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1. Introduction

One of the leading tendencies in the develgoment of the telecomunication systens is the
concept for open systens in the sense of 0S1 (Open Systems Intercomnectiion) Reference
Model recommended by 1SO and CCITT (ITU-T) [1, 2]-

According to 0SI model each open system, an element of the network, is a hierar-
chical structure of subsystamns (N-susystans), N=1 uoto 7, including one or more dbjects
(\-Etity). The sets of subsystens of equal rank (N) form independent functional layers
(\-layers): an gplication, a presentation, asession, a trangort, anetwork, adata-link
and a physical are. The functions executed at each layer (-functions) are specified, as
well as the services (NSarvices, NHecility), supplied for the upper NEL layer. The inter—
corection of the systars in the network, regarded as logical comection (N-comection),
is realized by the corresparding layer protoools (\HProtoools) and the real data exdange
isdreatapysical leel.

The model is independent on the existing conpany standards of the different pro-
ducers of devices and is appropriate for the modelling of a wide range of applied pro-
cesses and protoools in 0S1 sense. In CSl-structured networks the including of a new
network and of intemetwork serviices ad protoools does ot requiire any alteration inthe
network architecture alreedy bui lt.

The description of the applied processes and the design of the protocols demand
sare formal tools, erebling the design, analysis, anulation and softvare realization of
the system specifications. The Z.100 recamendations of CCITT [3] contain a principal
passibi lity for the gpplication of the Specification and Description Language (L) in
the solution of similar problens. A specific daracteristics of the languege are the o
forms of description: a textual one — SDL/PR (PR-Phrase Representatiion) and a graphi-
cal one— SDL/GR (GR-Graphics Representation) which have a conmon semantic model .
This feature is a prereguisite for the building of software tools for the autoratic design of
information systars.

*The present research is partially supported by the ““Scientific Research” National Fund at the Ministry of
Science, Education and Technologies.
68



In this connection the possibilities of DL language have been investigated and
analyzed by the comparison (sarantic and syntactic) of the basic terms (Objects) in OSI
and SOL. The investiigations and the results, represented in [4, 5] show that the recon-
mendations [Z] contain principles, which do not conform to the rules for DL-circuits
formattion acoording 1o Z.100, and the campilation of DL descriptions does not guaran-
tee the discovery of errors in the specification. Besides this a nurber of basic 51 deno-
tations such as layer, protoool linking, service and others, have no symonyms iIn L.

As a result of this analysis a modified formal tool, called DL/CSI is recamended
in [5], inwhich saveral differently naved modifications of SDL-elements are defined ad
sane specific restrictions and coments are suggested with the purpose 1o create new
constructions, which have no equivalent in L.

The paper disausses the possibilities for specification of a type of intercoections
in open systems (acocording to 0SI) by means of SDL language and the offered SDL/CSI
modification respectively. The study has been accomplished on a sample problem frana
real telecomunication network.

2. Prabllem description and formulation

The system regarded is a telecamunication network for acquisition and transfer of data,
that are a personal call of pager-users. The network structure is built on similar con-
plexes M., 1=1,...,3, each one of them including o types of computer devices (open
systems): input conputers (S,.), J=1...,8, comected through a comutator (CX) to a
comunication computer R), furtrer called a sending (S) ad a receiving (R) system or
sice. The personal calls arrive through a telephane line and formatted they are input to
Sy and afternards are transferred to the corresponding R,. The messages received are
automatical ly recoded and transmitted through a M-15 Motorola type modulating de-
vice alog the radiodamel of the corresponding peger-receiver (Fig- 1).

The purpose of the research are the interconnections in M, among the sending S;
and receiving R, systers, the design of a model and the specirfication of the exchange iIn
SOL/CSI terms under the following initial conditions. The data exdnange is inrtialized
by a serding systemwirth the hellp of a request for connectiion. The receiving system sends
an acknowledgement I resource possibilities are available, otherwise — a connection
Tailure is reported. The sessiion starts by a password and  confirmation of the aocess. At
each session one or more messages are sent and the result from the transmission of each
message is separately acknovledged.
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The comunicating sides have equal rights in the inrtiative for a connection inter—
rupt. The sending siide — when the information is over, and the receiving — when the
camunication quality is deteriorated, when the given volure of received data is sur-
passed, when the system resources are decreased below a preset limit or if there isa
comnection fault. Timer mechanisms are foreseen at the o ends of the comection.

The physiical exchange of the information is not discussed for the prablem consid-
aal.

3. L model and specification of the interconnections (exchange)

The developrent of the model and the exchange specification are based on the folloving
formulations, principles and assunptions:

3.1. Aretwork structure and character of OSI interaction. — For convenience of the
exposition, only one complex is discussed— ML fran the network. Besides this we assume
that the sending system (S1) is one, i.e., J=1, comected through a comutator to the
receiving system (R1) .. The sinplification is adnissible, since all M have similar struc-
tures, and the exchange between S, and R; is buillt on one and the sae protocol rulles.

At this formulation each N-layer in 0SI model of ML includes two subsystems N-S1
and N-RL. The interocomections described in the problem refer to the establisment of the
ocomection, the dheck and cormtroll of the “‘diallogue’” ait datas exchange. These functions in
0SI mockel are dharecteristic for the processes and protocols at the session layer (\5).

3.2. SDL/OSI systemmodel (model ling and specification). According to the Refer-
ence Model, the open systems interact at any N-layer with the help of N-comection,
messages and signals and they exchange data through physical layer chamels. The con-
nections (logical 1inks) ad the damels are dyramic constructions, created, altered ad
ranoved during the process of network functioning. There is no equivalent construction
in 0L, but in this case it can be regarded as interacting processes anng adbjects of
different systens. The folloving assurptions have been made in SDL/CSI notation: the
caonections are logical and physical chamrels, established at the prooesses level ; the
comnections are established upward-down among the objects, i.-e. anong the subsystems
of each of the interacting systems, as well as anng the subsystems of one ad the sae
rak (\), i.e. at (\)-layer, the N-functions of which correspord to the dharecter of the
interacdas.

—The model ling of the system obsernves the top-down principle acoepted in SDL
languege.- The process starts with the represatattion of the system by abostract information
dbjects (Al0), subjected to deconposition after that.

In the case being considered, AlO defined in DL/0SI, are a system, a subsysten,
a chanrel, a process and service. Each AIO can be represented by one deconposition
SDL—-diagram only, containing AIO and/or elementary information objects (EO). The
last ones are not subjected to decamposition. According to SDL/CSI the elementary
dyjects are iUt start, state, task, decision, sae, autput, altermative, procedreand soon.

—The system model is the set (A), the elements of which (A), i=1, nare the SOL
diagrams and the relations (R) among them, i.e.

AAALA, --- AR

On 1ts twm SDL diagrams are also sets, the elements of which are AIO and EO,
comected by relatios.

In the graphical SDL/GR version each AIO and EO is denoted by a unique symbol .
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The syntactic and semantic correctness of the SDL-diagrams designed is assured keeping
the rules for admissible relations among the sets firan AIO and AIO, EO.

3.3. SOL model and diagranms of the specification of the intercomections: Fig. 2
shows a Functional Diagram of a Block (FDB), where the interconnections between the
sending 5 [S1] and receiving 5 [R1] subsystems are described by process P5 [S1] and PS5
[R1].- The sigmals, which are an element of the protoocol rules are represented in the
specifications of the chamels ad the comectians. The last anes are ane-directional in
SOL by default and are established during the data exchange between the session (\5)
and the presentation (\=6) layers (interface interactions) and anong the sending and
receiving suosystans in the session layer (protoool interactions) .- The signalls sarantics is
asfolloss:

a) interface interactias

For the chamrel Ch 6S_1: L- a reguest to transfer a package fron 1 (I=1-n) mes-
sages; Es — areguest 1o interrupt the prooess PS5 [SL}-

For the channel Ch 6S_2: Ok — a successful finish of the session: En — an
acknowledhement to interrupt the process PS5 [S1]; Psw — an acknovledgement for trans-
mission right; U-1 — a successful ly transmirtted messege 15 Bri — a corresponding signal
for inoorrect rumning of the session.

For the dhamrel Ch 6R_1: Es — a request to interrupt the process PS5 [R1];

For the chanmnel Ch 6R 2: Ok — successful accomplishment of the session; En — an
acknovledgement to interrupt PS [R1]; Ko — sharing a resource, a result of a remote
reguest for a session; Re — a cortfirmed right for transmitting access; U — a received
message; Eri — a corresponding signal for incorrect run of the session.

b) protoool interactions

For the channel Ch 5 1: R — a reguest for a session fran P5 [S1]; Ps — a password
of the sending process; Di — successful interrupt of the session; Ms — a message for one

~USEr.

For the channel Ch5 2: A — (ACK) — an acknowledgement for the connection
establishment; N — (NAK) — a refusal for connection; Pid — corfirming the validity of
the password and the right to transmit; Un — an invalid passiword; Wr — an acknowledg-
mert of message Ms; Nn — a refusal for message Ms due 1o an invalid user identifier; Bc
— a refusal for Ms due to bad corplecting of the CCOF form; Bo — end of the session due
1o an overflow in the admissible nurber of Incorrect messages C per one session; Ov —
end of the session due to an overflow in the adnissible nurber of messages N per one
=S

Fig- 3 shoas the Generalized Flow Diagrams of a Process (GHDP) of the processes
PS[S1] and PS[R1], where the last ones are deconposed and descrribed with the help of the
elementary dojects state. The o sets of states dnaracterize the stages (phases) of the
protocol dialogue designed, and the relations between them — the logical conditions for
passing fraom one phase (stage) to another, narely:

— the couple of states REQUEST [send] and CONNECT [receive] are the initial
states of P5 [S1] and PS[RL], when it is possible to initial ize a session. The session is
initialized after the receiving of L signal fran P5[S1] and PS[SL] passes 1o state OON-
NECT [send].

— the couple of states CONNECT [send] and CONNECT [receive] corresponds to
the “dialogue” stage for connection establishment;

— the couple of states PASSNORD [send] and PASSAMORD [receive] corresponds
o the established comnectiion between PS[SL] and PS[RL] and a dialogue for receiving
ancess 1o the messages;

— the cawple of states MG [send] and MG [receive], where MSG is a cyclic state,
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corresponds to acknovledged access and dialogue at normal data exchange;

— SIOP is the firal state, terminating the prooesses.

On GFDP diagrams  the signals, leading to the passing fran ane state to ancther at
normal session are represented by a “‘comentary record”. The connections not named
are prooessad during ““faillure” situations.

Fig- 4 (a,b) and Fig- 5 (a- ,b) show the Full Flow Diagrams of a Process (HDP) for
the processes PS[S1] and PS[R1L], inwhich the relations, represented in a generalized
form of GFDP in Fig- 3, are represented in detail and explicitly described. The descrip-
tion is at elementary SDL-objects level in START, INPUT, SAVE, OUTPUT, TASK,
DECISION cases. FFDP diagrams, which are the lowest abstract level in SDL/CSI
mocel, carplete the process of model ling and protocol formal description. It is possible
1o trace ad analyze the daracteristic features of the processes PO[S1] and PS[RL], ooour-
ring inthe interconnection behaviour and in the processes behaviour:

a) intercomection behaviour:

— The processes are asymetrical . The asymetry, structurally reflected by the
REQUEST state of PS[S1], is a consequence of the condition, that the session is initial-
ized by the sending side only;

— At an arbittrary moment of the current session, each subsystem of an upper level
(\=6) can require an interryot (signal Es) of the corresponding process. The interrupt
request is satisfied under certain coditions, that are different for the two processes.

The conditions in the sending side (S1) are the followving: if the process is ina
REQUEST or PASSACRD state, there is a reaction immediately after Es is received; if
the process is In a CONNECT or MSG state — after passing to the next state.

The condirtions for the receiving side (RD) are as folloas: in case the process is ina
CONNECT state — inmediately after Es signal is received; if the process is in a PASS-
WORD or MSG state — after passing to a CONNECT state.

b) process behaviour

A protection is set at tre two terminals of the comection for failure interrypt of the
session, due to darel falling. The protection is realized by timer medheniarns, which are
an inner functiion (event) of the processes. The timers count the time intenal T, T =k
— apreset value for the receivirg of the defined sigal expected, denoted in the specifica-
tion of the damels Ch5 1 or h 5 2 (Fig- 2)- An indication for darel falling are the
signals (ine-outs) t., generated by the respective tiners.

In the case disoussad the tiners for the sending siice are three, and for the receivirg
one — wo. The conditions for the gereration of the signals t,_are as folloas:

— for the sading side PS[SL] (Fig- 4)

1 - attime celay T, in the receiving of signals Aor N, a reply of R; - at time celay
T, in the receiving of the signals Pid or Un, an acknovlecherent of Ps; - at time delay
T, inthe receiving of the signals Wr N\n Bc, Bo, Ov.

—Tor the receiving side PS[R1] (Fig- 5)

t,: at time delay T, in the receiving of the signal Ps, an acknovledgement of A;
t,- atdelay T, inthe receiving of the next message Ms or the signal Di..

In case of a dhamel fault the timer mechanisms retum both the processes to their

4_ Conclusion

Despite of the partial daracter ad specifics of the Sl intercomections being investi-
gated, the folloving more general statements and conclusions can be made on the basis
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of the DL model received, that refer 1o the software interpretation and realization of
L system specifications:

— The graphical SDL/GR notation uses the symbolism and constructions similar to
the conventional blodk diagrams in applied programming;

— The specification wirth the help of flow diagrars reflects the lagics of the comu-
nication processes at saveral aostract levels, which erebles the gpriori determinattion of
the points for processes abservation at sinulation and setup of the software insurance;

— The graphical L model enablles the selection of the places for software mod-
ules mourtting, which accomplish the monitoring of the system for the purposes of diag-
nostics and registration of Its state in selected gperation mments.

— The dbject orientation of L constructions ensbles the explicit defining of the
dbjects in the systams ad fecilitates the areation of their prototypes and the defining of
the gperations amag them. This is useful in all the cases of softvare realization, since
the object approach is applicable not only at operation with object-oriented progran-
ming languages.
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SDL-cnecu@uKalumMsa OTKPBEITHIX CUCTEM — [IPMMEHEHMUE B CEeTHU
[IEPCOHAJIBHOTO MO3BBA

XpmcTo XpmucrTor, Tamo TameB, PymeH KyHueB, Bajsepwni [[aHOB

UHCTUTYT MHYOPMAIMOHHEN crucreMm, 1113 Copmsa

(PesmoMme)

B pabore uccaenynTcsa BO3MOXHOCTM S3blKa ONMCaHMA U crnecudukalmm SDL u
rpadudueckyn SDL HOTalmo OJjid MomenmpoBaHMsa OSI ODpMKJIaOHEIX [TPOLIECCOB.
ViccrienoBanuma 0asvpyloTCsa Ha OCHOBe MomMbMKaLmM S3bKa, HasBaHHoM SDL/OST.
MonesumpoBaHel TUIT B3aVMOIEVCTBIM, XaPaKTEPHBIX IS CECCVMHOTO CJIOS peaJlbHOM
TEJIEKOMMYHVKALIMOHHOM CETH .

OnmcelBaeTCs Opollecc NpoekTupoBanusa SDL MOOesM UM OUCKYTUPYITCS
BOBMOXHOCTH IMPOTPaMMHOV peajiM3alili I'PadUUueCKMX CUCTEMHBIX CIeCUOMKALVIA.
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