Formal Design of a Platform for

Telecommunication Heterogeneous Network Management

Mirela Sechi Moretti Annoni Notare 1 Bernardo Gonçalves Riso 2 Paulo Sérgio Lorena 3 mirela@lrg.ufsc.br riso@lrg.ufsc.br lorena@cpqd.br

Manoel Camillo de Oliveira Penna Neto 4 Carlos Becker Westphall 5 penna@dainf.cefetpr.br westphal@lrg.ufsc.br

Federal University of Santa Catarina - UFSC

Technological Center/ Department of Computer Science - CTC/INE

Network and Management Laboratory - LRG

P.O. Box 476 - ZIP 88040-970 Florianópolis SC Brazil Phone +55(48)231-9498 Fax +55(48)231-9770 http:// lrg.ufsc.br

Abstract: This work presents a form al design of the Telebras Practical Platform . This platform was conceived in order to solve several dificulties of the telecom m unications carriers related to integrated network and services m anagem ent. Essentialy, these dificulties are related with distributed m anagem ent in telecom m unication heterogeneous networks. In the Telebras Practical

Platform form alization was used with a design m ethodology that includes the FDT LOTOS - a ISO standard, as well as, tools for analysis, validation (e.g., sim ulations, testing and verifications) and translation of the LOTOS specifications to im plem entation code. Specifying this platform form ally significantly contributes in the sense of providing a rigorous approach to the description and validation process, thus collaborating toward its exactness, m ainly in the studies that aim at attesting the conform ity between the product obtained and the description of the requirem ents which were considered.

Keywords: Heterogeneous network distributed m anagem ent, Generic platform s, Generic applications, TMN, FDT LOTOS, LOTOS tools.

1. Introduction

At the present, there are many technologies suitable f or solv ing the complex task of prov iding tools that enable the cooperation among the management of systems which are based on dif f erent architectures. X/Open - NMF (Network Management Forum) identified three key technologies:

· CMIP (Common Management Information Protocol);

· SNMP ( Simple Network Management Protocol); and

· CORBA ( Common Object Request Broker Architecture).

1 SNMP has been v ery much used in the computer market in general. The CMIP is mandatory in the telecommunications area due to the TMN standard; and CORBA is recognized as an emerging standard that allows distributed object oriented programming. Each technology has its own importance. Consequently, complete interoperability may allowthe designers to select the most appropriate technology for each need.

In order to prov ide this complete interoperability and f aciliting the applications dev elopment, a layer sof tware ( platf orm) - between the applications and the operational system/ basic and utility sof tware layer - is designed. In addition, f ormal tools are used f or specif ications v alidation, as well as, to translate f rom LOTOS code to C code. This work is being dev eloped under CNPq/ ProTeM-CC-

II/PLAGERE Project (680072/94-2).

This work is organized as f ollows: in section two the management system specif ication is presented, which includes both the platf orm and the management applications; in section three the f ormal specif ication of a platf orm serv ice is presented; in section four the f ormal specif ication of a protocol platf orm is presented; in section five the use of LOTOS tools f or specif ications v alidation and translation are presented. The conclusions ( section six ), acknowledgements (section seven ) and references (section eight ) then follow.

1 MSc. in Computer Science (UFSC, 1995). Researcher of CNPq/ ProTeM-CC/PLAGERE Project.

2 Dr. in Electrical Engineering (UFPB, 1991). Local Coordinator (UFSC) of CNPq/ ProTeM-CC/PLAGERE Project.

3 Electrical Engineer (UNICAMP, 1980). Local Coordinator ( CPqD-Telebrás) of CNPq/ ProTeM-CC/PLAGERE Project.

4 Dr. in Computer Science (U. Paris IV, 1991). Local Coordinator (CEFET-PR) of CNPq/ ProTeM-CC/PLAGERE Project.

5 Dr. in Computer Science (U. Paul Sabatier, 1991). National Coordinator of CNPq/ ProTeM-CC/PLAGERE Project.

2. Specification of the Platform ( highest level of abstraction)

W ith the goal of solv ing troubles related to the distribution of processes ( such as resource

management, parallel processing, adequate communication serv ices and independence of resource

allocations, f or instance) and supplying the necessities of the telecommunication carriers associated

with the ef f icient dev elopment of management applications, a platf orm is here def ined to support

management applications [ West 94] [ Lore 96] [ PeLo 96] [WeRi 96] [NoRi 96,a,b,c,d].

A mode of characterizing the Telebras Practical Platf orm composed of management systems is to

see it as a software layer ( in the Application layer context) that:

· of f ers specif ic serv ices to a particular class of management applications using open and standard

interf aces ( APIs - Application Program Interf aces). The use of APIs f acilitate applications

dev elopment and permit their portability and reuse. An API describes the method of accessing a

specif ic serv ice. In order to obtain source code portability, the standardized serv ice is not enough,

f or it is also necessary to standardize the access to the serv ice. Theref ore, f rom the user‘s point of

v iew, the establishment of standardized APIs enable the integrated use of multisuppliers´ products

and will demand less effort to obtain portability of management applications.

· utilizes services available in the lower layers of relevant protocols.

In conf ormance with the design methodology presented in [Nota 95] [NoRi 95], the f ormalization is

started considering the high power of abstraction [ QuCu 94] allowed by the FDT (Formal Description

Technique) LOTOS ( Language of Temporal Ordering Specif ications) [ISO 8807] - and then, dev elop

the design using stepwise ref inement approach. In addition, the design methodology consider the

object orientation benef its [ MoCl 93], as well, the constraint and resources orientation [ ViSc 88], that

guarantee specifications more homogeneous, readable and exact.

Using the FDT LOTOS the APIs can be described as communicating gates ( gates l , f , t , c , p , s and

ops ) that are used by both ManagementSystem subprocesses: the ManagementApplications

subprocess and the ManagementSystemsPlatform subprocess. In such gates ev ents occur which

are related to: log ( l ), f ail ( f ), topology ( t ), conf iguration ( c ), perf ormance ( p ), security ( s ) and

operational system ( ops ), for instance. See Figure 2.1.

ManagementSystem

ManagementApplications

|| || || || || || ||

l f t c p s sop

|| || || || || || ||

ManagementSystemsPlatform

Figure 2.1 - Management System.

By using basic LOTOS, e.g., the part of LOTOS that is oriented exclusiv ely to the representation of

the dynamic aspects of the systems, the Management System, at the highest lev el of abstraction, can

be described as follows:

specification ManagementSystem[ l,f,t,c,p,s,ops]: noexit

behaviour

ManagementApplications[ l,f,t,c,p,s,ops]

|[ l,f,t,c,p,s,ops]|

ManagementPlatform[ l,f,t,c,p,s,ops]

where ...

endspec

This specif ication describes the parallel composition of two processes: The

ManagementApplications and the ManagementSystemsPlatform . The

ManagementSystemsPlatform process represents the platf orm f ormally. This process can be

described in a constraint-oriented v ersion ( ManagementPlatformC ) or in a resource oriented

v ersion ( ManagementPlatformR ). The ManagementPlatformR is a ref inement of a

ManagementPlatformC specification.

3. Specification of the Platform Service

The Management System Platf orm serv ice can be structured using the constraint-oriented

specif ication style. In this specif ication style, each communication gate comprehends a set of

constraints associated with ev ents which occur in these gates ( such gates prov ide

ManagementPlatformC process communication with the external environment).

Each constraint of a ManagementPlatformC process can, in its turn, constitute a LOTOS process

(e.g., can constitute a subprocess of the Management PlatformC process). By using the constraint-

oriented specif ication syle, each communication gate of a platf orm can be associated with a particular

set of constraints. Then, gate l is associated with log control, gate f with the f ail area, the t gate

with the topology area, gate c with the conf iguration area, gate p with the perf ormance area, gate s

with the security area and the ops gate for interface with the operational system.

specification ManagementPlatform[ l,f,t,c,p,s,ops]: noexit

behaviour

ManagementPlatformC[ l,f,t,c,p,s,sop]

where

process ManagementPlatformC[ l,f,t,c,p,s,sop]: noexit:=

Log[l] ||| Fail[f] ||| Topology[t] ||| Configuration[c]

||| Performance[p] ||| Security[s] ||| OS[ ops]

where ...

endproc

endspec

The platf orm specif ication in the resource oriented v ersion ( see section f our) corresponds to a

refinement in the specification of this platform in the constraint-oriented version.

4. Specification of the Platform Protocol

In order to ref ine the platf orm specif ication, the resource oriented style can be used. In this

specif ication style, attention is paid to the platf orm interior, where the f ollowing composite resources

are identif ied: The TmnPlatform , BasicAndUtilitySoftware , OperationalSystem and

Hardware . Each one of these resources can constitute a subprocess of the ManagementPlatformR

process. See Figure 4.1.

l f t c p s ops

|| || || || || || ||

TmnPlatform || = pn =

qn

||

BasicAndUtilitySoftware ||

rn

||

OperationalSystem ||

sn

||

Hardware

ManagementPlatformR

Figure 4.1 - Management System Platform ( Resource definition).

The platf orm resources constitute subprocesses that hav e gates f or communicating with another

( other) subprocess(es). Thus, the ManagementPlatformR process has internal communication

gates. The qn gate is used f or communication between the TmnPlatform process and the

OperationalSystem process. The TmnPlatform communicates with the OperationalSystem

process using the pn gate. The rn gate links the BasicAndUtilitySoftware to the

OperationalSystem process. The OperationalSystem process also is linked with the Hardware

process through the sn gate.

In order to v erif y the observ ational equiv alence ( see section f iv e) between the two processes ( one at

a higher lev el - ManagementPlatformC , and the other being more ref ined -

ManagementPlatformR ) the ´ hide... in ´ operator is used in the f ollowing specif ication to hide the

internal gates from the ManagementPlatformC process.

specification ManagementPlatform[ l,f,t,c,p,s,ops]: noexit

behaviour

ManagementPlatformR[ l,f,t,c,p,s,ops]

where

process ManagementPlatformR[ l,f,t,c,p,s,ops]: noexit:=

hide p,q,r,s in

TmnPlatform[ l,f,t,c,p,s,q,p]

|[ p,q]|

(BasicAndUtilitySoftware[q,r]

|[r]| OperationalSystem[p,r,s,sop]

|[s]| Hardware[s])

where ...

endproc

endspec

Each resource (e.g., LOTOS process) that constitutes the ManagementPlatformR can be

successiv ely ref ined ( using the specif ication syles) until one obtains the detailing necessary f or the

system implementation. Some inf ormation relev ant to these resources ( Hardware resource ,

OperationalSystem resource , BasicAndUtilitySoftware resource and TmnPlatform

resource) is presented below:

4. 1 Hardware Resource

The hardware resource of the Management System Platf orm must hav e suf f icient processing

capacity to of f er the perf ormance specif ied f or the management applications which will be executed

in the platf orm. This hardware must already be modular and expansible, allowing the addition of new

modules, access points, components and peripherals to prov ide f or network expansions and inclusion

of new f unctions in the management system and OA&M ( Operating, Administration and

Maintainance) of the network.

To attend the processing necessities of the management system, the hardware of the platf orm can be

include more than one RISC ( Reduced Instructions Set Computer) workstations. In addition, to

remote access to the System, X-Terminal or microcomputer with X-W indowterminal emulator can be

used.

Considering these inf ormations of the Hardware resource, a possible next stepwise ref inement of the

ManagementPlatform specification, is presented below.

specification ManagementPlatform[ l,f,t,c,p,s,ops]: noexit

...

process Hardware[ r,x,e]: noexit:=

Risc[r] ||| X-Windows[x] ||| X-WindowEmulator[e]

where ...

endproc

...

endspec

4. 2 OperationalSystem Resource

It is recommended that the basic platf orm should use the UNIX operational system because it is a

multiuser, multitask and multisupplier operational system. These characteristics permit the

implementation or addition of new f unctions to the Management System. The most used UNIX

v ersions are those which use the SystemV approach (AT&T SystemV, HP-UX, IBM AIX and Sun

Solaris 2.0). Each UNIX v ersion presents its own applications programming interf ace, which dif f icults

the purchase or development of new functions through different suppliers.

W ith the goal of guaranteeing the portability of an application, at the source code lev el, the interf ace

between the applications and the operational system must be in conf ormance with the POSIX

standard [ISO 9945-1].

Considering these inf ormations of the OperationalSystem resource, a possible next stepwise

refinement of the ManagementPlatform specification, is presented below.

specification ManagementPlatform[l,f,t,c,p,s,ops]:noexit ...

process OperationalSystem[px,sv]:noexit:=

Posix[px] ||| SystemV[sv]

where

process Posix[px]:noexit:= � endproc

process SystemV[sv]:noexit:=

AT&T SystemV[attsv] ||| HP-UX[ux] |||

IBM-AIX[aix] ||| SunSolaris2.x[suns]

where �

endproc

endproc ...

endspec

4. 3 BasicAndUtilitySoftware Resource

The following software can be included in the BasicAndUtilitySoftware resource:

· Sof tware which shares f iles - compatible with the NFS (Network File System); Sof tware f or

network communication with the TCP/IP protocol;

· Software compatible with the X-window/Motif (version 1.2 or later) standard;

· Sof tware to manage print queues that prov ides transparent access to the printers or plotters and

which is independent of the equipment suppliers; and

· Relational and commercial DBMS (in some cases, distributed storage can be recommended to

achieve better performance and security levels).

Considering these inf ormations of the BasicAndUtilitySoftware resource, a possible next

stepwise refinement of the ManagementPlatform specification, is presented below.

specification ManagementPlatform[l,f,t,c,p,s,ops]:noexit ...

process BasicAndUtilitySoftware[fs,tcp,ws,qp,db]:noexit:=

FilesSharing[fs] ||| NetworkCommunicat [tcp] ||| WindowSoftware[ws]

||| QueuePrinterMang[qp] ||| RelationalDBMS[db]

where ...

endproc ...

endspec

4. 4 TmnPlatform Resource

The TmnPlatform resource interf aces with the f ollowing serv ices and f acilities: OSI (Open Systems

Interconnection) access module, non OSI access module, generic management applications, human-

machine interf ace serv ices and object storage serv ices. In addition, a dev elopment env ironment is

considered.

Considering these inf ormations of the TmnPlatform resource, a possible next stepwise ref inement of

the ManagementPlatform specification, is presented below.

specification ManagementPlatform[l,f,t,c,p,s,ops]:noexit ...

process TmnPlatform[l,f,t,c,p,s,qn,pn]:noexit:=

(OsiAccessModule[oam] || NonOsiA ccessModule[noam])

|[oam,noam,gma,hmis,oss,de]|

(GenericManagementApplications[gma]

||| HumanMachineInterfaceServices[hmis]

||| ObjectStorageServices[oss]

||| DevelopmentEnvironment[de])

where ...

endproc ...

endspec

4. 4 .1 OsiAccess Module

The OSI access module of the TMN platf orm includes inf erior layer and superior layer protocols and

basic management functions.

The OSI access module permits the management of resources that implement the Q3 interf ace. The

[ITU-T Q.811] and the [ITU-T Q.812] (International Telecommunication Union - Telecommunication

Standardization Sector) recommendations def ine both the serv ice and the protocol of each layer of

the OSI model f or the Q3 Interf ace implementation. The ITU-T Q.811 recommendation def ines the

lower layers (1 to 3) protocol prof iles. The ITU-T Q.812 def ines the upper layers (4 to7) protocol

prof iles f or the transaction serv ice (CMISE - Common Management Inf ormation Serv ice Element)

and f or the f ile transf er serv ice (FTAM - File Transf er, Access and Management). The CMIS/ROSE

(Remote Operations Serv ice Element) implementation must be in comf ormance with the [ISO 11183-

2] (AOM12 - Enhanced Management Communication) prof ile and with [ISO 11183-3] (AOM11 - Basic

Management Communication). The ACSE Session and Presentation implementations must be in

conf ormance with [ISO 11183-1]. The f ile transf er serv ice must be of f ered by means of the FTAM

protocol. The FTAM implementations must be in conf ormance with the [ISO 10607-x] (x f rom 1 to 6)

standards. The management communications support protocols implement the OSI model layers 1 to

4 f or dif f erent types of data transf er networks. The TMN platf orm must enable OSI management

communication with at least the connection oriented transport serv ices and the non-connection

oriented services.

In order to complete the Q3 interf ace specif ication, the X.73x recommendations def ine the basic

management f unctions. The basic management f unctions, of f ered by the TMN platf orm to f acilitate

the dev elopment of generic management applications, include a group of support objects (EFD -

Ev ent Forwarding Discriminator, Log, Record, Alarm Record, etc) and f acilities f or manipulating these

objects. These f unctions must be in accordance with the OSI management f unctions´ prof iles

(AOM2nm), which are: AOM211 - General Management Capabilities; AOM212 - Alarm Reporting and

State Management Capabilities; AOM213 - Alarm Reporting Capabilities; AOM221 - General Ev ent

Report Management; AOM231 - General Log Control; AOM24nm - Security Management Prof iles;

and AOM25nm - Performance Management Profiles.

The main international organizations that produce standards relev ant to TMN are ISO (International

Organization f or Standardization) and ITU-T (International Telecommunications Union -

Telecommunications Standardizations Sector). The specif ications of international standards permit

those doing the implementation to choose one of many options, which makes the interoperability

between the systems more dif f icult. The objectiv e of the prof ile is to remov e the ambiguity

introduced by these options, making the choices in a consistent manner. The prof iles can be seen,

then, as standardized agreements between the implementors. Theref ore, the OSI access module of

the OSI TMN platf orm is def ined in this document based on standard international prof iles called ISP

(International Standardized Profiles).

Considering these inf ormations of the OsiAccessModule module, a possible next stepwise ref inement

of the ManagementPlatform specification, is presented below.

specification ManagementPlatform[l,f,t,c,p,s,ops]:noexit ...

process OsiAccessModule[oam]:noexit:=

q811[q81] |[�]| q812[q82] |[�]| x73x[q83]

where �

endproc ...

endspec

4. 4 .2 NonOsiAccess Module

The non-OSI access module permits the management of resources that implement protocols and/or

proprietary models of inf ormation. This module of f ers f acilities to conv ert specif ic messages to

standard messages and v ice v ersa. Thus, the management applications implemented on a TMN

platform act upon the managed resources as if these maintained a Q3 interface.

Considering these inf ormations of the NonOsiAccessModule module, a possible next stepwise

refinement of the ManagementPlatform specification, is presented below.

specification ManagementPlatform[ l,f,t,c,p,s,ops]: noexit ...

process NonOsiAccessModule[ noam]: noexit:=

�

endproc ...

endspec

5. Using LOTOS Tools for the Platform Validation

The Eucalyptus toolbox [ Gara 96] is a graphical user-interf ace (GUI) based on X-W indows. Although

the Eucalyptus toolbox groups dif f erent tools dev eloped by dif f erent partners, extensiv e ef f orts hav e

been done to achiev e a smooth integration, by making tools compatible with each other, by

dev eloping gateways that allow dif f erent tools to interoperate, and by prov iding a unif ied user-

interface. The funcionalities of the Eucalyptus toolbox include tools for:

· analysis (contains frontend tools performing lexical, sintactic, and static semantics analysis);

· simulation (the toolbox supports v arious f orms of simulation, such as interactiv e simulation (step-

by-step execution with backtracking), symbolic expansion (in which input v alues are handled

symbolically), goal-oriented simulation, and random execution);

· exhaustive verification (the toolbox allows to generate the LTS corresponding to a LOTOS

description. LTSs with millions of states and transitions can be generated, within the limits of

memory av ailable. These LTSs can be analyzed and v erif ied in sev eral ways. They can be

minimized and compared modulo v arious equiv alence (bissimulations) and preorder relations); At

the present, the platf orm LTS has 37233 states and 75450 transitions. W as generated the reduced

LTS, that becames with 18 states and 30 transitions.

· compositional verification (due to the well-known state explision problem, exhaustiv e generation

of LTSs is not always possible. The Eucalyptus toolbox allows to div ide a LOTOS description into

parallel processes, to generate the LTSs corresponding to these processes, to minimize these

LTSs modulo a bissimulation relation, and to build the LTS f or the whole system by recombining

these reduced LTSs); In our old machine (Sun workstation with 32 Mb of RAM), was not possible

generate the f ull LTS, occuring insuf icient memory. Now, in the actual machine (Sun workstation

with 128 Mb of RAM), was possible generate the f ull LTS of the platf orm (with 37233 states and

75450 transitions).

· ^ on the fly~ verification (as an alternativ e approach to av oid the state explosion problem, the

Eucalyptus toolbox allows certain properties to be v erif ied without generating the whole range f rom

simple properties, such as deadlock detection and search of particular execution sequences, up to

more elaborated properties such as ^on the f ly~ comparisons of LTSs modulo bissimulation

relations);

· graph drawing (the toolbox contains sev eral tools to display the LTSs generated f rom LOTOS

descriptions. For small LTSs (e.g., with less than one hundred states), these tools generate

automatically a PostScript representation); The platf orm LTS has 37233 states and the reduced

LTS becames with 18 states - and then, possible of graphic representation.

· test generation (f rom the LOTOS descriptions, one can automatically generate test sequences,

which will be used to assess the conf ormity of real implementations with respect to the original

descriptions);

· trace analysis (the Eucalyptus toolbox allows to v erif y whether a giv en trace ( execution

sequence) can be obtained from a LOTOS description); and finally,

· code generation ( there are compilers to translate LOTOS types and process def initions into C

code that can be executed and/ or embedded in application programs).

Below can be observ ed the procedure to get the correction proof s between the serv ice and protocol

specif ications using equiv alence rules. The generation of state graphs ( in Aldébran f ormat) is

presented - f or both platf orm processes ( ManagementPlatformC and ManagementPlatformR ).

W ith these state graphs it is possible to prov e an observ ational equiv alence between the two

processes. The v erif ication of observ ational equiv alence of both processes (the

ManagementPlatformC and the ManagementPlatformR , which are in the graph state f ormat), is

presented below, using the Aldébaran tool in Eucalyptus toolset ( using the Cæsar tool, with the -

aldebaran option). See the Figure 5.1.

Figure 5.1 - Observational Equivalence between service and protocol specifications.

The ´ TRUE ´ result says that both processes are observ ational equiv alent, i.e. the ref inement is prov ed

correct. Along the process of the ref inement of these specif ications, the v erif ication of equiv alence

must be repeated, thus proving that each refinement made is equivalent to the previous specification.

The main files generated using the Eucalyptus tooset can be observed below.

-rw-r--r-- 1 msman plagere 1486002 Feb 17 10:43 plat.aut

- rw-r--r-- 1 msman plagere 107314 Feb 17 11:17 plat.bcg

- rw-r--r-- 1 msman plagere 125666 Feb 17 10:23 plat.lotos

- rw-r--r-- 1 msman plagere 163527 Feb 17 10:58 plat.net

Using TOPO tool ( www.dit.upm.es) the LOTOS specif ications is translated to C code automatically.

See the Figure 5.2.

Figure 5.2 - Translation from LOTOS specifications to C code.

The main files generated using the TOPO tool can be observed below.

- rw-r--r-- 1 msman plagere 22413 Feb 18 08:53 plat.agf

- rw-r--r-- 1 msman plagere 22366 Feb 18 08:53 plat.asf

- rw-r--r-- 1 msman plagere 100276 Feb 18 08:53 plat.c

- rw-r--r-- 1 msman plagere 106 Feb 18 08:41 plat.ctx

-rw-r--r-- 1 msman plagere 1127 Feb 18 08:53 plat.hh

-rw-r--r-- 1 msman plagere 42283 Feb 18 08:53 plat.lbm

-rw-r--r-- 1 msman plagere 142031 Feb 18 08:53 plat.lfe

-rw-r--r-- 1 msman plagere 125496 Feb 18 08:52 plat.lot

-rw-r--r-- 1 msman plagere 152620 Feb 18 08:53 plat.lsf

6. Conclusions

This work presents the f ormal specif ication of the technical guidelines supplied by the CPqD-Telebrás

to aid the telecommunications carriers to elaborate their tasks lists and to analyze the proposals of the

suppliers associated with the generic management platf orm [ITU-T M3010]. Adopting a generic

management platf orm f or the elaboration of a list of tasks will allowthe f urther acquired management

systems to maintain open system f acilities, allowing the integration and interoperability of new

applications.

The f ormal platf orm specif ication signif icantly contributes towards correct description and rigorous

v alidation process, thus increasing its exactness, mainly in the studies that aim at attesting the

conf ormity between the product obtained and the description of the considered requisites. Then, both

CPqD and supplier companies can better and more saf ely def ine their requirements. The LOTOS

tools used f or specif ication v alidation ( with f ormal proof s of correctness) constitute an adv ance in

scientif ic research. In this work, an actual ISO standard technique is used, as well as a rigorous

dev elopment methodology. The methodology prov ides f or greater legibility, security and f acility of

specif ications dev elopment, and permits v alidation proof s during all the stepwise ref inements of the

process (from the highest abstraction specification level until the complete refined specification).

The dev elopment of telecommunication protocols and distributed systems can be improv ed by the

use of f ormal methods supported by appropriate sof tware tools. Aims at prov iding a f ormal v alidation

of the management system specif ications (e.g., the platf orm and the applications), LOTOS tools are

used. The main features of the LOTOS tools can be performed using Eucalyptus Toolset [Gara 96].

The scientif ic importance of the f ormalization of the dynamic aspects (behav iour) should be here

high-lighted. At the present moment, a great number of works treat the static aspects ( abstract data

types) only, leav ing the behav iour without f ormal treatment, and in most cases are simple inf ormal

descriptiv e comments. This work aims at presenting a secure way of platf orm dev elopment by

suggesting howthe work can be continued. In the mid and long term, this work aims to contribute

towards the enlightened use of f ormalisms and in the transf erence of technology f rom the research

environment to the industrial environment.

As a continuation of this work, ADT (Abstract Data Types) aggregations are predicted, by an

inv estigation of the relationships between the abstract LOTOS data types, the data types in C++ and

the specif ications in ASN.1/GDMO. Also f orecasted is the inv estigation of the C code execution

(source generated automatically f rom the LOTOS specif ications). Finally, f oreseen is the inv estigation

of the use of the Java language for the purpose of obtaining and guaranteeing interoperability.

7. Acknowledgements

The authors gratef ully acknowledge the help prov ided by the researchers Luís Ferreira Pires

(Univ ersiteit Twente - The Netherlands), Paulo Roberto Freire Cunha (Univ ersidade Federal de

Pernambuco - Brazil), Hubert Garav el and VASY equip (IMAG - France), Juan José Gil Ríos

(Proyecto MEDAS - Telef ónica Inv estigación y Desarrollo - Spain), José A. Mañas (Univ ersidad

Politécnica de Madrid - Spain), Stev e Van Trees (Federal Av iation Administration/George Mason

Univ ersity - USA), Ana Maria Moreira and Paul Gibson (Univ ersity of Stirling - Scotland) who

collaborated by sending standards, specif ications, papers and tools which hav e contributed to dev elop

this work.

8. References

[Gara 96] GARAVEL, H. Cæsar Aldébaran Distributed Package. VersãoZ (aldébaran 6.2, caesar 5.1, caesar.adt 4.4,

open/caesar 2.2, bcg 1.1, eucalyptus 2.1). Grenoble - France, 06/12/1996.

[ISO 10607-1] ISO/IEC ISP 10607 - Part 1 : Specification of ACSE, Presentation and Session Protocols for the use by FTAM.

[ISO 10607-2] ISO/IEC ISP 10607 - Part 2 : Definition of documents types, constraint sets and syntaxes.

[ISO 10607-3] ISO/IEC ISP 10607 - Part 3 : AFT11 - Simple File Transfer Service (unstructured).

[ISO 10607-4] ISO/IEC ISP 10607 - Part 4 : AFT12 - Positional File Transfer Service (flat).

[ISO 10607-5] ISO/IEC ISP 10607 - Part 5 : AFT22 - Positional File Access Service (flat).

[ISO 10607-6] ISO/IEC ISP 10607 - Part 6 : AFT3 - File Manager Service .

[ISO 111183-1] ISO/IEC ISP 11183-1 : Information technology - InternationalStandardized Profiles AOM1n OSI Management -

Management Communications - Part 1: Specification of ACSE, presentation and session protocols for the use by

ROSE and CMISE.

[ISO 111183-2] ISO/IEC ISP 11183-2 : Information technology - InternationalStandardized Profiles AOM1n OSI Management -

Management Communications - Part 2: CMISE/ROSE for AOM12 - Enhanced Management Communications.

[ISO 111183-3] ISO/IEC ISP 11183-3 : Information technology - International Standardized Profiles AOM1n OSI Management -

Management Communications - Part 3: CMISE/ROSE for AOM11 - Basic Management Communications.

[ISO 8807] ISO : Information processing systems - Open Systems Interconnection - LOTOS - A formaldescription technique

based on the temporal ordering of observational behaviour , 1988.

[ISO 9945-1] ISO/IEC 9945-1 : Information technology - Portable Operating System Interface (POSIX) - Part 1: System

Application Program Interface (API - C Language), New York, IEEE 1990 STD 1003,1/90.

[ITU-T M3010] ITU-T: Principles for a Telecommunications Management Network (Draft Recommendation M.3010), Geneva,

Switzerland, 04/95.

[ITU-T Q811] ITU-T Recommendation Q.811. Low Layer protocol profiles for the Q3 interface. Munich, 06/95.

[ITU-T Q812] ITU-T Recommendation Q.812. High Layer protocol profiles for the Q3 interface. Munich, 06/95.

[Lore 96] LORENA, P.S. Telebrás Practical- Management System Platform (in Portuguese). Research Report of PLAGERE

Project: 128. Florianópolis SC Brazil, 06/04/96.

[MoCl 93] Moreira, A.M.; Clark, R.G. Os métodos formais na análisede orientaçãopor objectos. Departament of Computing

Science and Mathematics, University of Stirling - Scothland, 1993.

[NoRi 95] NOTARE, M.S.M.A.; RISO, B.G. LOTOS Specification of a Platform to Support Network Management ( in

Portuguese). XIII SBRC, Belo Horizonte MG Brazil, 22-26/05/95, pp. 483-502.

[NoRi 95] NOTARE, M. S. M. A.; RISO, B.G. A Platform to Integrate Applications for Heterogeneous Network Management

( in Portuguese). PANEL´95 - XXI Latin American Conference on Informatics. Canela RS Brazil, 29/07 - 04/08/95.

[NoRi 96] NOTARE, M. S. M. A., et al. Formal Conception of Management Systems ( in Portuguese). PLAGERE Project

Research Report: 090. Florianópolis SC Brazil, 06/01/96.

[NoRi 96a] NOTARE, M. S. M. A; RISO, B. G.; LORENA, P. S.; PENNA, M. C. deO.; W ESTPHALL, C. B.; ProjetoFormal

de uma Plataforma Genérica de Gerência. SUCESU’96, Natal, RN, 4-9/11/96. (Anais em disquete).

[ NoRi 96b] NOTARE, M. S. M. A; RISO, B. G.; LORENA, P. S.; PENNA, M. C. deO.; W ESTPHALL, C. B. Formal Design of

aManagement System for Heterogeneous Networks. Faculdad de Ingenieriade Montevideo. IIIas Jornadas de

Informática e Iinvestigación Operativa, VI Encuentro del Laboratoriode Cienciade la Computación. Montevideo,

Uruguai, 12-14/12/96. (Doc. 12.2.9).

[ NoRi 96c] NOTARE, M. S. M. A; RISO, B. G.; LORENA, P. S.; PENNA, M. C. deO.; W ESTPHALL, C. B. ProjectoFormal

deunaPlataformapara GerenciamientodeRedes de Telecomunicaciones. Computer Science Department of the

School of Engineering of theUniversityof Buenos Aires. III International Congress on Information Engineering,

Buenos Aires, Argentina, 16-17/04/1997. (Trabalho aceito).

[ NoRi 96d] NOTARE, M. S. M. A; RISO, B. G.; LORENA, P. S.; PENNA, M. C. deO.; W ESTPHALL, C. B. Formal Design of

a Telecommunications Networks Management System. AT&T, IEEE ISCC’97 - International Symposium on

Computers and Communications, Alexandria, Egito, 07/1997. (Trabalho aceito).

[Nota 95] NOTARE, M.S.M.A. Uma metodologia para a especificação formalde serviços e protocolos de comunicação.

Dissertação de Mestrado. Curso de Pós-Graduação em Cieência da Computação, UFSC. 04/95.

[PeLo 96] PENNA, M. C. O., LORENA, P.S.; FORBICI, E.S. Design and Specification of a Generic Management Platform

considering the TMN CP ( in Portuguese). PLAGERE Project Research Report: 094. Florianópolis, 06/01/96.

[QuCu 94] QUEIROZ, J. A. M. DE; CUNHA, P. R. F. Sistemas distribuídos: de especificações LOTOS a implementações. IX

Escola de Computação. Recife, 24-31/07/94, pág.208.

[ViSc 88] VISSERS, C . A.; SCOLLO, G.; SINDEREN M. van. Architecture and Specification Style in Formal Descriptions of

Distributed Systems , University of Twente - The Netherlands, 1988.

[ WeRi 96] W ESTPHALL, C. B.; RISO, B. G.; NOTARE, M. S. M. A; PENNA, M.C.P.; LORENA, P.S.; MARTINS, J.S.B.

Alternativas eVisãodeuma abordagem paraumaplataformadeGerênciadeRedes. UFC, UECE eCEFET-CE.

XIV SBRC, 14oSimpósioBrasileirodeRedes deComputadores, I W GRC - W orkshop deGerênciadeRedes de

Computadores, Fortaleza, 20-23/05/1996. (Doc. 12.3.7).

[ West 94] W ESTPHALL, C. B. et al. Detailed Description of PLAGERE Project ( sent to ProTeM-CC-II/CNPq byUFSC,

CEFET-PR, CPqD-Telebrás and UFPB; in Portuguese). Florianópolis SC Brazil, 04/94, p. 36.