
- 0 = L3 assigned. 

The user side of the tenninal adaptor has a fixed internal connection identifier value 
equals zero. 
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5.8.3 Initialize scenarios for terminating and originating calls. 

OS L2 BTF PH CC 

dl_data_ind 
(iid,ces) 

OSstarcprocess 

PIV dLdata_ind 
(iid,ces,crv) 

send_to_cc(iid,ces,crv) 

OSstart _process 

PIV 
OSsend(pio) 

LSselect(icid) 

OSthis 

PIV 

selected (icid) 

send_to_14(icid) 

IFsend( .. ,L4rec eve, ... ) 

Fig. 15 Scenario for terminating calls. 

In fig. 15 is shown the scenario of a terminating call. 
On the receipt of an dLdata_ind with iid and ces as parameters BTF collects the CrY out 
of the signal data field. 
BTF checks whether there is a PH process with the iid,ces,crv or not. If there exists a 
process BTF sends the signal to the appropriate PH process. 
If there is not such a process it will initiate via the OS to start a PH process. The OS starts 
a PH process and returns to BTF the Process Instance Value of the started PH process. 
So there exists a relation iid,ces,crv -- PH-PIV. 
The PH process on its tum sends the signal to a CC process with the iid,ces,crv as 
parameters. The OS starts a CC process and returns to BTF the PIV of the process. So 
now there is a relation iid,ces,crv -- PH_PIV,CC_PIV. 
The CC process on its turn calls the LSselect(icid) procedure which give back an internal 
connection identifier with flag zero. In these procedure also the PIV is asked of the 
process which had called the LSselect procedure so that e relation exits between icid -
CC_PIV. 
At least there exists a relation between the iid,ces,crv -- PH_PIV,CC_PIV - icid. 
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os L2 BTF PH cc 
LSreceive(icid) 

OSstarcprocess 

PrY 
OSsend(pio ) 

LSselect( ces) 

selected (ces) 

LSselect( Cry) 

OSthis 

PrY 
selected (crv) 

send_to_ph(iid,c rs,crv) 

OSstarcprocess 

PrY 
OSsend(pio) 

dl_data_req send_to_12 
(iid,ces) 

Fig. 16 Scenario for originating calls. 

Fig. 16 shows the scenario of a originating call. 
For originating calls the revesal procedure takes place. Now the ces and Cry are selected 
by the CC process. 

Ll USservice USselect L6service L6check L7service 

ph_data_ind(int) 
LUselect(icid) 
---------------> 

selected(icid= 0) 

<---------------
IFsend( .. ,L6receive,s_dat _ind) 

L6check( rsframe) 
---- - -- - ----> 

checked <---- --- ----_. 
IFsend( .. ,L 7receive p_data_ind) 

Fig. 17 User Hayes command message. 
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Fig. 17. In this diagram is shown the scenario of a user Hayes command message. 
On the receipt of a ph_data_ind with the internal address of the UART handler as a 
parameter, the USservice selects an internal connection identifier (icid) value equals zero 
so icid=(O,O). Also the the signal identifier is converted to s_data_ind_sid and the signal 
is sent by IFsend to the remote procedure L6receive. 
In the presentation layer the message is checked on the Hayes AT syntax. The procedure 
L6check returns an unsuccessful in case the command did not match the AT syntax. A 
successful I is returned in case the command matched the AT syntax. 
In case an unsuccessful the L6service returns an error message to the user. After a 
successful the signal identifier is converted to p_data_ind_sid and the signal is sent by 
IFsend to the remote procedure L7receive. 

Ll USservice USselect L6service 

L6receive(icid = 0) 

IFsend( .. ,USreceive,s .. da a..req) 

LUselect(int._addr) 
.................... -- - --:> 

ph_data_req(int) < __ s:I:c~~~i~~_~~C::~ __ 

Fig. 18 User control message. 

Fig. 18. This diagram shows the scenario of a user control message. 

L7service 

In this case the signal received by L6receive is converted to a s_data .. req_sid and sent by 
IFsend to USreceive. 
USservice selects the internal address of the UART handler which matches with the icid 
and converts the signal identifier to ph_data_req_sid and is sent to layer 1. 

5.8.4 Recovery. 

The initialisation routine is called by Global Configuration Management during recovery. 
When a recovery takes place the following actions are taken: 

. the Operating System is initiated, 
- system processes are started, in particular the Global Maintenace processes and 
the Terminal Adaptor Manager. 
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os TAM 

start 

start 

PlY 

start 

COB cu 
Service 

create (CU#) 

(1) ----------

OSstart_process 

CUH's 

create(CU#) (2) 

generate 

(1) Create all processes according to the RCT. 
(2) HW and SW initialization 

(3) Generate initial Configuration Database. 

CUcreated( CU #) 

(3) 

Fig. 19 TCU recovery. 

A recovery routine (fig. 19) in the G_CM will take the following actions: 

_ Create CU handler processes according to the Recovery Configuration Table. This table 
contains the internal address and the additional data for which a CU handler process 
should be started after a successful recovery. 

[When'a CU handler process is started, it initialized the HW to a state corresponding to 
the default conditions which are stored in non-volatile memory.] 

Generate the initial Configuration Database. A CRC check is made to validate the data 
in the non-volatile memory. 

The Operating System starts after a recovery the system process TAM and Global 
Configuration Management. In the Recovery Configuration Table are process which have 
to be started. This is done by the create (CU#). The OSstart_process primitive will start a 
process with process instance value equal to piv. The PlY is sent to the CU service so 
there is a relation between the PlY and the CU#. 
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The OS also send a start signal to the CU Handler with the appropiate into address. After 
the receive of a create(CU#) the CU service knows that the CU handler exists and send a 
CUcreated(CU#) to the G_CM. 
For the G_CM is this the moment to get the next process of the RCT and to start the next 
process anuntil the last process in the RCT. 

5.9 Signal buffer layout. 

The general structure of a signal buffer exists of an Address element and a User data 
element. 

I Address element I User data. ! 

The address elements falls into a calling address and called address part. The purpose of 
the calling address part is tt) identify the originator of the signal. The called address 
element in the signal buffer contains all the address information which is necessary for 
distributing the signal to the proper destination. Each layer is adding its own process 
identification information to the address element. This means that the address element 
grows as it passes through the layers (fig. 20). 
The signal data element contains the information which has to be sent to the destination. 

OutR;oing fram 
collstnlCtl on 

I L7s1 data I 

I L7s I datal 

lL7s I data I 

I L7s I data I 

IUsl L7s I datal 

I L2s I uj L7s I datal 

ncomi nR;. frame 
AL reductton. 

Fig. 15 Address information construction/reduction. 

The way how the address elements are composed depends of the implementation of the 
software components which is chosen by the software developers. 
In the existing [AS software the signal buffer has the following format (table 4): 



- 67 - Chap. 5 Software architecture. 

OSSIGNAL 
IFSIGNAL 
L2SIGNAL 
L3SIGNAL 

SIGNAL DATA 

TABLE 4. Signal buffer layout. 

The address elements of the signal buffer have a fixed size. The first two address elements 
(OSSTGNAL and IFSIGNAL) contains the calling address information (org. process piv, 
internal address etc.) and information need by the Operating System and the Interface 
Service (e.g. remote procedure id). 
The other address elements contain all the information for distributing the signal to the 
appropiate processes in the relevant layer. 
For example the L2SIGNAL exists of iid,sapi,ces which is all the information necessary 
for the layer two service (L2service) to distribute the signal to the relevant process. 

For the interchange of signals between the layers in the Terminal Adapter the following 
basic signal buffer layout is chosen (table 5): 

OSSIGNAL 
IFSIGNAL 
L2SIGNAL 
USIGNAL 
L7SIGNAL 

SIGNAL DATA 

TABLE S. Signal buffer layout of the TA. 

The advantage of one signal layout for all kind of signals is that the mapping function 
have not to swapp the data so only the signal identifier has to be converted. 
(It would be possible to reserve addressing space in the signal buffer for all the other 
layers. However, in the terminal adapter the other layers are not implemented (except 
layer six) and the specified address elements contain sufficient address information for the 
relevant processes so extra address information is not necessary.} 

The signal data has two "internal layout's" (fig. 21 & 22): APFRAME and RSFR.A:.\1E. 
Which layout has to be chosen depends of the interface identifier (internal address) of the 
originator of the signal. 
In the Terminal Adapter two different interfaces are possible: basic rate or RS-232. 

All the information which is necessary for the establishment or the release of a link is sent 
in the APFRAME to the network layer. 
The required layout of the ISDN messages is the responsibility of the network layer, so 
the network layer has to fill in the elements of the ISDN in a proper way in the ISDN 
messages. 

The Hayes commands and the user information (e.g. OK, CONNECf etc.) is passed in 
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the RSFRAME to/from the Application Layer processes. 

OSSIGNAL IFSIGNAL L2SIGNAL 

User data 
rate 

Intennediate 
Rate 

Fig. 21 IGD-DATA-LAYOUT (APFRAME) 

OSSIGNAL IFSIGNAL L2SIGNAL L7SIGNAL 

RSFRAME 

Hayes command / User infonnation 

Fig. 22 IGD-DAT A-LA YOUT (RSFRAME) 

5.9. / Signals: layout and parameters. 

The following six different layer interfaces can be distinguished: 

1. between application layer and the edra handler, 

- 2. between user mapping function layer and the user layer one, 

- 3. between presentation layer and the user mapping function layer, 

- 4. between application layer and the presentation layer, 
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5. between network layer and the network mapping layer, 

6. between application layer and the network mapping layer. 

1. The signals between the Application Layer and the EDRA-handler are: 

1.a The COMMAND group of primitives is used to give commands on the EDRA 
handler. 

COMMAND 

primitive name 

primitive type 

interface identifier 

command code 

Lb The EVENT command group of primitives is used to indicate the status of the 
terminal adapter. 

EVENT 

primitive name 

primitive type 

interface identifier 

event code 

2. The signals between application layer and presentation layer are: 

P_DATA_IND 
P_DATA_REQ 

2.a The group of DATA primitives are used for the exchange of user control information 
and call establishment/release information between the user and the application (data 
base). 

P _DATA IND/REQ 

primitive name 
primitive type 

interface identifier 

into connection id 

application data 

3. The signals between user mapping function layer and the presentation layer are: 
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S_DA T A_IND/REO 

primitive name 
primitive type 

interface identifier 
into connection id 
application data : 

4. The signals between physical layer and user mapping layer are: 

PH_DATA_lND 
PH_DAT A_REO 

4.1 The group of DATA primitives are used for information exchange between user and 
application data base. 

PH_DA T A_lND/REO 

primitive name 
primitive type 

interface identifier 
into connection id 
application data 

5. The signals between the network layer and the network mapping layer function are: 

N_CONNECLlND/REO/CON/RESI ACK 
N_DISCONNECT _lND/REQlRESP/CONF 
N_ALERTING_IND 
N_PROCEEDING_lND/REO 
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N_CONNECf IND/REQ 

primitive name 

primitive type 

interface identifier 

into connection id 

B channel 

calling address 

calling subaddress 

called address 

called sub address 

bearer capability 

low layer compatibility 

N_CONNECf CON/RESPI ACK 

primitive name 

primitive type 

interface identifier 

into connection id. 

S channel 

N DISCONNECf IND/REQ/RESP/CONF 

primitive name 

primitive type 

interface identifier 

into connection id. 

N ALERTING IND 

primitive name 

primitive type 

interface identifier 

into connection id. 

B channel identifier 
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N PROCEEDING IND/REQ 

primitive name 

primitive l)'pe 
..... -

interface identifier 

into connection id. 

B channel identifier 

6. The signals between the application layer processes anG the network layer processes are 
used for the exchange of caJl establishment and release information. 

The signals between the application layer processes and the network mapping functions 
are: 

P _CONNECCREQ/IND/CON/RES 
P _DISCONNECCIND/REQ/RESP/CONF 
P _ALERTING_IND 
P _PROCEEDING_IND/REQ 

P CONNECT' IND/REQ 

primitive name 

primitive~ 

interface identifier 

into connection id 

B channel 

calling address 

calling subaddress 

called address 

called subaddress 

bearer capability 

low laver compatibility 
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P CONNECf RES/CON 

primitive name 

primitive type 

interface identifier 

into connection id. 

B channel 

P _DISCONNECf _IND/REQ/RESR/CONF 

primitive name 

primitive type 

internal indentifier 

into connection id. 

P ALERTING IND 

primitive name 

primitive type 

interface identifier 
into connection id. 

B channel identifier 

P ]ROCEEDING IND/REQ 

primitive name 

primitive type 

interface identifier 

into connection id. 

B channel identifier 
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5.10 The reusability of software components. 

The existing software components are listed in table 9: 

number description 

Base components 
j00281 Operating system (0551) 
j00510 Interface service (IF) 
JOOnO Database management 

Layer 2 components 
j00410 L-2 service 
j00420 Datalink handler 
j00430 Multiplexer (MUX) 
j00460 1-2 service 
j00730 Layer management (LM) 

Layer 3 components 
j00440 Basic telephony functions (BTF) 
j00470 Protocol handler (PH) 
j00480 Call Control (CC-adaptation ?) 
j00490 IS televerket (adaptation ?) 

Maintenance & management. 
j0065 0 Configuration management 
j00660 Maintenance handler. 
jOO670 Global manitenance service 
j00680 CU service 
jOO700 D-channel handler 

New components 
-","",--- IG Terminal adapter 
..... _--- UART handler 
...... _-- TAMANAGER 
..... --- EDRA handler 
------ S-chip handler(modified) 

TABLE 9. Existing software components. 

In the following section I will give the components which has to be changed and what the 
changes would be. The changes are also divided into three catagories with the following 
meanings: 

little : less then 20 rules of code, 

medium : between 20 and 50 rules of code, 

large : more then 50 rules of code. 
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Layer 3 components. 

The following layer 3 components of the BAMX has to be implemented in the T A. 

1. Basic Telephony Functions (BTF) 

- 2. Protocol Handler (PH) 

4. ISservice Televerket (IS). 

Changes/extensions. 

Basic Telephony Functions. 

Change : 1. When an ABORT is received then only a LS_ST A n..;S has to be send to 
PH and not to Cc. 

Reason : It satisfies only to send an ABORT to PH because in the T A no 
BROADCAST SETUP exists. In the terminal adptor no broadcast setup messages exist. 

Effort : Little. 

Include : 2. The function LSsend_to_L4(iid,icid,signal_ptr). 

Reason : The terminal adaptor Call Control process has to send call establihment and 
call disconnect signals to the TAM process. 

Effort : Medium. 

Include : 3. A function which converts icid to crv and vice versa. 

Reason : This has to be done because processes in layer three are identified by the 
iid,crv,ces and layer four processes with iid,icid. 

Effort : Medium. 

Include : 4. In LSreceive the following signals must be added: 

N_CONNECT _REO_SID, 

N_CONNECT _RESP _SID, 

- N_DISCONNECT _REQSID, 

N_DISCONNECT _RESP _SID and 

- N_PROCEEDING_REO_SID. 

Reason : These signals are the signals which are sent by the network mapping layer to 
the network layer. 
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Effort : Medium. 

Protocol Handler. 

No changes. 

IS televerket. 

Include : 1. A fucntion which makes a correct ISDN message out of the information 
elements received from the AL and visa versa. 

Reason : The messages received from the next higher layer have not the correct layout. 

Effort : Medium. 

Layer 2 components. 

B. The following layer 2 components of the BAMX has to implemented in the 
Terminal Adaptor. 

- 1. Datalink Handler. 

- 2. Multiplexer. 

3. L-2 sercvice. 

- 4. 1-2 service. 

- 5. Layer Management (LM). 

B.l Datalink Handler. 

No changes. 

B.2 Multiplexer. 

No changes. 

B.3 L-2 service. 

Include : A function which converts the signals received from the UART handler and 
the presentation layer. 

Reason : Signals received from those components have to be forwarded to the 
appropiate layer functions. 

Effort : Little. 
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Include : One remote procedure. 

Reason : In that case the initiator of the signal is no longer responsible that the signal 
reaches the right process. This is the responsibility of the receiving layer. 

Effort : Large. 

B.4 1·2 service. 

No changes. 

B.S Layer Management. 

Changes : The LM component has to be extended with a full functionality for the user 
side. The LM functionility is concerned with the administration of the Terminal Endpoint 
Identifier (TEl). 

Reason : Because in the existing LM component in the BAMX has a fixed value of 0 for 
the user TEL 

Effort : Large. (Functional specification and development of the component.) 

Maintenance and Management components. 

C. Maintenance and Management consist of the following components. 

1. Configuration management. 

2. Maintenance handler. 

3. Global Maintenance Service (GM). 

4. Configuration Unit Service (CU). 

- 5. D-channel handler. 

C.l Configuration management. 

No changes. 

C.2 Maintenance handler. 

No changes. 

C.3 Global Maintenance service. 
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No changes. 

C.4 Configuration Lnit service (ClJ). 

Include : In the remote procedure CSreceive_proc_id the following signals: 

Reason : This signal is sent by the application layer to the EDRA-handler. 
The EDRA has to start/stop transmitting frames in the selected B-

Effort : Little. 

System Base components. 

D. The follo\\;ng system base software components of the BAMX has to be 
implemented in the T A. 

1. Operating System OS51. 

- 2. Interface Service, 

- 3. Database Management. 

D.l Operating System OS51. 

No changes. 

D.2 Interface Service (IF). 

No changes. 

3. Database Management (DM). 

Include : New database with terminal adaptor attributes. 

Reason : All the terminal adaptor settings for the interchange circuits and the control 
interface has to be available. 

Also the terminal adaptor ISDN data for call initiate and call terminating calls 
has to be available. 

Effort : Medium. 
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6 Conclusions and reeonuneodatioos. 

6J Conclusions. 

1. Table 1 shows the sixteen components with their nwnber of changes, which are 
investigated into reusability. 
Ten components can be used without any changes. In six components changes have to be 
made. So about 213 of the existing components are reusable. 
The changes which have to be made are due to: 

- implementation of a higher layer (e.g. BTF and ISservice) and 

- the inclusion of new type of CU handlers (CUservice). 

The most changes arise in the Basic Telephony Function (four of the ten changes, so 40 %). 
'Ibis is to declare because in the existing software architecture the netwodc layer is the 
highest implemented layer and in the new software architecture the application layer 
becomes the highest layer. 
So the extension of the old architecture finds from the netwOIk layer. This means that from 
that layer a new interface occures to the higher layer. Hence the most changes will be in the 
netwodc layer. 

The cbanges in the other components are due to the different hardware configuration (e.g. 
changes in the OM and CU service). 

Thus the most of the changes are inevitable. 

Component Little Mediwn Large Total 

BTF 1 3 - 4 
PH - - - -

1 - 1 
OLH 

ffi - -
- -

L-'" 1 2 

1-2 service - - -
LM - - 1 1 

Con Man. - - - -
MH - - - -
GM - - - -

CUservice 1 - - 1 

D-chan - - - -
OS - - - -
IF - - - -

OM - 1 - 1 

Total 3 5 2 10 

TABLE 1. Changes in the software components. 
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2. The advantages of reusable software are: 

- reduces the time for developing new software products, 

- reduces the costs of a product. 

A disadvantage could be that DOt always the most evident solution for the problem is found. 
because the software developer is forced in a provided directionto find the solution for the 
problem. 

6.2 Recommendations. 

1. Define a oew 1..-2 service with ooe entry point Because in the eXIStIng 
aIChitecture the initiating process is responsible that the signal reaches the process which 
provides the service and so the initiating p~ss. must have knowledge about the 
implementation of the service provider. . 

2. Write a document in plain english with: 

- a list of components with their functions, 

- a description of the conoexion between the seperate components and 

- a list of all the signals with their use, layout and parameters. 

3. F'md out whether it is oecessary to use existing compooents or it is better to 
develope new compooents. 

4. Some recommendations for the development of oew software for a specified 
product: 

4.1. specify the software functions of the product, 
4.2. split the software function into sub functions which together produce the 
complete software function, 
4.3. keep in mind for finding functions the speclfted layer functions of ISO, 
4.4. define interfaces between the seperate functions, 
4.5. when the interfaces are not clearly to define or the inteIfaces are too large or the 
function of the component is too complex, try to split the function into more sub 
functions. 
4.6. define mapping functions for those layer functions which are empty. This makes 
it possible in the future to specify new functions which can be implemented in those 
mapping functions. 
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Programming options of the T A. 

The commands prefixed by AT and AT & are used by Hayes Smartmodems 
products. All commands prefixed by A T* are enhancements of the original Hayes 
command set. 
All commands must begin with the letters AT and must end with <CR>. 

Command Suffix Description. 

AT*fNn n Store the ISDN number(n) of the TA. 
AT*ISn n Store the ISDN subaddress information of the T A. 
AT*JD Read the ISDN number and subaddress information of the TA. 

ATDn Dial the number n. 

AT&Mn Initialize data interface to synchronous/asynchronous. 
n=O Synchronous. 
n=1 Asynchronous. 

AT*Sn Initialize the data rate. 
n=O Data rate 64 kbitfs. 
n=1 Data rate 56 kbitfs. 
n=2 Data rate 48 kbitfs. 
n=3 Data rate 38.4 kbitfs. 
n=4 Data rate 19.2 kbitfs. 
n=5 Data rate 9.6 kbitls. 
n=6 Data rate 4.8 kbitfs. 
0=7 Data rate 2.4 kbitfs. 
0=8 Data rate 1.2 kbitfs. 

ATZn Load option set. 
n=O Load option set 1 from nonvolatile memory. 
n=1 Load option set 2 from nonvolatile memory. 

AT&Wn Store as option set. 
n=O Stores active options as option set 1 
n=1 Stores active options as option set 2 

AT*Ln Set test loop. 
n=O Set test loop 1. 
n=1 Set test loop 2. 

AT&Ln Operation mode. 
n=O Normal dial mode. 
n=1 Leased line mode. Select channel B·l. 
n=2 Leased line mode. Select channel B-2. 

TABLE 1. List of supported AT-commands for store numbers and options. 

I 

I 
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Comment Suffix Description 

APen Character lenght. 
n=O Character lenght 9 bits. 
n=l Character lenght 10 bits. 
n=2 Character lenght 11 bits. 

AT*Pn Parity. 
n=O No parity. 
n=1 Even parity. 
n=2 Odd parity. 

AT*STn Number of stop bits. 
n=O Zero stop bits. 
n=l 1 stop bit. 
n=2 2 stop bits. 

AT*Un Initialize control interface. 
n=O Initialize the user control interface to normal. 
n=1 Initialize the user control interface to ACU 801 dialer. 

TABLE 2. Asynchronous options settings. 
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Comment Suffix Description 

AT&Rn Request To Send (ct 105). 
n=O NORMAL. Data transmission controlled by RTS. The on condition 

causes the T A to connect the transmitted data to the data bits in 
the outgouing frames. 

n=1 High. Local TE2 does not generate a request to send; therefore the 
TA behaves as if the RTS is always on. 

n=2 REMOTE. When RTS is off, the T A forces the remote T A to 
drop DCD and when RTS is on, the T A forces DCD on the remote 
TA. 
When the local T A has RTS set to remote, the remote T A must 
have DCD set to remote for successful simulated half-duplex 
operation. 

AT&Cn Data Carrier Detect (ct 109). 
n=O fiGH. DCD is always on. 
n=l NORMAL. DCD is on when frame synchronization exists and the 

status bits S are on. DCD is turned off when the S bits are in the 
off condition. 

n=2 REMOTE. DCD controlled by the RTS signal of the remote T A. 
DCD is dropped when RTS is dropped at the remote site; DCD is 
turned on when RTS is turned on at the remote site. 
When the local T A has DCD set to remote, the remote T A must 
have RTS set to remote for successful inter-working. 

I 

TABLE 3. List of supported AT-commands for programming DCD and RTS. 
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Comment Suffix Description 

AT*MRn Data Set Ready (ct 107). 

AT&Dn 

AT*DLn 

n=O NORMAL. DSR is on when the stautus bits S and X are in the on 
condition. TAtums DSR off when it recognizes an on-to-off 
condition of the S bits. During loss of frame synchronization (X 
bits in off condition) DCD stays on. 

n= 1 mGH. DSR is always on. 
n=2 DSR follows DTR. 

n=O 
Data Terminal Ready (ct 108.11108.2). 
10S.1 An off-to-on transition will cause the TA to establish a link 
to a preprogrammed number. 
An on-to-off transition causes the TA to release the link. 

n= 1 10S.2 An on condition allows the TA to connect ct 103 to the data 
bits of the transmitted frames when a connect request arrives. 
An on-to-off transition causes the TA to release the link. 

n=2 TAIL. This setting is similar to 108.1, except that the TA will 
answer an incoming call even if DTR is off. 

n=O 
crs time delay (ct 106). 
Normal. An off-to-on transition of crs will be delayed by an 
interval of at least 24 user data bits. An on-to-off transition is 
delayed less then 2 ms. 

n=1 No delay before the TA send crs signal to DTE after receiving 
RTS from DTE. 

n=2 15 ms. minimum delay before TA sends crs signal to the DTE 
after receiving RTS from DTE. 

TABLE 4. List of supported AT-commands for programming crs, DSR and DTR. 



- 85 - Appendix A. 

Result codes. 

After an AT-command the T A can answer with the following comments: 

Short form Long form 

0 OK 
1 CONNECT' 
2 INC. CALL 
3 NO CONNECT' 
4 ERROR 

TABLE S. List of AT result code. 

Default option sets. 

Two default option settings exit, one for synchronous and another for 
asynchronous data transmission. These two option are pre-programmed in non
volatile memory. The user can change these options with the AT-command set. 

Modify terminal Option set 1. Option set 2. 

Rate 48 kbitJs 19.8 kbitJs 
Format Synchronous. Asynchronous. 
DTR 108.1 108.2 
RTS Normal Normal 
CT'S Normal Normal 
DCD Normal Normal 
DSR Normal Normal 
Default dial Mem.l Mem.l 
Char. - 8 bits 
Parity - no 
Stopbits - 1 
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Description of programming options of the TA. 

Option 

ATDn 

AT*Ln 

AT*DMn 

AT*Un 

AT*Cn 

AT*Pn 

AT*STn 

Setting 

Loop} 

Loop 2 

Nonnal 

Leased 

Description 

Dialing direct the number specified in n. 
When in the dialing number an s is specified, 
the number following the s will be taken as 
the ISDN subaddress of the called party. 
For example 030-4S678s1234<CR>, 1234 
will be taken as the sub-address. 

LOOP 1. This is a local loop (loop 3) as 
close as possible to the S-interface to check 
the satisfactory of the T A. 

LOOP 2. This is a loop (loop 2a) to check 
the satisfactory of the line. 

Normal. In this mode the user must dial a 
number. The T A will establish the line with 
the called party. 

Leased. The user has a leased line, which 
means no call establishment is necessary. 
Only frame synchronization is necessary. At 
the same time the user can select the B
channel. 

Nonnal The control interface will operate at 4800 
baud, 7 bits even parity and one stopbit. The 
T A will accept all the defined Hayes 
commands ending with <CR>. Non-defined 
commands will be ignored. 

ACU80} This means that the control interface will 
operate at 300 baud, 7 bits, even parity and 
one stopbit. Hayes commands ending with < 
will also be accepted. In this mode the T A 
\,:11 accept a number even when the number 
has not the prefix AT. 

Lenght Specifies the number of data bits betwwn 
start and stop bit. 

Parity Specifies the kind meaning of the parity bit. 

Number Specifies the number of stop bits. 

Appendix B. 



- 87- Appendix B. 

V.24 CIRCUITS OPTIONS. 

~tion 

RTS 

OCD 

Setting Description 

Normal Data transmISSIOn controlled by RTS. An off-to-on 
transition causes the T A to connect circuit 103 to the data 
bits in the frame; however, the T A maintain for at least an 
interval of 24 user data bits a ONE condition in the 
outgoing frame. 
An on-to-off transition causes the T A to turn the data in 
the outgoing frames to the one condition. 

High Local OTE does not generate a request to send; therefore, 
the T A behaves as if the RTS is always on. 

Remote' For successful half-duplex interworking of the DTE's, use 
the REMOTE option. Both the local and remote TA must 
have set DCD and RTS to remote. 

High 

On an off-to-on transition the T A will tum status bits SB 
to the on condition in the transmitted frame and (after an 
interval of 24 user data bits) will tum crs on. The on 
condition of the status bits SB, in the transmitted frame, 
will cause the remote T A to tum on DCD and connect ct 
104 to the data bit straem of the incoming frame. 
An on-to-off transition causes the TA to turn off status bits 
SB in the transmitted frames and tum off CTS. 

DCD is always on. 

Normal The T A will tum DCD on when the receiver of the T A 
detects that the status bits S of the synchronization frames 
are in the on condition. 
DCD is on during data transfer phase. 

DCD is off during the link establishment and the frame 
searching phases. OCD is turned off if the T A recognizes 
an on-to-off condition of the status bits in the frame. 

Remote • When the local T A has RTS set to remote, the remote T A 
must have set DCD to remote for successful balf·duplex 
mode. 
DCD is controlled by the RTS signal of the remote T A. 
OCD is turned on when the T A detects the status bits SB, 
in the received synchronization frames, are on and 
connects ct 104 to the dat bit stream of the incoming 
frames. 
OCD is turned off if in the received frames status bits SB 
are in the off condition. This causes the TA also to place 
ct 104 in the one condition. 
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OTR 

DSR 

Setrin 

108.1 
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Deseri tion 

An off-to-on transition causes the T A to establish a link to 
a preprogrammed number. 
During link establishment, frame searching and data 
transfer phase OTR must stay on. 

An on-to-off transition will cause the TA to tum status bits 
S in the outgoing frame to the off condition and change the I 

data bits in the frame to ZERO. . 
At this time, the TA shall start a timer 1'2 with a time out 
value of 2 seconds. 
When the receiver of the T A detects an on-ta-off condition 
in the incoming frames, it will release the link. 
If after the expiring of the timer 1'2 the T A has not detect 
an on-to-off condition of the S bits, in the incoming 
frames, it will release the link. 

Tail This setting is similar to 108.1, except that the TA will 
answer an incoming call (ct 125 on) even if OTR is off. 

108.2 After an on-to-off transition, the T A turns off the status 
bits S in the outgoing frames and change the data bits in I 
the frame to zero. 

Normal I 

At this time, the T A shall start a timer 1'2 \\>;th a time out 
value of 2 seconds. 
When the receiver of the T A detects an on-to-off condition 
of the S bits in the incoming frame, it will release the link. 
If after the expiring of the timer 1'2 the T A has not detect 
an on-to-off condition in the incoming frames, it will 
release the link. 

When DTR is OFF, the TA will not accept incoming calls. 

OSR is on when the T A detects that the status bits, in the 
frame synchronization pattern of the remote T A, are in the 
on condition. DSR is off when the status bits S are in the 
off condition and all data bits are zero. 
During loss of frame synchronization OSR will be on. 

High DSR is always on. 

OTR OSR follows OTR. 
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Option Setting Description 

crs Nonnal The off-to-on transition of crs is delayed by an interval of 
at least 24 user data bits after receiving an off-ta-on 
transition of RTS. 

The on-to-off transition of CTS is delayed less then 2 ms 
after an on-ta-off transition of RTS. 

Where RTS is not implemented CTS is delayed relative to 
DCD. 

An on-to-off transition of DTR causes the T A to tum off 
CTS. 
Also an on-ta-off condition of the X bits (loss of frame 
syl1chronization detected by the remote T A) causes the T A 
to tum off CTS. If resyl1chronization is achieved, the T A, 
after an interval of at least 24 user bits, turns crs on. 

0* No delay before the T A sends CTS signal to the DTE after 
receiving RTS from the DTE. 

15" 15-ms minimum delay before the TA sends crs to the 
DTE after receiving RTS from the DTE . 

• not implemented in version V.O 
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CCnT recommendations. 

V.series. 

V.to E1ektrical characteristics for unbalanced double-current interchange 
circuits for general use with integrated circuit equipment in the filed 
of data communications. 

V.ll Elektrical characteristics for balanced double-current interchange 
circuits for general use with integrated circuit equipment in the filed 
of data communications. 

V.21 300 bits per second duplex modem standardized for use in the 
general switched telephone network (GSTN). 

V.22 1200 bits per second duplex modem standardized for use in the 
GSTN on point-to-point 2-wire leased telephone -type circuits. 

V.23 60011200 bits per second modem standardized for use in the GSTN. 

V24 List of definitions fro interchange circuits between data terminal 
equipment (DTE) and data circuit-terminating equipment (DCE). 

V.25 Automatic answering equipment and/or parallel automatic calling 
equipment on the GSTN including procedure fro disabling echo 
control devices for both manually and automatically established 
calls. 

V.25bis Automatic calling and/or answering equipment on the GSTN using 
the tOO-series interchange circuits. 

V.26 2400 bits per second modem standardized for use on 4-wire leased 
telephone-type circuits. 

V.2? 4800 bits per second modem with manual equalizer standardized 
for use on leased telephone-type circuits. 

V.28 Electrical characteristics for unbalanced double-current interchange 
circuits. 

V.29 9600 bits per second modem standardized for use on point-to-point 
4-wire leased telephone-type circuits. 
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V.32 A family of 2-wire, duplex modems operating at data signalling 
rates of up to 9600 bitsls for use on the GSTNs and on leased 
telephone-type cicuits. 

V.ltO Support of data terminal equipments (DTEs) with V-series type 
interfaces by an integrated services digital network (ISDN). (1.463) 
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X.series. 

X.21 Interface between the DTE and the DCE for synchronous operation 
on the public data networks. 

X.21bis Use on public data networks of DTE which is designed for 
interfacing to synchronoius V-series modems. 

X.25 Interface between the DTE for terminals operating in the packet 
mode and connected to public data networks by dedicated circuits. 

X.30 Support of X.21 and X.21 bis based DTEs by an ISDN (1.461). 

X.31 Support of packet mode equipment by an ISDN (1.462). 
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I. series. 

L 120 Integrated Service Digital Networks (ISDNs). 

1.210 Principles of telecommunication services supported by an ISDN. 

1.211 Bearer services supported by an ISDN. 

1.212 Teleservices supported by an ISDN. 

1.310 ISDN - Network functional principles. 

1.430 Basic user-network interface - Layer 1 specification. 

1.431 Primary rate user-network interface - Layer 1 specification. 

1.440 ISDN user-network interface data link layer - general aspects. 

1.441 ISDN user-network interface data link layer specification. 

1.440 ISDN user-network interface Layer 3 - general aspects. 

1.441 ISDN user-network interface Layer 3 specification. 

1.460 Multiplexing, rate adaption and support of existing interfaces. 

1.461 Support of X.21 and X.21 bis based DTEs by an ISDN (X.30). 

1.462 Support of packet mode terminal equipment by an ISDN (X.31). 

1.463 Support of data terminal equipments (DTEs) with V-series type 
interfaces by an integrated services digital network (ISDN). 
(V. 1 10) 
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CASEB 
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DlAG. 2 TERMINATING CALL WITH NORMAL RELEASE 
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CASEB 
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user UART CASE A cu HMH + CC PH 
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cu EDRA S-INfER. INDICATORS v -24 Remarks. 

PROCREQ proceeding ON 
)II 

CONNECfB Select B-chan eI 
)II 

ALERT REO proceeding OL If 
)II 

alerting ON 

SYNC REO 
frames ON ---------- ------------ ---------

alerting OUT 1 S and X bits ON 
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Cf107/109 = ON 
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~ 
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X bits ON 
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DIAG.7 ORIGINATING CALL WITH NORMAL RELEASE . 

• 



Appendix D. 

cu EDRA S-INrER. INDICATORS V-24 Remarks. 
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ACCEPT CON 
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DIAG.9 TERMINATING CALL AND LOSS OF FRAME. 
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V-24 data interface EDRA B-CHANNEL CONNECfEO EORA V-24 data interface 
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a 

t 

a ct 108 = off ct 108=on ---- ------------ --------:>----------------------- -------------.... 
ct 106=off frames 

e c ct 107=off 
S=OFF,X=ON 

.... 
x ct 109=off 

ct 107=off 0=0 .... 
i c 

~ 
c ct 108=off 

ct 100=off 
t c S= FF,X=On ct 106=off .... 

0=0 

• 
DIAG. 10 NORMAL ENTRY AND EXIT OF DATA TRANSFER PHASE. 

• 



The definition of signals consists of : 

- I. signal layout and 
. 2. signal definition. 

1. Signal layouts. 

* Name 
* 
* Buffer size : OSLARGE 
* 
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* Function : Consists of the items to be included in the messages interchanged 
* 
* between layer 3 entities or user info. 
* 
* Remark : None 

* 
*1 

typedef struct 
{ 

OSSIGNAL ossgn; 
rFSIGNAL ifsgn; 
L2SIGNAL 12sgn; 
L3SIGNAL 13sgn; 
L 7SIGNAL 17sgn; 

} IGD_DA T A_LA your; 

;* 
* Name 
* 
* Function 
* 
* 

: L7SIGNAL 

: Layout of the data frame passed between OST environment and 

network environment. 

* Range : n.a 
* 
*/ 

typedef struct 
{ 

L7TYP_ICID 
INFO_TYPE 

} L7SIGNAL 

/* 

kid; 
apframe; 

* Name 
* 

: L7TYP_ICID 



,. Function 

" 
,. Range ,. 
" Remarks ,. 
*/ 

typedef UBYTE 

1* 

" Name 
" 
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: Type definition of the internal connection identifier. 

:N.A. 

: None. 

L7TYP _fCTD; 

,. Function : This type defines the teh layout of the basic rate/user interface. 
* 
* Range : N.A. 
* 
* Remarks : None. ,. 

typedef union 
{ 

APFRAME_ TYPE 
RSFRAME_ TYPE 

} INFO_TYPE; 

I" I 

,. Name ,. 

beside_info; 
us_side_info; 

'" Function : Frame containing the information of the L3 peer-to-peer messages. 
* 
* Range : n.a. ,. 
" Remarks : None. ,. 
*1 

Typedef struct 
{ 

BCHANNEL_NMBR bchanneLnurnb; 
CALLING_ADDR_ TYPE L7usecaddr; 
CALLING_SUB_ TYPE L7usecsubaddr; 
CALLED_ADDR_ TYPE rm_useeaddr; 
CALLED_SUB_ TYPE rm_useesubaddr; 
BEARER_CAP _TYPE bear3ap; 
LL YER_COMP _TYPE lowJayeecomp; 

} APFRAME_ TYPE; 

/* 
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,. Name : RSFRAME_ TYPE ,. 

* Function : This type is used to carry the Hayes command or the user info. 
* 
* Remark 
* .. 
* .. 

*/ 
typedef struct 
{ 

UBYfE 

: Valid user control messages are: 
AT*INn, AT&Wn, AT*Ln, AT*DLn, 
AT*ISn, AT*Cn, AT*Pn, AT*STn, ATZn, 
AT*ID, AT*Un, AT&Rn, AT&Cn, AT*Sn, 
ATDn, AT*MRn, AT&Dn, AT&Ln, AT&Mn . 

nr[32} 
} RSFRAME_ TYPE 

1* 

'" Name 
* 
* Function 
* 
* Range ,. 
.. Remarks 

typedef enum 
{ 

: BCHANNEL_NMBR 

: This type defines the selected/preferred B-channel. 

:N.A. 

: None. 

BI /* Bl channel. * / 

B2 /* B2 channel. * / 
} BCHAN'J\t'EL_NMBR; 

/* 

* Name ,. 
.. Function 

'" 
.. Range .. 
.. Remarks .. 

typedef struct 
{ 

: This defines the T A ISDN number . 

:N.A. 

: None . 

UBYfE nr[I6J; 
} CALLING_ADDR_ TYPE; 



I ,. 

,. Name .. 
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.. Function : This type defines the T A ISDN subaddress . .. 
" Range 
'" 
* Remarks 

" 
*/ 

typedef struct 
{ 

:N.A. 

: None. 

UBYTE nr[16]; 
} CALLING_SUB_ TYPE; 

,I * 
* Name .. 
* Function .. 
.. Range 

,. Remarks 

'" 
*/ 

typedef struct 
{ 

: This type defines the ISDN called party address. 

: N.A. 

: None. 

UBYTE nr[16]; 
} CALLED_ADDR_ TYPE; 

/ .. 
.. Name 

" 
" Function 
'" 
* Range 
* 
* Remarks 
* 
*/ 

typedef struct 
{ 

: This type defines the ISDN called party sub-address. 

:N.A. 

: None. 

UBYTE nr[32]; 
} CALLED_SUB_ TYPE; 
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/ * 
* Name 
* 
* Function : This type defines the bearer capability elements. 
* 
* Range :N.A. 
* 
* Remarks : None. 
* 
*1 

typedef struct 
{ 

CODE_STND_ TYPE 
TRNS_MODE_ TYPE 

} BEARER_CAP _TYPE; 

/ * 
* Name 
* 

code_stnd; 
transfer_mode; 
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* Function : This type defines the required bearer capability coding standard. 
* 
* Range : N.A. 
* 
* Remarks : None. 
* 
*/ 

typedef enum 
{ 

CCTIT; 
NATIONAL; 

} CODE_STDN_ TYPE; 

! * 
* Name 
* 
* Function 
* 
* Range 
* 
* Remarks 
* 
*/ 

typedef enum 
{ 

: This type defines the transfer mode (cicuit- or packet-mode) 

:N.A. 

: None. 

circuit-mode; 
packet-mode; 

} TRNS_MODE_ TYPE; 



I ... 

... Name 

* 
" Function 
... 

* Range 
* 
* Remarks 
... 

*/ 
typedef struet 
{ 

100 -

: This type defines the low layer compatibility elements. 

:N.A. 

: None. 

L1 PROC_IDEN 11 protocol_identifier; 
usecdata_rate; R_DA T A_RATE 

DAT A_INTER_RA TE daci nter _rate; 
} LLA YER_COM_ TYPE; 

/ * 
* Name 
* 
* Function 
* 
* Range 

" 
" Remarks 

" 
*/ 

typedef 
{ 

/ * 
" Name 
... 

* Function 
* 
" Range 
... 
... 

* 
" 
... Remarks 
* 
*/ 

typedef 
{ 

: This defines the layer 1 protocol identifier. 

: Only value 7 (ECMA 102 Rate adaption )is valid. 

: None. 

: This type defines the user data rate at the R-interface. 

: 00 Rate is indicatedby E-bits specified in Rec. 1.460 
01 0.6; 02 1.2; 03 = 2.4; 04 = 3.6; 05 = 4.8 
06 = 7.2; 07 = 8.0; 08:: 9.6; 09 = 14.4; 10 = 16 
11 = 19.2; 12 = 32; 14 = 48; 15 56 kbitls. 

: None. 
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i * 
,. Name 
,. 
,. Function ,. 
,. Range 

'" 
'" Remarks ,. 
,. I 

I 

typedef 
{ 

- 101-

: This type defines the data intennediate rate. 

: 01 = 8.0; 02 = 16; 03 = 32 kbitls. 

: None. 

UBYfE DAT A_fNTER_RA TE; 
} DATA_fNTER_RATE; 
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/* 
* Name 
* 
* Buffer size : OSSMALL 
" 
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* Function : To be used for any signal which does not contain more 

" 
'" information than the signal id and the command code. 

" Remark 

" 
*/ 

: None 

typedef struct 
{ 

OSSIGNAL 
IFSIGNAL 
APSIGNAL 

} IGCOM_LA YOUT; 

1* 

" Name 
* 

ossgn; 
ifsgn; 
apsgn; 

: APSIGNAL 

'" Function : Defines the signals to be used in the command field. 
* 
" Range :N.A. 

" Remarks : None. 

" 
*/ 

typedef struct 
{ 

COMMAND_CODE_ TYPE cct; 
} APSIGNAL 

f'" 

'" Name 

" 
"Function : This type defines the possible of the EDRA commands. 

'" 
'" Range : 0 .. 2 

" 
'" Remarks : None. 

'" 
"'f 

Typedef enum 
{ 

EDINCOM o / " incoming call for TA */ 
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EDSTOP = 1 
EDSYNC = 2 

COMMAND_CODE_ TYPE 
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/ * stop transmitting sync. frames. * / 
/ * start transmitting sync. frames. */ 



I .. 

.. Name .. 

.. Buffer size : OSSMALL .. 
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.. Function : To be used for any signal which does not contain more .. 

.. 

.. 
* Remark 
* 
*/ 

typedef struct 
{ 

infonnation than the signal id and the event code . 

: None 

OSSIGNAL ossgn; 
IFSIGNAL ifsgn; 
EDSIGNAL edsgn; 

} IGEVENT _LA YOlrr; 

/ .. 
.. Name .. 
;. Function 
;. 

... Range 
* 
.. Remarks .. 
*/ 

typedef struct 
{ 

: EDSIGNAL 

: Defines the signals to be used in the event field. 

: N.A. 

: None . 

EVENT _CODE_TYPE evct; 
} EDSIGNAL 

I .. 
.. 
.. Name 

* 
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* Function : This type indicates the states of the extended data rate adapter. 
* 
* Remarks : None. 
* 
* Range : 0 .. 7 
* 
*/ 

typedef enum 
{ 



EDACCEPCCON = 0 
EDDISCON_CON = 1 
EDDISCON_IND ::;;: 2 
EDNO_ACCEPT 3 
EDNO_RESYNC_IND 4 
EDNO_SYNC_CON 5 
EDNO_SYNC_IND 6 
EDSYNC_CON 7 

EVENT _ CODE_TYPE; 
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/ * confinn of an incoming call */ 
/ * confinn of a disconnect request. */ 
/ * indicates the release of the link. *1 
/ * indicates the refuse of an incoming call. * / 
! * indicates loss of frame-alignment. */ 
! * indicates no-sync. after an sync. req. *1 
I * indicates remote loss of frame-alignment. * / 
I * confinns the sync. req. */ 
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2. Signal definitions. 

Signals between user mapping layer and the user layer 1. 

Usage : internal address, SID, apllication (AT) data. 

Function : This signal is used to request the transmission of the message specified 
in the message unit. 

Usage : internal address, SID, application (AT) data. 

Function : This signal is used to indicate the receipt of a message specified in the 
message unit. 

Layout : IGD_DATA_LAYOUT 

Signals between application layer and Extended data rate adapter handler. 

Usage : internal address, SID, command code. 

Fuction : This signal is used to request the EDRA the appropriate actions. 

Layout : IGCOM_LA YOUT. 

Usage : internal address, SID. command code. 

Function : This signal is used to indicate the status of terminal adapter after a command 
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request. 

Layout : IGEVENCLA YOUT 

Signals between presentation layer and user mapping layer. 

Usage : internal address, kid, SID, apllication data. 

Function : To indicate the presentation layer the receipt of a user control message over 
the user control interface. 

Usage : internal address, SID, apllication data. 

Function : To request the transmission of a message to the user control interface. 

Signals between presentation layer and application layer. 

Usage : internal address, kid, apllication AT data. 

Function : This signal is used to indicate the receipt of a message specified in the message 
unit. 
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Usage : internal address, icid, apllication AT data. 

Function : This signal is used to request to send the message specified in the message unit 
to the user. 

Usage : internal address, icid, apIlication data. 

Function : This signal is used to indicate the receipt of a terminating call. 

Usage : internal address, icid, call establishment data. 

Function : This signal is used to request to establish a connection \\ith the remote user. 

Usage : internal address, icid, SID. 

Function : This signal is used to confirm the receipt of a request message. 

Usage : internal address, icid, SID. 

Function : This signal is used to respons the receipt of an indication. 
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Name : P_DISCONNECLIND 

SID : P _DISCONNECLIND_SID 

Usage : internal address, icid, SID .. 

Function : This signal is used to indicate the receipt of a disconnect message. 

Layout : IGD_DA T A_LA YOUT 

Name : P _DISCONNECT_REO 

SID : P _DISCONNECT _REQSID 

Usage : internal address, icid, SID. 

Function : This signal is used to request the user to relaese the link. 

Layout : IGD_DA T A_LAYOUT 

Name : P _DISCONNECT _CONF 

SID : P _DISCONNECT _ COf'...'F _SID 

Usage : internal address, icid, SID. 

Function : This signal is used to confirm user disconnect request. 

Layout : IGD_DATA_LAYOUT 

Name : P _DISCONNECT _RESP 

SID : P _DISCONNECT _RESP _SID 

Usage : internal address, icid, SID. 

Function : This signal is used to response the receipt of network relaese of the link. 

Layout : JGD_DAT A_LA YOUT 

Name : P _PROCEEDlNG_1ND 

SID : P _PROCEEDlNG_IND_SID 
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Usage : internal address, icid, call establishment data. 

Function : This signal is used to indicated the process which sent a connect request that 
the call is routed. 

Layout : IGD_DATA_LAYOUT 

Usage : internal address, icid, call establishment data .. 

Function : This signal is used to indicate that message has been delivered at the remote 
user. 

Signals between network mapping layer and network layer. 

Usage : internal address, icid, call establishment data. 

Function : This signal is to indicate the receipt of a connect message. 

Usage : internal address. icid. call establishment data. 

Function : This signal is used to request to establish a link with the remote user. 

Layout : IGD_DATA_LAYOUT 



- 111- Appendix E.l 

Usage : internal address, icid, SID. 

Function : This signal is used to confinn the receipt of a connect request message. 

Usage : internal address, icid, SID. 

Function : This signal is used to indicate the receipt of an indication. 

Usage : internal address, icid, SID. 

Function : This signal is used to request the user to relaese the link. 

Usage : internal address, icid, SID. 

Function : This signal is used to indicate the receipt of a disconnect from the remote 
user. 

Usage : internal address, icid, SID. 
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Function : This signal is used to confirm the recipt of a disconnect request. 

Name : N_DISCONNECLRESP 

Usage : internal address, icid, SID. 

Function : This signal is used to response the receipt of network relaese of the link. 

Name : N]ROCEEDING_IND 

Usage : internal address, icid, call establishment data. 

Function : This signal is used to indicated the transmitting process that the information 
was enough to route the call. 

Usage : internal address, icid, call establishment data. 

Function : This signal is used to indicate that message has been delivered at the remote 
user. 
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Layer Signals From/to Layout Parameten; 

Rec. sgn. from 

m:.dest .• si~ PH_DAT A_REO I u_map IGD_DATA_ 
I 

async. data user N.A. N.A. 

L1 
send sign. to 

PH_DAT A_IND u_map IGD_DATA_ src,dest. ,sid, RSFRAME 

asvnc. data I user N.A. N.A. 

Rec.sgn. from 

PH_DATA_IND layer 1 JGD_DATA_ src,dest. ,sid, RSFRAME 

user S_DA TA_REO . layer 6 .. JGD_DATA_ src,dest. ,sid, RSFRAME 

Send sgn. to 

mapping PH_DAT A_REO I layer 1 JGD_DATA_ src,dest. ,sid, RSFRAME I 

S_DATA_IND layer 3 IGD_DATA_ src,dest. ,sid, RSFRAME 

Rec. sgn. from 

S_DATA_IND u_map I JGD_DATA_ src,dest. ,sid, RSFRAME • 

P_DATA_REO layer 7 IGD_DATA_ src,dest. ,sid, RSFRAME 

L6 
I 

! send sgn. 

~ S_DATA_REO ATA I src,dest. ,sid, RSFRAME 
I 

P_DATA_IND layer 7 IGD_DATA_ src,dest.,sid, RSFRAME 

TABLE 1. Sinals from/to user-side layer, layer 6 and user mapping layer. 
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La 'er From/to La out Parameters 

from 

ED_EVENT EDRA IGEVENT_ src, dest., sid, event 
code. 

P_DATA_IND la IGD_DATA_ sid, 

P _CONNECCIND n_ma sid, 

P _CONNECT _CONF n_map 

P _CONNECT _ACK n_map 

L7 P _ALERTlNG_IND n_map t., sid, B_channel 

P ]ROCEEDING_IND n_map t., sid, B_channel 

P _DISCONNECT_IND n_map src, dest., sid, B-channel 

P _DISCONNECT _CONF src, dest., sid, B-channel 

send s to 

ED_COMMAND EDRA IGCOM_ src, dest., sid, command 
code. 

P_DATA_REO layer 6 IGD_DATA_ sre, dest.. sid, 
RSFRAME 

P_CONNECT_REO n_map IGD_DATA sre, dest., sid, 
APFRAME 

P ]ROCEEDING_REO n_map IGD_DATA_ sre, dest., sid, B_ehannel 

P _CONNECT _RESP n_map IGD_DATA_ sre, dest., sid, B-ehannel 

P _DISCONNECT_REO n_map IGD_DATA_ src, dest., sid, B-ehannel 

P _DISCONNECT _RESP n_map IGD_DATA_ sre, dest., sid, B-channel 

TABLE 2. Signals fromito layer 7. 
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• Layer Signals From/to Layout Parameters 

Rec. sign from 

P _CONNECT_REO layer 7 IGD_DATA_ sre, dest., sid, 
APFRAME 

P _CONNECT_RESP layer 7 (GD_DA~' dest., sid. 
P _PROCEEDING_REO layer 7 IGD_DA sre, dest., sid, B-ehannel 

P _DISCONNECT_REO layer 7 IGD_DATA_ sre, dest., sid 

net- P _DISCONNECT _RESP layer 7 IGD_DATA_ sre, dest., sid 

work N_CONN'ECT _IND layer 3 IGD_DATA_ sre, dest., sid, 
APFRAME 

layer N_CONNECT _CONF layer 3 IGD_DATA_ sre, dest., sid, B-channel 

N_CONNECT _ACK layer 3 IGD_DATA_ src, dest., sid, B-channel 

ISCONNECT_IND layer 3 IGD_DATA_ sre, dest., sid 

SCONNECT_CONF layer 3 IGD_DATA_ sre, dest., sid 

N_ALERTING_IND layer 3 IGD_DATA_ sre, dest., sid, B-ehannel 

N_PROCEEDING_IND layer 3 IGD_DATA_ sre, dest., sid, B-ehannel 

TABLE 3.a. Signals to the network mapping layer. 
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Layer Signals From/to Layout Parameters 

Send sign. to 

N_CONNECf_REO layer 3 IGD_DATA_ src, dest., sid, 
APFRAME 

N_CONNECf _RESP layer 3 IGD_DATA_ src, dest., sid, B-channel 

net- N]ROCEEDING_REO layer 3 IGD_DATA - src, dest., sid, B-channel 

work N_DISCONNECf _REO layer 3 IGD_DATA_ src, dest., sid. 

mapping N_DISCONNECf _RESP layer 3 IGD_DATA_ src, dest., sid. 

P _CONNECf_IND layer 7 IGD_DATA - src, dest., sid, 
APFRAME 

P_CONNECf_ACK layer 7 TGD_DATA - src, dest., sid 

P _CONNECf _CONF layer 7 TGD_DATA_ src, dest., sid, B-channel 

P _DISCONNECf_IND layer 7 TGD_DATA - src, dest., sid 

P _DISCONNECf _CONF layer 7 IGD_DATA_ src, dest., sid 

P _ALERTING_IND layer 7 IGD_DATA - src, dest., sid, B-channel 

P ]ROCEEDING_IND layer 7 IGD_DATA_ src, dest., sid, B-channel 

TABLE 3.b. Signals from the network mapping layer. 
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190.1 Functional specifacation of the UART string handler. 

1.1 Introduction. 

The UART converts serial data to parallel data and visa versa and is located on the 8031 
microprocessor. It is connected with the user via an RS-232 interface. 

The UART handler process is started by system initialization. 

2. Configuration management. 

2.1 Initiate. 

The UART will be initiated by default values. The default values are listed below: 

- number of bits 8, 

- baud rate 4800, 

- number of stop bits 1, 

- parity none. 

2.2 Recovery. 

After a reset the UART will be initiated ,,;th default options which are stored in non
volotile memory. 

2.3 Block. 

3.1 Fault management. 

Not applicable. 

4.1 Performance management. 

Not applicable. 

5.1 Operational functions. 

The UART will convert serial incoming data to parallel data and visa versa. 
Every time the UART has received (or send) a full byte, the hardware will generate an 
interrupt. The first byte must be read before the second byte is completely received. 
After a carriage return the UART handler will send the string (a number of characters 
ending with a CR) to the HMH. 

On the receipt of a string from the HMH the UART handler will send the string to the 
user. 

Time out. The maximum period between the receipt of two user characters will be 30 
seconds. In case of time alaps the already send characters will be ignored and the UART 
handler will return to the idle state. 
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Collision. In case of collision of a terminating call and an originating call the 
originating call will be ignored because the user can always decide to release the call. 

Messages from T A to {;SER. 
The following messages can be sent to the user: 

Message Meaning 

OK. The command sent by the user was correct. 

CONNECf The terminal adapter is in the data transfer phase. The user can 
start sending data across the user data interface. 

INC. CALL Terminating call received. The user is awaked via the user data 
interface (ct 125 = ON). 

OISCONNECf The connection with the remote T A does not exist any longer. 

ERROR The received command across the user control interface was not 
correct. 

190.2 SOL diagrams. 

194. Signals used. 

The signals used in the UART-string handler. 

- PH_OAT A_IND 

- PH_OATA_REQ 
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UART user interfaces. 

Name 

SID 

Function : This signal is used to indicate the receipt of a command from the user control 
interface. 

Layout 

Name 

SID 

Function : This signal is used to request the transmission of a message over the user 
control interface. 

Layout 



-

A 
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101.3 External documents. 

[11e ECMA, Standard ECMA-120, Rate adaptation for the support of synchronous 
and asynchronous equip. using the V. series type interface. 

[2]e CCnT, V.1IO, support of DTEs with V-series type interfaces by ISDN. 

190.1 Functional specification of the EDRA-handler. 

1.1 Introdution, 

The EDRA adapts synchronous and asynchronous user data rates to a 64 kbitls ISDN B
channel and vice versa. 
The user is connected with the EDRA via V-24 circuits. These cicuits fonns the interface 
between the EDRA and the user. They are used to transmit and receive the data and for 
signaling infonnation. 

1.2 Initiate. 

The initialisation of the EDRA depends on the parameters set by the user. 
The following system parameters can be set: 

- transmission mode (synchronous, a-synchronous), 

- data rate, 

- interrupt generation on the activity of ctI08, 

interrupt generation on activity of ct106, 

intterupt generation on activity of ctl05, 

- interrupt generation on activity of the frame or synchronisation bits (SA,SB), 

1.3 Operational functions. 

The EDRA-handler has to connect or disconnect the synchronous data in the selected B
channel and controls the interchange circuits. 
In the idle state the EDRA-handler will transmit toward the user the following signals: 

erl04 = continuous ONEs, 
er 106 = OFF, 
er 107 OFF, 
er 109 OFF. 

In the B-channel the EDRA-handler will maintain continuous ONEs. 

Before the data circuits of the interchange circuits are connected to the EDRA there must 
exists a user-user connection. 

Three phases can be distinguished; entry, data transfer and exit. 

entry phase: during this phase B-channel connection between the local and remote T A 
exists. The EDRA will start transmitting frames in the B-channel and search for a frames 
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from the remote T A. When the frame is found it will send synchronisation patterns in the 
transmitted frames and search for synchronisation patterns in the received frames. 
When found it will enter the data transfer phase. 

data transfer: During this phase the data intercahnge circuits will be connected with the 
appropriated data bits of the frames. 

exit: During this phase the EDRA-handler will stop transmitting synchronisation patterns 
and frames to the remote T A and will return to the idle state. 

190.2. SDL diagrams. 

192. Data definitions. 

3.1 Timers. 

Name : T1 

Function : guards receipt of frames after start transmitting frames. 

Value : according [1]e and [2]e the value is at least 10 seconds. 

Name :T2 

Function : guards ct 106 from off to on and connect ct 103 in the data bits of the frame. 

Value : according to [l]e and [2]e the interval time is at least 24 data bits. 

Name :T3 

Function : guards receipt of frames after loss of frames. 

Value : according [lIe and [2]e the value is 3 seconds. 

194. Signals used. 

The signals that are used in the EDRA-handler are: 

- EDCOMMAND 

EDEVENT 
The following commands are defined: 

- incom3eq 

- stoP3eq 



syncJeq 

The following events are defined: 

- accepccon 

-discon-con 

- discoo_ind 

no_accepCcon 

- nOJesync_ind 

- no_sync_con 

- no_sync_ind 

- sync_con 
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EDRA user interfaces. 

Function : This signal is used to request the EDRA to execute the appropriate command. 

Layout : IGCOM_LA YOUT 

Function : This signal is used to indicate the status of the EDRA. 

Layout : IGEVENT _LA YOUT 

Meaning of the EDRA commands. 

Function : This signal is used to request the RA to start to entry the data transfer phase. 

Function : This signal is used to request the RA to quit the data transfer phase. 

Function : This signal is used to request the RA to awake the T A user by switching on 
crl2S. 

The meaning of the RA events. 

Name : ACCEPT_CON 

Function : This signal is used to notify that the user has accept the terminating call. 

Name : DISCON_CON 

Function : This signal is used when the T A could not enter the data transfer phase within 
10 seconds after a SYNC_REO or a STOP_REO was received. 
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Name 

Function : This signal is used to when the T A is no longer in the data transfer phase. 

Name 

Function : This signal is used to notify the HMH that a terminating call was cancelled. 

Name 

Function : This signal is used when after a loss of frame no resynchronisation was 
possible. 

Name 

Function : This signal is used to confirm no synchronisation was possible after a SYNc. 

Name 

Function : This signal is used to indicate that the T A has lost synchronisation. 

Name 

Function : This signal is used when the T A is in the data transfer phase. 
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190.1 Functional specification of the Hayes Message Handler. 

1.1 Introduction. 

The Hayes message handler is the intermediate between the user control interface on one 
hand and the Terminal Adaptor Manager (TAM) on the other hand. 
The function of the HMH interpret messages received from the user control interface (via 
the UART string handler). 

1.2 Operational functions. 

The messgaes received by the HMH can be divided in three catagories: 

system parameter invocations, 

originating call establishment and 

- call disconnect messages. 

1.2.1 System parameter invocations. 

These type of messages are received across the user control interface via the UART string 
handler. A message received from this interface first will be check on the prefix AT. 
When correct the HMH will send to the database the system parameters and will set the 
appropiate options. 
After the correctness test it will send a P_DATA_REO to the UART string handler (OK 
or ERROR). 

1.2.2 Originating call. 

When a dial command (ATD<O .. 9» is received the HMH sends a SETUP to TAM. 
Terminal Adaptor Manager will fill in the following information elements of the 
P _ CONNECf _REO message: 

calling party number, 

- calling party subaddress, 

- called party number, 

called party subaddress, 

bearer capability and, 

- low layer capability (e.g. mode of transmission, user rate etc.). 

All the above elements are available in the database. 

1.2.3 Call Disconnecting. 

On the receipt of an A TH message the HMH will send a DISCONNECf to TAM. 

190.2 SDL diagrams. 



194. Signals used. 

The signals that are used in the HMH: 
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190.1 Functional specification of the Terminal Adaptor Manager. 

1.1 Introduction. 

This process is responsible for handling the messages received from the user control 
interface and the network layer. 
It is the intermediate between the User control interface on one hand and the network 
layer on the other hand. 

1.2 Operational functions. 

The messages received by the TAM from the Hayes Message Handler are SETL"P and 
DISCO~l\'"ECT . 

1.2.1 Originating caIl. 

When a SETUP is received from HMH the TAM sends a P_CONNECT_REQ to 
network layer. The network layer will fill in the following information elements of the 
SEllJP message: 

calling party number, 

calling party subaddress, 

- called party number, 

- called party subaddress, 

bearer capability and, 

low layer capability (e.g. mode of transmission, user rate etc.). 

1.2.2 Terminating caIl. 

A terminating call is initiated by a P_CONNECf_IND. On the receipt of this indication 
the TAM will check the message and send an EOCOMMAND (incom-req) to the EDRA 
interface. On the receipt of EDEVENT (accept-con) the TAM will send a SETUP CON 
to the network layer. If the TAM receives an EDEVENT (no-accept-con) from the 
EDRA interface it will send a RELEASE IND to Call Control. 
When TAM receives a P_CONNECf_ACK from the network layer it wiIl send a 
EOCOMMAND (sync-req) to the EDRA interface. 

1.2.3 Collission. 

When collission occures the TAM will send a P _DISCONNECT _REO back to the 
network layer with the internal connection iidentifier of the originating call. 

190.2 SDL diagrams. 
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The signals used in the Terminal Adaptor Manager (TAM). 
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Database management is concerned with: 

- 1. Configuration Unit Database, 

- 2. Recovery Confiuguration Tables, 

- 3. General address conversions and 

- 4. Terminal Adaptor Option table. 

The Configuration Unit Data reflects the status, type, characteristics and environment of 
Configuration Units. The Configuration Unit Data is stored in the Configuration 
Database, which also provides a set of routines that can be called from operational and 
maintenance software in order to access the data. 

The Recovery Configuration Table is used during recovery by Configuration Management 
to start the appropiate CU handlers, and to fill the Configuration Unit Database with the 
correct "type" information. 

The Terminal Adaptor Option table is modeled as a table which contains the following 
data: 

- 1. data which specify information elements in call establishment messages, 

- 2. data which specify the behaviour of the user data interface ciruits (T A simulates 
modem operations) 

3. data which specify the behaviour of the user control interface. 

The attributes (with their abbreviations and meaning) belonging to the first category are: 

- ta_addr 

- ta_sub_addr 

rm_user_addr 

- rm_user_subaddr 

- user_data_rate 

- transfeccode 

nmb_user_stop 

- nmb_user_data 

- us_par_mode 

ISDN address of the T A 

ISDN subaddress of the T A 

ISDN address of the called party 

ISDN sudaddress of the called party 

user rate on the R-interface 

user mode of operation synclasync 

user number of stop bits 

user number of data bits 

user parity mode 

The attributes belonging to the second category are: 

- inCfac_ctl 

- inCfac_ct2 

- inCfac_ct3 

- inCfac3t4 

parameter setting ctl0S 

parameter setting ct106 

parameter setting ct107 

parameter setting ct108 
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parameter setting ctl09 

Ther attributes belonging to last category are: 

--- cnt_fac_rate 

cnCfac_nmb_stop 

cnCfac_nmb_data 

--- cnCfac_par 

control interface rate 

control interface number of stop bits 

control interface number of data bits 

control interface parity 

All these attributes are stored in non-volatile memory. 

The CU Database Mangement offers the primitives for initialize, create, change, read and 
write attributes of the database. 
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