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Sintesi dell’Attività Scientifica 
:

1. Modelli ed applicazioni per Sistemi distribuiti ad Oggetti, Linguaggi Funzionali ed Object Oriented:

Il paradigma Java/CORBA estende distributivamente Java e permette di specificare ed implementare architetture multipiattaforma (multilinguaggio) “object-based”.

Architetture Client/Server che facciano uso prevalente di Database Management Systems ad oggetti (OODBMS), non basate sul “persistent” service di CORBA, e che fronteggino ad esempio problemi di scalabilità, richiedono l’analisi e l’uso di tecniche dedicate.

Un modello per la specifica di architetture distribuite “object-based” Java/CORBA &  Object Oriented DBMS e’ stato studiato insieme a sue applicazioni ed estensioni. Tale modello, rivolto in prima istanza all’implementazione, prevede una distinzione “funzionale” tra oggetti “computazionali” ed oggetti “dato”. Gli oggetti computazionali (FO) sono oggetti Server CORBA dotati di interfacce standard IDL, gli oggetti dato (DO) sono oggetti “argomenti” dei FO e che vengono memorizzati su DB ad oggetti. Un sistema di tipi semplice (ereditato dal lambda-calcolo) permette di tipare oggetti dato e funzionali al livello di specifica e semplici proprietà statiche e dinamiche possono essere quindi provate. Il supporto per un design flessibile, la manutenibilità ed adattabilità di un sistema object oriented di scala e grana voluti insieme ad una sua modellazione formale sono tra gli obiettivi del modello studiato (vedi [1] e descrizione analitica in allegato).

Una estensione relativa alla possibilità di usare un modello funzionale puro, nella specifica e nella implementazione, è stata studiata in [4] ed in [4bis](descrizione analitica in allegato). 

2. Ottimalità nel Lambda calcolo ed applicazioni

Oggetto della ricerca (iniziato dalla Tesi di Laurea) è la dimostrazione di esistenza costruttiva per una funzione di visita semantica per lambda-termini (in forma di grafo) e la costruzione di un riduttore ottimale per il Lambda Calcolo (un interprete, chiamato GolRed, è stato sviluppato in linguaggio C). I Lambda termini vengono dotati di una struttura a grafo, detta lambda-grafo, che permette sia una condivisione, o "sharing of computation", sia la gestione di una ottimalita' rispetto al numero di operazioni, o riduzioni, necessarie alla eventuale terminazione del calcolo.

I risultati ottenuti dalla implementazione del riduttore ottimale confermano i risultati teorici e hanno fornito, precedendola, una spinta verso la costruzione della funzione di decondivisione semantica: esso simula la semantica dei contesti necessaria alla corretta interpretazione del grafo come lambda-termine.

Si puo', allora, dare un metodo strutturato per il calcolo di forme normali per lambda-termini. Dapprima si trasformano le funzioni (lambda-termini) in grafi (lambda-grafi), poi si procede al calcolo in un sistema di riscrittura ottimale e la funzione di decondivisione semantica permette il recupero, ad ogni passo, del risultato intermedio. Questa funzione, evitando le riscritture necessarie alla decondivisione, fornisce anche un metodo generalmente piu' efficiente per la implementazione di un riduttore per il Lambda Calcolo.

3. Collaborazione di ricerca con il gruppo di elaborazione del Linguaggio Naturale dell’Università di Roma “Tor Vergata” (dal 1998)

Il modello per sistemi distribuiti studiato in (1) si è rivelato particolarmente utile allo studio di architetture modulari ed adattabili, in particolare sono state studiate applicazioni in sistemi di elaborazione del linguaggio naturale come ad esempio sistemi di Information Retrieval e classificazione (vedi [2],[3] e descrizione analitica in allegato).

4. Collaborazione scientifica e didattica con la Facoltà di Ingegneria dell’Università di Roma III (dal 1995). 

Nel contesto del lambda-calcolo si vuole estendere la tecnica semantica per il calcolo ottimale (secondo Levy') di forme normali su lambda-grafi condivisi studiata in (2). Proprieta' algebriche di descrizioni di cammini su tali grafi (basate su metodi derivati dalla Geometria delle interazioni e dalla Logica Lineare) sono state studiate (vedi [8]) e la dimostrazione di proprieta' formali di funzioni di decondivisione semantica  sono possibili in crittografia (vedi [9]).
5. Collaborazione scientifica in ambito industriale e di coordinamento in progetti europei:

Un esempio di implementazione del modello oggetto della ricerca in (1) è stato possibile nel progetto Europeo Esprit TREVI (Text Retrieval and Enrichment for Vital Information) e una sua estensione nel progetto IST NAMIC (News Agencies Multilingual Information Categorisation). Tale modello viene usato come contesto di integrazione per componenti nella realizzazione di sistemi per l’analisi, la categorizzazione e la correlazione di testi in linguaggio naturale (vedi [5],[6],[7]).

Una attività di coordinamento, di analisi e sviluppo come Technical Manager responsabile dei Workpackage di Integrazione e sviluppo  di architetture è stata svolta nel progetto Esprit TREVI. Tale progetto vedeva coinvolti partner industriali e partner accademici (come l’università di Tor Vergata e la Vrije Universiteit Brussel) nell’obiettivo di sviluppare un sistema distribuito rivolto alla gestione di notizie fornite da user industriali (come l’agenzia Reuters). Il progetto IST NAMIC come continuazione del precedente si rivolge alle agenzie come ANSA ed a gruppi come Financial Times e vede la collaborazione delle Università di Sheffield e Tor Vergata.

6. Ulteriori attività:

Peer-reviewer per progetti Europei ESPRIT e IST nel corso del 2000.

Cultore della Materia in Matematica applicata nell’ambito dei corsi del biennio di Ingegneria dell’Università di Roma III (dal 1995).
Nel comitato organizzatore della conferenze “UNIF’98” e del primo Workshop del Progetto Cofinanziato “Tecniche Formali per la Specifica, l’analisi, la verifica, la sintesi e la trasformazione di sistemi software” tenutesi presso il Dipartimento di Scienze dell’Informazione dell’Università di Roma – “La Sapienza”.

Selezionato per Borsa Europea “Erasmus”.
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Modelli ed applicazioni per Sistemi distribuiti ad Oggetti, Linguaggi Funzionali ed Object Oriented (Research Papers):

1. “A model for Java/CORBA & OODBMS distributed architectures" :    Luigi Mazzucchelli . DOA '99 - International Symposium on Distributed Objects and Applications. IEEE Press. September 1999

2. "An Adaptive and Distributed Framework for Advanced IR" :         R. Basili, L. Mazzucchelli, M.T. Pazienza RIAO 2000 (International Conference for Computer Assisted Information Retrieval) April 2000. 

3. "NLP for text classification: the TREVI experience" :             R. Basili, M.V. Marabello, L. Mazzucchelli, M.T. Pazienza - NLP+IA 98 INTERNATIONAL CONFERENCE ON NATURAL LANGUAGE PROCESSING AND INDUSTRIAL APPLICATIONS. August 1998

4. "Object Embeddings for Mobile Functional Programs under CORBA" : Luigi Mazzucchelli Technical Report - Abstract in 2nd Workshop TFSiS'00 - Gennaio 2000 Venezia.

(4bis "Distributed Functional Objects under CORBA" : Luigi Mazzucchelli – submitted for publication to DOA 2000 - International Symposium on Distributed Objects and Applications.)

Modelli ed applicazioni per Sistemi distribuiti ad Oggetti, Linguaggi Funzionali ed Object Oriented (Industrial Papers):

5. “Distributed Objects in a Large Scale Text Processing System" : Luigi Mazzucchelli, Ismael Sanz . DOA '99 - International Symposium on Distributed Objects and Applications . IEEE Press. 1999

6. “The TREVI solution to Information Overflow" :                  F.A. Danza, M.V.Marabello, L.Mazzucchelli - “Fourth Practical Application Expo (Pa Expo99)”, London, April 1999.

7. "A distributed Java/CORBA adaptive system for advanced Information Retrieval: TREVI": Industrial presentation paper - Internation Society Technologies Conference IST'99, Helsinki, November 1999.

Ottimalità nel Lambda calcolo ed applicazioni (Research Papers and Technical Reports):

8. "Lambda-Graph structures and optimal implementations" : L. Mazzucchelli, D.Pasquali-Coluzzi. To appear in Mitteilungen aus dem Mathematischen Seminar Giessen. University of Giessen. December 1999 

9. “Using Lambda-Graphs for Data Compression and Encryption" :    Luigi Mazzucchelli.  Technical Report - Abstract in 1st Workshop TFSiS '98 - December 1998 Rome.

Seminari:

1. "Un modello per architetture distribuite Java/CORBA & OODBMS" : Università di Torino, Gennaio 1999. 

2. "Lambda-Grafi","Rappresentazioni numeriche compatte","Condivisione ed Ottimalità nel Lambda-Calcolo" : Università di Roma III, Ottobre-Novembre 1998. 

Eventi:

Presentazione e dimostrazione del sistema ad oggetti distribuito TREVI:

1. “Adaptive NLP platforms and systems” Workshop, Roma, Tor Vergata - January, 1999 

2. “International School on Information Extraction” - SCIE'99” Roma, Tor Vergata - July, 1999 

3. “International Society Technologies Conference IST'99” – Helsinki November 1999 

Scuole frequentate:

1. School of Logic & Computation. Aprile 1999 (L&C '99). Heriot-Watt University, Edinburgh. 

2. International School on Information Extraction. July 1999 (SCIE '99). Università di Roma "Tor Vergata" , ESRIN Frascati. Giugno1999 

3. Scuola Nazionale dei Dottorati di Informatica - SNDIS97. Bertinoro Maggio 1997.

Corso di Sistemi Distribuiti 

Corso di Complessità Computazionale 

Corso di Logica e Teoria dei Tipi 

4. Scuola di Logica di Cesena. Settembre 1997 (AILA-SILFS).

Corso di Teoria delle Categorie

Corso di Teoria della Dimostrazione
Sintesi delle Esperienze Professionali:

1996-2000   

Consulente per la società Itaca S.r.l. (Gruppo AIS) di Roma per le attività di:

· Analista e Direttore Tecnico per il Workpackage di Integrazione per progetti Europei di Information Retrieval  TREVI (Esprit Programme 23311) e IST NAMIC.

· Responsabile del gruppo di ricerca e sviluppo relativo ad i progetti europei TREVI e NAMIC.

1990-1993  

Consulente per la società S.O.I. S.p.A., Kernel s.r.l e EIS s.p.a per le attività di:

· Analisi e sviluppo di procedure gestionali di Contabilità, Lavori e Gestione Magazzino con procedure formali per il controllo della qualità del Software;

· Responsabile dei gruppi di sviluppo per i progetti relativi

In tali attività sono state acquisite esperienze relative a:

· Java (Sun JDK, Symantec VisualCafe’), CORBA (Iona Orbixweb) , OODBMS databases (ODI ObjectStore) 

· C, C++ (Microsoft Visual C++) 

· UML and RM-ODP per metodologie di Software Engineering

· HTML and XML
· 4GL Languages, RM/ACU-COBOL,  database relazionali RDBMS (Ingres) , SQL
· Microsoft SDK, DDK e Microsoft Windows NT/95/98 OS

Description of Research Activities:

Main Research Area:  XE "Main Research Area\" 

 XE "Main Research Area\:" Modeling and applications of Distributed Object Oriented systems, Functional and Object Oriented Programming.

A model for Java/CORBA & OODBMS distributed architectures

The Java/CORBA paradigm extends distributively Java  and allows to specify and implement multiplatform distributed object architectures. Such multi­client/server architectures, extended with Object Database Management  Systems (OODBMS) as the principal persistent service, will  become Object­Based Architectures (called OAs). The analysis and the use of dedicated techniques is required to specify and implement OAs, forcing us to challenge with the  current design and development approaches. In this work we introduced a model for such architectures that is  based on a semantic distinction between «Functional» objects and «Data» objects. Functional Objects (FOs) are  Java/CORBA Server distributed objects with well  defined (standard) IDL interfaces, Data Objects (DOs) are  FOs «arguments/results» objects persistently stored in  the OODBMS. 

The model relies on constructing a DO-graph, that is used for simple «dataflow» centralized invocation mechanism, and that is induced by correct typed  composition of FOs. 

Distributed Object Based Architectures  

The Java/CORBA approach gives to developers and to  analysts the possibility to build reliable and efficient object  based distributed products, and the Web perpective of the future  global (and mobile) computing will even increase the globality of such language and middleware products. Java is  now the «stable» web based language and the CORBA (Common Object Request Broker Architecture) infrastructure gives it the distributivity property: more and  more applications (from real time systems to Web pages)  are equipped with such technologies .   

The addition of Object Oriented Database Systems  (OODBMS) will add an even more homogeneous vision  and a logical uniformity to the object architectures: the architectural focus of such compound systems is based on the structural and logical relation between well defined entities and their complex processing dynamics.  

Let us call Object­Based Architecture (OA) a distributed  architecture that uses OODBMS as the main persistent storage facility and that uses a coherent object based model (we could also, without loss of generality, restrict our attention to  the OA subsets of mixed, non strictly object based, architectures).  

Such architectures need indeed very fine and detailed  analysis and the use of dedicated (and formalized) approaches and methodologies. But the power of the object  approach is, sometimes, weakened by the big effort to describe the relations between the objects, the objects states,  static and dynamic behavior and so on. We could, for example, cite the scalability problem to face in large scale  distributed (CORBA) object architectures and the problem  of transitive persistency closure operation for (distributed) database objects
. 

Could we relax, in some sense, the «fully» object based  approach using some other concept that makes easier the  analysis and the development of the OAs?  

The «functional» approach, where the accent is mainly  on the functions and their properties rather than on objects an their relations, helped us answering positively to  the above question.   

Motivations  

Let us focus on a semantic «nature» of some  classes of objects in a distributed OA. We observe that:  

· some objects play the role of «functional» objects in a  distributed environment, that is, they are responsible of  processing data: such objects can be identified as the  central(ized) processing units in the dynamics of the OA.  

· some other objects in the OA play the role of «Data»  objects (that be stored mainly in the in OODBs) that  are «arguments/results» of the above functional objects.  

We decided thus to split the set of all OA objects in two  main, non intersecting, subsets: the «functional» subset and  the «argument/results» subset.

The objects in our OA are  maintaining their own «object» nature but are tagged and  used within a functional or data nature. 

· The functional objects will become the distributed Java/CORBA objects that are chosen to be the necessary and sufficient entities for the overall OA functionality
. 

· The data objects will be the objects used as «values» by the functional objects in the  overall processing dynamics and can be stored in the (e.g.  unique and centralized) object database. 

Such a simple functional distinction, in the sketched scenario, permits a static type-correct modeling mechanism with an operational dynamical counterpart and is resulted being helpful to:  

· reduce the scalability problem of «ALL CORBA OBJECTS» approach  

· weaken the problem of transitive persistency closure operation for database objects (even that ones non-CORBA) 

· give the possibility to split the semantics of the pure  CORBA objects communication to that inherent to  the Database management  

· introduce a «discipline» in the use of objects, based on  their functional nature  

The model  

The proposed model is thus based on:  

· a choice for the sets of functional and data objects in a  given OA  

· a type assignment for the objects

· the introduction of typed rules for functional compositions: the types of the functions are derived by chains of sequents having the feature that the correctness of the functional compositions can be always checked  

and allows:

· the automatic derivation of a shared data-object graph, the DO-graph,  that represents at the same time the relation between the functions invocations as well as   the hierchical relation between the data objects  

· the use of a dataflow mechanism, based on the data objects graph, that drives the architecture dynamics (e.g.  the correct chain of functions invocations and the DBs access)  

We further show that the model will describe the OA  from a statical as well as from a dynamical point of view.  The statical viewpoint of the model, dedicated to the  analysis of the OA at an abstract level, stresses the «semantic» functional nature of the objects, their types and the type rules derivations: such statical description will help to describe correct systems.  The dynamical viewpoint of the model, using a shared  graph representation derived automatically from the statical  model, describes the operational behavior of the modeled  object architecture with the use of the mentioned dataflow mechanism.  

The TREVI toolkit example

The distributed application scenario described above was  used to implement, to describe and to integrate a large-scale  text classification system called TREVI (Text Retrieval and  Enrichment for Vital Information, an Esprit European Project ­ EP23311).  

The TREVI system has reached a sophisticated and  marketable solution for analyzing and categorizing the information contained in natural language texts, according to  «real contents», enriching the texts with (hyper)links to related background sources, publishing texts in Web pages or within customized expert tools.  This system can manage efficiently large amount of different users by means of personal profiles and is an open and  distributed Object Oriented system based on a realization of  the presented model (and agent based for enrichment).  

In such a system (a pure Java/CORBA client­server distributed architecture) we identified a set of functional objects that are responsible of the profiled categorization of natural language texts stream, together with a well defined  DO­graph.

The implemented Flow Manager is then a specialized Java object (TFM), that realizes the abstract FM and  is responsible for a centralized invocation processing, DB  transaction, storing management, error recovery and concurrency control. 

The full TREVI toolkit, developed within the operational scenarios of three different users and in two languages (English and Spanish),  its good performances (i.e. classification accuracy, usability and maintenance) are basic evidences of the success of this approach.

An Adaptive and Distributed Framework for Advanced IR 

It has been often noticed that modern Information Retrieval should exhibit capabilities that are sensitive to the document content, integrate interactivity, multimodality and multilinguality over a large scale and finally to support  the very dynamic nature of the current needs for information access (i.e. being adaptable  to changes in the sources, language and content/style).

The above features characterizing current applications for Information Access have crucial side-effects on the design phases. Among others, current NLP-driven text retrieval and information access applications are tightly dependent on the accuracy of language treatment, efficiency of such processes and basically to the adaptivity to dynamic operational scenarios. 

The above needs push for the adoption of complex architectures in systems whose primary concern is information retrieval or (more generally) access, but crucially tight to language processing in different modalities and depths. We can thus define one such system as (at least) a combination of a two subsystems: a component devoted to all the required language processing activities and another one dealing with the (often complex) complementary tasks, like network or synchronization/monitoring activities and those  devoted to the user profile management.  It is here worth to stress that both components are in any sense subsystems. Although language processing has been often seen as a monolithic process, suitable decomposition in modular language processing architectures is nowadays the current practice: the recent trends in Information Extraction  and the renewed interest in software infrastructures in NLP  suggests that each language-based specific application requires its own task-specific architecture. Linguistic processor with modular and scalable architectures have recently received a major attention. For these reasons trends in the NLP/LE area suggest the central role of  architectural/infrastructure issues for what concerns the design of linguistically  principled application systems .

On the other side, the non-linguistic subcomponent of the overall system refers to all those complex activities including user modeling (i.e. access to the user-owned resources, controlling/storing the user specifications), networking (e.g. in Web based applications the distributed access is essential), and, above all, the management of the system behavior, that includes the interaction with the final user as well as the synchronization/monitoring activities among modules. 

One of the basic properties of such class of systems is thus modularity, as  these systems need more intelligent functionalities via incremental approaches over existing infrastructures. For example, adding multilingual capabilities to search engines working in a monolingual fashion should not require a complete redesign but a modular extension as simple as possible.

Supporting flexible design, maintenance and development means devising the suitable granularity for the language processing as well as for the non-linguistic components.

Recent trends push for the adoption of distributed and object-oriented approaches to the development of large scale systems. The challenging problems of design and development are among others: 

· an high-level approach to design able to sharply distinguish the control and interaction aspects from the "local" functionalities in order to support complex re-configuring actions needed for different application/task/users. 

· the dynamic (synch/asynch) control of the cooperating activities, e.g. the overall texts processing and final publication/release phases 

· the problem to be faced in adaptable systems when dealing with plugging components that have to be statically/dynamically interfaced 

· the need for a a systematic representation of linguistic data both within the possibly complex NLP architecture and towards the non-linguistic components; 

The model described above was adopted to specify and implement the mentioned TREVI system by means of static specification and dynamic control of the process that makes use of a principled representation of linguistic information as shared OO data structures. The  distributed  nature of  the  adopted modeled system  suggested, in fact,  that    reuse  of  any  information  derived  from  the  text  itself  should  be  always  supported  for  the  different  and  independent  processes  (e.g.  different enrichment  modules  for  different  users).  

The original aspect of TREVI is thus its novel combination of a systematic design approach with the contribution of advanced and adaptive NLP processors for content-driven text classification. A specific  emphasis  has been given to text content as a basis for intelligent classification as well as for advanced enrichment (e.g. authoring) and publishing. This resulted  in  the  definition of  a  complex  architecture  for  language  processing  based  on advanced technologies  and  tools. Linguistic tools have been designed for processing English and Spanish, but the technology allows for a straightforward extension to other languages. In  line  with  several  studies  in  current  NLP   a  significant  work  in TREVI  has  been  carried  out  on  the  definition  of  software  infrastructures  to  store,  access  and  reuse  the  variety  of  lexical  and  textual  information  extracted  from  the  document.

(In collaboration with University of Roma “Tor Vergata” – NLP group).

Object Embeddings for Mobile Functional Programs under CORBA 

Focusing on general Java/CORBA architectures, as we did in the previous discussion, we do observe that  there exist sets of objects playing a pure functional role in the architectural dynamics. Sometimes, especially in the homogeneous architectures, we can identify  two disjoint subsets of objects: one is the set of «functional» objects and the other  is the set of «data» objects, the objects playing the role of arguments of the  former functional set. This simple distinction help to simplify the object architectures together with a major improvement of static/dynamic specifications of  the architectural dynamics. 

At one side the use of Functional Programming (FP) allows to write programs focusing on  the functional behavior of algorithms, on the other side the powerful Object Oriented Programming (OOP) is currently one the major paradigm used in the software  development. Well understood theoretically, the strength for the FP is that, by  means of higher order functions, the functional programs can lead to concise and clear programs based on algebraic structures and operations at an abstract level.  The powerful concepts associated to the OOP make, at the practioners side,  this paradigm appealing to specify and implement reusable and reliable code.

In this work we introduced a simple technique that allows to use the benefits of  the functional and the object oriented programming using «object» embeddings  for functional programs: such mobile entities are distributed over the network,  under a Java/CORBA client­server architecture, where instances of an universal  lightweight functional interpreter, the CuCh machine, are responsible of the  functional computation. Some fundamental properties typical of pure objects  are, in this scenario, added to the embedded programs preserving their functional  properties.  

Promoting pure Java/CORBA objects  to be effective Functional Objects seems to further improve the specification and implementation capabilities of homogeneous distributed architectures.

The mobile entities, that are called Functional Objects (FOs), are sent over the network together with an universal  lightweight functional interpreter which is responsible of the distributed computation.  

An extension of a target functional language, the CuCh machine, allows  to define FOs, by means of object constructs, and to use them in a  functional as well as in an object oriented fashion. 

The embeddings act  as being external to the functional language: instead of internalized object extensions, the FOs are described as meta­groupings of functional  definitions. 

The object embeddings constructs are thus not interpreted by the  functional language itself but they will be identified by a pre­interpreter, that treats the embedded code as a collection of pure functional definitions,  and redirects them to distributed, and thus separated, instances of the  functional interpreter. The functional language interpreter becomes, in this way,  an Universal Machine for the mobile functional code embedded in the objects.  

The use of the distributivity gathered by means of the Java/CORBA framework will allow to send the objects embedded code to the (light-weight) functional servers.  In this scenario the embeddings will show pure­object behavioral properties as  well as functional properties.  

The object codings defined above will act as a sort of redirectors for the functional embedded code: the aim of the Java/CORBA machinery is to made possible the mobility of the code.

Ph.D Thesis (draft):
The work done in the above research area was focused, at one side, to investigate functional and object properties in the direction of homogeneous distributed object-based architectures; a simple type mechanism, together with a discipline in the nature of the Java/CORBA objects, helped to describe and implement complex distributed systems. 

The thesis contents, in a framework that we can title as the study of  “Distributed Functional Objects”, can be sketched in the following:

· To merge, in a consistent way, the aforementioned approaches ( see above sections) giving the possibility to introduce a technique to model distributed objects in a functional framework. This scenario will be helpful to specify and implement large-scale distributed systems.

· To derive a formal calculus together with an appropriate type system helping to prove formally the properties of the distributed objects and the soundness of the newly introduced model (an extension of a restriction of the pi-calculus can be used)

· To further improve the usability of the model, introducing dynamic specification of the interfaces of the functional and data objects together with enhanced graphical modeling facilities.

Further work is planned to investigate the use of XML beyond the OO paradigm (e.g. the possibility to use reflection methods).

Research Area: Lambda-Calculus and Optimality: theory and applications.

In the paper [8] we give a survey of a technique for optimal implementations of functional languages based on the lambda-calculus. Such technique will be also helpful to devise various algorithms and schemas based on a set of suitable graphs (DAGs with special control structures) called lambda-graphs that are compact representations of term normal forms. Being the meaning of a lambda-term constant over the reduction process, we can deal with such compact structures to represent e.g. natural numbers and arithmetical functions. Both functions and arguments possess graph normal forms where sub-structures are used in an optimal way: the lambda-graphs are optimal data/functions representations. The reduction process that produces the graph normal forms, obtained by a rewriting system, is also optimal with respect to the number of operations of substitution (beta-rule) and is Levy optimal. The recovering ("read-back") of the denotation (e.g. the result), is reached by the application of an extension of the original rewriting system that is not optimal (in some cases this will lead to a super-exponential step). A way to recover the optimality, at least for arithmetical operations, is to use an original semantical read-back function having the same polinomial complexity as the optimal rewriting system.

An implementation, the interpreter GolRed implemented in C, helped us to verify the theoretical results of the optimal rewriting system and the semantical read-back and is currently used to investigate some properties of arithmetical functions.

The original lambda-graph structures will also give new possibilities

to represent numbers and arithmetical functions in a compact way. Such representations will help in devising e.g. new encryption schemas and help finding properties of discrete algorithms (see also []).

(In collaboration with University of Roma III – Faculty of Engineering).

�  In allegato al presente documento si fornisce una descrizione analitica e dettagliata delle attività di ricerca con particolare riferimento ai lavori presentati ed alla tesi di Dottorato in preparazione.








� Such problem arises when the annotations, needed for persistency, propagates  through the objects relations  and  affect also the distributed objects that becomes part of the database.





� The generality of the definition will give us the possibility to build simple architectures, in a top­down approach, incrementally building more complex systems: reuse can be viewed as a functional mechanism! 
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