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( 1 ) OJ NO L 67 , 9 . 3 . 1984 , P . 54 .

COUNCIL DECISION OF 28 FEBRUARY 1984 ADOPTING THE 1984 WORK PROGRAMME FOR A
EUROPEAN PROGRAMME FOR RESEARCH AND DEVELOPMENT IN INFORMATION
TECHNOLOGIES ( ESPRIT ) ( 84/157/EEC )

THE COUNCIL OF THE EUROPEAN COMMUNITIES ,

HAVING REGARD TO THE TREATY ESTABLISHING THE EUROPEAN ECONOMIC COMMUNITY ,

HAVING REGARD TO COUNCIL DECISION 84/130/EEC OF 28 FEBRUARY 1984 CONCERNING A
EUROPEAN PROGRAMME FOR RESEARCH AND DEVELOPMENT IN INFORMATION
TECHNOLOGIES ( ESPRIT ) ( 1 ) , AND IN PARTICULAR ARTICLE 3 ( 2 ) THEREOF ,

HAVING REGARD TO THE DRAFT WORK PROGRAMME SUBMITTED BY THE COMMISSION ,

WHEREAS , AT TALKS ORGANIZED BY THE COMMISSION SERVICES , INDUSTRY AND THE
ACADEMIC WORLD HAVE GIVEN THEIR OPINIONS ON THE CONTENT OF THE PROJECTS TO BE
LAUNCHED IN 1984 AND THEIR PRIORITY ;

WHEREAS THE PROJECTS FORMING PART OF THE WORK PROGRAMME FALL WITHIN THE
AREAS DESCRIBED IN THE ANNEX TO THE DECISION ON THE ESPRIT PROGRAMME ,

HAS DECIDED AS FOLLOWS :

ARTICLE 1

THE ESPRIT WORK PROGRAMME AS SET OUT IN THE ANNEX IS HEREBY ADOPTED FOR 1984 .

ARTICLE 2

THIS DECISION SHALL TAKE EFFECT ON THE DAY OF ITS PUBLICATION IN THE OFFICIAL
JOURNAL OF THE EUROPEAN COMMUNITIES .
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DONE AT BRUSSELS , 28 FEBRUARY 1984 .

FOR THE COUNCIL

THE PRESIDENT

L . FABIUS

ANNEX

ESPRIT 1984 WORKPLAN

INTRODUCTION AND OVERALL RESOURCES BREAKDOWN

1 . ADVANCED MICROELECTRONICS

1.1 . SUBMICRON MOS

1.2 . SUBMICRON BIPOLAR

1.3 . CAD

1.3.1 . CAD MANAGEMENT

1.3.2 . HIGH LEVEL DESIGN AND LAYOUT

1.3.3 . RESEARCH : ADVANCED / INNOVATIVE CAD

1.3.4 . ESTABLISHMENT OF CAD CENTRES

1.4 . COMPOUND SEMICONDUCTOR MATERIALS AND INTEGRATED CIRCUITS

1.5 . OPTOELECTRONICS

2 . SOFTWARE TECHNOLOGY

2.1 . PROCESS - UNDERSTANDING AND IMPLEMENTING

2.1.1 . METHODS , TECHNIQUES AND TOOLS

2.1.2 . INTEGRATION OF MANAGEMENT AND TECHNICAL ASPECTS

2.1.3 . SOFTWARE METHODOLOGY

2.2 . MANAGEMENT - UNDERSTANDING AND IMPLEMENTING

2.2.1 . SOFTWARE PRODUCTION AND MAINTENANCE MANAGEMENT SUPPORT

2.2.2 . QUALITY AND RELIABILITY ASSURANCE

2.3 . ENVIRONMENT - UNDERSTANDING AND IMPLEMENTING

2.3.1 . COMMON TOOL ENVIRONMENT

2.4 . PROCESS , MANAGEMENT AND ENVIRONMENT - EVOLVING

2.4.1 . ADVANCED INTERACTIVE SOFTWARE DEVELOPMENT

2.5 . DEMONSTRATION PROJECTS

3 . ADVANCED INFORMATION PROCESSING ( AIP )

3.1 . KNOWLEDGE ENGINEERING

3.1.1 . KNOWLEDGE-BASED SYSTEMS AND THEIR METRICATION

3.1.2 . DIALOGUE AND NATURAL LANGUAGE

3.1.3 . KNOWLEDGE REPRESENTATION AND INFERENCE TECHNIQUES
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3.1.4 . PREPARATORY WORK TOWARDS ADVANCED KBS

3.2 . EXTERNAL INTERFACES

3.2.1 . BASIC SIGNAL ANALYSIS AND RECOGNITION

3.2.2 . RECOGNITION OF SPECIFIC SIGNALS

3.3 . INFORMATION AND KNOWLEDGE STORAGE

3.3.1 . INTERFACE BETWEEN STORAGE AND ENVIRONMENT

3.3.2 . DATA AND KNOWLEDGE BASES

3.3.3 . STORAGE STRUCTURES AND ARCHITECTURES

3.3.4 . NEW GENERATION KNOWLEDGE MACHINE

3.3.5 . MEDIUM-TERM RESEARCH ON STORAGE MEDIA

3.3.6 . LONG-TERM RESEARCH ON OPTICAL DISCS

3.3.7 . LONG-TERM RESEARCH ON BIOLOGICAL STORAGE

3.4 . COMPUTER ARCHITECTURES

3.4.1 . ULTRACOMPUTER , MULTIPROCESSOR MACHINES

3.4.2 . NON-VON NEUMANN ARCHITECTURES

3.5 . DESIGN AND SYSTEM ASPECTS

3.6 . FOCUSING PROJECTS

4 . OFFICE SYSTEMS

4.1 . OFFICE SYSTEMS SCIENCE AND HUMAN FACTORS

4.1.1 . OFFICE SYSTEMS ANALYSIS

4.1.2 . OFFICE SYSTEMS DESIGN

4.1.3 . HUMAN FACTORS

4.2 . ADVANCED WORKSTATIONS

4.2.1 . SYSTEM ASPECTS OF WORKSTATION DESIGN

4.2.2 . VISION INTERFACE

4.2.3 . PAPER INTERFACE

4.2.4 . SPEECH INTERFACE

4.2.5 . OFFICE LANGUAGES

4.3 . COMMUNICATION SYSTEMS

4.3.1 . COMMUNICATION SYSTEM ARCHITECTURE

4.3.2 . OPTICAL WIDEBAND LAN

4.3.3 . MULTI-MODE MESSAGING

4.3.4 . ISDN-BASED ADVANCED VIDEOTEX

4.4 . ADVANCED FILING AND RETRIEVAL SYSTEMS

4.4.1 . OFFICE INFORMATION SERVER DESIGN AND EVALUATION
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4.4.2 . SYSTEM ISSUES

4.4.3 . USAGE AND NEEDS

4.4.4 . COMPONENTS

4.5 . INTEGRATED OFFICE SYSTEM DESIGN AND EVALUATION

4.5.1 . ADVANCED INTEGRATED OFFICE SYSTEM PROTOTYPES

4.5.2 . OFFICE SYSTEM TEST AND EVALUATION ENVIRONMENTS

5 . COMPUTER INTEGRATED MANUFACTURE

5.1 . INTEGRATED SYSTEM ARCHITECTURE

5.1.1 . SYSTEM ARCHITECTURES

5.1.2 . GRAPHICS SUBSYSTEMS

5.2 . CAD/CAE

5.2.1 . CAD/CAE FACILITIES FOR PRODUCT AND PROCESS DESIGN

5.2.2 . USE OF AI TECHNIQUES IN CAD/CAE

5.3 . COMPUTER-AIDED MANUFACTURING ( CAM )

5.4 . MACHINE CONTROL SYSTEMS

5.4.1 . FLEXIBLE MACHINING SYSTEMS

5.4.2 . AUTOMATED ASSEMBLY AND ROBOTICS

5.4.3 . PLANT AVAILABILITY AND QUALITY OPTIMIZATION

5.5 . SUBSYSTEMS AND COMPONENTS

5.5.1 . IMAGE PROCESSING

5.5.2 . MICROELECTRONIC SUBSYSTEMS

5.5.3 . SENSOR PROGRAMMING AND STANDARDS

5.6 . CIM SYSTEMS APPLICATIONS

5.6.1 . CIM APPLICATION AND DEVELOPMENT CENTRES

5.6.2 . MISCELLANEOUS SUPPORT FOR CIM

INTRODUCTION AND OVERALL RESOURCES BREAKDOWN

THIS SECTION IS AN INTEGRAL PART OF THE ESPRIT 1984 WORKPLAN . IT IS NECESSARY FOR A
PROPER READING AND INTERPRETATION OF THE PLAN

1 . BACKGROUND

IN SUCH A FAST-MOVING SECTOR AS IT , WHERE THE AVERAGE LIFE OF A PRODUCT IS THREE
YEARS , IT WOULD BE ILLUSORY AND MISLEADING TO TRY AND DEFINE AB INITIO DETAILED
ACTIVITIES , OBJECTIVES AND TIME SCHEDULES FOR THE NEXT FIVE YEARS TO COME AND
PARTICULARLY SO IN THE CASE OF R AND D ACTIVITIES , ALTHOUGH OF INDUSTRIAL AND
ESSENTIALLY APPLIED CHARACTER .

THIS IS WHY IT WAS DECIDED THAT A MORE DETAILED PROGRAMME OF WORK , NECESSARY
FOR THE DAY-TO-DAY IMPLEMENTATION OF THE PROGRAMME BE ESTABLISHED , AND
UPDATED AS REQUIRED , BY THE COMMISSION IN CONSULTATION WITH THE ESPRIT
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MANAGEMENT COMMITTEE , AND SUBMITTED EVERY YEAR TO THE COUNCIL FOR APPROVAL .
THIS IS THE FIRST OF SUCH A " WORKPLAN " .

2 . PURPOSE AND CHARACTERISTICS

THE MAIN PURPOSE OF THE WORKPLAN IS TO PROVIDE THE ESSENTIAL GUIDING ELEMENTS
FOR :

( A ) DRAFTING THE CALL FOR PROPOSALS AND SELECTING THE PROJECTS TO BE LAUNCHED ;

( B ) REVIEWING THE INDIVIDUAL PROJECTS UNDER WAY AND APPRAISING THEIR PROGRESS
INDIVIDUALLY AND IN RELATIONSHIP WITH EACH OTHER ;

( C ) COORDINATING ACTIVITIES UNDER ESPRIT AND UNDER NATIONAL PROGRAMMES IN THE
DOMAIN OF IT ;

( D ) APPRAISING THE RESULTS OF THE PROGRAMME AS A WHOLE AND FOR EVALUATING THE
SUITABILITY OF ITS TECHNICAL OBJECTIVES AND OPTIONS TO MEET THE STRATEGIC
OBJECTIVES : THIS TO BE DONE IN THE LIGHT OF THE RESULTS OBTAINED AND OF THE
TECHNOLOGICAL PROGRAMMES WITHIN AS WELL AS OUTSIDE THE COMMUNITY ;

3 . TYPE A AND TYPE B PROJECTS

THE EXISTENCE AND NEED OF DIFFERENT KINDS OF PROJECTS FOR THE CHARACTER OF
WORK AND THE SIZE OF EFFORT IN A LARGE R AND D PROGRAMME OF THE NATURE OF ESPRIT
IS A FACT OF LIFE ; INDUSTRIAL R AND D IS ACKNOWLEDGED TO REST ESSENTIALLY ON TWO
BROAD CLASSES OF PROJECTS :

( A ) PROJECTS THAT REQUIRE LARGE INFRASTRUCTURE AND RESOURCES , BOTH HUMAN AND
FINANCIAL , AS WELL AS CLEAR AND CONSTANT STRATEGIC PERSPECTIVE TO ENSURE
CONTINUITY OF ACTIONS AND THE BREADTH NECESSARY TO REAP THE LONG-TERM BENEFITS
. SUCH MEDIUM - TO LONG-TERM " SYSTEM DRIVEN " R AND D ACTIVITIES , THAT WILL BE
REFERRED TO IN THIS DOCUMENT AS " TYPE A PROJECTS " , WILL REPRESENT THE BACKBONE
OF ESPRIT AND ARE EXPECTED TO ACCOUNT FOR SOME 75 % OF THE OVERALL RESOURCES .

( B ) PROJECTS THAT RELY MAINLY ON FLEXIBLE INFRASTRUCTURE AND ON INDIVIDUAL
THINKING RATHER THAN ON A SYSTEM APPROACH , AND REQUIRE RELATIVELY MUCH
SMALLER RESOURCES . SUCH ACTIVITIES , THAT WILL BE REFERRED TO AS " TYPE B PROJECTS
" , COULD RANGE FROM VERY LONG TERM , VERY SPECULATIVE R AND D TO SPECIFICALLY
ORIENTED R AND D WHICH MAY WELL BE OF SHORTER DURATION , AND ARE EXPECTED TO
ACCOUNT FOR SOME 25 % OF THE OVERALL EFFORT UNDER ESPRIT .

ESSENTIALLY TYPE A PROJECTS ARE BIG , COMPLEX , SYSTEM-ORIENTED WHEREAS TYPE B
ARE SMALL , IDEA-ORIENTED .

THE PURSUIT OF STRATEGIC OBJECTIVES OF COMMON INTEREST REQUIRES THAT A NUMBER
OF WELL-IDENTIFIABLE MAJOR ACTIVITIES ARE UNDERTAKEN AND CARRIED OUT ACCORDING
TO AGREED , AND IN SOME CASES MUTUALLY INTERRELATED , TIME SCHEDULES : TYPE A
PROJECTS ARE DESIGNED TO REPRESENT THESE ACTIVITIES . IN ORDER TO OPTIMIZE
RESOURCES ALLOCATION AND PROVIDE THE BEST CONDITIONS FOR SYNERGISM , PROPOSALS
FOR SUCH PROJECTS WILL THEREFORE HAVE TO BE INVITED GIVING DETAILED DESCRIPTIONS
PRECISELY IDENTIFYING THE OBJECTIVES AND THE EXPECTED TIMING OF THEIR
ACHIEVEMENT , WHEREAS THE PARTICULAR APPROACH OR THE CHOICE OF THE
TECHNOLOGICAL OPTIONS WOULD , AS A RULE , BE LEFT FREE .

SINCE B TYPE PROJECTS ARE DESIGNED TO FILL POSSIBLE GAPS BETWEEN THE A TYPES ;
TACKLING ALTERNATIVE , OR COMPLEMENTARY , OR MORE SPECULATIVE ACTIVITIES , THE
LEVEL OF THEIR DEFINITION WOULD HAVE TO BE MORE GENERAL IN ORDER TO MAXIMIZE
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FLEXIBILITY AND LEAVE MAXIMUM ROOM TO INNOVATION . THEIR TIMING , AS A RULE ,
COULD ALSO BE LESS CRITICAL . AS A CONSEQUENCE AND BY CONTRAST WITH THE TYPE A
PROJECTS THEY ARE IDENTIFIED AS A RULE BY THEME ONLY .

THE DEFINITION OF THE TYPE A PROJECTS AND THE IDENTIFICATION OF R AND D DOMAINS
WITHIN WHICH TYPE B PROJECTS MAY BE INVITED IS DONE IN THE LIGHT OF THE OBJECTIVES
TO BE PURSUED . IN PRINCIPLE , TOPICS THAT ARE PART OF A SPECIFIC TYPE A PROJECT COULD
ALSO BE THE SUBJECT OF A TYPE B PROJECT IF , E . G . , THIS LATTER PROPOSES AN
ALTERNATIVE OR COMPETITIVE APPROACH . WHENEVER TYPE B PROJECTS WILL BE
PROPOSED IN SUCH CONDITIONS , HOWEVER , CARE MUST BE TAKEN TO VERIFY THAT SUCH "
SUBSET OF TYPE A PROJECT " REMAINS MEANINGFUL IN ITSELF .

THE WORKPLAN CLEARLY INDICATES THE DISTINCTION BETWEEN TYPE A AND TYPE B , SO
THAT THE PROPOSERS WILL BE ABLE AND WILL HAVE TO DECIDE BEFOREHAND TO GO EITHER
FOR ONE OR THE OTHER . NO AMBIGUITY SHOULD THEREFORE BE POSSIBLE AS FOR THE
CHARACTER OR " TYPE " OF ANY PARTICULAR PROPOSAL DURING THE SELECTION PHASE .

BOTH TYPES OF PROJECTS WILL BE PART OF THE SAME STRATEGIC EFFORT , PLANNED AND
EXECUTED AS ONE SINGLE PROGRAMME .

4 . PILOT PROJECTS

THE CONTINUATION OF THE WORK STARTED UNDER THE PILOT PHASE IS POSSIBLE WITHIN
THE ESPRIT PROGRAMME AND IS , IMPLICITLY OR EXPLICITLY , INCLUDED IN THE
PROGRAMMES THAT ARE PRESENTED IN THE WORKPLAN . SUCH CONTINUATION WILL NOT ,
AS A RULE , BE SUBJECT TO A CALL IN THE STRICT SENSE BUT THE INFORMATION AND THE
PROPOSALS GATHERED IN RESPONSE TO THE GENERAL CALL FOR PROPOSAL MAY GENERATE
MODIFICATIONS , WIDENING OR RESTRICTION ( DOWN TO ZERO IN EXTREME CASES ) OF THE
ACTIVITIES ORIGINALLY FORESEEN IN ORDER TO MAKE THE PROJECTS BEST SUITED TO MEET
THE REVISED OBJECTIVES AS THEY EMERGE FROM THE WORKPLAN .

5 . VALIDITY OF THE WORKPLAN

IN ORDER TO FULFIL ITS PURPOSE THE WORKPLAN HAS TO SPAN OVER A REASONABLY LONG
TIME , SUFFICIENT TO COVER THE WHOLE DURATION OF THE LONGER PROJECTS : FIVE YEARS
WAS DEEMED TO OFFER A GOOD COMPROMISE BETWEEN AN ACCURATE AIMING ( THAT
WOULD SUGGEST SHORT-TERM INDICATIONS ) AND DEVELOPMENT PERSPECTIVE THAT
REQUIRE A WIDER TIME FRAMEWORK . SUCH FIVE-YEAR WORKPLAN SHALL BE REVIEWED
EVERY YEAR .

IN THE LIGHT OF THE ABOVE , THE INTERMEDIATE OBJECTIVES THAT ARE SET IN THE
WORKPLAN ARE SPECIFIED WITH LESS ACCURACY AND RELIABILITY AS ONE LOOKS FURTHER
AHEAD AT THE YEARS TO COME AND IT MUST BE STRESSED THAT SINCE WE ARE AIMING AT A
MOVING TARGET EVEN THE CLOSEST OBJECTIVES MAY HAVE TO BE CHANGED IN THE COURSE
OF THE YEARLY REVISION , IN THE LIGHT OF THE PROGRESS WITHIN AS WELL AS OUTSIDE
ESPRIT , IN EUROPE AND ELSEWHERE IN THE WORLD .

SUCH INTERMEDIATE OBJECTIVES ARE , HOWEVER , NECESSARY TO PROVIDE THE GENERAL
FRAMEWORK AND AS REFERENCE FOR EVALUATION AND FURTHER REFINEMENTS . THEY
HAVE THEREFORE BEEN INTRODUCED IN THE WORKPLAN AS THE BEST ESTIMATE OF HOW , AT
THIS MOMENT IN TIME , THE OVERALL END-OBJECTIVES OF THE PROJECT MAY BE ACHIEVED .
IN THIS SENSE THEY ARE INDICATORS AND FIRST-INSTANCE CHECK POINTS AGAINST WHICH
CONCRETE PROPOSALS WILL BE EXAMINED . THEY SHALL , HOWEVER , NOT BE REGARDED AS
LEGALLY MANDATORY IN THE SENSE THAT PROPOSALS HAVING PERFECTLY ACCEPTABLE END
OBJECTIVES SHOULD NOT HAVE TO BE REJECTED ONLY BECAUSE THEY MAY HAVE BEEN
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DESIGNED TO REST ON DIFFERENT INTERMEDIATE OBJECTIVES THAN THE ONES PROPOSED
HERE .

6 . ESTIMATED RESOURCES REQUIRED AND EXISTING CAPABILITIES

THE WORKPLAN FORMULATES A NUMBER OF OBJECTIVES AND PROPOSES A NUMBER OF R
AND D THEMES . EACH OF THE MAIN OBJECTIVES WOULD REQUIRE FOR THEIR ACHIEVEMENT
PROJECTS OF A MINIMUM " CRITICAL SIZE " THAT WOULD AT THE SAME TIME JUSTIFY THE
JOINT TRANSNATIONAL APPROACH AND GIVE IT REASONABLE CHANCES OF SUCCESS .

THE PREPARATION OF THE DRAFT WORKPLAN IN THE PRESENT FORM IS BASED ON THE WORK
OF SOME 300 SPECIALISTS SELECTED AMONGST ALMOST 1 000 WHO HAD DECLARED THEIR
READINESS TO CONTRIBUTE IN INDUSTRY , UNIVERSITY AND RESEARCH CENTRES .

IT WAS THE COMMON FEELING OF THESE CONTRIBUTORS WHO HAD THE OPPORTUNITY OF
MEETING AND DEBATING THEIR VIEWS , THAT THE WORK THAT IS BEING PROPOSED IS BOTH
ESSENTIAL FOR THE ACHIEVEMENT OF THE ESPRIT OBJECTIVES AND REALISTIC IN TERMS OF
THE AVAILABILITY IN EUROPE OF THE FINANCIAL AND HUMAN RESOURCES AS WELL OF THE
SCIENTIFIC CAPABILITIES TO CARRY IT OUT SUCCESSFULLY .

7 . RESOURCES BREAKDOWN PER AREA

THE OVERALL WORKPLAN BREAKDOWN OF RESOURCES PER AREA , AS RESULTS FROM THIS
FIRST ITERATION IS , LIKE ALL OTHER ELEMENTS OF THE WORKPLAN , SUBJECT TO
MODIFICATION IN THE LIGHT OF THE RESPONSE AS WELL AS OF THE TECHNOLOGICAL
EVOLUTION ON THE WORLD SCENE THAT MIGHT INFLUENCE INDUSTRIES .

IN PARTICULAR , IN THE LIGHT OF THE RESPONSE OF INDUSTRY TO THE FIRST CALL FOR
PROPOSALS , TRANSFER OF RESOURCES BETWEEN THE VARIOUS AREAS WILL HAVE TO BE
POSSIBLE .

WITH RESPECT TO THIS IT IS TO BE STRESSED THAT THE PARTITIONING OF ESPRIT INTO FIVE
AREAS IS INCIDENTAL AND DICTATED BY MANAGEMENT NEED AND NOT INTRINSIC TO THE
NATURE OF WORK , THAT ON THE CONTRARY IS VERY HEAVILY INTERRELATED .

THIS WILL BECOME MORE APPARENT IN THE NEXT ISSUES OF THE WORKPLAN WHEN
SUFFICIENT DATA CONCERNING WORK ACTUALLY UNDER WAY WILL BE AVAILABLE .

THE FOLLOWING BREAKDOWN OF RESOURCES IS NOW ENVISAGED :

( MAN-YEARS )

SUBPROGRAMME * PROJECT YEAR

* 1 * 2 * 3 * 4 * 5 * TOTALS

1 . MICROELECTRONICS * 186 * 258 * 360 * 410 * 456 * 1 670

2 . SOFTWARE * 177 * 317 * 343 * 318 * 285 * 1 440

3 . AIP * 140 * 281 * 392 * 441 * 441 * 1 695

4 . OFFICE SYSTEMS * 210 * 310 * 440 * 390 * 100 * 1 450

5 . CIM * 121 * 216 * 215 * 220 * 172 * 944

SUBPROGRAMME 1

ADVANCED MICROELECTRONICS

THE MAJOR THRUST OF THIS SUBPROGRAMME IS AIMED AT MAJOR IMPROVEMENT OF THE
MOST IMPORTANT STRATEGIC TECHNOLOGICAL AREAS . HENCE :
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1 . MOST OF THE RESOURCES ARE CONCENTRATED INTO A LIMITED NUMBER OF PROJECTS IN
THE AREAS OF SILICON MOS AND BIPOLAR FOR VLSI AND VERY HIGH PERFORMANCE
CIRCUITS . WHEN ASSOCIATED WITH CAD , CAM AND MANUFACTURING METHODS , THESE
WILL PRODUCE BY 1988 A SOUNDLY BASED 1 UM INDUSTRIAL CAPABILITY IN A NUMBER OF
EUROPEAN SITES , WITH SUBSTANTIAL PROGRESS TOWARDS SUBMICRON CAPABILITY . ALSO
IN PLACE WILL BE THE NECESSARY CAD TO DESIGN THE VLSI CIRCUITS WHICH USE THESE
TECHNOLOGIES .

2 . COMMUNICATION WITH THE OTHER SUBPROGRAMMES MUST BE ENHANCED TO ENSURE
RAPID DEFINITION OF THE REQUIRED VLSI DEMONSTRATOR CIRCUITS , THEIR DESIGN AND
FABRICATION , FUNDED FROM THOSE SUBPROGRAMMES .

3 . THE SUPPLY OF SCIENTIFIC AND ENGINEERING PERSONNEL TRAINED IN THE SPECIFIC
SKILLS OF MICROELECTRONIC PROCESS TECHNOLOGY AND DESIGN MUST BE INCREASED .

4 . SUPPORT FOR LONGER RANGE , LOWER PRIORITY , WORK ON TWO IMPORTANT AREAS
WHICH COMPLEMENT SILICON VLSI , NAMELY COMPOUND SEMICONDUCTOR INTEGRATED
CIRCUITS AND OPTOELECTRONICS ARE PROVIDED FOR AT A REASONABLE LEVEL .

IN ADDITION TO THE MAIN THRUST OF THE PROGRAMME AS OUTLINED IN 1 , 3 AND 4 ABOVE
AND EXPANDED IN SECTION A BELOW , PROVISION IS ALSO MADE FOR A NUMBER OF
SMALLER PROJECTS . SUITABLE TOPICS FOR THESE ARE IDENTIFIED IN SECTION B .

IN SECTION A THE MOS AND BIPOLAR PROCESS PROGRAMMES HAVE BEEN STRUCTURED AS
LARGE INTEGRAL PROJECTS RATHER THAN SEPARATE 1 UM AND SUBMICRON PROJECTS . THIS
HAS BEEN DONE IN THE INTERESTS OF EFFICIENCY , AS EACH LEVEL OF TECHNOLOGY BUILDS
ON THE KNOWLEDGE GAINED FROM PRECEDING LEVELS . MANY ASPECTS OF A GIVEN
PROCESS REQUIRE CONTINUOUS IMPROVEMENT , E . G . OXIDE QUALITY IN MOS , TO MEET
THE DEMANDS OF EACH SUCCESSIVE DEVELOPMENT OF GREATER CIRCUIT COMPLEXITY AND
HIGHER PERFORMANCE . THIS CONTINUITY OF EFFORT WOULD BE LOST BY HAVING SEPARATE
PROJECTS AT 1 UM AND SUBMICRON LEVELS . THE OTHER PART OF THE PROCESS STRATEGY IS
TO INCLUDE WORK ON TECHNIQUES COMMON TO MOS AND BIPOLAR IN THE MOS PROJECT ,
AS MOS TENDS TO LEAD IN SCALE OF INTEGRATION AND FEATURE SIZE , AND HENCE DOES
THE PIONEERING WORK IN AREAS LIKE LITHOGRAPHY .

THE IMPORTANCE OF CAD FOR VLSI TO THE OVERALL SUCCESS OF ESPRIT CANNOT BE
OVEREMPHASIZED . GIVEN GOOD TECHNOLOGY AND OUTSTANDING CAD , THE HIGHLY
INNOVATIVE EUROPEAN INDUSTRY WILL BE ABLE TO COMPETE SUCCESSFULLY IN WORLD
MARKETS .

A TOTAL OF SOME 13 CAD PROJECTS , INVOLVING ABOUT 650 MAN-YEARS BETWEEN 1983 AND
1987 , SUPPORTED UNDER THE MICROELECTRONICS REGULATION ( EEC ) NO 3744/81 AND THE
ESPRIT PILOT PHASE ARE ALREADY UNDERWAY . THE INTEGRATION OF THE RESULTS OF THIS
WORK AND EXTENSION TO COVER THE DESIGN OF SEVERAL MILLION COMPONENT CIRCUITS
FOR A WIDE RANGE OF APPLICATIONS IS A MAJOR TASK . A CAREFUL ANALYSIS SHOULD BE
CARRIED OUT DURING THE FIRST SEMESTER OF 1984 TO ANALYZE PROGRESS AND OBJECTIVES
OF SUCH WORK , IN ORDER TO HELP IN IDENTIFYING NEW PROJECTS TO BE LAUNCHED AS
FROM 1985 .

THERE ARE FAR MORE ORGANIZATIONS WITH A DIRECT INTEREST AND COMPETENCE IN THIS
FIELD THAN IS THE CASE WITH VLSI TECHNOLOGY . THE PROJECT PROPOSED HERE MUST BE
PLANNED WITH SUFFICIENT FLEXIBILITY TO DEAL WITH THE COMPLEX TECHNICAL AND
ORGANIZATIONAL ISSUES INVOLVED . THE ESPRIT INFORMATION EXCHANGE SYSTEM WILL BE
A VALUABLE AID IN THE AREA .
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COMPUTER CONTROL OF MANUFACTURING VLSI IS SEEN AS AN ESSENTIAL PART OF THE
PROGRAMME , NOT JUST A MEANS OF INCREASING MANUFACTURING EFFICIENCY . THE
REDUCTION IN FEATURE SIZE AND LAYER THICKNESS PLACES INCREASING DEMANDS ON
PROCESS CONTROL IN A SITUATION WHERE THE FINAL DEVICE PARAMETERS ARE DEPENDENT
ON A LARGER NUMBER OF VARIABLES . THE MINIMIZATION OF HUMAN HANDLING AND AN
ATTACK ON THE SOURCES OF YIELD FALLS RAPIDLY AS FEATURE SIZE IS REDUCED . THE
SUBMICRON MOS AND BIPOLAR PROJECTS WILL ADDRESS COMPUTER-AIDED
MANUFACTURING ASPECTS WHERE APPROPRIATE .

SECTION A

TYPE A PROJECTS

R AND D AREA 1.1 :

SUBMICRON MOS

DESCRIPTION

THE REQUIREMENT IS TO DEVELOP ALL THE INDIVIDUAL PROCESS STEPS SUCH AS
LITHOGRAPHY , ETCHING , DOPING , ETC . , TO ACHIEVE SUBMICRON FEATURE SIZE IN MOS .
THE TARGET IS A PROCESS CAPABLE OF MAKING SEVERAL MILLION COMPONENTS PER CHIP
OF LOGIC AND MEMORY . IT IS ENVISAGED THAT BELOW ABOUT 0,7 UM OTHER THAN OPTICAL
LITHOGRAPHY TOOLS WILL BE USED . PROCESS AND DEVICE MODELLING WILL BE INCLUDED .

PREREQUISITES

- EXPERIENCE WITH STATE-OF-THE-ART PROCESSING ;

- ACTIVITIES ON ADVANCED PROCESS STEPS ;

- AVAILABILITY OF FUNCTIONING CAD/CAT TOOLS ;

- CRITICAL MASS AT LEAST 200 MAN-YEARS OVER FIVE YEARS .

PROGRAMME

YEAR 1 :

- CHOICE OF PROCESS ( CMOS OR MIXED C - AND NMOS ) AND OF DESIGN METHODOLOGY ;

- CHOICE OF OPTICAL LITHOGRAPHY EQUIPMENT ;

- ESTABLISHMENT OF ACTIVITY ON PROCESS STEPS AND MODELLING .

YEAR 2 :

- OPTIMIZATION OF INDIVIDUAL PROCESS STEPS ;

- ESTABLISHMENT OF PRELIMINARY DESIGN RULES ;

- CHARACTERIZATION OF PROCESS STEPS .

YEAR 3 :

- DEMONSTRATION OF FEASIBILITY WITH A 1 UM FEATURE SIZE , 0,5 MILLION COMPONENTS
CHIP . THE TARGET IS A FIGURE OF MERIT OF 50 FEMTO-JOULES AND 1 NS DELAY TIME .

YEAR 4 :

- EVALUATION OF NOVEL PROCESS STEPS FOR SUBMICRON TECHNOLOGY ( GATE MATERIAL ,
ISOLATION , MULTILAYER THREE-DIMENSIONAL ACTIVE STRUCTURES , ETC . ) ;

- CHOICE OF SUBMICRON LITHOGRAPHY EQUIPMENT ;
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- FLOW CHART OF A 0,7 UM PROCESS INCLUDING DESIGN RULES . YEAR 5 :

- EVALUATION OF THE 0,7 UM PROCESS ;

- DEMONSTRATION OF THE PROCESS FEASIBILITY ;

- DESIGN OF A CHIP WITH MORE THAN 1 000 000 COMPONENTS , A FIGURE OF MERIT OF 50
FEMTO-JOULES AND 1 NS GATE DELAY .

INTERMEDIATE OBJECTIVES

18TH MONTH

- DESIGN AND EVALUATION OF TEST CHIP OF MORE THAN 1 000 TRANSISTORS BASED ON 1 UM
DESIGN RULES WITH A PITCH ( METAL PLUS SPACING ) OF 3 UM ;

36TH MONTH

- FIRST SAMPLES OF CIRCUITS WITH 0,5 MILLION TRANSISTORS , 1 UM DESIGN RULES , WITH
DATA ON FIGURE OF MERIT AND DELAY TIME ;

48TH MONTH

- STATISTICAL DATA ON HOMOGENEITY ON A SLICE AND YIELD FOR 1 UM DESIGN RULES ; AND
TEST CIRCUITS WITH MORE THAN 1 000 TRANSISTORS WITH 0,7 UM DESIGN RULES AND PITCH
OF 2 UM ;

60TH MONTH

- FIRST SAMPLES OF CIRCUITS WITH MORE THAN 1 000 000 TRANSISTORS , 0,7 UM DESIGN
RULES , WITH DATA ON FIGURE OF MERIT AND DELAY TIME .

ACTIVITIES DEPENDENT ON 1.1

VLSI MICROELECTRONICS FOR INFORMATION TECHNOLOGY .

R AND D AREA 1.2 :

SUBMICRON BIPOLAR ( SINGLE PROJECT )

DESCRIPTION

THE OVERALL OBJECTIVE IS TO DEVELOP SPECIFIC BIPOLAR SUBMICRON PROCESS STEPS ,
LEADING TO A COMPLETE PROCESSING SEQUENCE FOR VERY HIGH PERFORMANCE ICS .

TO REALIZE THIS OBJECTIVE THE FOLLOWING DEVELOPMENTS ARE NECESSARY :

- OVERALL CIRCUIT CONCEPTS WHICH MUST EVOLVE TOGETHER WITH THE TECHNOLOGY ;

- A VERTICAL DEVICE STRUCTURE APPROPRIATE TO SUBMICRON LITHOGRAPHY ;

- A CONVENIENT MULTILAYER INTERCONNECTION TECHNOLOGY ,

- GOOD OPTIMIZATION BETWEEN DEVICE PARAMETERS AND SPECIFIC LOGIC FORM USES ;

- APPROPRIATE HIGH DISSIPATION , HIGH PIN COUNT , ELECTRICALLY MATCHED LEADS ,
PACKAGES ;

- PROCESS AND DEVICE MODELLING .

PREREQUISITES

- EXPERIENCE WITH VLSI AND ADVANCED SILICON PROCESSING ; AVAILABILITY OF CAD/CAT
TOOLS ;

- CRITICAL MASS OF AT LEAST 200 MAN-YEARS OVER FIVE YEARS .
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ACTIVITIES DEPENDENT ON 1.2

FAST VLSI MICROELECTRONICS FOR INFORMATION TECHNOLOGY .

PROGRAMME

YEAR 1 :

- 1 UM TECHNOLOGY : ESTABLISH ACTIVITY ON PROCESS STEPS , CIRCUIT STRUCTURES ,
MODELLING . EVALUATE AND CHOOSE CRITICAL EQUIPMENT ;

- FIRST CHOICE OF PROCESS AND CIRCUIT STRUCTURES .

YEAR 2 :

- PRELIMINARY OPTIMIZATION OF PROCESS STEPS ;

- ESTABLISH DESIGN RULES 1 UM ;

- START DESIGN OF DEMONSTRATOR CHIPS ;

- START RESEARCH ON NOVEL PROCESSES AND STRUCTURES FOR SUBMICRON TECHNOLOGY ;

YEAR 3 :

- DEMONSTRATION OF 1 UM PROCESS FEASIBILITY FOR 10/20 KGATES , 100 PS GATE DELAY
CHIPS ;

- START WORK ON MULTILAYER 2 UM PITCH IN ADDITION TO PILOT PROJECT CONTINUATION ;

- CONTINUE RESEARCH ON SUBMICRON TECHNOLOGY ;

- PRELIMINARY DESIGN RULES FOR 0,7 UM STRUCTURES .

YEAR 4 :

- START DESIGN OF DEMONSTRATOR CHIP AT 0,7 UM ;

- OPTIMIZATION OF SUBMICRON PROCESS STEPS ;

- CHOICE OF CRITICAL EQUIPMENT ;

- YIELD IMPROVEMENT OF 1 UM DEMONSTRATOR .

YEAR 5 :

- DEMONSTRATION OF 0,7 UM PROCESS FEASIBILITY FOR 20/50 KGATES , 50 PS GATE DELAY
CHIPS .

INTERMEDIATE OBJECTIVES

12TH MONTH

- EVALUATE AND CHOOSE CRITICAL EQUIPMENT ;

24TH MONTH

- ESTABLISH DESIGN RULES AT 1 UM ;

36TH MONTH

- DEMONSTRATE 1 UM PROCESS FEASIBILITY FOR 10/20 KGATES , 100 PS GATE DELAY CHIPS ;

42ND MONTH

- ESTABLISH PRELIMINARY DESIGN RULES FOR 0,7 UM STRUCTURES ;

48TH MONTH
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- DESIGN DEMONSTRATOR CHIP AT 0,7 UM .

R AND D AREA 1.3 :

CAD ( PROJECTS TO BE DEFINED )

DESCRIPTION :

GLOBAL OBJECTIVES

( A ) TO ENCOURAGE RESEARCH INTO NOVEL AND ADVANCED CAD TECHNIQUES TO MANAGE
THE EVER INCREASING CIRCUIT COMPLEXITIES INVOLVED ;

( B ) TO PROVIDE A CAPABILITY FOR COMPLEX VLSI DESIGN THAT IS WIDELY ACCESSIBLE .

CAD/CAT OBJECTIVES

THE OVERALL AIM IS AN INTEGRATED DESIGN SYSTEM CAPABLE OF HANDLING SUBMICRON
VLSI CIRCUITS CONTAINING SEVERAL MILLION COMPONENTS .

THE SYSTEM SHOULD :

- PROVIDE A USER FRIENDLY FACILITY THAT IS READILY ADAPTABLE TO CHANGES IN
TECHNOLOGY ;

- ALLOW SYSTEMS DESIGNERS TO ACHIEVE A RAPID TURNROUND OF VALID AND TESTABLE
DESIGNS AND ASSOCIATED TEST INFORMATION ;

- PROVIDE FACILITIES FOR THE OPTIMIZATION OF CIRCUITS FOR HIGH-VOLUME APPLICATIONS
;

- INCLUDE LIBRARIES OF PRIMITIVE AND COMPLEX CELLS ;

- INCORPORATE RELEVANT RESULTS OF CAD PROJECTS UNDER REGULATION ( EEC ) NO 3744/81
.

POLICY

( A ) DEVICE AND PROCESS MODELLING IS NOT CONSIDERED AS PART OF THE CAD PROJECTS
AND IS INCLUDED IN THE PROJECTS CONCERNED WITH THE DEVELOPMENT OF NEW VLSI
PROCESSES ( SEE 1.1 AND 1.2 ) ;

( B ) AS FAR AS POSSIBLE , COMPLEX DEMONSTRATOR CHIPS WILL BE USED AS A FOCUS FOR
EACH STAGE OF THE PROJECT ;

( C ) AFTER THE FIRST FIVE YEARS CONSIDERED HERE , THERE WILL BE ANOTHER FIVE YEARS
FURTHER DEVELOPMENT OF THIS PROJECT TO SUPPORT SPECIFIC TECHNOLOGY ADVANCES
AND INCORPORATE WORLDWIDE CAD IMPROVEMENTS ;

( D ) CARE WILL BE TAKEN TO INTERFACE WITH , SUPPORT AND EMPLOY THE RESULTS OF
OTHER ESPRIT ACTIVITIES .

BALANCE AND PRIORITIES

( A ) THE ASSIGNED PROJECTS WILL HAVE TO ENSURE OPTIMUM BALANCE BETWEEN WORK TO
DEVELOP NOVEL AND ADVANCED CAD TECHNIQUES AND WORK TO CONSOLIDATE EUROPEAN
CAPABILITY ;

( B ) ONE EMPHASIS WILL BE TO PROVIDE A GENERAL FRAMEWORK AND DATA INTERCHANGE
BASIS TO MAKE EXISTING AND NEW TECHNIQUES GENERALLY AVAILABLE TO A WIDE RANGE
OF INDUSTRY . A KEY FACTOR IS TO PROMOTE COOPERATIVE DEVELOPMENT BETWEEN
UNIVERSITY AND INDUSTRIAL GROUPS ;
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( C ) A SECOND EMPHASIS WILL BE TO CONCENTRATE ON THOSE CAD FACILITIES THAT ARE
SPECIFICALLY REQUIRED BY THE DEMANDS OF A 1 UM AND SUBMICRON PROCESS CAPABILITY
IN ORDER TO ENABLE THE DESIGNS OF VERY LARGE AND COMPLEX CHIPS CONTAINING UP TO
10 MILLION TRANSISTORS .

MAIN TOPICS

1.3.1 . CAD MANAGEMENT

PROVIDE COORDINATION AND INTELLIGENCE .

1.3.2 . HIGH LEVEL DESIGN AND LAYOUT

- HIGH LEVEL ( BEHAVIOURAL ) DESIGN AIDS ,

- CELL LIBRARY AND TECHNIQUES FOR LARGE , PARAMETERIZED CELLS ,

- LAYOUT DESIGN AND TESTING TECHNIQUES ,

- ANALOGUE AND SWITCH LEVEL VERIFICATION ,

- DESIGN MANAGEMENT .

WITH A TARGET TO ACHIEVE FULL CUSTOM DESIGN AT THE 0,5 MILLION TRANSISTOR LEVEL IN
YEAR 4 .

1.3.3 . RESEARCH : ADVANCED/INNOVATIVE CAD

- USE OF AIP AND EXPERT SYSTEMS ,

- USE OF SPECIAL HARDWARE ,

- NOVEL ALGORITHMS .

COMPLETE DEVELOPMENT OF SECOND GENERATION SYSTEM IN YEAR 5 .

1.3.4 . ESTABLISHMENT OF CAD CENTRES

- IMPLEMENT FIRST GENERATION SYSTEM IN YEAR 4 .

R AND D AREA 1.4 :

COMPOUND SEMICONDUCTOR MATERIALS AND INTEGRATED CIRCUITS ( SINGLE PROJECT )

DESCRIPTION

INTEGRATED CIRCUITS IN III-V COMPOUND SEMICONDUCTOR MATERIALS OFFER POTENTIAL
SPEED ADVANTAGES OVER SILICON CIRCUITS BECAUSE OF HIGHER ELECTRON MOBILITY .
TECHNOLOGY COMPLEXITY IS MANY YEARS BEHIND SILICON AND CONSIDERABLE
MATERIALS AND PROCESS RESEARCH ARE NECESSARY . BECAUSE OF THE INCREASING
MARKET FOR HIGH-SPEED , LOW-POWER CIRCUITS THE PROBLEMS NEED TO BE TACKLED .

THE TECHNOLOGY ENCOMPASSES GAAS HOMOJUNCTION STRUCTURES BASED ON THE FET AS
WELL AS GAAS/GAALAS HETEROJUNCTION STRUCTURES USING THE HIGH ELECTRON
MOBILITY TRANSISTOR ( HEMT ) OR THE HETEROJUNCTION BIPOLAR . BASIC RESEARCH IS
REQUIRED IN MATERIALS PREPARATION , ION IMPLANTATION , AND IC PROCESS
TECHNOLOGIES .

PREREQUISITES

- SOURCE OF PURE MATERIALS ;

- CAD FACILITIES ;

- SUITABLE LABORATORY AND EXPERIENCED TEAM .
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PROGRAMME

YEAR 1 :

- INITIATE MATERIALS RESEARCH IN GAAS INCLUDING ION IMPLANTATION TO PRODUCE GAAS
FET-BASED ICS ;

- INITIATE WORK ON MOLECULAR BEAM EPITAXY ( MBE ) AND METALLO-ORGANIC CHEMICAL
VAPOUR DEPOSITION ( MOCVD ) FOR THE GROWTH OF SUITABLE HETEROJUNCTION
STRUCTURES IN GAALAS .

YEAR 2 :

- CONTINUE MATERIALS RESEARCH ;

- DEVELOP GAAS IC FABRICATION PROCESS ON 2-INCH WAFERS AT 1 UM FEATURE SIZE USING
MULTILAYER METALLIZATION , ETC . ;

- FABRICATE EXPERIMENTAL DISCRETE HEMTS AND BIPOLARS IN GAAS/GAALAS .

YEAR 3 :

- CONTINUE MATERIALS RESEARCH IN GAAS AND GAALAS ;

- INITIATE RESEARCH ON NEW MATERIALS , E . G . GAINAS ;

- EXTEND GAAS TECHNOLOGY TO 3-INCH WAFERS AND SUBMICRON FEATURES ;

- CONTINUE RESEARCH INTO OPTIMIZATION OF HEMT AND BIPOLAR DISCRETES ;

- DEMONSTRATE 1 000 GATE ARRAY IN GAAS FET-BASED LOGIC .

YEAR 4 :

- CONTINUE MATERIALS RESEARCH INCLUDING NEW MATERIALS ;

- CARRY OUT YIELD IMPROVEMENT EXERCISE ON BASIC GAAS IC PROCESS ;

- ESTABLISH BASIC PROCESS STEPS FOR A GAAS/GAALAS IC PROCESS BASED ON THE HEMT OR
BIPOLAR .

YEAR 5 :

- INTEGRATE PROCESS STEPS FOR HETEROJUNCTION BIPOLAR ( OR HEMT ) IC TECHNOLOGY ;

- FABRICATE EXPERIMENTAL ICS BASED IN THIS TECHNOLOGY ;

- CONTINUE NEW MATERIALS RESEARCH ( E . G . GAINAS ) ;

- FABRICATE EXPERIMENTAL DISCRETE DEVICES IN GAINAS .

INTERMEDIATE OBJECTIVES

12TH MONTH

- SINGLE-GATE DEMONSTRATION CIRCUIT BASED ON 0,5 UM DESIGN RULES ;

24TH MONTH

- 30-GATE DEMONSTRATION CIRCUIT BASED ON 0,5 UM DESIGN RULES ;

36TH MONTH

- INITIATION OF 0,3 UM DESIGN RULES ;

- 1 000-GATE DEMONSTRATION CIRCUIT BASED ON 0,5 UM DESIGN RULES ;
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48TH MONTH

- DEMONSTRATION OF 100-GATE CIRCUIT BASED ON 0,3 UM DESIGN RULES ;

60TH MONTH

- DEMONSTRATION OF 1 000-GATE CIRCUIT BASED ON 0,3 UM DESIGN RULES .

R AND D AREA 1.5 :

OPTOELECTRONICS ( SINGLE PROJECT )

DESCRIPTION

OPTOELECTRONIC DEVICES WILL BE INCREASINGLY REQUIRED FOR TELECOMS
TRANSMISSION , INTRA - AND EXTRA-COMPUTER CONNECTIONS , ULTRA WIDE BAND IMAGE
PROCESSING AND SWITCHING . FUTURE GENERATIONS OF MONO-MODE COMMUNICATIONS
SYSTEMS MAY USE COHERENT DETECTION AND MULTI-CHANNEL WAVELENGHT
MULTIPLEXING AND MAY BE PHASE MODULATED . THIS WILL PROVIDE IMPROVED
PERFORMANCE AND BE COMPATIBLE WITH INTEGRATED OPTICAL LOGIC . THIS WILL ALLOW
PROCESSING , COMBINING AND ROUTING AT VERY HIGH SPEEDS . IN SEMICONDUCTOR FORM
THEY WILL ALSO BE COMPATIBLE WITH III-V INTEGRATED CIRCUITS PROVIDING A FAST
ELECTRICAL INTERFACE .

PREREQUISITES

- SOURCE OF PURE MATERIALS ;

- SUITABLE LABORATORY AND EXPERIENCED TEAM .

PROGRAMME

YEAR 1 :

- INITIATE MATERIALS RESEARCH ON OPTICAL STRUCTURES AND IMPROVED METHODS OF
MATERIALS PREPARATION SUCH AS METALLO-ORGANIC CHEMICAL VAPOUR DEPOSITION AND
MOLECULAR BEAM EPITAXY ;

- EXTEND MATERIALS RESEARCH TO ORGANICS INCLUDING FAST RESPONSE PHOTOCHROMIC
MATERIALS ;

- FABRICATE BASIC DISCRETE DEVICES , E . G . LASERS , LEDS , DETECTORS , SWITCHES , ETC .

YEAR 2 :

- CONTINUE MATERIALS RESEARCH ;

- FABRICATE NARROW LINE LASERS AND INVESTIGATE DETECTION TECHNIQUES FOR
COHERENT SYSTEMS ;

- DEVELOP BISTABLE OPTICAL DEVICES , HIGH-SPEED MODULATORS AND OPTICAL COUPLERS ;

- RESEARCH INTO MONOLITHIC OPTOELECTRONICS .

YEAR 3 :

- INVESTIGATE INTEGRATION IN OPTICAL MATERIALS USING THIN FILM WAVEGUIDES FOR
INTERCONNECTION ;

- CONTINUE MATERIALS RESEARCH ;

- FABRICATE MULTI-COMPONENT STRUCTURES , E . G . LASER ARRAYS FOR WAVELENGTH
MULTIPLEXING , SWITCH MATRICES AS BASIC SWITCHING ELEMENTS .
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YEAR 4 :

- COMBINE WAVEGUIDE INTEGRATION WITH MONOLITHIC INTEGRATION TECHNOLOGY TO
PRODUCE EXPERIMENTAL OPTICAL SYSTEMS ON A SINGLE CHIP ;

- CONTINUE TECHNOLOGY DEVELOPMENT IN LINBO3 , PHOTOCHROMICS FOR OPTICAL
INTERCONNECTIONS , AND NEW MATERIALS .

YEAR 5 :

- DEVELOP HIGH-SPEED OPTICAL SWITCHING SYSTEM AND STUDY APPLICATION OF OPTICAL
TECHNIQUES TO COMPUTERS .

INTERMEDIATE OBJECTIVES

12TH MONTH

- GAALAS METAL ORGANIC CHEMICAL VAPOUR DEPOSITION ( MOCVD ) ESTABLISHED FOR
DISCRETE DEVICE FABRICATION ;

- OPTIMUM TI-LITHIUM NIOBATE TECHNOLOGY ESTABLISHED AND 10 GHZ MODULATION
DEMONSTRATED .

24TH MONTH

- GAINAS MOCVD ESTABLISHED FOR DISCRETE DEVICES ;

- BASIC ELECTRO-OPTIC SWITCH TECHNOLOGY OPTIMIZED ;

- PROTON EXCHANGE AND ORGANIC OVERLAY WAVEGUIDE TECHNOLOGY ESTABLISHED FOR
SWITCHES AND MODULATORS .

36TH MONTH

- GAALINAS MOCVD ESTABLISHED FOR DISCRETE DEVICES ;

- 100 ELEMENTS GAALAS MOCVD OPTOELECTRONIC INTEGRATED CIRCUIT DEMONSTRATED ;

- 100 ELEMENT ELECTRO-OPTIC SWITCH DEMONSTRATED ;

- HYBRID INTEGRATED ELECTRO-OPTIC TECHNOLOGY ESTABLISHED ;

48TH MONTH

- LITHIUM NIOBATE/OXIDE EPITAXIAL GROWTH ESTABLISHED ;

- 100 GHZ ELECTRO-OPTIC MODULATION DEMONSTRATED ;

- MOLECULAR BEAM EPITAXY ( MBE ) DEMONSTRATED FOR DISCRETE AND INTEGRATED
COMPONENTS ;

60TH MONTH

- " OPTICAL SYSTEM ON A CHIP " DEMONSTRATED , USING MBE AND MOCVD MATERIAL ;

- ULTRAFAST HYBRID ELECTRO-OPTIC PROCESSOR DEMONSTRATED .

SECTION B

SUGGESTED THEMES FOR TYPE B PROJECTS

IN ADDITION TO THE TOPIC AREAS ALREADY IDENTIFIED IN SECTION A ( WHERE TYPE B
PROJECTS MAY USEFULLY COMPLEMENT THE WORK PROGRAMMES BY PROVIDING THE
REQUISITE TECHNOLOGY AND TOOLS AND/OR ANTICIPATE NEXT GENERATION REQUIREMENTS
) , THE FOLLOWING ARE SPECIFIC EXAMPLES OF TOPICS WHICH WOULD BE ELIGIBLE :
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( A ) VLSI-RELATED

- LITHOGRAPHY ( E-BEAM , X-RAY , UV ) ,

- ION IMPLANTATION ,

- SEMICONDUCTOR MATERIALS ,

- RESIST TECHNOLOGY ,

- RAPID ANNEAL TECHNIQUES ,

- LAYER PROCESSING TECHNIQUES ,

- CONDUCTORS ( METALS , SILICIDES , CONTACTS ) ,

- INSULATORS ( THIN , THICK , ORGANIC ) ,

- DEVICE RELIABILITY ,

- CAD FOR GAAS ,

- COMPUTER-AIDED MANUFACTURING METHODS .

( B ) OTHERS

- INTERCONNECTION ( OFF-CHIP ) ,

- ADVANCED PHYSICAL ANALYSIS TECHNIQUES ,

- FLAT SCREEN DISPLAY TECHNOLOGY ,

- SENSORS AND TRANSDUCERS ,

- NEW TECHNOLOGIES FOR ADVANCED INFORMATION STORAGE ,

- NEW INORGANIC AND ORGANIC MATERIALS .

SUBPROGRAMME 2

SOFTWARE TECHNOLOGY

THE OBJECTIVE OF THIS SUBPROGRAMME IS TO REACH A STAGE WHERE THE PRODUCTION OF
INFORMATION SYSTEMS ( I . E . PRODUCTS INCLUDING HARDWARE AND SOFTWARE
SOLUTIONS ) WOULD HAVE THE CHARACTERISTICS OF AN INDUSTRIAL PROCESS , AND , TO A
LARGE EXTENT , WOULD BE COMPUTER ASSISTED . THIS IMPLIES BRINGING TO THE
CONSCIOUSNESS OF EVERY INDUSTRIAL ORGANIZATION THE FACT THAT SOFTWARE
PRODUCTION IS A TRUE ENGINEERING DISCIPLINE , SUBJECT TO TECHNICAL ,
ORGANIZATIONAL AND ECONOMIC FACTORS .

THE PROGRESS TO BE MADE IN SOFTWARE TECHNOLOGY HAS BEEN DIVIDED INTO THREE
GENERAL CATEGORIES . AS WITH ANY CLASSIFICATION , SUCH A DIVISION IS ARBITRARY , AND
THE CATEGORIES ARE NOT INDEPENDENT . THE FIRST CATEGORY OF WORK TO BE PERFORMED
IS TO CONTRIBUTE TO THE UNDERSTANDING OF THE PROCESS OF SOFTWARE PRODUCTION
AND MAINTENANCE , TAKING AS A DEPARTURE POINT THE BEST OF CURRENT PRACTICES . THE
SECOND CATEGORY CONCERNS ITSELF WITH IMPLEMENTING THE SUPPORT ( INCLUDING
TOOLS ) THAT WILL MAKE THE RESULTS OF THE UNDERSTANDING USABLE IN PRACTICE . THE
THIRD CATEGORY IS CONCERNED WITH MEDIUM - AND LONGTERM R AND D AIMED AT
EVOLVING NEW SOFTWARE PRODUCTION METHODS .

FOR FURTHER STRUCTURING OF THE WORK , A SIMPLE SOFTWARE LIFE-CYCLE MODEL IS
INTRODUCED . IT IS NOT INTENDED THAT THIS MODEL SHOULD LIMIT THE SCOPE OF PROJECTS
; INDEED THERE WILL BE PROJECTS SPECIFICALLY CONCERNED WITH THE DEVELOPMENT OF
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SUCH MODELS . IN THIS SIMPLE MODEL , SOFTWARE PRODUCTION AND MAINTENANCE
CONSISTS OF A SEQUENCE OF INTERMEDIATE LEVELS OF REPRESENTATION WITH
TRANSFORMATIONS BETWEEN THEM , PROCEEDING FROM INITIAL CONCEPT TO OPERATIONAL
SYSTEM . IN PRACTICE , SUCH DEVELOPMENT MUST BE ITERATIVE , AND ALMOST NEVER
FOLLOWS A SIMPLE LINEAR COURSE . SUCH ITERATIVE OPERATIONS ARE INDICATED IN
FIGURE 2-1 WHICH SHOWS THEM EMBEDDED IN A BROAD PROJECT CONTEXT . THUS , THE
WORK TO BE DONE CAN BE SUBDIVIDED INTO THREE MAJOR AREAS ( SEE FIGURE 2-1 ) : THE (
TECHNICAL ) PROCESS ITSELF ; MANAGEMENT AND CONTROL ; AND THE SUPPORT
ENVIRONMENT .

COMBINING THE GENERAL CATEGORIES WITH EACH OF THE LIFE-CYCLE AREAS , A 3 BY 3
MATRIX RESULTS , GIVING A TOTAL OF NINE SUBDIVISIONS . ON THE BASIS OF THE STRATEGIC
PROJECTS THAT HAVE BEEN IDENTIFIED , THESE SUBDIVISIONS MORE OR LESS NATURALLY
GROUP INTO FOUR R AND D AREAS .

A FIFTH AREA IS FORMED BY DEMONSTRATION PROJECTS , WHICH WOULD NOT BE ARTIFICIAL
PROJECTS BUT RATHER REAL PROJECTS USED AS EVALUATION AND DEMONSTRATION
VEHICLES .

THE FIVE R AND D AREAS ARE DESCRIBED ON THE FOLLOWING SHEETS .

R AND D AREA 2.1 :

PROCESS - UNDERSTANDING AND IMPLEMENTING

DESCRIPTION

THE ACTIVITIES IN THIS AREA ADDRESS THE TRANSITION TO AN ENGINEERING APPROACH TO
SYSTEMS AND SOFTWARE ENGINEERING WITHIN THE FRAMEWORK OF THE CURRENT LIFE-
CYCLE VIEW . A SCENARIO IS ENVISAGED IN WHICH WELL-FOUNDED SCIENTIFICALLY-BASED
METHODS ARE GRADUALLY ADOPTED TO REPLACE AD HOC TECHNIQUES CURRENTLY IN USE .
SUCH METHODS SHOULD CONTRIBUTE SIGNIFICANTLY TO THE REDUCTION OF LIFE-CYCLE
COSTS , PARTICULARLY IN THE AREAS OF TESTING AND MAINTENANCE , THROUGH EARLIER
ERROR DETECTION AND REMOVAL , AND THE DEVELOPMENT OF MORE RELIABLE AND
HIGHER QUALITY SYSTEMS . THE RESEARCH AND DEVELOPMENT PROGRAMME IN THIS AREA
SHOULD CONTINUE FOR ABOUT FIVE YEARS , SO MORE SPECULATIVE AND RADICAL
APPROACHES TO SYSTEM DEVELOPMENT , FOR WHICH CONSIDERABLE FUNDAMENTAL
RESEARCH IS REQUIRED , ARE NOT CONSIDERED HERE ( SEE 2.4 ) .

THE EMPHASIS IS ON THE DEVELOPMENT OF IMPROVED METHODS FOR SYSTEM
CONSTRUCTION . THESE METHODS MUST THEN BE SUPPORTED BY INTEGRATED SUPPORT
TOOLS . IT IS ASSUMED HERE THAT THE OVERALL DEVELOPMENT APPROACH , WHICH THE
TOOLS SUPPORT , WILL EMPLOY MULTIPLE LEVELS OF REPRESENTATION WITH INCREMENTAL
VERIFICATION AND VALIDATION . WHERE POSSIBLE , TOOLS MAY BE PROVIDED BY RE-WORK
OR ENHANCEMENT OF EXISTING PROGRAMS RATHER THAN BY COMPLETELY NEW
DEVELOPMENT .

THERE IS ALSO A STRONG INTERDEPENDENCE WITH THE MANAGEMENT ACTIVITIES
DESCRIBED IN AREA 2.2 . MANAGEMENT METHODS MUST TAKE ACCOUNT OF IMPROVED
SYSTEMS AND SOFTWARE DEVELOPMENT METHODS AND , SIMILARLY , SYSTEM
DEVELOPMENT METHODS MUST TAKE ACCOUNT OF MANAGEMENT REQUIREMENTS .

INDUSTRIAL AND ACADEMIC COLLABORATION IS PARTICULARLY RELEVANT TO THIS AREA ,
SINCE ACADEMIC RESEARCHERS IN EUROPE HAVE PRODUCED A SIGNIFICANT THEORETICAL
BASE WHICH SHOULD PROVIDE THE FOUNDATIONS OF IMPROVED SYSTEMS AND SOFTWARE
ENGINEERING METHODS .
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R AND D TOPICS

THE WORK IN THIS AREA WILL ADDRESS :

- REFERENCE MODELS OF SYSTEMATIC APPROACHES TO SYSTEM DEVELOPMENT ;

- PRACTICAL AND DISCIPLINED SYSTEM DEVELOPMENT METHODS ;

- EFFECTIVE METHODS OF SOFTWARE PRODUCTION AND MAINTENANCE ;

- STUDY OF APPLICATION AREA NEEDS ;

- REPRESENTATION AND TRANSFORMATION TOOLS ;

- VERIFICATION AND VALIDATION TOOLS ;

PROCESS

* APPLICATION DOMAIN

USER INTERFACES

* MANAGEMENT

* TRANS . * REPRESENTATION * TRANS . * REPRESENTATION * MANAGEMENT AND CONTROL *
TARGET SYSTEM

* VERIFICATION AND VALIDATION * VERIFICATION AND VALIDATION

* HOST SYSTEM

ENVIRONMENT

FIGURE 2-1

- SUPPORT TOOLS :

- COMPONENT LIBRARY SUPPORT TOOLS ,

- DOCUMENTATION TOOLS ,

- PERFORMANCE PREDICTION AND MEASUREMENT TOOLS ,

- RELIABILITY SPECIFICATION AND MEASUREMENT TOOLS ,

- PROCESS SUPPORT TOOLS .

THE PROGRAMME INCLUDES CONTINUATION OF WORK STARTED BY THE PILOT PROJECTS IN
YEAR 0 .

TYPE A PROJECTS

2.1.1 . METHODS , TECHNIQUES AND TOOLS

THIS TOPIC SHOULD BE COVERED BY UP TO TWO PROJECTS TO BE STARTED IN YEAR 1 , BOTH
ANSWERING TO THE DESCRIPTION GIVEN BELOW . THE DIFFERENTIATION BETWEEN THESE
PROJECTS WILL BE ON THE BASIS OF THE MAIN APPROACH ADOPTED BY THEM , OR ON THE
APPLICATION AREA THEY ADDRESS .

THE OBJECTIVES ARE :

- TO IDENTIFY AN ADEQUATE RANGE OF EFFECTIVE METHODS OF SOFTWARE PRODUCTION
AND MAINTENANCE ,

- TO PROVIDE TOOL SUPPORT FOR THESE METHODS , ASSUMING MULTIPLE LEVELS OF
REPRESENTATION WITH INCREMENTAL VERIFICATION AND VALIDATION .
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THE METHODS MUST ACHIEVE COMPLETE COVERAGE OF THE ENTIRE SPECTRUM FROM
REQUIREMENTS DEFINITION THROUGH TO THE MAINTENANCE PHASE , INCLUDING
NECESSARY ITERATIONS ; METHODS MUST AIM TO MINIMIZE TOTAL LIFE-CYCLE COST , AND
COMPATIBILITY BETWEEN VARIOUS METHODS AND NOTATIONS USED IN SUCCESSIVE LIFE-
CYCLE PHASES IS A PRIME REQUIREMENT .

TO ESTABLISH THE OVERALL CONTEXT IN WHICH SOFTWARE DEVELOPMENT TAKES PLACE ,
REFERENCE MODELS OF SYSTEMATIC APPROACHES TO SYSTEM DEVELOPMENT MUST BE
ADDRESSED , AND SPECIAL ATTENTION BE PAID TO THE CRUCIAL REQUIREMENTS ANALYSIS
TASK .

ONE ESPECIALLY IMPORTANT TASK IS TO INVESTIGATE THE ISSUES RELATING TO THE USE AND
RE-USE OF SOFTWARE COMPONENTS .

INTERMEDIATE OBJECTIVES

12TH MONTH

- PROTOTYPE VERSION OF TOOLS ;

18TH MONTH

- REFERENCE MODEL OF SYSTEM DEVELOPMENT ;

24TH MONTH

- INITIAL TOOL SET ;

36TH MONTH

- SYSTEM AND SOFTWARE DEVELOPMENT METHODS ;

60TH MONTH

- FINAL TOOL SET .

2.1.2 . INTERGRATION OF MANAGEMENT AND TECHNICAL ASPECTS

THIS PROJECT ADDRESSES THOSE MANAGEMENT ISSUES WHICH ARE STRONGLY AFFECTED BY
THE TECHNICAL PROPERTIES OF THE SOLUTION EXPECTED FROM PROJECT 2.1.1 .

THE OBJECTIVES ARE :

- TO DEVELOP TOGETHER , IN ONE PROJECT , BOTH MANAGEMENT AND TECHNICAL
APPROACHES TO SOFTWARE PRODUCTION AND MAINTENANCE ,

- TO EXPLORE PROBLEMS RELATED TO MANAGEMENT AND CONTROL OF THE SOFTWARE
PRODUCT , ESPECIALLY CONFIGURATION MANAGEMENT AND VERSION/VARIANT CONTROL ,

- TO DEVELOP OR ABSTRACT THOSE STANDARDS THAT WILL BE EFFECTIVE ALSO FROM A
MANAGEMENT POINT OF VIEW .

SPECIAL ATTENTION WILL HAVE TO BE PAID TO THE USE OF FAMILIES OF " PREFABRICATED "
COMPONENTS IN INTEGRATION AND PRODUCTION MANAGEMENT .

INTERMEDIATE OBJECTIVES

24TH MONTH

- METHODS AND TECHNIQUES FOR PRODUCT MANAGEMENT AND CONTROL ;

48TH TO 60TH MONTH
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- SUPPORT TOOLS FOR CONFIGURATION MANAGEMENT , INTEGRATION AND PRODUCTION
MANAGEMENT .

2.1.3 . SOFTWARE METHODOLOGY

THIS PROJECT WILL INVESTIGATE THE SUITABILITY OF METHODS AND TECHNIQUES FOR
VARIOUS APPLICATION AREAS , AND DEVELOP THE CRITERIA FOR SELECTING , FROM AMONG
EXISTING OR ENVISAGED METHODS AND TECHNIQUES , THOSE THAT ARE MOST APPROPRIATE
FOR THE PROJECT IN HAND ON THE BASIS OF :

- THE PARTICULAR APPLICATION AREA ,

- THE OVERALL DEVELOPMENT SITUATION ( TEAM SIZE , OTHER PERSONNEL AND
MANAGEMENT CONSTRAINTS , CAPABILITIES OF THE TECHNICAL ENVIRONMENT , ETC . ) ,

- THE ENVISAGED PRODUCT LIFE ( FREQUENCY OF CHANGES , NUMBER OF VARIANTS , ETC . ) .

WHERE POSSIBLE THE CRITERIA SHOULD BE QUANTITATIVE , AND TO THIS END GLOBAL
NUMERICAL DATA WILL BE COLLECTED AND ANALYZED FROM A NUMBER OF DEVELOPMENT
PROJECTS OVER A LONG PERIOD OF TIME . THE UTILITY OF THE CRITERIA WILL REQUIRE
VERIFICATION IN APPLICATION TO REAL PROJECTS AND ADJUSTED IN THE LIGHT OF
PRACTICAL EXPERIENCE .

INTERMEDIATE OBJECTIVES

18TH MONTH

- STUDY OF APPLICATION AREA NEEDS ;

36TH MONTH

- ( QUALITATIVE ) CRITERIA ;

48TH MONTH

- QUANTITATIVE ANALYSIS OF DATA COLLECTED FROM DEVELOPMENT PROJECTS ;

60TH MONTH

- FULL SET OF CRITERIA .

TYPE B PROJECTS

THE FOLLOWING THEMES AT LEAST WILL HAVE TO BE ADDRESSED IN THIS R AND D AREA :

- SYSTEM DEVELOPMENT MODELS ;

- SYSTEM/SOFTWARE DEVELOPMENT METHODS , INCLUDING :

- USE OF EXISTING COMPONENTS IN NEW DEVELOPMENTS ,

- FORMAL SEMANTICS OF INTERFACES ,

- FAULT TOLERANCE ,

- VALIDATION AND VERIFICATION ,

- CAPTURING OF REQUIREMENTS ,

- DEVELOPMENT OF NOTATIONS ( INCLUDING GRAPHICAL ONES ) WHICH HAVE WELL-
FOUNDED SEMANTICS ,

- RELIABILITY OF SPECIFICATIONS ,

- SPECIFICATION OF BOTH SEQUENTIAL AND CONCURRENT SYSTEMS ,
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- DECOMPOSITION , INTEGRATION AND RETAINING OF COMPATIBILITY BETWEEN EVOLVING
HARDWARE AND SOFTWARE SUBSYSTEMS BOTH DURING DEVELOPMENT AND DURING
OPERATIONAL LIFE ,

- HARDWARE/SOFTWARE MIGRATION ,

- SYSTEM OPTIMIZATION ;

- REPRESENTATION AND TRANSFORMATION TOOLS , INCLUDING THE USE OF SEMI-FORMAL AS
WELL AS GRAPHICAL LANGUAGES ;

- VERIFICATION AND VALIDATION TOOLS ;

- COMPONENT LIBRARY SUPPORT TOOLS ;

- PERFORMANCE PREDICTION AND MEASUREMENT TOOLS ;

- RELIABILITY SPECIFICATION AND MEASUREMENT TOOLS .

R AND D AREA 2.2 :

MANAGEMENT - UNDERSTANDING AND IMPLEMENTING

DESCRIPTION

PROJECTS IN THIS AREA ARE INTENDED TO CONSOLIDATE UNDERSTANDING OF , AND
EFFECTIVE MEANS OF SUPPORT FOR , THE MANAGEMENT OF SOFTWARE PROJECTS . THE
MANAGEMENT APPROACH WHICH IS DEVELOPED MUST BE CONSISTENT WITH THE
TECHNICAL APPROACH DEVELOPED IN THE " PROCESS - UNDERSTANDING AND
IMPLEMENTING " AREA ( 2.1 ) . THIS CAN BEST BE ACHIEVED IF THE MANAGEMENT AND
TECHNICAL APPROACHES ARE DEVELOPED TOGETHER ( SEE 2.1.2 ) . IT IS ALSO IMPORTANT
THAT THE PROJECTS IN THIS AREA ADDRESS BOTH TECHNICAL MANAGEMENT ISSUES , SUCH
AS CONFIGURATION CONTROL , AND PROJECT MANAGEMENT ISSUES , SUCH AS EFFORT
ESTIMATION . ANOTHER IMPORTANT TOPIC IS THE ESTABLISHMENT OF TECHNIQUES FOR THE
COLLECTION OF DATA WHICH ALLOW MANAGERS TO EVALUATE AND SELECT METHODS AND
TOOLS .

R AND D TOPICS

WORK IN THIS AREA WILL ADDRESS :

- MANAGEMENT MODELS OF SOFTWARE PRODUCTION AND MAINTENANCE ;

- PROJECT PLANNING AND CONTROL TOOLS AND TECHNIQUES ;

- CONFIGURATION MANAGEMENT TOOLS AND TECHNIQUES ;

- PRODUCTION MANAGEMENT , INTEGRATION AND CONTROL TOOLS AND TECHNIQUES ;

- MAINTENANCE MANAGEMENT METHODS AND TOOLS ;

- QUALITY AND RELIABILITY ASSURANCE TOOLS AND TECHNIQUES ;

- MANAGEMENT DATABASE SUPPORT ;

- DATA COLLECTION AND ANALYSIS .

THE PROGRAMME INCLUDES CONTINUATION OF WORK STARTED UNDER THE PILOT PROJECTS
IN YEAR 0 .

TYPE A PROJECTS

2.2.1 . SOFTWARE PRODUCTION AND MAINTENANCE MANAGEMENT SUPPORT
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THE OBJECTIVES ARE :

- TO DEVELOP QUANTITATIVE MANAGEMENT MODELS OF SOFTWARE PRODUCTION AND
MAINTENANCE ;

- TO PROVIDE SUPPORT FOR THE MAJOR FUNCTIONS OF SOFTWARE PRODUCTION AND
MAINTENANCE MANAGEMENT :

- PLANNING AND CONTROL OF SOFTWARE PROJECTS ,

- PLANNING AND CONTROL OF SOFTWARE PRODUCTS ,

- MAINTENANCE MANAGEMENT ;

- TO DEVELOP DATABASE SUPPORT FOR MANAGEMENT TOOLS ( E . G . BY EXPLOITING THE
DATABASE FACILITIES OF THE COMMON ENVIRONMENT ) .

IT IS IMPORTANT THAT A WIDE VARIETY OF MANAGEMENT PRACTICES BE ACCOMMODATED
WITH A LIMITED SET OF COMMON FACILITIES ( E . G . THROUGH EXPLOITATION OF GENERIC
PROPERTIES ) .

INTERMEDIATE OBJECTIVES

12TH MONTH

- COST ESTIMATING MODELS ;

18TH MONTH

- FULL QUANTITATIVE MODELS ;

36TH MONTH

- INITIAL TOOL SET ;

42ND MONTH

- MANAGEMENT DATABASE ;

54TH MONTH

- COMPLETE TOOL SET .

2.2.2 . QUALITY AND RELIABILITY ASSURANCE

THE OBJECTIVES ARE :

- TO INVESTIGATE IN DETAIL THE EFFECTIVENESS OF TWO CONTRASTING APPROACHES TO
QUALITY AND RELIABILITY ASSURANCE , NAMELY THAT OF CLOSE CONTROL OVER THE
DEVELOPMENT PROCESS , AND THAT OF MEASUREMENT AND CORRECTIVE ACTION ,

- TO PROVIDE TECHNIQUES AND TOOLS THAT WILL ASSIST THE ASSURANCE CONTROLS BOTH
PRE - AND POST-PRODUCTION .

THE PROPERTIES BY WHICH A PRODUCT'S QUALITY MAY BE CHARACTERIZED AND
QUANTIFIED SHOULD BE IDENTIFIED AND MEANS BY WHICH A PRODUCT'S QUALITY AND
RELIABILITY MAY BE ESTIMATED AND PREDICTED SHOULD BE DETERMINED .

PARTICULAR ATTENTION SHOULD BE GIVEN TO THE VERIFICATION AND VALIDATION
ACTIVITY AT EACH OF THE TRANSFORMATIONS IN THE LIFE-CYCLE .

DATA COLLECTION AND ANALYSIS SHOULD BE ADDRESSED MAINLY FROM THE SHORT-TERM
ASPECT ( PROGRESS MONITORING , ANALYSIS OF ERROR REPORTS , ETC . , FOR INDIVIDUAL
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PROJECTS ) . THE LONG-TERM ASPECT ( ASSESSMENT AND EVALUATION OF METHODS
THEMSELVES ON THE BASIS OR LARGER STATISTICS ) IS ADDRESSED IN PROJECT 2.1.3 .

INTERMEDIATE OBJECTIVES

24TH MONTH

- CRITERIA FOR QUALITY AND RELIABILITY ASSURANCE ;

36TH MONTH

- DATA COLLECTION AND ANALYSIS TECHNIQUES ;

60TH MONTH

- TOOL SET AVAILABLE .

TYPE B PROJECTS

THE FOLLOWING THEMES AT LEAST WILL HAVE TO BE ADDRESSED IN THIS R AND D AREA :

- MONITORING TECHNIQUES AND PROGRESS PARAMETERS ;

- MAINTENANCE MANAGEMENT , E . G . :

- FAULT AND ERROR REPORTING ,

- CHANGE CONTROL ,

- RELEASE CONTROL ,

- HANDLING OF ENHANCEMENT REQUESTS ;

- FAILURE MODE EFFECTS AND CRITICALITY ANALYSIS .

R AND D AREA 2.3 :

ENVIRONMENT - UNDERSTANDING AND IMPLEMENTING

DESCRIPTION

THE PROJECTS IN THIS AREA WILL DEVELOP A COMMON ENVIRONMENT TO BE USED :

- AS A PRIMITIVE SOFTWARE DEVELOPMENT ENVIRONMENT ,

- AS THE BASIS FOR THE DEVELOPMENT OF A COMPLETE INTEGRATED SOFTWARE
ENGINEERING ENVIRONMENT .

SINCE MULTI-NATIONAL DEVELOPMENT OF SOFTWARE WILL BE A CENTRAL FEATURE OF
ESPRIT AS A WHOLE , THIS ENVIRONMENT IS AN IMPORTANT BUILDING BLOCK FOR ALL ESPRIT
PROGRAMMES . HENCE IT IS IMPERATIVE THAT THERE IS GENERAL PUBLICATION OF ALL
INTERFACES , THUS PROVIDING FOR GENERAL EXPLOITATION AND INTERCEPTION OF THE
ENVIRONMENT .

THE COMMON ENVIRONMENT WILL CONSIST OF AN INFRASTRUCTURE , WHICH PROVIDES THE
BASIC FRAMEWORK , AND A SET OF TOOLS AND COMPONENTS WHICH WILL BE OF RELEVANCE
IN ALL INSTANCES OF THE ENVIRONMENT . IN PARTICULAR , THE TOOLS AND COMPONENTS
ARE INTENDED TO ASSIST THE DEVELOPMENT OF NEW TOOLS , THUS PROMOTING EXTENSION
TO THE COMPLETE INTEGRATED ENVIRONMENT .

THE ENVIRONMENT DEVELOPED MUST ALLOW A RANGE OF IMPLEMENTATIONS , ON
HARDWARE OF DIFFERENT CAPABILITIES , AND WITH DIFFERENT AIMS ( E . G . EASE OF
INSTALLATION V . EFFICIENCY ) . THEREFORE IT IS IMPORTANT THAT A SPECTRUM OF
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INTERFACES IS DEFINED THROUGH WHICH TOOLS OPERATE ON " OBJECTS " SUCH AS
PROGRAMS , FILES , DEVICES AND OTHER TOOLS IN ORDER TO ACCOMMODATE THESE NEEDS .

R AND D TOPICS

WORK IN THIS AREA WILL ADDRESS :

- ENVIRONMENT INFRASTRUCTURE ;

- COMMON ENVIRONMENT TOOLS AND COMPONENTS ;

- COMMON ENVIRONMENT GENERAL SERVICES .

THE PROGRAMME INCLUDES CONTINUATION OF WORK STARTED UNDER PILOT PROJECTS IN
YEAR 0 .

TYPE A PROJECT

2.3.1 . COMMON TOOL ENVIRONMENT

THE OBJECTIVES ARE :

- TO DEVELOP A COMMON ENVIRONMENT TO BE USED AS PRIMITIVE SOFTWARE
DEVELOPMENT ENVIRONMENT , AND AS THE BASIS OF A COMPLETE INTEGRATED SOFTWARE
ENGINEERING ENVIRONMENT ,

- TO DEVELOP AN OBJECT-BASED APPROACH TO THE PROVISION OF A TOOL-RICH
ENVIRONMENT , WHERE " OBJECT " INCLUDES PROGRAMS , FILES , DEVICES AND OTHER
TOOLS ; THE EMPHASIS WILL BE ON META-TOOLS , WHICH CAN BE USED TO ASSIST IN THE
CONSTRUCTION OF SPECIFIC ENVIRONMENT TOOLS AND FACILITIES ; COMMON TOOLS AND
COMPONENTS WILL PROMOTE A HOMOGENEOUS INTERFACE ACROSS ALL INSTANCES OF THE
ENVIRONMENT AND REDUCE THE COST OF NEW TOOL DEVELOPMENT ,

- TO PROVIDE AN APPROPRIATE INFRASTRUCTURE ( BASIC FRAMEWORK ) WITH STANDARDS
AND CONVENTIONS FOR ENVIRONMENT WORK-STATIONS , WITH SUPPORT FROM COMMON
USER INTERFACING MECHANISMS , WITH BASIC MECHANISMS FOR PROGRAM EXECUTION ,
COMMUNICATION AND OBJECT MANAGEMENT ( ENVIRONMENT DATABASE ) AND WITH LOCAL
AREA NETWORK PROTOCOLS AND INTERFACE STANDARDS APPROPRIATE FOR ENVIRONMENT
FUNCTIONS ,

- TO PROVIDE A RANGE OF GENERAL SERVICES OF INTEREST TO ALL USERS ( E . G . MAIL ,
BULLETIN BOARD , DOCUMENT PREPARATION , ETC . ) .

INTERMEDIATE OBJECTIVES

12TH MONTH

- FIRST PROTOTYPE ENVIRONMENT ;

24TH MONTH

- INITIAL COMMON TOOL SET ;

36TH MONTH

- INITIAL ENVIRONMENT , AND FULL COMMON TOOL SET AND GENERAL SERVICES .

R AND D AREA 2.4 :

PROCESS , MANAGEMENT AND ENVIRONMENT - EVOLVING

DESCRIPTION
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PROJECTS IN THIS AREA SHOULD ADDRESS THE TOTAL ACTIVITY OF SOFTWARE
DEVELOPMENT FROM THE EMERGENCE OR STATEMENT OF A COMPUTER APPLICATION
CONCEPT OR OF A PROBLEM TO BE SOLVED , THROUGH THE INSTALLATION AND OPERATION
OF THE APPROPRIATE SOFTWARE OR SOFTWARE BASED SYSTEM , AND THROUGHOUT ITS
SUBSEQUENT LIFE-TIME IN WHICH CONTINUING ADAPTATION TO CHANGING ENVIRONMENTS
AND CHANGING USER PERCEPTIONS IS INEVITABLE .

THE PROGRAMME PROVIDES BOTH FOR A TOTALLY COHERENT PROCESS APPROACH AND FOR
EXPLORING FUNDAMENTALLY NEW APPROACHES . THE EMPHASIS IS THEREFORE ON
LONGERTERM RESEARCH .

IT IS ANTICIPATED THAT OVERALL STRUCTURAL CHANGES IN SOFTWARE MANAGEMENT WILL
RESULT FROM IMPROVED UNDERSTANDING OF THE WHOLE SOFTWARE PROCESS . IN
ADDITION DETAILED EVOLUTION WILL FOLLOW IMPROVEMENTS IN SUCH AREAS AS
MEASUREMENTS , QUALITY ASSURANCE AND SOFTWARE TOOLS SUPPORT . PART OF THE
WORK IN THIS AREA IS THEREFORE DIRECTED AT SIGNIFICANT IMPROVEMENT IN SOFTWARE
MANAGEMENT TECHNIQUES .

ANOTHER PART INTENDS TO PROVIDE THE BASIS FOR THE MORE ADVANCED ENVIRONMENTS
OF THE FUTURE . THIS WILL INVOLVE THE APPLICATION OF AIP TECHNIQUES ( SEE
SUBPROGRAMME 3 ) TO THE PROBLEMS OF SOFTWARE ENVIRONMENTS . SUCH
ENVIRONMENTS MIGHT BE EXPECTED TO BE EXTENSIBLE AND PLAY AN ACTIVE RATHER
THAN A PASSIVE ROLE . ON THE OTHER HAND , REQUIREMENTS COMING FROM THE AIP
DOMAIN MUST BE TAKEN INTO ACCOUNT TO PROVIDE ENVIRONMENTS SUITED TO THEIR
NEEDS . MOREOVER , IT IS DESIRABLE THAT APPROPRIATE INTERFACES BETWEEN THESE AND
THE INITIAL COMMON ENVIRONMENT ( SEE 2.3 ) BE PROVIDED .

R AND D TOPICS

THE TOPICS DESCRIBED HERE ARE OF LONG-TERM AND SPECULATIVE NATURE . DETAILS OF
THE GROUPING OF ALL TOPICS INTO PACKAGES CANNOT BE GIVEN AT THIS STAGE AND ONLY
ONE TYPE A PROJECT HAS BEEN DEFINED . HOWEVER , IT IS EXPECTED THAT PROPOSALS WILL
PROVIDE OTHER SUCH GROUPINGS , AND UP TO THREE TYPE A PROJECTS COULD BE
ACCOMMODATED . THEY WILL INITIALLY HAVE A PREDOMINANTLY RESEARCH ORIENTATION ,
BUT INDUSTRIAL TAKE-UP MUST BE ENSURED FROM THE BEGINNING , BOTH BY THE
COMBINATION OF RESEARCH TOPICS AND BY THE STRUCTURE OF THE PARTICIPATION .

WORK IN THIS AREA WILL ADDRESS :

- IMPROVED MODELS FOR SOFTWARE PRODUCTION AND MAINTENANCE ( WITH SPECIAL
REFERENCE TO THE COHERENCE OF THE PROCESSES MODELLED ) ; BOTH THE TECHNICAL
AND THE MANAGEMENT ASPECTS NEED TO BE ADDRESSED ;

- CONSTRUCTION AND TRANSFORMATION OF REPRESENTATIONS ( INCLUDING AUTOMATIC
AND INTERACTIVE PROGRAM SYNTHESIS , WITH SPECIAL ATTENTION FOR GENERIC AND RE-
USABLE SOFTWARE AND FOR VALIDATION AND VERIFICATION ) ;

- GENERAL METHODS AND TOOLS FOR APPLICATION DOMAIN ANALYSIS WITH SPECIAL
REFERENCE TO CAPTURING OF REQUIREMENTS ;

- HARDWARE/SOFTWARE SYNERGY AND NEW ARCHITECTURES ;

- NON-IMPERATIVE LANGUAGES ;

- CONVERGENCE OF TECHNOLOGIES IN PROGRAM SPECIFICATION , PROGRAM
IMPLEMENTATION AND DATABASE DESIGN ;

- MEASUREMENT AND MODELLING ;
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- QUALITY AND RELIABILITY ;

- EXPERT SYSTEM APPROACHES TO SOFTWARE PRODUCTION AND MAINTENANCE , INVOLVING
ACTIVE DATABASES , MANAGEMENT EXPERT SYSTEMS ;

- ADVANCED SUPPORT ENVIRONMENTS AND HUMAN INTERFACING FOR THE DEVELOPMENT
OF HIGHLY DEMANDING APPLICATIONS SUCH AS ADVANCED INFORMATION PROCESSING
APPLICATIONS .

TYPE A PROJECT

2.4.1 . ADVANCED INTERACTIVE SOFTWARE DEVELOPMENT

THE OBJECTIVES ARE :

- TO INVESTIGATE THE POSSIBILITY OF DEVELOPING AN APPROACH WHICH BEGINS TO
INTEGRATE THE RIGOUR OF THE " SOFTWARE ENGINEERING " APPROACH AND THE
FLEXIBILITY OF THE EXPERIMENTAL AND " THROWAWAY " STYLE OF SOFTWARE
DEVELOPMENT EXEMPLIFIED BY KNOWLEDGE PROCESSING WORK ;

- TO PROVIDE AN ENVIRONMENT SUPPORTING THIS FORMAL INTERACTIVE STYLE OF
PROGRAM DEVELOPMENT . THIS ENVIRONMENT SHOULD PROVIDE INTEGRATED SUPPORT FOR
EXISTING LANGUAGES AND METHODS OF SEVERAL CLASSES ( FUNCTIONAL , LOGIC , OBJECT-
ORIENTED . . . ) ;

- TO PROVIDE APPROPRIATE INTERFACES TO ENSURE EFFECTIVE INTERWORKING BETWEEN
THIS ENVIRONMENT AND THE INITIAL COMMON TOOL ENVIRONMENT ( SEE 2.3.1 ABOVE ) ;

- TO PROVIDE FACILITIES FOR RAPID INCORPORATION OF FUTURE DEVELOPMENTS IN
DIFFERENT CLASSES OF LANGUAGES .

INTERMEDIATE OBJECTIVES

12TH MONTH

- COMMON APPROACH CHARACTERISTICS DESCRIPTION ;

24TH MONTH

- EXPERIMENTAL INTERACTIVE ENVIRONMENT ;

48TH MONTH

- ADVANCED INTERACTIVE ENVIRONMENT ;

60TH MONTH

- INTERFACING WITH COMMON TOOL ENVIRONMENT .

TYPE B PROJECTS

THESE CAN ADDRESS ANY OF THE TOPICS MENTIONED ABOVE .

R AND D AREA 2.5 :

DEMONSTRATION PROJECTS

THERE IS A SIGNIFICANT BARRIER TO THE INTRODUCTION OF NEW METHODS AND TOOLS
INTO INDUSTRY - NO PROJECT MANAGER WANTS TO BE THE FIRST TO ATTEMPT PRACTICAL
USAGE OF A NEW APPROACH . THIS BARRIER CAN BE ADDRESSED BY PROVIDING FINANCIAL
SUPPORT FOR DEMONSTRATION PROJECTS . THE INTENTION IS NOT TO CREATE AN ARTIFICIAL
PROJECT SOLELY TO DEMONSTRATE SOME NEW APPROACH , BUT RATHER TO USE A REAL
PROJECT AS AN EVALUATION AND DEMONSTRATION VEHICLE . THE FINANCIAL SUPPORT
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SHOULD THEN COVER THE ADDITIONAL COSTS THAT ARE INCURRED IN PERFORMING THIS
EVALUATION AND DEMONSTRATION ROLE . IN PARTICULAR , THE FUNDING MUST COVER
TRAINING AND FAMILIARIZATION OVERHEADS AT THE START OF THE PROJECT , AND THE
PREPARATION OF REPORTS AND CRITIQUES OF METHODS AND TOOLS FOR THE BENEFIT OF
THE COMMUNITY AS A WHOLE . THE FUNDING OF DEMONSTRATION PROJECTS SHOULD BE
CONDITIONAL UPON THE PRODUCTION OF SUCH REPORTS AND CRITIQUES .

IT IS IMPORTANT THAT THE RESULTS OF SUCH DEMONSTRATION PROJECTS SHOULD BE SEEN
TO BE VALID AND CONCLUSIVE ; THIS REQUIRES , AMONG OTHER THINGS , THAT THE DESIGN
AND PLANNING OF SUCH DEMONSTRATIONS SHOULD BE EVALUATED FROM THE PERSPECTIVE
OF THE STATISTICAL THEORY OF " DESIGN OF EXPERIMENTS " .

PROJECTS OF THIS TYPE ARE EXPECTED TO START IN YEARS 2 AND 3 ( I . E . 1985/86 AND 1986/87
) , AND CANNOT BE PLANNED IN ANY DETAIL AT THIS STAGE .

SUBPROGRAMME 3

ADVANCED INFORMATION PROCESSING ( AIP )

THE MAIN THEME IS MACHINE INTELLIGENCE . THIS EMBRACES THE PROCESS OF
EXTRACTING KNOWLEDGE , STORING THAT KNOWLEDGE FOR EASY ACCESS AND USE AND TO
ENHANCE THE KNOWLEDGE BASE THROUGH USAGE . A MAJOR AIM IS TO BRIDGE THE GAP
BETWEEN THE COMPUTER AND THE NON-TECHNICAL USER BY USING COMPUTER-BASED
INTELLIGENCE TO ASSIST THE USER AND PRESENT AN EASY , FRIENDLY INTERFACE .

INITIAL THEORETICAL WORK WILL BE ON THE PROCESS OF REASONING FROM WHICH TO BASE
THE DESIGN OF ADVANCED EXPERT OR KNOWLEDGE-BASED SYSTEMS . WHILE THE MAIN
EMPHASIS IN THE EARLY YEARS WILL BE KNOWLEDGE ENGINEERING AND KNOWLEDGE
STORAGE AND USAGE , THE EMPHASIS LATER WILL BE ON THE EXPLORATION OF NEW
ARCHITECTURES AND THE IMPLEMENTATION OF SYSTEMS . IN PARALLEL , RESEARCH WILL BE
UNDERTAKEN ON EXTERNAL INTERFACES , THE INTERACTION OF MAN AND THE MACHINE .
AN IMPORTANT FEATURE OF THIS WORK WILL BE SIGNAL ANALYSIS AND PROCESSING ,
PARTICULARLY FOR HANDLING VISUAL DATA . WORK WILL ALSO BE CARRIED OUT ON THE
SPECIFICATION AND DESIGN FACETS OF AIP SYSTEMS .

EARLY IN THE PROGRAMME A NUMBER OF DEMONSTRATOR AIP SYSTEMS WILL BE BUILT
USING CONVENTIONAL EQUIPMENT . THESE WILL BE BUILT AS QUICKLY AS POSSIBLE TO
ACCELERATE THE CORE OF KNOWLEDGE AND EXPERIENCE IN AIP SYSTEMS AND THROUGH
ACCESSIBLE DEMONSTRATORS OBTAIN CONTRIBUTIONS FROM THE WIDER RESEARCH
COMMUNITY . IN ADDITION , PROVISION IS MADE FOR A NUMBER OF INTEGRATED ,
INTERDISCIPLINARY " FOCUS " PROJECTS , THAT SPAN NOT ONLY THE FIVE MAIN ASPECTS OF
AIP BUT ALSO THE OTHER AREAS OF THE ESPRIT PROGRAMME .

R AND D AREA 3.1 :

KNOWLEDGE ENGINEERING

DESCRIPTION

THIS R AND D AREA IS CONCERNED WITH THE TOOLS AND TECHNOLOGIES WHICH WILL BE
NEEDED FOR THE PRACTICE OF KNOWLEDGE ENGINEERING IN ORDER TO REALIZE
COMMERCIALLY AND SOCIALLY ACCEPTABLE KNOWLEDGE-BASED SYSTEMS APPLICATIONS ,
OF WHICH EXPERT SYSTEMS , DECISION SUPPORT AND COMPUTER AIDED INSTRUCTION ARE
EXAMPLES .

KNOWLEDGE ENGINEERING INVOLVES THE PRACTICE OF :
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- BUSINESS ANALYSIS TO DETERMINE THE VIABLE DOMAINS FOR KNOWLEDGE-BASED
SYSTEMS ( KBS ) APPLICATION ,

- KNOWLEDGE ACQUISITION IN THE CHOSEN DOMAIN ABOUT THE OBJECTS OF REASONING ,
THEIR TAXONOMY , LINES OF REASONING , HEURISTICS , FACTS , RULES AND DIALOGUE ,

- CLASSIFICATION OF THE DOMAIN CHARACTERISTICS AND SELECTION OF THE MOST
APPROPRIATE CORRESPONDING KNOWLEDGE REPRESENTATIONS AND INFERENCE MODELS ,
LATER TO BE EXTENDED TO INCLUDE KNOWLEDGE TRANSFORMATION FACILITIES ,

- REALIZATION OF THE KBS APPLICATIONS ON THE MOST APPROPRIATE DELIVERY VEHICLE IN
TERMS OF MMI , ENGINE CAPABILITY , DATA/KNOWLEDGE BASE CAPABILITIES , AND STORAGE
CAPABILITIES AS WELL AS COMMUNICATION FACILITIES ,

- CUSTOMIZATION OF THE SYSTEM FOR USERS BY PROVIDING AN ADAPTIVE INTERFACE
WHICH MINIMIZES COGNITIVE LOAD IN TERMS OF THE DIALOGUE WITH THE SYSTEM ,

- MANIPULATION OF KNOWLEDGE FOR MAINTENANCE OF INSTALLED SYSTEMS , AND FOR
TRANSFORMATION OF KNOWLEDGE FOR THE CONSTRUCTION OF NEW KBS APPLICATION .

R AND D TOPICS

WORK WILL RESEARCH , SPECIFY , CLASSIFY AND PROVISION THE TOOLS AND TECHNIQUES OF
KNOWLEDGE ENGINEERING , AND WILL COVER :

3.1.1 . ( 1 ) KNOWLEDGE-BASED SYSTEMS AND THEIR METRICATION

3.1.2 . ( 1 ) DIALOGUE AND NATURAL LANGUAGE

3.1.3 . ( 1 ) KNOWLEDGE REPRESENTATION AND INFERENCE TECHNIQUES

3.1.4 . PREPARATORY WORK TOWARDS ADVANCED KBS

3.1.4.1 . IMPLEMENTATION LANGUAGES AND ENVIRONMENTS ( 1 )

3.1.4.2 . COMPILERS AND INTERPRETERS

3.1.4.3 . KNOWLEDGE ACQUISITION AND MANIPULATION

3.1.4.4 . ADVANCED GENERATION KBS APPLICATIONS

3.1.4.5 . LEARNING TECHNIQUES ( 1 )

WORK IN THE FIRST YEARS WILL CONCENTRATE ON GAINING EXPERIENCE BUILDING KBS ,
PARTICULARLY EXPERT SYSTEMS , USING CONVENTIONAL EQUIPMENT , SO AS TO
UNDERSTAND AND EXTEND CAPABILITIES . THIS WOULD BE FOLLOWED SUBSEQUENTLY WITH
BUILDING AN ADVANCED GENERATION OF KBS , INCORPORATING THE RESULTS OF ALL
ASSOCIATED AIP RESEARCH AND RESULTS FROM THE SOFTWARE TECHNOLOGY PROGRAMME .

TOPICS 3.1.1 AND 3.1.4.4 JOINTLY REPRESENT A ROLLING PROGRAMME OF DEMONSTRATORS
FOR EARLY AND ADVANCED KBS . ALSO RESEARCH TOPICS 3.1.3 AND 3.1.4.1 ARE EXPECTED TO
BE VERY CLOSELY RELATED , WITH A PRIME OUTPUT INTO THE ADVANCED PHASE OF
DEMONSTRATORS . HOWEVER , IT IS EXPECTED DEMONSTRATORS DURING THE FIRST FIVE
YEARS WILL CONTINUOUSLY FEED PROBLEMS AND WEAKNESSES INTO THE ABOVE GROUP OF
RESEARCH TOPICS , AND CONVERSELY , EACH NEW ROLLING DEMONSTRATOR CAN USE
EARLY RESEARCH RESULTS CURRENT AT THE TIME OF INCEPTION , WHICH IT WILL THEN KEEP
FROZEN FOR ITS TWO TO THREE YEAR DURATION .

TYPE A PROJECTS

3.1.1 . KNOWLEDGE-BASED SYSTEMS AND THEIR METRICATION
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THE OBJECTIVE IS AN ON-GOING PROGRAMME , OVER AT LEAST FIVE YEARS , OF
CONSTRUCTION OF DEMONSTRATOR KBS APPLICATIONS , USING STATE-OF-ART FACILITIES (
HARDWARE , SOFTWARE AND LARGE DATABASES ) AVAILABLE AT THE TIME , SO AS TO
MAINTAIN AN UP-TO-DATE POOL OF EXPERTISE ON KNOWLEDGE ENGINEERING SKILLS AND
ON CLASSIFICATION OF DOMAIN CHARACTERISTICS AGAINST AVAILABLE TOOLS AND
METHODS . IT WILL BE A VEHICLE FOR LEARNING ABOUT THE STRENGTHS AND WEAKNESSES
OF THE TOOLS AND METHODS USED FOR PROCESS ANALYSIS , KNOWLEDGE REPRESENTATION
AND MANIPULATION , INFERENCE AND PROCESSING , PROBLEM SOLVING PARADIGMS AND
HUMAN FACTORS/MMI .

THIS PARTICULAR PROJECT COVERS THE FIRST PHASE OF THE ON-GOING DEMONSTRATOR
PROGRAMME , WITH A SWITCH OVER AT RESOURCES FROM THE FIFTH YEAR INTO PROJECT
3.1.4 FOR THE SECOND PHASE OF THE DEMONSTRATOR PROGRAMME .

SINCE THE TOOLS AND METHODS VARY FOR DOMAIN CLASSES SHOWING MAJOR DIFFERENCES
IN CHARACTER , DEMONSTRATORS SHOULD INCLUDE WIDELY VARIED EXAMPLES IN FIELDS
OF CREATIVE DESIGN , PRODUCTION CONTROL DIAGNOSIS , SYSTEMS MODELLING , SIGNAL
PROCESSING , DECISION MAKING AND SOFTWARE ENGINEERING . AS SUCH , THIS PROGRAMME
WILL BE A CRUCIAL SOURCE OF EDUCATION , AND OF DIRECTION FOR ON-GOING/FUTURE
RESEARCH PROGRAMMES , AND OF EXPERIENCE FOR MAKING MARKETABLE KBS
APPLICATIONS .

ALMOST NOTHING IS KNOWN ABOUT THE PRACTICE OF KNOWLEDGE ENGINEERING AS A
HUMAN SKILL , OR ABOUT KBS PERFORMANCE , EVALUATION , MEASUREMENT AND
ACCEPTABILITY IN TERMS OF CLIENT PRODUCTIVITY . IT IS NECESSARY TO IDENTIFY THOSE
METRICS WHICH ARE OF SIGNIFICANCE AND TO ESTABLISH METHODS AND TOOLS FOR THEIR
MEASUREMENT - QUALITY OF KNOWLEDGE IS CRUCIAL BUT DIFFICULT TO METRICATE . THIS
WORK MUST ALSO CREATE A " TOOLS AND METHODS " KIT FOR KNOWLEDGE ENGINEERS TO
SIZE KBS APPLICATIONS IN TERMS OF CONSTRUCTION AND CLIENT USAGE RESOURCES , AND
IN TERMS OF THE MOST APPROPRIATE SYSTEM COMPONENTS .

KNOWLEDGE ENGINEERING WILL BE A BIGGER BOTTLENECK THAN SOFTWARE PRODUCTION
IF THE ISSUES OF HUMAN PRODUCTIVITY , AS WELL AS SYSTEM PERFORMANCE , ARE NOT
UNDERSTOOD . AS SUCH , THIS WORK IS OF KEY IMPORTANCE IN THE TOP DOWN DESIGN OF
KBS APPLICATIONS . SINCE NEW TOOLS AND TECHNIQUES ARE ADDED CONTINUALLY TO THE
KNOWLEDGE ENGINEERING REPERTOIRE DURING THE ESPRIT PROGRAMME , THIS
METRICATION WORK SHOULD BE ORGANIZED AS A CONTINOUSLY ROLLING PROGRAMME .

PROGRAMME AND INTERMEDIATE OBJECTIVES

YEAR 1 :

- SELECT APPLICATION DOMAIN ;

- CHOOSE APPROPRIATE TOOLS AND METHODS ;

- ESTABLISH IMPLEMENTATION ENVIRONMENT ;

- IDENTIFY METRICATION ASPECTS FOR EVALUATION ; DEVELOP CONCEPTS AND METHODS
FOR SOLUTIONS .

YEAR 2 :

- CHOOSE METRICATION TOOLS AND METHODS TO BE DEVELOPED ;

- DEFINE WHAT MEASURES ARE TO BE MADE AND ANALYZED ;

- DEFINE THE APPLICATIONS TO BE INSTRUMENTED AND MEASURED .
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YEARS 1 TO 3 :

- ASSEMBLE KBS DEMONSTRATOR ;

- RECORD CONSTRUCTION METHODS AND RESULTS ;

- RECORD NEW DOMAIN CHARACTERISTICS .

YEAR 3 :

- MEASUREMENT AND ANALYSIS OF PRODUCTIVITY AND PERFORMANCE FOR THE TARGET
APPLICATIONS .

YEARS 2 TO 4 :

- CARRY OUT EXPERIMENTS ON DEMONSTRATORS TO DETERMINE ACCEPTABILITY AND
IMPACT ON " CLIENT " PRODUCTIVITY ;

- REPORT ON CONSTRUCTION PRODUCTIVITY AND RECOMMEND NEW TOOLS AND METHODS .

YEAR 4 :

- PUBLISH PRODUCTIVITY AND PERFORMANCE RECOMMENDATIONS , AND GUIDELINES FOR
KNOWLEDGE ENGINEERS ;

- PROPOSE NEW METRICATION METHODS , ESPECIALLY THOSE WHICH ARE MORE AUTOMATED
.

3.1.2 . DIALOGUE AND NATURAL LANGUAGE

DESCRIPTION

A MAJOR WORK PROGRAMME IS REQUIRED ON THE TOOLS AND METHODS FOR DIALOGUE
AND COMMUNICATION LANGUAGES WHICH ARE NATURAL TO THE DOMAINS IN WHICH KBS
APPLICATIONS ARE TO BE COMPETENT . INCLUDED IN THIS IS THE APPLICATION OF
KNOWLEDGE AND CONTEXT TO THE CONDUCT AND UNDERSTANDING OF TWO-WAY
DIALOGUE , AND OF " INTELLIGENCE " TO THE INTERCHANGE OF DIALOGUE INITIATIVE
BETWEEN SYSTEMS AND CLIENT USERS .

THE DIALOGUE ITSELF SHOULD ENHANCE THE QUALITY OF SYSTEM BEHAVIOUR BY
OFFERING COOPERATION , UNDERSTANDING OF PERSONAL BEHAVIOUR AND PREFERENCE
AND PARAPHRASE ( ALL OF WHICH ARE KNOWLEDGE BASED ) ; IT SHOULD ALSO ALLOW
CLIENTS TO INTERACT WITH THE SYSTEM AT VARIOUS META-LEVELS WHILST KEEPING TRACK
OF ALL THE CONTEXT WHICH MAY HAVE TO BE RETURNED TO BY SYSTEM OR CLIENT ,
FOLLOWING ERROR OR CONFUSION . EXPLANATION OF KBS BEHAVIOUR IS ABSOLUTELY
CRITICAL TO ACCEPTANCE OF SUCH SYSTEMS ; THIS CAN BE ENHANCED BY INTERWORKING
OF THE KNOWLEDGE ABOUT THE USER WITH THAT OF THE APPLICATION .

DIALOGUE IS MORE GENERAL THAN CHARACTER STRING COMMUNICATION ; IT EXTENDS TO
USE OF HIGH BANDWIDTH GRAPHICS , EXPLANATORY PICTURES AND FILMS , AND TO THE USE
OF AUDIO SUPPORT .

PROGRAMME AND INTERMEDIATE OBJECTIVES

YEAR 1 :

- STUDY OF REQUIRED LANGUAGE STYLES AND CAPABILITIES ;

- SPECIFY FRAMEWORK FOR EXPLOITATION OF HIGH BANDWIDTH MMI .

YEARS 1 AND 2 :

- UNDERSTAND DIALOGUE REQUIREMENTS CLASSIFIED BY DOMAIN OF APPLICATION .
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YEARS 2 TO 4 :

- CREATE GENERATORS AND PARSERS FOR A VARIETY OF DIALOGUE LANGUAGES .

YEARS 3 AND 4 :

- SPECIFY KNOWLEDGE-BASED LANGUAGE PROCESSING TOOLS .

YEARS 4 TO 7 :

- IMPLEMENT KNOWLEDGE-BASED LANGUAGE PROCESSING/DIALOGUE TOOLS FOR
INTEGRATION INTO KBS APPLICATIONS .

3.1.3 . KNOWLEDGE REPRESENTATION AND INFERENCE TECHNIQUES

DESCRIPTION

KNOWLEDGE REPRESENTATION IS A KEY FACTOR ANALOGOUS TO DATA MODELLING IN
CONVENTIONAL PROCESSING . BECAUSE OF ITS COMPLEXITY , IT REQUIRES ENGINEERING ,
MODELLING AND TRANSFORMATION TOOLS OF HIGH SOPHISTICATION . IT IS NOT EXPECTED
THAT ANY ONE LANGUAGE WILL MERGE - RATHER THAT THERE WILL BE A WIDE RANGE OF
STANDARDS AND TECHNIQUES , WHICH VARY ACCORDING TO DOMAIN CLASSIFICATION ,
PARADIGMS EMPLOYED , AND TO INFERENCE/PROCESSING MODELS USED . A COMPREHENSIVE
EFFORT IS NEEDED TO DIFFERENTIATE , CLASSIFY , AND EXTEND KNOWLEDGE
REPRESENTATIONS FOR THESE REQUIREMENTS . IT IS EXPECTED THAT MORE SOPHISTICATED
APPLICATIONS WILL NEED TO WORK WITH MULTIPLE DIFFERING , BUT COOPERATING ,
KNOWLEDGE DOMAINS , AND THUS RESEARCH ON INTERWORKING KRS AND INFERENCE
MODELS WILL BE ESSENTIAL .

EXISTING KBS APPLICATIONS USE TOOLS AND METHODS WHICH LARGELY INCORPORATE
SIMPLE RULES OF INFERENCE - ESPECIALLY , LITTLE ( META ) KNOWLEDGE IS APPLIED TO THE
USE OF KNOWLEDGE AND TO CONTROL OF INFERENCE . THIS LEAVES A LOT TO BE DESIRED IN
EXPLOITING HIGH QUALITY KNOWLEDGE AND HEURISTICS , WHICH ARE OFTEN THE KEY TO
KBS EFFECTIVENESS RATHER THAN BRUTE FORCE HARDWARE SPEED . BASIC RESEARCH
SHOULD INCLUDE :

- NATURAL DEDUCTION TECHNIQUE NOT REQUIRING SPECIAL IMPLICATIVE FORM ;

- NON-CLASSICAL LOGIC SUCH AS TEMPORAL AND FUZZY LOGIC , WHICH ARE CLOSER TO
REAL-WORLD TIME RELATED AND QUALITATIVE BEHAVIOUR , BUT WHICH LACK PRACTICAL
PROOF ALGORITHMS ;

- KNOWLEDGE-BASED CONTROL OF THE INFERENCE PROCESS ITSELF ;

- CONSTRAINT PROPAGATION AND TRUTH MAINTENANCE ;

- EXPLOITATION OF CONTEXTUAL KNOWLEDGE ;

- COST/QUALITY DIRECTED PARADIGMS ;

- CLASSIFICATION OF INFERENCE TOOLS AND METHODS AGAINST DOMAINS , KRS AND
PARADIGMS ;

- RECOGNITION OF THE NEED FOR REAL TIME TRANSITION OF SYSTEM STATE ( AND THUS
IMPLICATED KNOWLEDGE ) AS A RESULT OF REAL-WORLD CHANGE .

PROGRAMME AND INTERMEDIATE OBJECTIVES :

KNOWLEDGE REPRESENTATIONS :

YEARS 1 AND 2 :
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- COMPILE ALL EXISTING KRS PROPOSALS ;

- CROSS-CHECK AND FERTILIZE SO AS TO DIFFERENTIATE AND CLASSIFY KRS ;

- DETERMINE WHAT IS SPECIFICALLY AND GENERALLY NEEDED ;

- IMPACT OF PSYCHOLOGY ON KRS .

YEARS 2 AND 3 :

- EXTEND AND CONSOLIDATE - REFERRING TO MODELS SUCH AS DATA DICTIONARIES ,
DATABASES AND PROGRAMMING LANGUAGES .

YEARS 3 TO 5 :

- PROPOSE NEW KRS TOOL KITS AND METHODS , AND INTRODUCE THESE INTO PROJECT 3.1.1
FOR " ROLLING " EXPLOITATION .

YEARS 4 TO 6 :

- PUBLISH EUROPEAN GUIDELINES FOR COMPONENTS OF KRS TOOL KITS ;

- REFERENCE " PRODUCTION " IMPLEMENTATION OF NEW KRS .

INFERENCE TECHNIQUES :

YEARS 1 AND 2 :

- DETERMINE STATE-OF-ART IN TOOLS AND METHODS , AND CLASSIFY AGAINST DOMAINS ,
KRS AND PARADIGMS ;

- SET UP SUBPROJECTS FOR RESEARCH .

YEARS 3 AND 4 :

- UNDERTAKE BASIC RESEARCH ON NATURAL DEDUCTION , TEMPORAL LOGIC , FUZZY LOGIC ,
INFERENCE PRIMITIVES , AND KNOWLEDGE BASED META-LEVEL CONTROL OF INFERENCE .

YEARS 5 AND 6 :

- CONSTRUCT INFERENCE MODELS FOR OUTPUT TO THE DEMONSTRATOR AND METRICS
PROGRAMMES ;

- CONTINUE RESEARCH ON APPROXIMATE REASONING AND META-LEVEL CONTROL .

3.1.4 . PREPARATORY WORK TOWARDS ADVANCED KBS

ALTHOUGH THIS IS CATEGORIZED AS AN A-PROJECT , WORK IN THE FIRST FEW YEARS WILL BE
AT A COMPARATIVELY LOW LEVEL AND THEN BUILD UP AS ADVANCED GENERATION KBS
BECOME FEASIBLE . THE PREPARATORY WORK WILL INCLUDE :

3.1.4.1 . IMPLEMENTATION LANGUAGES AND ENVIRONMENTS ;

3.1.4.2 . COMPILERS AND INTERPRETERS ;

3.1.4.3 . KNOWLEDGE ACQUISITION AND MANIPULATION ;

3.1.4.4 . ADVANCED GENERATION KBS APPLICATIONS ;

3.1.4.5 . LEARNING TECHNIQUES ,

THOUGH IT IS POSSIBLE THAT OTHER TOPICS IN THIS AREA WILL BECOME IDENTIFIED AS
WORK PROCEEDS .

ALL FIVE OF THE ABOVE TOPIC AREAS ARE BRIEFLY DESCRIBED BELOW , BUT ONLY THE TWO
WHICH ARE PLANNED TO START IN YEAR 1 ( NAMELY 3.1.4.1 AND 3.1.4.5 ) HAVE PROGRAMME
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OUTLINES INCLUDED .

3.1.4.1 . IMPLEMENTATION LANGUAGES AND ENVIRONMENTS

DESCRIPTION

EVALUATION OF , RECOMMENDATIONS ON , AND EXTENSION OF , CANDIDATE
IMPLEMENTATION LANGUAGES FOR TOOLS OF THE RESEARCH PROGRAMME AND AS TOOLS
FOR KNOWLEDGE ENGINEERS ENGAGED IN THE CONSTRUCTION OF KBS APPLICATIONS . THIS
SHOULD INCLUDE LANGUAGES FOR KNOWLEDGE MODELLING AND FOR
SPECIFICATION/DESIGN PROTOTYPING OF KBS COMPONENTS . LATER WORK SHOULD
CONCENTRATE ON ESTABLISHING STANDARDS , WHICH MANUFACTURERS WILL THEN TREAT
AS A SAFE BASE FOR SIGNIFICANT HARDWARE INVESTMENT . AN IMPORTANT ASPECT OF
LANGUAGE EVALUATION IS THE RICHNESS AND UTILITY OF THEIR EMBEDDED DEVELOPMENT
ENVIRONMENTS . IT IS EXPECTED THAT THE SOFTWARE ENGINEERING COMMON TOOLS
PROGRAMME WILL ADDRESS PORTABILITY .

PROGRAMME AND INTERMEDIATE OBJECTIVES

YEARS 1 TO 3 :

- IDENTIFY AND EVALUATE CANDIDATE LANGUAGES ( FOR EXAMPLE , SMALLTALK , LISP ,
PROLOG , POPLOG ) ENVIRONMENTS AND ARCHITECTURES .

YEARS 4 AND 5 :

- PUBLISH CRITIQUES AND RECOMMEND CHANGES E . G . LANGUAGE EXTENSIONS TO EXPLOIT
PARALLELISM ;

- PROCURE EXTENSIONS/CHANGES .

YEARS 5 AND 6 :

- ISSUE GUIDELINES TO ESPRIT ;

- MAKE REFERENCE LANGUAGE SYSTEMS AVAILABLE .

3.1.4.2 . COMPILERS AND INTERPRETERS

THE OBJECTIVE IS THE SOFTWARE IMPLEMENTATION OF INTERPRETERS/COMPILERS FOR THE
VARIOUS KNOWLEDGE REPRESENTATIONS AND MANIPULATION METHODS DEVELOPED FROM
3.1.3 AND 3.1.4.1 .

3.1.4.3 . KNOWLEDGE ACQUISITION AND MANIPULATION

FOLLOWING EARLY WORK ON KNOWLEDGE REPRESENTATION ( 3.1.3 ) , EXPERIENCE FROM
EARLY APPLICATIONS AND STUDIES OF KNOWLEDGE ENGINEERING MEASURES ( 3.1.1 ) , AND
STUDIES OF DIALOGUE ( 3.1.2 ) , THE NEEDS FOR METHODS AND TOOLS ASSOCIATED WITH THE
PRACTICE OF THE KNOWLEDGE ENGINEERING SKILL WILL BECOME CLEAR . THE
ENVIRONMENT FOR KNOWLEDGE ACQUISITION AND MANIPULATION WILL OF COURSE BE
COMPLETELY INTERACTIVE , AND BE AIDED WITH GRAPHICS . WORK IN THIS AREA WILL
INCLUDE :

- KNOWLEDGE EDITING , UPDATING AND RETRIEVAL ,

- KRS PROOF CHECKERS ,

- KNOWLEDGE DICTIONARY SYSTEMS ,

- KNOWLEDGE TRANSFORMATION ( DIFFERENT VIEWS OF COMMON KNOWLEDGE ) ,

- KNOWLEDGE ABSTRACTION FROM EXTERNAL SOURCES ,
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- KNOWLEDGE ACQUISITION/PROCESS ANALYSIS ,

- GUIDE AND TUTOR FOR KNOWLEDGE ENGINEERING ITSELF ,

- KBS DISTRIBUTION AND AUTOMATED KNOWLEDGE MAINTENANCE ,

- MMI TOOL KITS .

THIS DEVELOPING SET OF CAPABILITIES SHOULD BE INTEGRATED INTO RECOMMENDED "
EUROPEAN " TOOL KITS FOR HANDLING KNOWLEDGE .

3.1.4.4 . ADVANCED GENERATION KBS APPLICATIONS

THIS PROJECT WILL COVER THE DEVELOPMENT OF ADVANCED EXPERT AND KNOWLEDGE-
BASED SYSTEMS INCORPORATING LEARNING , APPROXIMATE AND META-REASONING WITH
COMMON-SENSE CAPABILITIES . KBS APPLICATIONS WILL HAVE TO BE EXPLOITED BY NON-
SPECIALISTS WHO WILL EXPECT FROM THESE SYSTEMS NOT ONLY FORMAL AND
APPROXIMATE REASONING PROCESSES , BUT ALSO COMMON-SENSE REASONING PROCESSES
SIMILAR IN EFFECT TO THOSE OF HUMANS .

MANY APPLICATIONS WHERE REASONING IS NEEDED INVOLVE SOME KIND OF APPROXIMATE
REASONING . FOR INSTANCE , APPLICATIONS OF MODELLING WHERE QUALITATIVE
HEURISTICS CHARACTERIZE MOST LEARNED HUMAN EXPERIENCE .

MANY TIMES A PROBLEM HAS NO SIMPLE SOLUTION AT A GIVEN REASONING LEVEL ;
ABSTRACTING FROM THAT LEVEL ALLOWS ONE TO ARGUE ABOUT THE REASONING PROCESS
ITSELF AND GIVES RISE TO SO-CALLED META-REASONING . META-REASONING DEALS WITH
TWO TYPES OF PROBLEMS : EXTENDING INFERENCE TECHNIQUES FOR FINDING CONCEPTUAL
SOLUTIONS TO PROBLEMS , AND REASONING ABOUT INFERENCE TECHNIQUES OR RULES FOR
MORE EFFICIENT EXPLOITATION OF THESE INFERENCE RULES .

THE ADVANCED GENERATION OF KBS APPLICATIONS WILL BE EXPECTED TO EXPLOIT THE
LESSONS OF FIRST GENERATION ATTEMPTS ( 3.1.1 ) , THE FRUITS OF KRS AND INFERENCE
RESEARCH ( 3.1.3 ) , THE TOOLS OF KNOWLEDGE AND ACQUISITION MANIPULATION ( 3.1.4.3 ) ,
THE LATEST LANGUAGES AND ENGINES ( 3.1.4.1 AND 3.1.4.2 ) , THE FRUITS OF NATURAL
LANGUAGE PROCESSING RESEARCH ( 3.1.2 ) , AND THE FRUITS OF THE EXTERNAL INTERFACES
PROGRAMME ( 3.2 ) FOR HANDLING SOUND AND IMAGES .

3.1.4.5 . LEARNING TECHNIQUES

DESCRIPTION

THE KNOWLEDGE ACQUISITION PROCESS IS COMPLEX AND THEREFORE IT IS MANDATORY TO
DEVELOP CONCEPTS , ALGORITHMS AND TECHNIQUES TO SUPPORT THE DEVELOPMENT OF
PROGRAMS AND MACHINES WHICH LEARN . THIS TASK COVERS THE IDENTIFICATION OF
APPROPRIATE MODELS OF LEARNING AND THE INVESTIGATION OF LEARNING TECHNIQUES
APPROPRIATE FOR AIP SYSTEMS .

LEARNING TECHNIQUES MIGHT BE BASED ON THE CAPABILITY OF THE ARTIFICIAL SYSTEM TO
MEASURE ITS PERFORMANCE AND TO DEVELOP AN EVOLUTIONARY PROCESS WHICH MIGHT
IMPROVE SUCH PERFORMANCE .

PROGRAMME AND INTERMEDIATE OBJECTIVES

YEARS 1 AND 2 :

- IDENTIFICATION OF MODELS ;

- DESIGN OF INTERNAL DATA STRUCTURES AND OPERATIONS FOR A PROGRAM WHICH LEARNS
.
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YEARS 3 AND 4 :

- INVESTIGATION OF LEARNING TECHNIQUES SUCH AS WRITING CODE OF PROGRAMS WHICH
LEARN ;

- PRELIMINARY TESTING .

YEARS 5 AND 6 :

- FULL-SCALE COMMERCIALLY VALUABLE LEARNING EXPERIMENTS WITH THE PROGRAM .

TYPE B RESEARCH THEMES

RELATED TO 3.1.1 :

- APPLICATION OF EXISTING AND DEVELOPING TECHNIQUES IN COGNITIVE PSYCHOLOGY TO
KBS ,

- REPRESENTATION AND USE OF GENERAL AND SPECIFIC REAL-WORLD KNOWLEDGE ,

- COMPLEXITY METRICS FOR KBS ,

- MEASURES OF COMPLETENESS , CONSISTENCY ,

- APPLICABILITY OF GENERAL MEASUREMENT THEORY ,

- WHOLE LIFE-CYCLE OF KBS ; HUMAN ACCEPTABILITY AND PRODUCTIVITY ASPECTS FOR
BOTH DEVELOPERS AND CLIENTS AS WELL AS TECHNICAL PERFORMANCE ISSUES .

RELATED TO 3.1.2 :

- DIALOGUE SPECIFICATION AND ANALYSIS TOOLS ,

- NATURAL LANGUAGE SYSTEMS ARCHITECTURE ,

- APPLICATION OF EXISTING AND DEVELOPING TECHNIQUES IN COGNITIVE PSYCHOLOGY AND
PSYCHOLINGUISTICS TO DIALOGUE AND NATURAL LANGUAGE PROCESSING ,

- SEMANTICS AND THE ROLE OF CONTEXT .

RELATED TO 3.1.3 :

- DIFFERENTIATION , CLASSIFICATION AND EXTENSION OF KNOWLEDGE REPRESENTATIONS
FOR VARIOUS DOMAIN CLASSIFICATIONS , PARADIGMS EMPLOYED AND
INFERENCE/PROCESSING MODELS USED ,

- EXPERIMENTAL APPROACHES TO KNOWLEDGE REPRESENTATION , THEIR SPECIFIC RANGES
OF APPLICATION AND THEIR INTEGRATION ,

- THE RELATIONSHIPS BETWEEN KNOWLEDGE REPRESENTATION AND INFERENCE
TECHNIQUES , PROBLEMS OF SELF-REFERENCE AND SYSTEM " SELF-AWARENESS " ,

- REAL-TIME INFERENCE TECHNIQUES ,

- THE ROLE OF META-KNOWLEDGE IN INFERENCE PROCESSES ,

- TECHNIQUES FOR PLANNING AND PROGRAM SYNTHESIS ,

- STRUCTURING OF REFERENCE TECHNIQUES ,

- AUTOMATIC ADAPTATION AND ENHANCEMENT ,

- INFERENCE UNDER CONDITIONS OF CONFLICTING AND UNCERTAIN KNOWLEDGE ,

- THE IMPACT OF KNOWLEDGE REPRESENTATION ON INFERENCE TECHNIQUES .

Converted reading copy · 36 / 87



RELATED TO 3.1.4.1 :

- HIGHER LEVEL IMPLEMENTATION LANGUAGES FOR KNOWLEDGE REPRESENTATION AND
INFERENCE ,

- ADAPTATION OF FORMALISMS FOR REAL-WORLD KNOWLEDGE TO PRACTICAL
IMPLEMENTATION LANGUAGES FOR KBS ,

- LANGUAGES AND ENVIRONMENTS FOR CONCURRENT PROCESSING AND FOR THE
INTEGRATION OF FORMAL , STRUCTURED " SOFTWARE ENGINEERING " WITH KBS
REQUIREMENTS .

RELATED TO 3.1.4.5 :

- CONCEPTS , ALGORITHMS AND TECHNIQUES TO SUPPORT THE DEVELOPMENT OF PROGRAMS
AND MACHINES WHICH LEARN ,

- IDENTIFICATION OF APPROPRIATE MODELS OF LEARNING ,

- INVESTIGATION OF LEARNING TECHNIQUES APPROPRIATE FOR AIP SYSTEMS ,

- CAPABILITIES OF AN ARTIFICIAL SYSTEM TO MEASURE ITS OWN PERFORMANCE AND TO
IMPROVE SUCH PERFORMANCE .

R AND D AREA 3.2 :

EXTERNAL INTERFACES

DESCRIPTION

IN THE PAST , FACTS ABOUT THE REAL WORLD HAVE LARGELY BEEN REPRESENTED TO A
COMPUTER SYSTEM AT SECOND-HAND BY PEOPLE . THE DATA FED IN HAD TO POSSESS A
FORMAL STRUCTURE THAT NEEDED TO BE CAREFULLY SPECIFIED TO THE SYSTEM . THIS
SITUATION WILL CHANGE .

TWO TYPES OF EXTERNAL INTERFACE WILL OCCUR . THOSE THAT EXTRACT THEIR
INFORMATION BY DIRECT COMMUNICATION WITH HUMANS , AND THOSE THAT ACQUIRE
KNOWLEDGE BY MEANS OF THEIR SENSORS . IN EITHER CASE THE SYSTEM WILL NEED TO
PROCESS THE SIGNALS AND INTERPRET THEIR SIGNIFICANCE . OTHER IMPORTANT ASPECTS
CONCERN THE PRESENTATION OF THE RESULTS BY THE SYSTEM TO A HUMAN , AND THE USER-
FRIENDLINESS OF THE SYSTEM FROM A HUMAN USERS POINT OF VIEW .

R AND D TOPICS

WORK IN THIS AREA FALLS UNDER TWO MAIN HEADINGS :

3.2.1 . : BASIC SIGNAL ANALYSIS AND RECOGNITION

- ADVANCED ALGORITHMS AND ARCHITECTURES FOR SIGNAL PROCESSING ,

- STUDY OF PATTERN ANALYSIS TECHNIQUES ,

- OPTICAL SIGNAL PROCESSING ,

- MULTI-SENSOR SIGNAL PROCESSING .

3.2.2 . : RECOGNITION OF SPECIFIC SIGNALS

- SIGNAL UNDERSTANDING ,

- HANDWRITING ,

- SPEECH ,
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- TEXT-TO-SPEECH SYSTEMS WITH NATURAL QUALITY ,

- OBJECT AND MOVEMENT ANALYSIS ,

- HUMAN PERCEPTION ,

- PICTURE SYNTHESIS .

TYPE A PROJECTS

3.2.1 . BASIC SIGNAL ANALYSIS AND RECOGNITION

THE FIRST LAYERS OF A SIGNAL UNDERSTANDING SYSTEM WILL CONSIST OF PREPROCESSING
AND FEATURE EXTRACTION ( E . G . FILTERING , IDENTIFICATION , ETC . ) . IN MANY CASES
THIS WILL HAVE TO BE CARRIED OUT IN REAL-TIME . IN ORDER TO ACHIEVE THIS , NEW
ALGORITHMIC STRUCTURES AND HARDWARE WILL NEED TO BE DEVELOPED . SUCH
APPLICATIONS AS IMAGE PROCESSING WILL REQUIRE LARGE BANDWIDTHS AND HIGHLY
PARALLEL ARCHITECTURES , AND HENCE VLSI PLAYS AN IMPORTANT PART IN THE
PROGRAMME .

PATTERN ANALYSIS IS THE BASIS OF SIGNAL RECOGNITION FOLLOWING FEATURE
EXTRACTION AND THEREFORE IS A VITAL PART OF A SIGNAL UNDERSTANDING SYSTEM .
THERE IS A NEED TO IMPROVE AND EXTEND THE TECHNIQUES FOR PATTERN ANALYSIS . WORK
IS PROPOSED IN THREE TOPICS :

- CLUSTERING AND TEMPLATE FORMATION ,

- DYNAMIC PROGRAMMING ,

- RELAXATION - AN INTERACTIVE PROCEDURE TO ASSIST IN THE PROVISION OF OPTIMAL
DECISIONS WHEN ONE HAS A SET OF COOPERATIVE PHENOMENA .

OPTICAL PROCESSING OFFERS A POTENTIALLY ENORMOUS BANDWIDTH WITH PROCESSING AT
THE SPEED OF LIGHT . IT IS PARTICULARLY SUITABLE FOR GLOBAL OPERATIONS INVOLVED IN
PATTERN RECOGNITION E . G . FILTERING , CORRELATION , CONVOLUTION . WORK IS
REQUIRED TO DEVELOP A HIGH PERFORMANCE ELECTRO-OPTIC INTERFACE AND TO DEVELOP
REAL-TIME 2-D PROCESSING TECHNIQUES . A NONLINEAR PROCESS KNOWN AS DEGENERATE
FOUR WAVE MIXING ( DFWM ) ALSO HAS CONSIDERABLE POTENTIAL . ALSO RESEARCH INTO
OPTICAL PROCESSING ARCHITECTURES AND SYSTEM DESIGN IS NEEDED .

THE FINAL ASPECT OF THE PROJECT IS CONCERNED WITH THE PROCESSING AND
CORRELATION OF MULTIPLE STREAMS OF SIGNAL INFORMATION , A PROBLEM OF INCREASING
IMPORTANCE IN MANY AREAS WHERE MULTIPLE SENSORS ARE USED TO ACQUIRE
INFORMATION AT DIFFERENT POINTS OR ABOUT DIFFERENT ASPECTS . EXAMPLES OCCUR IN
THE AREAS OF PROCESS CONTROL , CIM , EARTH RESOURCES AND BIOMEDICAL SIGNALS .

PROGRAMME AND INTERMEDIATE OBJECTIVES

( A ) ADVANCED ALGORITHMS

YEAR 0 :

- CHOOSE TARGET APPLICATION , E . G . EARTH RESOURCE ANALYSIS , MEDICAL IMAGING ,
SPEECH RECOGNITION ;

- DEVELOP ALGORITHMS AND THROUGH ANALYSIS AND SIMULATION PROVIDE A SYSTEM
PACKAGE FOR ARCHITECTURAL ANALYSIS .

YEAR 1 :
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- SELECT AMONG DIFFERENT PARALLEL ARCHITECTURES USING SIMULATION AND EXTENSIVE
MODELLING .

- INITIATE DESIGN OF VLSI PACKAGE IMPLEMENTATION OF CHOSEN ALORITHMS .

YEAR 2 :

- CONTINUE ANALYSIS AND SIMULATION ;

- CONTINUE DESIGN OF VLSI PACKAGE OF CHIPS .

YEAR 3 :

- DEVELOP A PROGRAMMING ENVIRONMENT ADAPTED TO THE PROPOSED ARCHITECTURES ;

- COMPLETE VLSI DESIGN AND FABRICATE CHIPS ;

- CONSTRUCT PARTIAL BREADBOARD OF PROPOSED ARCHITECTURE WITH LIMITED NUMBER
OF PROCESSORS .

YEAR 4 :

- COMPLETE PROGRAMMING ENVIRONMENT ;

- CONSTRUCT DEMONSTRATOR MODEL AND EVALUATE .

( B ) PATTERN ANALYSIS TECHNIQUES

YEAR 1 :

- SURVEY STATE-OF-THE-ART ;

- PLAN PROGRAMME OF RESEARCH AND SELECT TARGET APPLICATIONS ;

- INITIATE RESEARCH ON CLUSTERING AND TEMPLATE FORMATION ;

- INITIATE RESEARCH ON DYNAMIC PROGRAMMING .

YEAR 2 :

- CONSIDER METHOD OF IMPLEMENTATION SUCH AS SYSTOLIC ARRAYS ;

- INITIATE WORK ON RELAXATION IN RELATION TO EDGE DETECTION .

YEAR 3 :

- CONTINUE RESEARCH ;

- DEMONSTRATE CLUSTERING AND TEMPLATE TECHNIQUES ;

- CONSTRUCT SYSTOLIC ARRAY MODEL FOR DYNAMIC PROGRAMMING DEMONSTRATORS .

YEAR 4 :

- EVALUATE PERFORMANCE OF DEMONSTRATORS ;

- DEMONSTRATE RELAXATION TECHNIQUES .

( C ) OPTICAL SIGNAL PROCESSING

YEAR 1 :

- IDENTIFY APPLICATIONS . INITIATE , DESIGN STUDIES ;

- SPECIFY PERFORMANCE REQUIREMENTS FOR SPATIAL LIGHT MODULATOR ( SLM ) AND
DFWM .

YEAR 2 :
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- EVALUATE AND IMPLEMENT INTO SYSTEM :

- SLM ,

- DFWM MATERIALS AND ARCHITECTURES .

YEARS 3 :

- EXTEND SYSTEMS E . G . INCLUDE MELLIN-FOURIER TRANSFORMS . IMPLEMENT IMPROVED
SLM AND DFWM MATERIALS/ARCHITECTURES .

YEAR 4 :

- CONSTRUCT COMPACT PRACTICAL PROCESSORS FOR IDENTIFIED APPLICATIONS . HIGHLIGHT
AREAS FOR FUTURE RESEARCH AND DEVELOPMENT .

( D ) MULTI-SENSOR SIGNAL PROCESSING

YEAR 2 :

- STUDY REQUIREMENTS AND PLAN PROGRAMME .

YEAR 3 :

- SIMULATE SYSTEM AND CONSTRUCTION OF MODEL .

YEAR 4 :

- CONSTRUCT DEMONSTRATOR .

YEAR 5 :

- COMPLETE AND EVALUATE DEMONSTRATOR .

TYPE B RESEARCH THEMES

RELATED TO ( B ) ABOVE :

- SECTOR QUANTIZATION AND MARKER MODELLING ,

- TECHNIQUES FOR DESCRIPTION OF TIME VARYING PATTERNS ,

- LEARNING TECHNIQUES IN PATTERN ANALYSIS .

RELATED TO ( D ) ABOVE :

- SENSOR TASKING ; MODIFICATION OF SENSOR OPERATION AFTER PROCESSING .

3.2.2 . RECOGNITION OF SPECIFIC SIGNALS

DESCRIPTION

TO UNDERSTAND THE MEANING AND CONTENT OF REAL-WORLD SIGNALS SUCH AS SPEECH
AND IMAGES IS A STAGE BEYOND MERE RECOGNITION OF INDIVIDUAL ITEMS SUCH AS WORDS
. THE PROJECT WILL INVESTIGATE METHODS OF HANDLING THE INFORMATION CONTENT OF
THE SIGNALS , AND HENCE USE OF KNOWLEDGE AND INFERENCE TECHNIQUES IS ESSENTIAL .
USE OF NON-NUMBER-CRUNCHING PROCESSOR STRUCTURES WILL BE NECESSARY . IN
ADDITION , ATTENTION MUST BE DIRECTED TOWARDS DESCRIPTION LANGUAGES FOR
EXTERNAL DOMAINS ( E . G . 2-D AND 3-D SCENES ) .

DIRECT INPUT OF MANUALLY WRITTEN INFORMATION WOULD ENHANCE MAN-MACHINE
COMMUNICATION . TO ACHIEVE THIS , APPROPRIATE SCANNING TECHNIQUES MUST BE
SELECTED AND DEVELOPED , THE OUTPUT FROM WHICH IS SUBJECTED TO SUITABLE FEATURE
EXTRACTION AND PREPROCESSING TECHNIQUES . DIFFERENT METHODS OF CLASSIFICATION
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MUST BE INVESTIGATED . THE PROJECT WILL LOOK INITIALLY AT HAND-WRITTEN
CHARACTERS , AND SUBSEQUENTLY AT CURSIVE SCRIPT .

FLEXIBLE INPUT OF DATA INTO SYSTEMS BY SPEECH IS NEEDED AS THIS IS MAN'S MOST
NATURAL SIGNAL . BECAUSE SPEECH IS NORMALLY PRODUCED IN CONNECTED FORM IT IS
NOT ENOUGH TO RECOGNIZE ONLY ISOLATED SPOKEN COMMANDS . SPEAKER INDEPENDENCE
AND INSENSITIVITY TO NOISE ARE OTHER IMPORTANT REQUIREMENTS . THE FIRST PHASE
WILL CONSIDER CONNECTED SPEECH FROM LIMITED BUT LARGE VOCABULARIES .
ALGORITHMS ARE REQUIRED FOR FEATURE EXTRACTION AND PREPROCESSING . ACCOUNT
MUST BE TAKEN OF THE CONDITIONS OF SPEECH INPUT SUCH AS THE NOISE ENVIRONMENT ,
NUMBER OF USERS AND VOCABULARY . THE CLASSIFICATION TECHNIQUE SHOULD BE
ECONOMICAL IN HARDWARE . PHASE 2 ( AFTER YEAR 5 ) WILL EXTEND THE WORK TO
CONTINUOUS SPEECH RECOGNITION FROM GENERAL VOCABULARIES . THIS WILL
NECESSITATE RESEARCH INTO RECOGNITION TECHNIQUES BASED UPON SPEECH AND
LINGUISTIC KNOWLEDGE .

THE MOST CONVENIENT MEDIUM FOR THE OUTPUT OF INFORMATION FROM COMPUTERS FOR
HUMANS IS BY SPEECH SYMBOLS . THE QUALITY OF SUCH A SPEECH SIGNAL MUST BE AS
NATURAL AND INTELLIGIBLE AS THE NORMAL SPEECH SIGNAL . THE DIFFERENT RESEARCH
TOPICS MUST COVER THE LINGUISTIC AND PHONETIC ASPECT AS WELL AS THE PRODUCTION
OF NATURALLY SOUNDING SPEECH SIGNALS BY ELECTRONIC MEANS . THE RESULTING
SYSTEM WILL DEPEND ON THE LANGUAGE CHOSEN , HENCE MORE THAN ONE PROJECT IS
NEEDED TO COVER THE DIFFERENT LANGUAGES .

THE OBJECT AND MOVEMENT ANALYSIS PART OF THE PROJECT WILL START BY LOOKING AT
STEREO AND OPTIC FLOW TECHNIQUES FOR DEVELOPING DEPTH MAPS FROM 2-D IMAGES .
SUBSEQUENT STUDIES WILL CONCERN THE INTERPRETATION AND SYMBOLIC DESCRIPTION OF
3-D OBJECTS AND THEIR DEFORMATION AND MOVEMENTS . THE PROJECT BRIDGES THE GAP
BETWEEN IMAGE ANALYSIS/FEATURE EXTRACTION AND SCENE UNDERSTANDING . AS SUCH IT
CONTRIBUTES TO THE GOAL OF PROVIDING A COMPUTER OR MACHINE WITH EYES .

WORK ON PERCEPTION TO OBTAIN A BETTER UNDERSTANDING OF NATURAL SYSTEMS SUCH
AS THE EYE/BRAIN AND EAR/BRAIN WILL BE OF GREAT ASSISTANCE IN THE DESIGN OF SIGNAL
PROCESSING SYSTEMS . SPEECH ANALYSIS , BASED ON A MODEL OF THE HUMAN SPEECH
PRODUCTION PROCESS , IS AN EXAMPLE WHERE LESSONS FROM NATURAL SYSTEMS HAVE
BEEN SUCCESSFULLY APPLIED . THE OBJECTIVE OF PHASE 1 IS TO STUDY LOW-LEVEL IMAGE
AND SPEECH PROCESSING . EDGE EXTRACTION IS KNOWN TO BE A FUNDAMENTAL PART OF
THE EARLY VISUAL PROCESSING IN HUMANS , AND CELLS HAVE BEEN IDENTIFIED IN THE
VISUAL CORTEX THAT ARE SENSITIVE TO EDGE SEGMENTS OF SPECIFIC DURATION . THE
STUDY SHOULD LEAD TO NEW ALGORITHMS FOR IMAGE AND SPEECH ANALYSIS . THE
OBJECTIVE OF PHASE 2 IS TO STUDY HIGHER LEVEL PROCESSES INVOLVED IN HUMAN SIGNAL
UNDERSTANDING ; THIS PHASE BEGINS AFTER YEAR 5 .

PICTURE SYNTHESIS IS ESPECIALLY IMPORTANT IN A SCENARIO WHERE COMPUTERS
SIMULATE PARTS OF THE REAL WORLD E . G . IN CAE OR TRAINING APPLICATIONS . VERY FAST
GRAPHICS PROCESSING TECHNIQUES ARE AS IMPORTANT AS FLEXIBLE STORAGE TECHNIQUES
FOR IMAGES . ALSO IMPORTANT IN THIS PROJECT IS THE DEVELOPMENT OF SYSTEMS WITH A
RESOLUTION OF MORE THAN 1 000 BY 1 000 PIXELS .

PROGRAMME AND INTERMEDIATE OBJECTIVES

( A ) SIGNAL UNDERSTANDING

YEAR 1 :

- CHOOSE A SIMPLE APPLICATION WITH VERY RESTRICTED SIGNAL VARIATIONS .
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YEAR 2 :

- DEFINE GRAMMAR OF THE EXAMPLE , BUILD THE BASIC EXPERIMENTAL SYSTEM .

YEAR 3 :

- EVALUATE THE CHOSEN EXAMPLE .

YEAR 4 :

- INCLUDE A SECOND AND MORE COMPLEX SIGNAL DOMAIN TO TEST THE ADOPTION OF
SIGNAL UNDERSTANDING TO NEW PROBLEMS .

YEAR 5 :

- EVALUATE THE TOTAL SYSTEM .

( B ) HANDWRITING

YEAR 1 :

- SURVEY SCANNING TECHNIQUES TO INITIATE DEVELOPMENT ;

- SELECT ALGORITHMS FOR FEATURE EXTRACTION FOR CHARACTERS .

YEAR 2 :

- SPECIFY A DEMONSTRATOR FOR CHARACTER RECOGNITION ;

- CHOOSE METHOD OF CLASSIFICATION .

YEAR 3 :

- COMPLETE DESIGN OF DEMONSTRATOR AND COMMENCE CONSTRUCTION ;

- INITIATE CONTEXTUAL ANALYSIS SURVEY ;

- INITIATE STUDY OF TECHNIQUES FOR CURSIVE SCRIPT RECOGNITION .

YEAR 4 :

- COMPLETE CHARACTER RECOGNITION DEMONSTRATOR ;

- DEFINE RESEARCH PROGRAMME FOR CURSIVE SCRIPT RECOGNITION .

YEAR 5 :

- EVALUATE CHARACTER RECOGNITION DEMONSTRATOR ;

- START DESIGN OF CURSIVE SCRIPT RECOGNIZER .

( C ) SPEECH

YEARS 2 AND 3 :

- REVIEW ALGORITHMS FOR FEATURE EXTRACTION AND PREPROCESSING . RELATE TO NOISE
DYNAMICS . IDENTIFY THE INFORMATION CONTENT OF THE FEATURE TO OPTIMIZE CHOICE .
STUDY CLASSIFICATION TECHNIQUES .

YEAR 4 :

- SIMULATE RECOGNITION PROCESS ON FAST ARRAY PROCESSOR .

YEAR 5 :

- DESIGN AND BUILD DEMONSTRATOR .

( D ) TEXT-TO-SPEECH
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YEAR 1 :

- BASIC ANALYSIS OF SPOKEN SPEECH , DESIGN OF FLEXIBLY CONTROLLABLE SPEECH
SYNTHESIZER , IDENTIFY THE PARAMETERS NECESSARY FOR NATURAL SOUND .

YEAR 2 :

- EVALUATE LINGUISTIC RULES FOR SPEECH PRODUCTION INCLUDING PROSODIC
PARAMETERS , PHONETICS OF SPEECH PRODUCTION .

YEAR 3 :

- FURTHER EVALUATION OF PHONETIC AND LINGUISTIC RULES , SIMULATIONS OF SYNTHETIC
SPEECH INCLUDING ARTICULATORY RULES .

YEAR 4 :

- REALIZATION OF FLEXIBLE SPEECH SYNTHESIZER ;

- FURTHER EVALUATION OF PROSODIC PARAMETERS ;

- DESIGN OF A LETTER CRUNCHER MACHINE FOR THE LINGUISTIC AND PHONETIC PROCESSES .

YEAR 5 :

- REALIZING THE TOTAL TEXT-TO-SPEECH SYSTEM .

( E ) MOVEMENT ANALYSIS

YEARS 1 AND 2 :

- RESEARCH INTO BINOCULAR STEREO ;

- RESEARCH INTO OPTIC FLOW .

YEAR 3 :

- GENERATION OF 2 1/2-D SKETCH ;

- GENERATION OF DEPTH MAPS FROM OPTIC FLOW ;

- SYMBOLIC DESCRIPTIONS OF OBJECTS .

YEAR 4 :

- STUDY DESCRIPTIONS OF MOVEMENT , ANALYSIS TECHNIQUES ;

- STUDY OF TRANSFORMATION OF 3-D OBJECTS .

YEAR 5 :

- INVESTIGATE AMORPHIC CHANGES OF OBJECTS .

( F ) HUMAN PERCEPTION

YEAR 2 :

- STUDY OF SPEECH PERCEPTION IN THE EAR , INCLUDING SIMULATION OF DIFFERENT
MODELS ;

- EVALUATION OF HUMAN EDGE DETECTION MODEL .

YEAR 3 :

- EXTEND WORK TO MORE GENERAL FEATURE EXTRACTION .

YEAR 4 :
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- EXTEND MODEL TO DEPTH PERCEPTION .

YEAR 5 :

- STUDY ROLE OF RELAXATION IN HUMAN VISUAL PROCESSING ;

- STUDY PERCEPTION OF TEXTURE .

( G ) PICTURE SYNTHESIS

YEAR 1 :

- DESIGN NEW POSSIBILITIES FOR SEQUENTIAL MEMORIES , PICTURE TRANSACTIONS IN THE
MEMORY .

YEAR 2 :

- DESIGN OF A HIGH-SPEED PROCESSOR FOR FAST ACCESS TO MEMORY .

YEAR 3 :

- INTERPRETATION OF MEMORY AND PROCESSOR .

YEAR 4 :

- REVISED VERSION OF PROCESSOR , ESPECIALLY CONCENTRATING ON THE COOPERATION
WITH FAST MEMORY STRUCTURES .

YEAR 5 :

- INTERPRETATION OF THE PICTURE SYSTEMS INTO THE DISPLAY SYSTEM .

TYPE B RESEARCH THEMES

RELATED TO ( A ) ABOVE :

- COMPUTATIONAL LINGUISTICS ,

- HIGH-LEVEL VISUAL PERCEPTION ,

- SCENE DESCRIPTION LANGUAGES ,

- APPLICATION OF RELEVANT TECHNIQUES FROM COGNITIVE PSYCHOLOGY TO SIGNAL
UNDERSTANDING .

RELATED TO ( B ) ABOVE :

- AUTOMATIC DICTIONARY GENERATION ,

- MACHINE LEARNING PROCESSES .

RELATED TO ( C ) ABOVE :

- PHONETICS ,

- SYNTAX AND GRAMMAR ,

- PSYCHO-ACOUSTICS .

RELATED TO ( D ) ABOVE :

- LINGUISTICS ,

- PHONETICS ,

- LINGUISTIC RULE COMPILERS ,

- TEXT COMPREHENSION ,
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- STUDY OF MORE REALISTIC SPEECH MODELS .

RELATED TO ( E ) ABOVE :

- GEOMETRIC REASONING ,

- GENERATION OF SPARSE RELIABLE IMAGE REPRESENTATIONS SUITABLE FOR CORRELATION
IN STEREOPSIS AND OPTIC FLOW .

RELATED TO ( F ) ABOVE :

- RELEVANT RESULTS AND TECHNIQUES FROM COGNITIVE PSYCHOLOGY ,

- PHYSIOLOGY OF EYES AND EARS ,

- MODELS OF HUMAN INFORMATION PROCESSING .

RELATED TO ( G ) ABOVE :

- PICTURE DESCRIPTION LANGUAGES .

R AND D AREA 3.3 :

INFORMATION AND KNOWLEDGE STORAGE

DESCRIPTION

KNOWLEDGE-BASED SYSTEMS ARE DESIGNED TO DERIVE INFORMATION FROM THEIR
KNOWLEDGE BASE AND TO INDICATE THEIR LINE OF REASONING IN ARRIVING AT A
CONCLUSION . THE EFFECTIVENESS OF ANY KNOWLEDGE-BASED SYSTEM IS DETERMINED BY
THE QUALITY OF ITS KNOWLEDGE BASE ( ITS COMPLETENESS , VALIDITY AND ACCESSIBILITY
) AND OF ITS DEDUCTION MECHANISM .

THIS R AND D AREA INVESTIGATES THE NEW FORMS OF ORGANIZATION WHICH WILL BE
NECESSARY TO HOLD AND PROCESS REPRESENTATION OF DATA , KNOWLEDGE , AND META-
KNOWLEDGE .

THE MAIN OBJECTIVES OF THIS AREA ARE :

- THE DEFINITION OF INFORMATION AND KNOWLEDGE STORAGE ORGANIZATIONS INCLUDING
MACHINE ASPECTS .

- THE IDENTIFICATION OF FUNCTIONAL PARTITIONS , STRUCTURES AND MECHANISMS
INCLUDING DISTRIBUTED AND VERY LARGE KNOWLEDGE BASES ,

- THE DEVELOPMENT OF NEW STORAGE STRUCTURES ,

- THE INTRODUCTION OF NEW PHYSICAL PRINCIPLES TO SUPPORT NEW STORAGE DEVICES ( E .
G . OPTICAL , BIOLOGICAL ) ,

- THE REALIZATION OF ADEQUATE DIALOGUE TECHNIQUES ESPECIALLY FOR THE NON-EXPERT
USER ,

- AUTOMATIC OR SEMI-AUTOMATIC CONSTRUCTION OF VERY LARGE KNOWLEDGE SYSTEMS .

WORK IN THIS AREA WILL STRONGLY DEPEND ON ADVANCES IN KNOWLEDGE ENGINEERING
AND MEMORY TECHNOLOGY .

R AND D TOPICS

THE TOPICS TO BE COVERED BY THIS AREA ARE AS FOLLOWS :

3.3.1 . ( 2 ) INTERFACE BETWEEN STORAGE AND ENVIRONMENT

3.3.2 . ( 2 ) DATA AND KNOWLEDGE BASES :
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- KNOWLEDGE BASE STUDIES FOR AIP ,

- DISTRIBUTED DATA BASES AND KNOWLEDGE BASES ,

- ADVANCED KBMS .

3.3.3 . STORAGE STRUCTURES AND ARCHITECTURES :

- DATABASE ORIENTED ARCHITECTURES ,

- PERFORMANCE MODELS FOR STORAGE STRUCTURES ,

- STORAGE ARCHITECTURE

3.3.4 . NEW GENERATION KNOWLEDGE MACHINE

3.3.5 . MEDIUM-TERM RESEARCH ON STORAGE MEDIA

3.3.6 . LONG-TERM RESEARCH ON OPTICAL DISCS

3.3.7 . LONG-TERM RESEARCH ON BIOLOGICAL STORAGE .

THE WORK IN THE FIRST FIVE YEARS WILL CONCENTRATE ON GAINING EXPERIENCE IN
KNOWLEDGE STORAGE AND CORRESPONDING ACCESS/DIALOGUE TECHNIQUES .

TOPIC 3.3.1 INCORPORATES CONTINUATION OF WORK ON INTERACTIVE QUERY SYSTEMS
STARTED UNDER THE PILOT PROJECTS IN YEAR 0 ( 1983/84 ) .

TYPE A PROJECT

3.3.2 . DATA AND KNOWLEDGE BASES

DESCRIPTION

STUDIES ARE PROPOSED TO ESTABLISH THE INTERFACES , FORMALISMS , LANGUAGES ,
HARDWARE AND SOFTWARE COMPONENTS WHICH ARE REQUIRED FOR THE CONSTRUCTION ,
DISTRIBUTION , FUNCTIONAL PARTITIONING AND HIERARCHIC STRUCTURING OF DB AND KB ,
INCLUDING FORMULATION OF INFERENCE AND DATA QUERY ACCESS AT LEVELS RANGING
FROM HUMAN VISIBLE TO THOSE INTERNAL TO THE NEW GENERATION OF SYSTEMS . THE
FOCUS OF THIS WORK IS TO INVESTIGATE COMMONALITIES AND SPECIFICS IN THE
ARCHITECTURAL MODELS OF DATABASE AND KNOWLEDGE MANAGEMENT SYSTEMS .

THERE WILL BE A PARALLEL STUDY AIMED AT ESTABLISHING ADDITIONAL " ACCESS "
FORMULATION LANGUAGES , FORMALISMS , INTERFACES AND TECHNOLOGY WHICH ARE
REQUIRED FOR DISTRIBUTED KNOWLEDGE-BASED INFORMATION SYSTEMS . THE STUDY
INCLUDES INVESTIGATIONS ON VERY LARGE KNOWLEDGE BASES AND ITS IMPACT ON ( E . G .
PARALLEL ) STORAGE ARCHITECTURES . DISTRIBUTED STRUCTURES WILL BE MODELLED AND
STANDARDS DEVELOPED .

THE LAST PART OF THE PROJECT EMPHASIZES SOME ADVANCED TOPICS OF KNOWLEDGE BASE
MANAGEMENT SYSTEMS WHICH ARE NOT REALIZED IN PRESENT SYSTEM AND WHICH ARE
USEFUL IN KNOWLEDGE-BASED SYSTEMS AND AIP IN GENERAL . THESE INCLUDE THE
REPRESENTATION AND MANIPULATION OF COMPLEX OBJECTS , EXPLOITATION OF INFERENCE
MECHANISMS , REALIZATION OF VIEW MECHANISMS , SEMANTIC CONTROL AND VALIDATION
OF QUERIES .

PROGRAMME AND INTERMEDIATE OBJECTIVES

( A ) STUDIES

YEARS 1 AND 2 :
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- STUDY FUNDAMENTAL REQUIREMENTS FOR INCLUDING REAL-TIME CONSTRAINTS FOR
KNOWLEDGE-BASED INFORMATION SYSTEMS . INVESTIGATE THE RELEVANCE OF DATABASE
TECHNOLOGY TO KNOWLEDGE-BASED INFORMATION SYSTEMS .

YEAR 3 :

- DEVELOP SPECIFICATIONS AND MODEL ON A COMPUTER .

YEAR 4 :

- DEFINE SYSTEM STANDARDS AND STRUCTURE AND SUPPORTING SPECIALIZED HARDWARE .

YEARS 5 AND 6 :

- STUDY HIGH-LEVEL INTERFACES , CONCEPTUAL MODELS , ETC .

( B ) DISTRIBUTED DM AND KB

YEARS 2 AND 3 :

- STUDY KB MECHANISMS WITH PARTICULAR REFERENCE TO INFERENCE AND DISTRIBUTION ;

- DEVELOP METHODOLOGY AND MODEL CHOSEN STRUCTURES .

YEAR 4 :

- LAY DOWN HIERARCHICAL STRUCTURES FOR DISTRIBUTED DB AND KB AND SELECTED
INFERENCE MECHANISMS .

YEAR 5 :

- STUDY VERY LARGE KNOWLEDGE-BASED SYSTEMS .

( C ) ADVANCED KBMS

YEAR 1 :

- ASSESS STATE-OF-THE-ART FOR SELECTED TOPICS AND RELEVANCE TO AIP ;

- SELECT KBMS AS A VEHICLE OF STUDY .

YEAR 2 :

- DEVELOP MODEL FOR SELECTED KBMS FEATURES .

YEARS 3 AND 4 :

- DEVELOP PERFORMANCE MODEL AND IMPLEMENT INTO AN ENHANCED KBMS .

LATER PROJECTS

ALTHOUGH NOT PLANNED TO START IN YEAR 1 , PROJECTS 3.3.3 TO 3.3.7 ARE DESCRIBED
BRIEFLY HERE TO GIVE AN OVERALL PICTURE OF THE R AND D AREA .

3.3.3 . STORAGE STRUCTURES AND ARCHITECTURES

IN THE LAST DECADE , DIFFERENT DATABASE-ORIENTED ARCHITECTURES ( INTELLIGENT
CONTROLLERS , SOFTWARE BACKENDS , DATABASE MACHINES ) HAVE BEEN INVESTIGATED .
THE MOTIVATION BEHIND THE APPROACHES IS ESSENTIALLY TO FREE THE POWERFUL AND
EXPENSIVE MAIN COMPUTER FROM THE BURDEN OF HANDLING LARGE AMOUNTS OF DATA
INVOLVING QUITE SIMPLE OPERATION . THIS ELEMENT OF THE PROJECT WILL DEVELOP THE
POTENTIAL FOR AN ADVANCED GENERATION DATABASE TOWARDS THE END OF THE
PROGRAMME .
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THE AIM OF THE " PERFORMANCE MODELS FOR STORAGE STRUCTURES " ELEMENT OF THE
PROJECT IS TO SPECIFY AND TARGET A SYSTEM OF METRICS FOR , AND QUANTIFICATION
MEASUREMENT OF , THE EFFECTIVENESS OF STORAGE SYSTEM STRUCTURES .

THE THIRD ELEMENT OF THE PROJECT WILL FULLY DEFINE THE STORAGE ARCHITECTURE FOR
THE EVOLVING SEMANTIC MODELS OF COMPUTATION , INFERENCE , KNOWLEDGE BASE AND
OPERATIONAL ENVIRONMENT ARISING FROM PROJECT 3.3.2 .

3.3.4 . NEW GENERATION KNOWLEDGE MACHINE

THE AIM IS TO DESIGN AND BUILD A PROTOTYPE OF THE KNOWLEDGE MANAGEMENT
MACHINE , TEST AND DEMONSTRATE IT TOGETHER WITH INTELLIGENT INTERFACE AND
INFERENCE MACHINES .

3.3.5 . MEDIUM-TERM RESEARCH ON STORAGE MEDIA

CURRENT CANDIDATES ARE IDENTIFIED BELOW , THE SELECTION CRITERION BEING THOSE
DEVICES UNDERPINNING THE REQUIREMENTS OF KBS BEST :

- DISCS WITH THIN FILM HEAD TECHNOLOGIES . CONCENTRATION ON PHYSICAL ACCESS
TECHNIQUES TO ACHIEVE RANDOM ACCESS INCLUSIVE OF LATENCY IN THE RANGE 2 TO 3 MS
AND LATENCY IN THE RANGE OF 1 TO 2 MS . CAPACITY SHOULD BE FROM 1 TO 10 GBYTES AND
STORAGE MUST BE NON-VOLATILE .

- EMBEDDED SEARCH LOGIC IN THIN FILM HEADS . TO ACHIEVE COMPACT HIGH-
PERFORMANCE DISC SYSTEMS , DEVELOPMENT IS NEEDED OF EMBEDDED PARALLEL CMOS
SEARCH LOGIC IN MULTIPLE THIN FILM HEADS CAPABLE OF PARALLEL FUZZY SEARCH ON
MULTIPLE CRITERIA IN FILE STORE AND OF BYTE WRITE OPERATION .

- NON-ABSOLUTE CONTENT ADDRESSABLE MEMORY DEVELOP A VERY LARGE
CAPACITY/FUZZY/NON-DETERMINISTIC/PROBABILISTIC MATCHING CONTENT ADDRESSED
MEMORY OF CAPACITY GREATER THAN 200 MB .

- MIXED LOGIC HIGH DENSITY RAM . TO DESIGN PHYSICAL STRUCTURES FOR WORD-WIDE
MEMORIES , MIXED LOGIC AND HIGH DENSITY RAM ON THE SAME CHIP FOR ULTRA HIGH-
SPEED STORAGE/PROCESSING NETWORKS SUITABLE FOR REDUCTION ON DATA FLOW
NETWORKS .

3.3.6 . AND 3.3.7 . LONG-TERM RESEARCH ON OPTICAL DISCS AND BIOLOGICAL STORAGE

THERE IS CONSIDERABLE POTENTIAL FOR LARGE STORAGE CAPACITY USING OPTICAL OR
BIOLOGICAL TECHNIQUES . OPTICAL DISCS ARE ALREADY DEMONSTRATING POTENTIAL AS
READ-ONLY MEMORIES . RESEARCH IS REQUIRED TO PROVIDE WRITE AND READ FACILITIES
USING SUCH TECHNIQUES AS PHOTOCHROMISM . BIOLOGICAL METHODS OF FABRICATION
SHOULD ALLOW VERY FINE INTERCONNECTION PATHS AND THUS HIGHLY COMPACT
CONSTRUCTION . CURRENT FEATURE SIZES USED IN RAM ARE OF THE ORDER OF 10 000
AANGSTROEM AND ARE LIMITED TO 2-D CONSTRUCTION . IT IS CLAIMED THAT LOGIC AND
STORAGE ELEMENTS OF ORGANIC MATERIALS CAN BE MADE WITH FEATURE SIZES OF 20
AANGSTROEM AND IN 3-D STRUCTURES USING BIOLOGICAL AND GENETIC ENGINEERING
CONSTRUCTION TECHNIQUES .

TYPE B RESEARCH THEMES

RELATED TO 3.3.1 .

- SECURITY AND ASSOCIATED ISSUES IN GROUP USAGE OF COMMON KNOWLEDGE BASES .

- BEHAVIOURAL AND COGNITIVE STUDIES .

RELATED TO 3.3.2 .
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- COMPARATIVE STUDIES OF KNOWLEDGE REPRESENTATIONS WITH RESPECT TO THE
CONSTRUCTION AND USE OF VERY LARGE AND QUASI-PERMANENT KNOWLEDGE BASES .

- INVESTIGATE RELEVANCE OF FORMALISMS UTILIZED IN KNOWLEDGE REPRESENTATION ,
INCLUDING ISSUES OF CO-EXISTENCE AND CONVERSION OF DIFFERENT REPRESENTATIONS .

- INVESTIGATE FUNDAMENTAL ARCHITECTURAL ISSUES , I . E . LOGICAL INTER-
RELATIONSHIPS BETWEEN THE COMPONENT " MACHINES " OF A KBS SUCH AS :

- KBM MACHINE ,

- ADVANCED INTERFACE MACHINE ,

- INFERENCE MACHINE ,

INCLUDING IMPACT ON SYSTEMS ARCHITECTURE OF ABOVE ISSUES .

- EFFICIENT UTILIZATION OF BULK DATA THROUGH HYBRID INTERFACING OF DB AND KB
SYSTEMS .

R AND D AREA 3.4 :

COMPUTER ARCHITECTURES

DESCRIPTION

THIS R AND D AREA INVESTIGATES THE POTENTIAL FOR NEW FORMS OF COMPUTER
ARCHITECTURE . THE TRADITIONAL VON NEUMANN ARCHITECTURE HAS A NUMBER OF
SERIOUS DISADVANTAGES AS IT PRECLUDES GENUINE PARALLEL PROCESSING BECAUSE OF
THE BOTTLENECK CREATED BY THE PROCESSOR/MAIN-STORAGE RELATIONSHIP . VLSI
TECHNOLOGY PROVIDES THE MEANS OF CREATING ALTERNATIVE ARCHITECTURES USING A
LARGE NUMBER OF PARALLEL PROCESSORS RUNNING CONCURRENT TASKS . THERE ARE A
VARIETY OF SUCH ARCHITECTURES AND MANY DIFFERENT TYPES OF APPLICATIONS WHICH
WOULD BENEFIT FROM THESE MULTIPLE PROCESSOR APPROACHES .

THESE ALTERNATIVES CANNOT BE CONSIDERED AS WATERTIGHT COMPARTMENTS NEVER
INFLUENCING EACH OTHER . IN ORDER TO EVALUATE THE ALTERNATIVE APPROACHES , AND
THE ATTRIBUTES , UTILITY AND PERFORMANCE OF THE DEMONSTRATORS WHICH WILL BE
BUILT , METRICS FOR COMPUTER ARCHITECTURES WILL BE STUDIED .

THE RESULTS OF THIS PROGRAMME WILL PROVIDE A BASIS FOR THE INTRODUCTION OF NEW
COMPUTER ARCHITECTURES INTO APPROPRIATE APPLICATION AREAS . IN ALL THESE STUDIES
SOFTWARE ASPECTS WILL PLAY A CENTRAL ROLE . THE IMPACT OF NEW ARCHITECTURES ON
ACTUAL PROGRAMMING ENVIRONMENT SHOULD BE CAREFULLY STUDIED . BASIC SOFTWARE
MUST BE DEVELOPED WITH THE CORRESPONDING HARDWARE .

R AND D TOPICS

THE TOPICS TO BE RESEARCHED IN THIS AREA ARE :

3.4.1 . ULTRACOMPUTER , MULTIPROCESSOR MACHINES

3.4.2 . NON-VON NEUMANN ARCHITECTURES

- HIGHLY PARALLEL COMPUTER ARCHITECTURE ,

- DATAFLOW MACHINES ,

- REDUCTION MACHINES ,

- INFERENCE MACHINES .

BOTH OF THESE SUBSTANTIAL PROJECTS ARE PLANNED TO START IN YEAR 1 ( 1984/85 ) .
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TYPE A PROJECTS

3.4.1 . ULTRACOMPUTER , MULTIPROCESSOR MACHINES

DESCRIPTION

THE AVAILABILITY OF VLSI HAS PROVIDED A MEANS OF CONSTRUCTING MACHINES WITH
LARGE NUMBERS OF INTERCONNECTED COMPUTING ELEMENTS CAPABLE OF CONCURENT
OPERATION . EACH ELEMENT IS AS POWERFUL AS MACHINES CURRENTLY IN USE . IT IS
REQUIRED TO STUDY ARCHITECTURES FOR SUCH ARRANGEMENTS AND IDENTIFY THEIR
ATTRIBUTES , UTILITY AND PERFORMANCE IN DIFFERENT APPLICATIONS , FOR NUMERICAL
PROCESSING . A DEMONSTRATOR WILL BE BUILT CAPABLE OF SUPPORTING ONE OR MORE
APPLICATIONS . THE IMPACT ON SOFTWARE ENVIRONMENT IS A FUNDAMENTAL PROBLEM TO
BE SOLVED . THE APPLICATION WILL INCLUDE LARGE-SCALE MODELLING AND SIMULATION (
WEATHER FORECASTING , HYDRODYNAMICS AND ECONOMIC MODELLING ) , BUT THIS
APPROACH ONLY ATTACKS A SMALL PART OF THE OVERALL PROGRAMME .

PROGRAMME AND INTERMEDIATE OBJECTIVES

YEARS 1 AND 2 :

- FEASIBILITY STUDY OF DESIGN STRATEGIES .

YEARS 2 AND 3 :

- STUDY AND SELECTION OF INTERCONNECTION STRATEGIES .

YEARS 3 TO 5 :

- DESIGN AND IMPLEMENTATION OF PROTOTYPE .

3.4.2 . NON-VON NEUMANN ARCHITECTURES

DESCRIPTION

THE AVAILABILITY OF VLSI HAS PROVIDED A MEANS OF CONSTRUCTING MACHINES WITH
VERY LARGE NUMBERS ( E . G . 1 000 ) OF INTERCONNECTED COMPUTING ELEMENTS CAPABLE
OF CONCURRENT OPERATIONS . IT IS REQUIRED TO STUDY INTERCONNECTION
ARCHITECTURES AND SPECIAL COMPONENTS FOR REALISTIC AND CHEAP SOLUTIONS . THE
APPLICATION TARGETS ARE SIGNAL RECOGNITION AND UNDERSTANDING AND LOGIC
PROGRAMMING . THIS STUDY LOOKS AT THE EXPLOITATION OF INTERCONNECT STRATEGIES
WHICH WILL DEFINE AN ARCHITECTURE AND SPECIAL ASSOCIATED COMPONENTS . A
DEMONSTRATOR WILL BE BUILT INCLUDING THE SOFTWARE IN ORDER TO SUPPORT THE
CHOSEN LANGUAGES .

DATA-FLOW MACHINES USE THE PRINCIPLE OF SINGLE ASSIGNMENT , I . E . THEY RESTRICT
THE NUMBER OF VALUES OF EACH MANIPULATED OBJECT TO ONE . THE ARCHITECTURE IS
CHARACTERIZED BY A PARALLEL DATA-DRIVEN CONTROL STRUCTURE AND A " BY VALUE "
DATA MECHANISM . DATA FLOW OFFERS THE POSSIBILITY OF INCREASED PERFORMANCE IN
AIP . THIS PART OF THE PROJECT WILL CONSIDER THE ATTRIBUTES IN A RANGE OF
APPLICATIONS AND PROVIDE A BASIS FOR DESIGN CHOICE IN THE APPLICATION OF DATA-
FLOW MACHINES . A DEMONSTRATOR WILL BE BUILT . IMPACT ON SOFTWARE WILL BE
EXAMINED .

REDUCTION MACHINES ( WELL SUITED TO THE EXECUTION OF APPLICATIVE LANGUAGES ,
SUCH AS PURE LISP , BACKUS FP , KRC ) CAN BE DEMAND-DRIVEN , I . E . A FUNCTION
APPLICATION IS " FIRED " WHEN ITS RESULT IS REQUIRED BY A SURROUNDING FUNCTION
APPLICATION . THE DATA MECHANISM CAN BE " BY VALUE " ( STRING REDUCTION ) OR " BY
REFERENCE " ( GRAPH REDUCTION ) .
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INFERENCE MACHINES ARE SPECIAL PURPOSE MACHINES DEDICATED TO DEDUCTIVE
OPERATIONS . THEY ARE IMPORTANT BECAUSE LOGIC PROGRAMMING IS ONE OF THE
FOUNDATIONS OF KNOWLEDGE ENGINEERING AND ALSO BECAUSE OF THE POWER OF
INFERENCE AND PATTERN MATCHING TECHNIQUES IN DEDUCTIVE SYSTEMS USED IN EXPERT
SYSTEMS . CURRENTLY , INFERENCE MECHANISMS IN LANGUAGES LIKE PROLOG ARE
REALIZED THROUGH SOFTWARE ON CONVENTIONAL COMPUTERS . PARALLEL EXECUTION OF
THESE LANGUAGES IS REQUIRED . APPROPRIATE HARDWARE MECHANISMS WILL BE
PROPOSED AFTER STUDY OF RELATED ALGORITHMS . THIS PART OF THE PROJECT WILL BE IN
THREE PHASES ; PHASE 1 AND THE START OF PHASE 2 FALL INSIDE THE FIVE-YEAR PLANNING
HORIZON .

PROGRAMME AND INTERMEDIATE OBJECTIVES

( A ) HIGHLY-PARALLEL ARCHITECTURE

YEAR 1 :

- FEASIBILITY STUDY AND SELECTION OF INTERCONNECTION STRATEGIES .

YEAR 2 :

- SIMULATIONS AND DEFINITIONS OF BASIC VLSI COMPONENTS .

YEARS 3 AND 4 :

- VLSI COMPONENT DEVELOPMENT AND SIMULATION .

YEAR 5 :

- PRODUCE MOCK-UPS .

( B ) DATA-FLOW MACHINES

YEAR 1 :

- SEARCH LITERATURE , GENERATE SET OF ALTERNATIVE ARCHITECTURES . IDENTIFY
APPLICATIONS SUITABLE FOR DATA-FLOW MACHINES . SELECT APPLICATIONS AND
ALTERNATIVE ARCHITECTURES FOR DETAILED STUDY .

YEAR 2 :

- STUDY APPLICATIONS AND ALTERNATIVE ARCHITECTURES ;

- SELECT APPLICATION ( S ) AND ARCHITECTURE FOR DEMONSTRATOR .

YEARS 2 AND 3 :

- SPECIFY AND DESIGN DATA-FLOW COMPUTER DEMONSTRATOR . COMMENCE
IMPLEMENTATION . CONTINUE APPLICATION STUDIES .

YEAR 4 :

- COMPLETE IMPLEMENTATION OF DEMONSTRATOR , CONTINUE APPLICATION STUDIES .

YEARS 5 AND 6 :

- TEST DEMONSTRATOR , MAKE INITIAL ASSESSMENT OF ATTRIBUTES , UTILITY AND
PERFORMANCE . RELATE RESULTS TO APPLICATION STUDIES , PUBLISH RESULTS .

( C ) REDUCTION MACHINES

YEAR 1 :

- SEARCH LITERATURE , GENERATE SET OF ALTERNATIVE ARCHITECTURES ;
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- IDENTIFY APPLICATIONS .

YEAR 2 :

- SELECT APPLICATION ( S ) AND ARCHITECTURE .

YEAR 3 :

- DESIGN REDUCTION MECHANISM ;

- CONTINUE APPLICATION STUDIES .

YEARS 4 AND 5 :

- IMPLEMENTATION , CONTINUE APPLICATION STUDIES .

YEARS 5 AND 6 :

- DEMONSTRATOR , RELATE RESULTS TO APPLICATION STUDIES , PUBLISH RESULTS .

( D ) INFERENCE MACHINES

PHASE 1

YEAR 1 :

- SEARCH LITERATURE , STUDY BASIC MECHANISMS , ASSESS POTENTIAL APPLICATIONS .
SPECIFY PARALLEL INFERENCE MACHINE AS RESEARCH TOOL .

YEARS 2 TO 4 :

- IMPLEMENT PARALLEL RESEARCH TOOL . SELECT APPLICATIONS FOR DETAILED STUDY .
SELECT APPROACH TO DESIGN OF EXPERIMENTAL PARALLEL INFERENCE MACHINE .

PHASE 2

YEAR 5 :

- SPECIFY AND DESIGN EXPERIMENTAL PARALLEL INFERENCE MACHINE USING RESULTS OF
3.4.1 AND 3.4.2 . START IMPLEMENTATION . CONTINUE STUDIES OF MECHANISMS USING
RESEARCH TOOL .

TYPE B RESEARCH THEMES

RELATED TO 3.4.1 :

- INTERCONNECTION STRATEGIES FOR INTERWORKING OF DIFFERENT ARCHITECTURES ;

- DEVELOPMENT OF SYMBOLIC PROCESSING MACHINES ;

- DEVELOPMENT OF A MACHINE ARCHITECTURE TO SUPPORT ACTOR-BASED LANGUAGES .

RELATED TO 3.4.2 :

- CONNECTION MACHINE DESIGNS .

R AND D AREA 3.5 :

DESIGN AND SYSTEM ASPECTS

DESCRIPTION

THIS R AND D AREA COVERS THE URGENTLY NEEDED STANDARDS , SPECIAL SPECIFICATION
AND VERIFICATION TECHNIQUES , DESIGN METHODS , GENERAL SYSTEM METHODS , AND
CATALOGUES OF INFORMATION AND TECHNICAL MONITORING WHICH ARE RELEVANT TO THE
OTHER ACTIVITIES WITHIN THE AIP SUBPROGRAMME .
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THERE ARE TWO KEY OBJECTIVES HERE :

- TO PRODUCE ORDER OUT OF THE CURRENT DIVERSITY OF APPROACHES TO AIP ,

- TO DEVELOP TECHNIQUES FOR PRODUCING RELIABLE AND TRUSTWORTHY AIP SYSTEMS
AND FOR MAINTAINING THEM AS THEY ADAPT TO CHANGING CIRCUMSTANCES .

CORRESPONDING MOTIVATIONS EXIST IN THE SOFTWARE TECHNOLOGY AREA AND THIS
ACTIVITY WILL BE COORDINATED WITH 2.1 ; HOWEVER , CERTAIN FEATURES OF AIP JUSTIFY
THE EMPHASIS HERE . THESE ARE :

- THE LACK OF ANY EXISTING WORK WHICH IS ATTUNED TO AIP ,

- THE NEED FOR SUCH WORK , IN VIEW OF THE COMPLEXITY , INDETERMINACY ,
ADAPTABILITY AND SELF-MONITORING POTENTIAL FOR AIP SYSTEMS .

AN IMPORTANT ASPECT OF THE APPROACH WHICH IS ADOPTED HERE IS THE INTRODUCTION
OF A LEVEL OF SYSTEM SPECIFICATION INTERMEDIATE BETWEEN THAT OF THE EXTERNAL
REQUIREMENTS AND THE INTERNAL SOFTWARE AND HARDWARE SPECIFICATIONS . THIS
INTERMEDIATE LEVEL SHOULD REFLECT THE NATURE OF AIP SYSTEMS , ADOPTING
APPROPRIATE PRIMITIVE NOTIONS AND RELATIONSHIPS FOR SPECIFYING INFERENCE
TECHNIQUES , KNOWLEDGE REPRESENTATIONS AND OTHER ASPECTS , SO THAT RELEVANT AIP
CONCEPTS CAN BE DESCRIBED CLEARLY IN A WAY WHICH MAY GUIDE THE DESIGN OF
SOFTWARE AND HARDWARE . HOWEVER , IT SHOULD BE NOTED THAT THE SOFTWARE-
HARDWARE LEVEL AND THE AIP CONCEPTUAL LEVEL ARE OFTEN TIGHTLY INTERCONNECTED
, SO THAT THE FORMALISMS FOR EITHER CANNOT BE LAID DOWN WITHOUT CONTINUED
REFERENCE TO THE LIMITATIONS IMPOSED BY THE OTHER .

R AND D TOPICS

THE R AND D TOPICS TO BE ADDRESSED IN THIS AREA ARE :

- STANDARDS FOR AIP PROJECTS ;

- REQUIREMENTS SPECIFICATIONS FOR AIP SYSTEMS ;

- DESIGN SPECIFICATION METHODS FOR AIP SYSTEMS ;

- DESIGN METHODOLOGIES FOR AIP SYSTEMS ;

- SECURITY/CONFIDENTIALITY OF KNOWLEDGE AND DATA IN AIP SYSTEMS ;

- RELIABILITY , CREDIBILITY AND INTEGRITY OF AIP SYSTEMS AND THEIR OUTPUTS ;

- TESTING AND VALIDATION OF AIP SYSTEMS ;

- STATE-OF-THE-ART INTELLIGENCE UNIT IN CRITICAL BASIC AREAS ;

- MONITORING AND COORDINATION OF DEVELOPMENTS WITHIN THE AIP PROGRAMME ;

- UPDATES OF EARLIER TASKS ;

- REVERSE ENGINEERING ON CLASSICAL INFORMATION PROCESSING SYSTEMS .

DUE TO THEIR SUPPORTIVE NATURE , THESE TOPICS CAN BE CHARACTERIZED AS TYPE B . FOR
SOME OF THEM , AN EXPLICIT PARTNERSHIP WITH ONE OR SEVERAL OF THE MOST
APPROPRIATE TYPE A PROJECTS ( E . G . OTHER AIP PROJECTS , SOFTWARE TECHNOLOGY )
WILL BE DESIRABLE IN ORDER TO OPTIMIZE OVERALL SYNERGY WITHIN ESPRIT .

R AND D AREA 3.6 :

FOCUSING PROJECTS
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CONCEPTS

THE OTHER FIVE R AND D AREAS COVER INDIVIDUAL ASPECTS OF THE ADVANCED
INFORMATION PROCESSING ( AIP ) FIELD . IN ADDITION TO DETAILED PROGRAMMES OF WORK
RELATING TO THE BASIC TECHNIQUES , IT IS FELT ESSENTIAL TO INCLUDE A NUMBER OF
INTEGRATED INTER-DISCIPLINARY PROJECTS THAT SPAN NOT ONLY THE FIVE IDENTIFIED
ASPECTS OF AIP BUT ALSO THE OTHER AREAS OF THE ESPRIT PROGRAMME . THUS , WHERE
APPROPRIATE , THESE SHOULD BE MERGED WITH OTHER SUBPROGRAMMES TO ACHIEVE THE
SIZE REQUIRED CONSISTENT WITH THE INTERDISCIPLINARY NATURE OF THE FOCUSING
PROJECT . THIS SECTION IS CONCERNED WITH THESE " FOCUSING " PROJECTS .

IT IS INTENDED THAT THESE PROJECTS SHOULD PROVIDE A SET OF GOALS THAT WILL ACT AS
FOCI FOR THE INTERDISCIPLINARY ASPECTS OF THE WORK . ALTHOUGH THE GOALS SHOULD
BE CLEARLY VISIBLE AT ALL TIMES , THEIR NON-ACHIEVEMENT WITHIN THE TIMESCALE
SHOULD NOT BE CONSTRUED AS FAILURE SINCE MANY OF THE REWARDS WILL COME IN THE
FORM OF A LARGE NUMBER OF SMALL DEVELOPMENTS IN THE DIFFERENT FIELDS . AS A
CONCEPT , THEY HAVE BEEN ENDORSED BY ALL SECTIONS OF THE ESPRIT COMMUNITY .

EXAMPLES OF FOCUSING PROJECTS ARE GIVEN IN OUTLINE BELOW . IT SHOULD BE STRESSED
THAT THESE ARE MERELY EXAMPLES CHOSEN TO ILLUSTRATE THE CONCEPT OF FOCUSING
PROJECT AND ARE IN NO WAY INTENDED TO RESTRICT THE FINAL CHOICE - WHAT IS
IMPORTANT IS THAT THE ESPRIT PROGRAMME INCLUDE RESOURCES AND EFFORT TO COVER
SUCH PROJECTS . THESE PROJECTS SHOULD FORM PART OF THE OVERALL ESPRIT
PROGRAMME RATHER THAN THE AIP SUBPROGRAMME . EQUALLY THE FINAL CHOICE OF
PROJECTS WILL NEED TO BE FLEXIBLY DETERMINED IN THE CONTEXT OF THE OVERALL
PROGRAMME .

CRITERIA

IN FORMULATING THE CRITERIA FOR CHOOSING FOCUSING PROJECTS IT IS POSSIBLE TO
INCLUDE WIDER ASPECTS THAN THOSE MENTIONED ABOVE . SOME OF THE ESSENTIAL
CRITERIA FOR SUCH WORK ARE DISCUSSED BELOW . HOWEVER , AN OVERALL
CONSIDERATION OF FLEXIBILITY SHOULD ALLOW THIS PROGRAMME TO PROCEED TO BEST
EFFECT .

( A ) THE PROJECT SHOULD INDEED " FOCUS " . THIS COULD MEAN ANY COMBINATION OF
ASPECTS SUCH AS :

- IT UTILIZES AND BRINGS TOGETHER RESULTS AND FINDINGS FROM MULTIPLE OTHER AREAS
OF ESPRIT , BOTH FROM WITHIN AIP AND OUTSIDE IT ( E . G . SOFTWARE TECHNOLOGY , OFFICE
AUTOMATION , ETC . ) ,

- IT COMBINES AND INTEGRATES RESULTS AND FINDINGS OF OTHER ESPRIT AREAS ,

- IT EMPHASIZES THE INTERDEPENDENCIES AND ANTICIPATES AND RESOLVES POTENTIAL
CONFLICTS BETWEEN ESPRIT AREAS ,

- IT PROVIDES FOR A TWO-WAY INTERACTION BETWEEN ITS OWN AREA AND OTHER ESPRIT
AREAS .

( B ) THE PROJECT SHOULD BE SUBSTANTIALLY REALIZABLE ( FEASIBLE , REALISTIC ,
ACHIEVABLE ) WITHIN THE PROPOSED TIME FRAME , AND HAVE A CLEARLY IDENTIFIABLE
END POINT WITHIN THAT TIME FRAME .

( C ) THE PROJECT SHOULD AT LEAST EXPLOIT THE STATE-OF-THE-ART , OR RATHER BE AT THE
LEADING EDGE OR , AT WORST , PROMISE TO BRING FORWARD THE STATE-OF-THE-ART
SUBSTANTIALLY IN ESPRIT .
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( D ) THE PROJECT SHOULD HAVE RELEVANCE FOR THE PUBLIC AT LARGE , SUCH AS
PROMISING TO BE SOCIALLY BENEFICIAL , OR BEING SOCIALLY ATTRACTIVE .

( E ) THE PROJECT SHOULD IDENTIFIABLY FEED BACK INFORMATION TO OTHER AREAS OF
ESPRIT , OF TWO KINDS :

- TECHNOLOGICAL/SCIENTIFIC INFORMATION ,

- " REALISM " INFORMATION .

( F ) THE PROJECT SHOULD HAVE AN APPLIED NATURE , RATHER THAN BE CONCERNED WITH
PURE SCIENCE .

( G ) THE PROJECT SHOULD RESULT IN AT LEAST A DEMONSTRATABLE PROTOTYPE .

EXAMPLES

A NUMBER OF TOPICS HAVE BEEN IDENTIFIED , WITH A CLUSTER OF SPECIFIC EXAMPLES OF
FOCUSING PROJECTS WITHIN EACH TOPIC . THE TITLES ARE GIVEN BELOW IN A STRUCTURED
FORM AS ILLUSTRATIONS ONLY .

( I ) DECISION SUPPORT :

- AN AGRO-CHEMICAL ADVISER ,

- PLANNING SYSTEMS FOR OFFICE AUTOMATION .

( II ) NATURAL LANGUAGES :

- INTERACTIVE SPELLING CORRECTION AND MANAGEMENT .

( III ) COMPLEX CONTROL SYSTEMS :

- INTEGRATED VEHICLE , PROCESSOR AND PHYSICAL ENVIRONMENT .

( IV ) OFFICE SYSTEMS :

- HELP-SYSTEM FOR OS USERS .

( V ) PROGRAMMING ASSISTANCE :

- AUTOMATIC PROGRAMMING SYSTEM .

( VI ) TOOLS FOR INFORMATION SYSTEMS USERS :

- DEVELOPMENT OF AN ATLAS FOR IT .

( VII ) GENERAL :

- COMPUTER AIDED SYSTEM MAINTENANCE ,

- WATER QUALITY MONITORING BY SATELLITE IMAGES .

WHATEVER IS SELECTED AS FOCUS PROJECTS , THESE WILL BE OF THE TYPE A .

SUBPROGRAMME 4

OFFICE SYSTEMS

IMPORTANCE OF THE SUBPROGRAMME OFFICE SYSTEMS

THE SUCCES OF ESPRIT IS EVENTUALLY MEASURED BY THE INCREASED COMPETITIVENESS OF
THE EUROPEAN INFORMATION TECHNOLOGY INDUSTRY , WHICH CAN ONLY BE OBTAINED BY
BETTER PRODUCTS AND NOT BY RESULTS IN THE RESEARCH FIELD ALONE .
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RESEARCH WORK IN THE FIELD OF OFFICE SYSTEMS CAN BE CHARACTERIZED AS FOLLOWS :
ON THE BASIS OF FUNDAMENTAL AND METHODOLOGICAL DEVELOPMENTS IN VLSI ,
SOFTWARE TECHNOLOGY AND ADVANCED INFORMATION PROCESSING AND SOME OTHER
FIELDS , INTEGRATED AND APPLIED SYSTEM SOLUTIONS ARE DEVELOPED WHICH TAKE INTO
CONSIDERATION USER REQUIREMENTS AND FORESEEABLE MODIFICATIONS IN THE
TECHNICAL , SOCIAL AND ECONOMICAL FIELD ( SEE FIGURE 4-1 ) .

OFFICE SYSTEMS ARE THE KEY ELEMENTS IN THE DEVELOPMENT FROM CLASSICAL DATA
PROCESSING TO INTEGRATED INFORMATION PROCESSING IN ADMINISTRATIONS AND
INDUSTRIAL AND SERVICE ENTERPRISES , BY WHICH THE FUTURE WORK ENVIRONMENT WILL
BE CHARACTERIZED . FOR THAT PURPOSE SYSTEMS AND COMMUNICATION NETWORKS WITH
STANDARDIZED INTERFACES ARE NECESSARY .

IN DEVELOPING THESE SYSTEMS WHICH ARE VERY IMPORTANT FOR OUR INDUSTRIAL
COMPANIES , ASPECTS OF HUMAN FACTORS HAVE TO BE CONSIDERED IN THE EARLY STAGE OF
PLANNING . ONLY IN THIS WAY CAN WE ENSURE THAT THE SYSTEMS WILL BE ACCEPTED
LATER ON BY THE USERS AND THAT ECONOMIC EXPECTATION WILL ALSO BE MET . EUROPEAN
INDUSTRY IS PARTICULARLY WELL SUITED FOR THIS DEVELOPMENT BECAUSE OF ITS
HISTORICAL AND CULTURAL TRADITION .

RESEARCH AREAS OF THE SUBPROGRAMME OFFICE SYSTEMS

TAKING INTO ACCOUNT THE ABOVEMENTIONED INTEGRATED APPROACH , THE
SUBPROGRAMME HAS BEEN DIVIDED INTO FIVE RESEARCH AREAS ( SEE FIGURE 4-1 ) :

- OFFICE SYSTEMS SCIENCE AND HUMAN FACTORS

A JOINT STUDY IS IMPERATIVE IN ORDER TO ADDRESS EQUALLY BOTH THE HUMAN FACTORS
AND THE RATIONALIZATION ASPECTS . THE BEST SYSTEMS FROM A PURELY TECHNICAL POINT
OF VIEW ARE OF NO USE WHEN THEY ARE NOT ACCEPTED BY THE USERS .

- ADVANCED WORKSTATIONS

THE KERNEL OF THE FUTURE OFFICE WILL CONSIST OF WORKSTATIONS WITH NEW MAN-
MACHINE INTERFACES ( DATA , TEXT , IMAGES , SPEECH ) . THUS , HIGH PRIORITY SHOULD BE
GIVEN TO THIS DEVELOPMENT .

- COMMUNICATION SYSTEMS

NETWORKS AND INTEGRATED INFORMATION SYSTEMS REQUIRE A NEW SYSTEM DESIGN
USING VERY WIDE BAND NETWORKS THAT USE ALTERNATIVE BASIC TECHNOLOGIES IN
ORDER TO PROCESS AND TO TRANSMIT VAST QUANTITIES OF MULTI-MODE DATA ALL OVER
THE WORLD .

- ADVANCED FILING AND RETRIEVAL SYSTEMS

IN ORDER TO PROGRESS TOWARDS A PAPERLESS OFFICE , IT IS NECESSARY TO OVERCOME THE
PRESENT OBSTACLES TO PROCESSING OF VAST QUANTITIES OF INFORMATION AND TO FAST
RETRIEVAL OF THE STORED INFORMATION BY NEW SOLUTIONS .

- INTEGRATED OFFICE SYSTEM DESIGN AND EVALUATION

THE RESEARCH FOR OPTIMAL AND ADVANCED DESIGNS FOR ELEMENTS OF THE INTEGRATED
OFFICE SYSTEMS SHOULD LEAD TO THE DEVELOPMENT OF PROTOTYPES FOR SUCH SYSTEMS ;
ADEQUATE METHODS AND FACILITIES HAVE TO BE FOUND THAT CAN SERVE AS TEST
ENVIRONMENTS .

USER REQUIREMENTS * TECHNOLOGICAL , SOCIAL AND ECONOMIC CHANGES

PROTOTYPES * INTEGRATED SYSTEMS APPLICATION
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OFFICE - SYSTEM - SCIENCE * HUMAN FACTORS

WORK-STATION * COMMUNICATIONS * FILING AND RETRIEVAL

SOFTWARE TECHNOLOGY * ADVANCED INFORMATION PROCESSING

VLSI

FIGURE 4-1

RELATIONS OF OFFICE SYSTEMS TO OTHER ESPRIT SUBPROGRAMMES AND OFFICE
ENVIRONMENTS

RESEARCH AIMS OF THE OFFICE SYSTEMS SUBPROGRAMME

1 . ( A ) TO ANALYZE CURRENT AND PREDICTED OFFICE ACTIVITIES AND TO DETERMINE HOW
NEW INFORMATION TECHNOLOGY MIGHT BE APPLIED TO IMPROVE THE EFFECTIVENESS OF
OFFICE WORK AND ORGANIZATION . BESIDES AUTOMATION OF VARIOUS FUNCTIONS , THIS
MEANS BETTER TECHNICAL SUPPORT PARTICULARLY FOR CLERKS , PROFESSIONAL AND
MANAGERIAL STAFF IN EXECUTING THEIR NON-DETERMINISTIC TASKS .

( B ) TO IMPROVE UNDERSTANDING OF HUMAN FACTORS IN THE OFFICE AND TO ENSURE HIGH
PERFORMANCE OF USERS WHEN INTERACTING WITH THE SYSTEMS , WHILST AT THE SAME
TIME OFFERING OPTIMAL WORKING CONDITIONS AND ENSURING ADEQUATE
ORGANIZATIONAL AND INDIVIDUAL ACCEPTANCE .

2 . TO ESTABLISH MAJOR NEW MAN-MACHINE INTERFACE TECHNOLOGIES , PERIPHERAL
TECHNOLOGIES AND DOCUMENT REPRESENTATION TECHNOLOGIES RELEVANT TO THE
SUBSEQUENT DEVELOPMENT OF HIGH-LEVEL OFFICE WORKSTATIONS FOR USE IN ADVANCED
OFFICE SYSTEMS .

3 . TO CREATE THE BASIC TECHNOLOGIES REQUIRED FOR ADVANCED OFFICE
COMMUNICATION SYSTEMS INCLUDING TECHNICAL FUNDAMENTALS IN COMMUNICATION
SYSTEMS ARCHITECTURE , OPTICAL TECHNOLOGIES AS A PARTICULARLY SIGNIFICANT
TECHNOLOGY AND SYSTEM ASPECTS OF VALUE ADDED SERVICES .

4 . TO ACQUIRE THE SYSTEMS AND APPLICATIONS EXPERTISE RELATED TO FILING AND
RETRIEVAL OF ALL FORMS OF OFFICE INFORMATION IN ELECTRONIC STORAGE SYSTEMS IN A
USER ORGANIZATION IN AN ADEQUATE WAY .

5 . TO CREATE THE POSSIBILITY TO CHECK THE VALIDITY OF THE TOTAL INFORMATION
CONCEPTS THAT ARE ADVOCATED , IN ENVIRONMENTS THAT ARE REALISTIC AND ALLOW
QUANTITATIVE EVALUATION .

R AND D AREA 4.1 :

OFFICE SYSTEMS SCIENCE AND HUMAN FACTORS

DESCRIPTION

THIS RESEARCH PROGRAMME HAS BEEN DEVISED TO GIVE A BETTER UNDERSTANDING OF
THE OFFICE ENVIRONMENT . OFFICES ARE THE " NERVOUS SYSTEM " OF ANY ENTERPRISE ,
THAT HAVE TO BE ORGANIZED , STAFFED AND EQUIPPED FOR EFFECTIVE AND EFFICIENT
OPERATION , AND THAT HAVE TO INTERFACE WITH OTHER BRANCHES OF THE ENTERPRISE ,
SUCH AS RESEARCH LABORATORIES AND MANUFACTURING .

AT PRESENT THE UNDERSTANDING OF THIS FIELD IS PATCHY . THERE IS NO FORMAL SCIENCE
OF OFFICE AUTOMATION AS THERE IS FOR PRODUCTION AUTOMATION . THIS PROGRAMME ,
HOWEVER , MAKES A COHERENT ATTACK ON THE PROBLEMS , RANGING FROM EMPIRICAL
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STUDIES TO CONSISTENT OPERATIONAL CLASSIFICATIONS AND COMPUTER-BASED ANALYSIS
AND DESIGN TOOLS .

CONSISTENT WITH THIS APPROACH , THE MAIN AREAS IDENTIFIED ARE ( A ) OFFICE SYSTEMS
ANALYSIS , ( B ) OFFICE SYSTEMS DESIGN AND ( C ) HUMAN FACTORS . THE ANALYSIS PART OF
THE PROGRAMME DELIVERS USEFUL INPUT FOR THE DESIGN ORIENTED PHASES .

IT IS EVIDENT THAT THE INCORPORATION OF HUMAN FACTORS , ESPECIALLY INTO A
TECHNOLOGY-ORIENTED PROGRAMME IS AN ESSENTIAL PREREQUISITE FOR EFFECTIVE USE
AND A BROAD ACCEPTANCE OF THE ENVISAGED SYSTEMS AND THUS FOR THEIR FINAL
ECONOMIC SUCCESS . THE RESEARCH PROGRAMME THEREFORE INCLUDES SPECIFIC
RESEARCH PROJECTS ON HUMAN FACTORS RELATED TO THE OFFICE ENVIRONMENT AND THIS
LEADS TO PROGRAMMES FOR COGNITIVE ASPECTS TOGETHER WITH WORK STRUCTURING ,
QUALIFICATION AND TRAINING . INDEPENDENT HUMAN FACTORS LABORATORIES ARE ALSO
SEEN AS IMPORTANT , OFFERING THE POSSIBILITY OF AN UNBIASED JUDGMENT ON
COMMERCIAL PRODUCTS .

R AND TOPICS

THE TOPICS TO BE STUDIED IN THIS AREA INCLUDE :

4.1.1 . OFFICE SYSTEMS ANALYSIS :

- FUNCTIONAL ANALYSIS OF OFFICE REQUIREMENTS ( 3 ) ;

- IMPLEMENTATION OF FUNCTIONS ;

- PERFORMANCE MEASUREMENTS ( 3 ) ;

4.1.2 . OFFICE SYSTEMS DESIGN :

- OFFICE SYSTEM DESIGN METHODOLOGY ( 3 ) ;

- A LANGUAGE FOR THE SPECIFICATION OF OFFICES ( 3 ) ;

- OFFICE SIMULATOR ;

- TRANSACTION MONITOR ;

4.1.3 . HUMAN FACTORS :

- INDEPENDENT HUMAN FACTORS LABORATORIES ( 3 ) ;

- HUMAN/MACHINE COGNITIVE COMPATIBILITY ( 3 ) ;

- QUALIFICATION AND WORK ( 3 ) ;

- USER SERVICE INTERFACE IN A MULTI-SERVICE ENVIRONMENT .

WORK IS ALREADY UNDER WAY IN THE FUNCTIONAL ANALYSIS AND PERFORMANCE
MEASUREMENTS TOPICS OF 4.1.1 , STARTED BY THE PILOT PROJECTS IN YEAR 0 ( 1983/84 ) .

TYPE A PROJECT

ONE TYPE A PROJECT IS IDENTIFIED IN THE HUMAN FACTORS AREA . THE PROJECT MAY
EMBRACE R AND D TOPICS LISTED AS TYPE B PROJECTS .

4.1.3.1 . INDEPENDENT HUMAN FACTORS LABORATORIES

THIS PROJECT IS CONCERNED WITH THE ESTABLISHMENT OF CLOSE COOPERATION OF
EUROPEAN HUMAN FACTORS LABORATORIES , WHERE RESEARCH CAN BE FRUITFULLY AND
ECONOMICALLY CONDUCTED , GUIDELINES BE DEVELOPED , R AND D PERSONNEL TRAINED
AND ADVICE GIVEN TO DEVELOPMENT LABORATORIES .
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THE PROJECT AIMS AT THE CREATION OF MANAGERIAL , ORGANIZATIONAL AND LEGAL
STRUCTURES TO FORMALIZE THE COOPERATION , AND THE ELABORATION OF A WELL-
SELECTED SET OF RESEARCH TOPICS BY THE LABORATORIES COOPERATING .

PROGRAMME

YEAR 1 :

- ELABORATION OF MANAGERIAL , ORGANIZATIONAL AND LEGAL STRUCTURES THAT
CONSOLIDATE THE COOPERATION ;

- START OF COOPERATION WORK IN SELECTED RESEARCH AREAS .

YEARS 2 TO 5 :

- ELABORATION OF TRAINING PROGRAMMES , SETTING UP AND ( RE ) ALLOCATION OF
SPECIFIC RESEARCH FACILITIES AMONG THE PARTNERS , THE ELABORATION OF PROCEDURES
FOR INTERNAL AND EXTERNAL CONSULTATION , THE EXECUTION OF SELECTED RESEARCH .

INTERMEDIATE OBJECTIVES

12TH MONTH

- ESTABLISHMENT OF MANAGERIAL , ORGANIZATIONAL AND LEGAL STRUCTURES ;

24TH MONTH

- ESTABLISHMENT OF THE FIRST TRAINING PROGRAMME IN HUMAN FACTORS ;

48TH MONTH

- RESULTS OF SPECIFIC HUMAN FACTORS RESEARCH AVAILABLE .

TYPE B PROJECTS

ALL THE ABOVE TOPICS ARE SUITABLE FOR TYPE B PROJECTS . THOSE DESCRIBED BELOW ARE
PLANNED TO BE STARTED IN 1984/85 .

OFFICE SYSTEMS ANALYSIS

4.1.1.1 . FUNCTIONAL ANALYSIS OF OFFICE REQUIREMENTS

THE STANDARD FUNCTIONS IN AN OFFICE ARE IDENTIFIED TO REDUCE THE REQUIREMENTS
FOR CUSTOMIZATION . INVESTIGATION OF THE BENEFITS OF COMPUTER-BASED OFFICE
SYSTEMS TO ORGANIZATION AND OFFICE WORKER . A GLOSSARY OF AGREED TERMINOLOGY
WILL BE INCLUDED .

4.1.1.3 . PERFORMANCE MEASUREMENT

TRADITIONAL PROFITABILITY STUDIES HAVE LIMITED BOUNDARIES AND NEGLECT
IMPORTANT INFLUENCES SUCH AS FLEXIBILITY , VALUE OF INFORMATION , ETC . THIS
PROJECT INCLUDES THESE NON-QUANTIFIABLE FACTORS BESIDES THE QUANTIFIABLE
FACTORS .

OFFICE SYSTEMS DESIGN

4.1.2.1 . OFFICE SYSTEM DESIGN METHODOLOGY

OVERALL DESIGN METHODOLOGIES OF COMPUTER-BASED OFFICE SYSTEMS WILL BE
STUDIED , IMPLEMENTED AND THE RESULTS VALIDATED IN TRIAL SYSTEMS . THE EFFECT OF
HUMAN FACTORS WILL BE TAKEN INTO ACCOUNT .

4.1.2.2 . A LANGUAGE FOR THE SPECIFICATION OF OFFICES
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A LANGUAGE FOR THE SPECIFICATION OF OFFICES WILL BE DEVELOPED FROM FUNCTIONAL
MODELS .

HUMAN FACTORS

4.1.3.1 . INDEPENDENT HUMAN FACTORS LABORATORIES

TO CATALYZE THE FURTHER DEVELOPMENT , THE USE AND THE COOPERATION OF HUMAN
FACTORS LABORATORIES TO ACT AS EUROPEAN CENTRES FOR GUIDELINE GENERATION ,
PERFORMANCE MEASUREMENT , HUMAN FACTORS PRODUCT EVALUATION , AND IN GENERAL
TO INCREASE THE AWARENESS OF THE HUMAN FACTORS IN DESIGN .

THE LABORATORIES MAY PROVIDE POST-GRADUATE TRAINING FACILITIES . PROJECTS IN THIS
AREA WILL HAVE CONCRETE FUNCTIONAL OBJECTIVES , THAT CAN ONLY BE ACHIEVED
THROUGH THE COLLABORATION OF A NUMBER OF INDUSTRY-ORIENTED LABORATORIES .

4.1.3.2 . HUMAN-MACHINE COGNITIVE COMPATIBILITY

TO DEVELOP AND FORMALIZE DESCRIPTION METHODS FOR COGNITIVE TASK
REPRESENTATION AND PROBLEM-SOLVING PROCESSES FOR KNOWLEDGE WORKERS .

4.1.3.3 . QUALIFICATION AND WORK

STUDY OF THE EVOLUTION OF OFFICE WORK DUE TO THE INTRODUCTION OF OFFICE
INFORMATION TECHNOLOGY AND OTHER FACTORS . DEVELOPMENT AND EVALUATION OF
SYSTEM-BASED TRAINING FACILITIES THAT HELP THE USER TO ADAPT .

R AND D AREA 4.2 :

ADVANCED WORKSTATIONS

DESCRIPTION

THE WORKSTATION IS THE USER'S GATEWAY TO THE OFFICE SYSTEM . USER ACCEPTANCE AND
USER PERFORMANCE DEPEND ON THE DESIGN OF THE CORRESPONDING MAN-MACHINE
INTERFACE .

THE MOST IMPORTANT CHANNEL FOR INFORMATION INPUT TO THE USER IS THE VISUAL
CHANNEL . THIS CHANNEL , AS WELL AS THE OTHER SENSORY CHANNELS , HAVE EVOLVED TO
PROVIDE INFORMATION FOR MOTORIC ACTIVITIES WHICH SHOULD NOT BE SUPPRESSED BUT
ADEQUATELY INTEGRATED IN OPERATING THE INTERFACE . IN CONSEQUENCE , VDUS AND
TOUCH KEYBOARDS WILL EMERGE TO FORM AN INTEGRATED INPUT/OUTPUT DEVICE
SUITABLE TO MANIPULATE TEXT AND IMAGES BY DIRECT MANUAL ACCESS . PREFERABLY THE
SCREENS SHOULD HAVE THE DIMENSIONS AND PORTABILITY OF PAPER ( ELECTRONIC PAPER )
. ANOTHER APPROACH TO A MORE COMFORTABLE " VISUAL INPUT " WILL BE THE LARGE
SCREEN DISPLAY . THE NEED FOR MULTI-FUNCTIONAL CAPABILITIES WILL REQUIRE THE
DEVELOPMENT OF DEVICES WHICH ALLOW GRAPHIC INPUT AND EDITING , ON-LINE-
HANDWRITING AND IDEOGRAMMATIC CONVERSATION .

AS LONG AS THERE IS NO PORTABLE PAPERLIKE DISPLAY , PRINTING WILL BE NECESSARY AND
THE NEED WILL BE GROWING FOR FASTER MORE VERSATILE ( TEXT , GRAPHIC , COLOUR )
PRINTERS AT LOW COST .

A HIGH PROPORTION OF TELEPHONE OR FACE-TO-FACE COMMUNICATION INDICATES THAT
VISUAL AND SPOKEN INFORMATION WILL BE PREFERRED WHENEVER IT IS APPLICABLE .
VISUAL COMMUNICATION WILL REQUIRE THE DEVELOPMENT OF HIGH DEFINITION COLOUR
VIDEO SCANNING DEVICES WITH THE NECESSARY PROCESSING CAPABILITIES FOR EFFICIENT
STORAGE AND TRANSMISSION AND THE USE OF THE MULTIFUNCTION FLAT PANEL DISPLAY .
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THE ACOUSTIC CHANNEL CANNOT HANDLE AS MUCH INFORMATION AS THE OPTICAL
CHANNEL BUT IS OUR MOST EFFICIENT MEANS OF INFORMATION TRANSMISSION .
ACOUSTICAL COMMUNICATION WILL REQUIRE THE DEVELOPMENT OF SOPHISTICATED
PROCESSING FOR IMPROVING THE ACOUSTIC ENVIRONMENT , AND THE DEVELOPMENT OF
CODING SCHEMES . VOICE COMMUNICATION BETWEEN MAN AND THE OFFICE SYSTEM WILL
REQUIRE THE DEVELOPMENT OF EFFICIENT SPEECH RECOGNITION AND OF A NATURAL
SPEECH SYNTHESIZER .

AN IMPORTANT ASPECT OF FACILITATING THE STANDARDIZATION OF THE INTERFACE WITH
THE HUMAN WORLD AND THE PAPER WORLD IS EASY-TO-USE FORMALIZED LANGUAGES .
THESE ARE TO BE DESIGNED IN A WAY WHICH ALLOWS THE USER , RATHER THAN THE
COMPUTER PROFESSIONAL , TO SPECIFY HIS NEEDS DIRECTLY TO THE SYSTEM .

THE DEVELOPMENTS OF SPECIFIC WORKSTATION COMPONENTS SHOULD LEAD TO A GENERAL
ARCHITECTURE WHICH WILL ALLOW THE INTEGRATION OF THE SUBSYSTEMS IN AN
ARCHITECTURALLY HOMOGENEOUS WORKSTATION .

R AND D TOPICS

THE FOLLOWING R AND D TOPICS ARE IDENTIFIED :

4.2.1 . SYSTEM ASPECTS OF WORKSTATION DESIGN ( 4 )

4.2.2 . VISION INTERFACE

- FLAT PANEL DISPLAYS ,

- HIGH RESOLUTION VIDEO SCANNER ,

- IMAGE CODING ( 4 ) ;

4.2.3 . PAPER INTERFACE

- ADVANCED SCANNER ( 4 ) ,

- ADVANCED PRINTER ( 4 ) ,

- GRAPHICS CODING ( 4 ) ,

- GRAPHICS RECOGNITION ( 4 ) ;

4.2.4 . SPEECH INTERFACE

- SPEECH CODING ( 4 ) ,

- SPEECH RECOGNITION ( 4 ) ,

- SPEECH SYNTHESIS ( 4 ) ;

4.2.5 . OFFICE LANGUAGES

- OFFICE DOCUMENT LANGUAGE ( 4 ) ,

- OFFICE INTERFACE LANGUAGE ( 4 ) .

PILOT PROJECTS ARE UNDERWAY IN THE VISION INTERFACE , PAPER INTERFACE , SPEECH
INTERFACE AND OFFICE LANGUAGE R AND D AREAS .

TYPE A PROJECTS

PROJECTS ON THE TOPICS LISTED BELOW ARE PLANNED TO BE STARTED IN 1984/85 . THE
SUPPORT OF MORE THAN ONE PROJECT ON R AND D TOPIC 4.2.1 IS CONSIDERED .

4.2.1 . SYSTEM ASPECTS OF WORKSTATION DESIGN
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DESCRIPTION

THE ELABORATION OF A GENERAL ARCHITECTURE WHICH WILL ALLOW THE INTEGRATION OF
THE SUBSYSTEMS HANDLING THE MULTIMEDIA INPUT/OUTPUT ( VIZ . VISION , PAPER , SPEECH
, LANGUAGE ) , THE FILING SUBSYSTEM AND THE NETWORK INTERFACES IN AN
ARCHITECTURALLY HOMOGENEOUS WORKSTATION BOTH FROM THE HARDWARE , THE
SOFTWARE AND THE HUMAN FACTORS POINT OF VIEW .

PROTOTYPES SHALL BE DEVELOPED AND TESTED THOROUGHLY IN ADEQUATE
ENVIRONMENTS AND IN SUFFICIENT NUMBERS TO ALLOW QUALITATIVE AND QUANTITATIVE
EVALUATION ON A STATISTICALLY SOUND BASIS .

PROGRAMME

YEAR 1 :

- DEFINITION OF A MODEL OF MAN/MACHINE INTERACTION ;

- DEFINITION OF COMPUTER PERFORMANCE , STORAGE REQUIREMENTS ;

- DEFINITION OF THE REQUIREMENTS OF ADVANCED INTERFACES ;

- DEFINITION OF WORKSTATION ARCHITECTURE .

YEAR 2 :

- ASSEMBLY OF SUBSYSTEMS AND START SOFTWARE DEVELOPMENT FOR EXPERIMENTAL
WORKSTATION .

YEAR 3 :

- COMPLETION OF SOFTWARE EXPERIMENTAL WORKSTATION ;

- TEST OF WORKSTATION ; EVALUATION OF RESULTS .

YEAR 4 :

- CONTINUED EVALUATION OF EXPERIMENTAL WORKSTATION IN A NUMBER OF
ENVIRONMENTS ( LINKS WITH NETWORK AND SEVERS REQUIRED ) ;

- DEFINITION AND CONSTRUCTION OF ADVANCED WORKSTATION INTERFACES TO
MULTIMEDIA INPUT/OUTPUT , FILING SYSTEM , NETWORK , ETC . ;

- COMPLETION OF LANGUAGE INTERFACE .

YEAR 5 :

- ASSEMBLY OF ADVANCED WORKSTATION ;

- IDENTIFICATION OF TEST-SITES , REQUIREMENTS .

INTERMEDIATE OBJECTIVES

12TH MONTH

- SPECIFICATION OF EXPERIMENTAL WORKSTATION ARCHITECTURE ;

24TH MONTH

- EXPERIMENTAL WORKSTATION OPERATIONAL ;

36TH MONTH

- EXPERIMENTAL WORKSTATION EVALUATION ;

48TH MONTH
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- SPECIFICATION OF ADVANCED WORKSTATION INTERFACES ( MULTIMEDIA NETWORK ) ;

60TH MONTH

- ADVANCED WORKSTATION OPERATIONAL .

4.2.3 . PAPER INTERFACE

DESCRIPTION

THE DEVELOPMENT OF DEVICES FOR THE SCANNING , THE HARD COPYING OF GRAPHIC
INFORMATION ( LIKE TYPEWRITTEN , PRINTED , HANDWRITTEN AND COMBINATION THEREOF ;
INCLUDING TEXT AND IMAGES OF VARIOUS KINDS ) , AND THE PROCESSING AT DIFFERENT
LEVELS ( E . G . UNCODED DIGITAL I/O , CODING WITH REDUNDANCE , REDUCTION , ETC . ) .

PROJECTS IN THIS AREA MAY CONTAIN TOPICS LISTED UNDER TYPE B PROJECTS .

PROGRAMME

YEAR 1 :

- STUDY OF THE STATE-OF-THE-ART OF THE TECHNOLOGY FOR SCANNERS , BIT-MAP PRINTERS
, GRAPHICS CODING AND RECOGNITION ;

- SPECIFICATION OF OMNIFONT RECOGNIZER ;

- SPECIFICATION OF GRAPHICS CODER .

YEAR 2 :

- SPECIFICATION OF A MULTICOLOUR SCANNER ;

- SPECIFICATION OF A MULTICOLOUR PRINTER ;

- REALIZATION OF OMNIFONT CHARACTER RECOGNITION .

YEAR 3 :

- DEVELOPMENT OF CODING ALGORITHMS ;

- DEVELOPMENT OF A MULTICOLOUR SCANNER .

YEAR 4 :

- DEVELOPMENT OF A GRAPHICS CODER ;

- DEVELOPMENT OF MULTIFONT CHARACTER RECOGNITION ;

- DEVELOPMENT OF EXPERIMENTAL MULTICOLOUR PRINTER .

YEAR 5 :

- DEVELOPMENT OF A HANDWRITING RECOGNIZER ;

- DEVELOPMENT OF A MULTICOLOUR PRINTER-SCANNER .

INTERMEDIATE OBJECTIVES :

24TH MONTHS

- OPTICAL CHARACTER RECOGNIZERS ;

36TH MONTHS

- DEMONSTRATION OF SCANNER ;

48TH MONTHS

Converted reading copy · 63 / 87



- DEMONSTRATION OF MULTICOLOUR PRINTER ;

60TH MONTHS

- DEMONSTRATION OF HANDWRITING RECOGNITION ;

- DEMONSTRATION OF MULTICOLOUR PRINTER-SCANNER .

4.2.4 . SPEECH INTERFACE

DESCRIPTION

THE DEVELOPMENT AND EVALUATION OF DEVICES AND FUNCTIONS FOR THE PROCESSING OF
HUMAN SPEECH TO AND FROM THE WORKSTATION . THE R AND D WILL BE AIMING AT
RELIABLE RECOGNITION ALGORITHMS AND HIGH-QUALITY SPEECH OUTPUT , GUARANTEEING
USER ACCEPTANCE OF THE SPEECH INTERFACE . PROJECTS IN THIS AREA MAY CONTAIN A
NUMBER OF RESEARCH TOPICS LISTED FOR TYPE B PROJECTS .

PROGRAMME

YEAR 1 :

- SPECIFICATION OF SOFTWARE FOR SPEECH SYNTHESIS .

YEAR 2 :

- SPECIFICATION OF SPEAKER INDEPENDENT RECOGNITION OF ISOLATED WORDS .

YEAR 3 :

- DEMONSTRATION OF FEASIBILITY OF SPEECH SYNTHESIS ;

- IMPLEMENTATION OF 16 KB/S CODEC ;

- SPECIFICATION OF SPEAKER INDEPENDENT RECOGNITION OF CONNECTED SPEECH .

YEAR 4 :

- IMPLEMENTATION OF 8-4 KB/S CODEC ;

- DEMONSTRATION OF FEASIBILITY OF SPEECH SYNTHESIS IN ALL EC LANGUAGES , SPANISH
AND JAPANESE ;

- SPECIFICATION OF SPEECH RECOGNITION IN ALL EC LANGUAGES , SPANISH AND JAPANESE .

YEAR 5 :

- IMPLEMENTATION OF 2,4 KB/S CODEC ;

- SPECIFICATION OF SPEAKER INDEPENDENT SPEECH RECOGNITION OF CONNECTED SPEECH ;

- IMPLEMENTATION OF SPEECH SYNTHESIZER FOR AT LEAST THREE LANGUAGES .

INTERMEDIATE OBJECTIVES

36TH MONTH

- SPEAKER INDEPENDENT ISOLATED WORD RECOGNIZER FOR LIMITED VOCABULARIES ;

- HARDWARE IMPLEMENTED SPEECH SYNTHESIS FOR ONE LANGUAGE ;

- 16 KB/S CODEC ;

48TH MONTH

- SPEAKER INDEPENDENT ISOLATED WORD RECOGNIZER FOR LIMITED VOCABULARIES IN AT
LEAST THREE LANGUAGES ;
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60TH MONTH

- SPEAKER INDEPENDENT CONNECTED SPEECH RECOGNIZER FOR RESTRICTED SYNTAX
SPEECH ;

- HARDWARE IMPLEMENTED SPEECH SYNTHESIS FOR AT LEAST THREE LANGUAGES ;

- 2,4 KB/S CODEC .

TYPE B PROJECTS

PROJECTS IN THIS CATEGORY ARE PLANNED TO START IN 1984/85 , SEPARATELY OR AS PART OF
RELEVANT TYPE A PROJECTS . IN EXCEPTIONAL CASES , TYPE B PROJECTS SHARING A
COMMON METHODOLOGY , OR CLOSELY RELATED OBJECTIVES , MAY BE COMBINED TO FORM
ONE TYPE B PROJECT .

VISION INTERFACE :

4.2.2 . VISION INTERFACE

THE PROJECT AIMS AT THE DEVELOPMENT OF DEVICES WHICH ALLOW THE PICK-UP AND
DISPLAY OF IMAGE INFORMATION WITH A DEFINITION AT 1 000 LINES AND THE HANDLING OF
IMAGE INFORMATION AT DIFFERENT LEVELS OF UNDERSTANDING . THE HIGH-DEFINITION
DISPLAY WILL ALSO ALLOW THE EASY INTRODUCTION OF DATA AND COMMANDS .

4.2.2.3 . IMAGE CODING . DEVICES FOR BIT-RATE REDUCTION OF VIDEO SIGNALS DUE TO 64
KB/S AND 256 KB/S RESPECTIVELY .

PAPER INTERFACE :

4.2.3.1 . ADVANCED SCANNER . SCANNER FOR AT LEAST 1 000 PIXEL RESOLUTION
MULTICOLOUR AND GREY SCALE .

4.2.3.2 . ADVANCED PRINTER . PRINTER FOR AT LEAST 1 000 PIXEL RESOLUTION MULTICOLOUR
AND GREY SCALE .

4.2.3.3 . GRAPHICS CODING . HARDWARE IMPLEMENTED INTELLIGENT CODING ALGORITHM
WITH VERY HIGH COMPRESSION RATIO .

4.2.3.4 . GRAPHICS RECOGNITION . ALGORITHMS FOR OMNIFONT AND MULTIFONT CHARACTER
RECOGNITION RESPECTIVELY , AND FOR HANDWRITING RECOGNITION .

SPEECH INTERFACE :

4.2.4.1 . SPEECH CODING . HARDWARE IMPLEMENTED ALGORITHM FOR SPEECH BIT RATE
COMPRESSION TO 16 , 8 , 4 AND 2,4 KB/S RESPECTIVELY .

4.2.4.2 . SPEECH RECOGNITION . ALGORITHMS FOR RECOGNITION OF SPEAKER INDEPENDENT
ISOLATED WORDS ( LIMITED VOCABULARIES ) , SPEAKER DEPENDENT AND SPEAKER
INDEPENDENT CONNECTED SPEECH ( RESTRICTED SYNTAX ) .

4.2.4.3 . SPEECH SYNTHESIS . DEVICES FOR TEXT-TO-SPEECH SYNTHESIS OF SATISFACTORY
NATURALNESS AND RESOLUTION QUALITY .

OFFICE LANGUAGES :

4.2.5.1 . OFFICE DOCUMENT LANGUAGE . DEFINITION AND IMPLEMENTATION OF A FAMILY OF
FORMAL LANGUAGES TO REPRESENT DOCUMENTS , AS WELL AS TRANSLATORS BETWEEN
SUCH LANGUAGES .

4.2.5.2 . OFFICE INTERFACE LANGUAGE . DEFINITION AND IMPLEMENTATION OF LANGUAGES
FOR EASY MULTI-MODE DOCUMENT DESCRIPTION AND NATURAL USER INTERACTION ,
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IMPLEMENTED FOR THE OFFICIAL EC NATURAL LANGUAGE ENVIRONMENTS .

R AND D AREA 4.3 :

COMMUNICATION SYSTEMS

DESCRIPTION

OFFICE COMMUNICATION PRESENTS A NUMBER OF POSSIBLE LONG LEAD TIME RESEARCH
PROJECTS . TECHNOLOGICAL ADVANCES ARE NEEDED IN MICROELECTRONICS AND IN FIBRE
OPTICS , AND RESEARCH IS NECESSARY ON THE PRINCIPLES OF FUTURE COMMUNICATION
SYSTEMS SUCH AS WIDEBAND LOCAL AREA NETWORKS ( LAN ) , THE INTERCONNECTION OF
LANS , AND THE GATEWAY FACILITIES FOR MULTIMODE FUNCTIONALITY . R AND D SHOULD
LEAD TO NEW SYSTEMS AND TO STANDARDS . BESIDES THESE TECHNICAL PROBLEMS , THERE
ARE NON-TECHNICAL PROBLEM AREAS WHICH HAVE TO BE ADDRESSED IN ORDER TO
SUPPORT THE PROGRESS OF OFFICE COMMUNICATION SYSTEMS . THE REQUIREMENTS OF
OFFICE COMMUNICATION HAVE TO BE EXPLORED MORE SYSTEMATICALLY TO GET A MORE
SOLID BASIS FOR FUTURE TELECOMMUNICATION SYSTEMS DESIGN . THE SPECIAL ASPECTS OF
HUMAN INTERFACE WITH COMMUNICATION HAVE TO BE STUDIED , AND THE FUTURE
RELATIONSHIP OF THE PTTS TO NEW LOCAL COMMUNICATION SYSTEMS HAS TO BE
CONSIDERED . NEW LANGUAGES AND OPERATING SYSTEM FACILITIES ARE NECESSARY IN
CONNECTION WITH DISTRIBUTED NETWORKS .

WITHIN THIS SCOPE OF POSSIBLE RESEARCH ACTIVITIES , FOUR MAIN TOPICS WHICH COVER
SOME KEY ISSUES HAVE BEEN DETERMINED .

THE FIRST TOPIC IS DEDICATED TO THE FUNDAMENTAL QUESTION - HOW TO PROVIDE A
COMMON COMMUNICATION SYSTEM FOR ALL OFFICE COMMUNICATION NEEDS . THIS
QUESTION BECOMES MORE AND MORE URGENT , SINCE NON-VOICE COMMUNICATION WILL
BE NEEDED AT ALMOST EVERY DESK IN THE FUTURE AND VIDEO COMMUNICATION IS ON ITS
WAY .

THE SECOND TOPIC ADDRESSES THE WIDE BAND LAN , INCLUDING THE APPLICATION OF
OPTICAL FIBRES , AND ALL THE TECHNOLOGICAL PROBLEMS RELATED TO THIS .

THE THIRD AND FOURTH TOPICS INTEND TO ADVANCE THE STANDARDIZATION OF VALUE
ADDED COMMUNICATION SERVICES IN THE FORM OF MAIL BOX MESSAGING FOR TEXT ,
IMAGE AND VOICE , AND FOR PUBLIC INFORMATION SYSTEMS USING INTERACTIVE MULTI-
MODE VIDEOTEX .

R AND D TOPICS

4.3.1 . COMMUNICATION SYSTEM ARCHITECTURE ( 5 )

4.3.2 . OPTICAL WIDEBAND LAN ( 5 )

4.3.3 . MULTI-MODE MESSAGING

4.3.4 . ISDN-BASED ADVANCED VIDEOTEX ( 5 )

PILOT PROJECTS ARE UNDERWAY IN LAN STANDARDIZATION , WIDEBAND TRANSMISSION AND
COMMUNICATION SYSTEM INTERFACES .

TYPE A PROJECTS

PROJECTS IN THIS CATEGORY PLANNED TO BE STARTED IN 1984/85 ARE DESCRIBED BELOW . IN
COMMUNICATION SYSTEMS ARCHITECTURE , SUPPORT OF MORE THAN ONE PROJECT IS
CONSIDERED WHEN DIFFERENT ASPECTS NEED TO BE EMPHASIZED .

4.3.1 . COMMUNICATION SYSTEM ARCHITECTURE
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DESCRIPTION

DETERMINE THE TOPOLOGIES MOST APPROPRIATE FOR TYPICAL OFFICE SITUATIONS
INCLUDING LOCAL , DISTRIBUTED AND LONG-HAUL LINKED OFFICES , GIVEN BY TRAFFIC
REQUIREMENTS AND DISTANCE . DEFINE NETWORK MANAGEMENT STRATEGY INCLUDING
APPROPRIATE NETWORK ACCESS PROTOCOLS AND MULTIPLEXING SCHEMES , EXPLORING THE
POSSIBILITIES OF NETWORK ERROR RECOVERY , RECONFIGURATION AND OVERALL CONTROL
. THE ARCHITECTURE SHOULD PROVIDE FOR GATEWAY FUNCTIONS TO TAKE ACCOUNT OF
FUTURE DEVELOPMENTS IN THE PUBLIC NETWORK AND ALSO FOR PRIVACY AND SECURITY
REQUIREMENTS .

THE INDUSTRIAL INTEREST FOR THE DEVELOPMENT OF STANDARDS AND THE EXECUTION OF
CONFORMANCE TESTS IS PART OF THE PROJECT DEFINITION .

PROGRAMME

YEAR 1 :

- STUDY ALTERNATIVES OF ARCHITECTURES , WITH PARTICULAR RESPECT TO DISTRIBUTED
WORKING , TECHNOLOGIES TO BE EXPECTED , TRAFFIC CHARACTERISTICS , REQUIREMENTS
FOR MONITORING AND LOGGING , NETWORK MANAGEMENT AND CONTROL , AND FOR
SECURITY OF ACCESS AND DATA TRANSFER .

YEARS 2 TO 5 :

- DESIGN BASIC ARCHITECTURES ( E . G . LAN-BASED , PBX-BASED ) ON THE KNOWLEDGE
ACQUIRED ABOVE ;

- FIRST STATEMENTS ON ECONOMICS , PERFORMANCE , STANDARDS ;

- DEFINITION OF COMMUNICATION SERVER AND OTHER GATEWAY FUNCTIONS , INCLUDING
FUNCTIONS WHICH CONVERT THE DIFFERENT TYPES OF PROTOCOLS INTO A COMMON LAN
PROTOCOL FOR INTRA-OFFICE NETWORKING , INTER-OFFICE OPEN SYSTEM
INTERCONNECTION , DATA-BASE ACCESS AND REMOTE INFORMATION CENTRES ;

- REFINEMENT OF ARCHITECTURE ( E . G . ROUTING ) ; STANDARDIZATION ACTIVITIES ;
PREPARATION OF EXPERIMENTAL IMPLEMENTATION AS FAR AS APPEARS NECESSARY ( E . G .
PILOT COMMUNICATION SERVER ) ;

- STANDARDIZATION ACTIVITIES ; REALIZATION OF EXPERIMENTAL IMPLEMENTATION ;

- EVALUATE ARCHITECTURE BY RESULTS OF EXPERIMENTAL WORK .

YEAR 3 :

- WORK ON TOOLS TO BE STARTED IN YEAR 3 :

- IDENTIFICATION OF TOOLS REQUIRED . IDENTIFICATION OF RELEVANT STANDARD
COMMUNICATION INTERCHANGE AND MANAGEMENT PROTOCOLS ( SESSION , TRANSPORT
AND NETWORK ) . IDENTIFICATION OF RELEVANT EQUIPMENT ARCHITECTURES . DEFINITION
OF TOOL ARCHITECTURE ,

- SPECIFICATION OF INDIVIDUAL TOOLS . DESIGN AND CONSTRUCT TOOLS .

INTERMEDIATE OBJECTIVES

12TH MONTH

- NETWORK ARCHITECTURE REQUIREMENTS ANALYSIS ;

18TH MONTH
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- SPECIFICATION OF NETWORK ARCHITECTURE FOR IMPLEMENTATION ;

42TH MONTH

- TOOLS AND METHODOLOGY SPECIFICATION ;

48TH MONTH

- PILOT NETWORK IMPLEMENTATION ( S ) ;

60TH MONTH

- EVALUATION REPORT PILOT NETWORK ( S ) ;

- REPORT ON TOOL SPECIFICATION METHODOLOGY .

4.3.2 OPTICAL WIDEBAND LAN

DESCRIPTION

IDENTIFY AND FORMULATE ARCHITECTURES AND STANDARDS FOR OPTICAL WIDEBAND
LOCAL AREA NETWORKS , DEFINE THE DESIGN REQUIREMENTS OF VLSI CHIPS AND
DEMONSTRATE THE FUNCTIONAL AND ECONOMIC FEASIBILITY .

PROGRAMME

YEARS 1 TO 5 :

- ARCHITECTURES AND PROTOCOLS FOR OPTICAL WIDEBAND LANS DEFINED ;

- EXAMINE AND DESIGN TRANSMISSION AND INTERFACE EQUIPMENT FOR FIBRE OPTIC
TECHNIQUES ;

- DEFINE THE DESIGN REQUIREMENTS OF VLSI CHIPS TO IMPLEMENT THE PROTOCOLS FOR
NETWORK INTERFACING , GUARANTEEING GOOD LEVELS OF RELIABILITY AND SECURITY ;

- EVALUATE DEMONSTRATOR DESIGNS , CARRY OUT NECESSARY DEVELOPMENTS FOR
DEMONSTRATOR ;

- IMPLEMENT DEMONSTRATOR TO SHOW FUNCTIONAL AND ECONOMIC FEASIBILITY IN AN
OPERATIONAL IN-HOUSE ENVIRONMENT .

INTERMEDIATE OBJECTIVES

3RD MONTH

- SPECIFICATION OF ARCHITECTURES AND PROTOCOLS FOR OPTICAL WIDEBAND LANS ;

12TH MONTH

- SPECIFICATIONS FOR OPTICAL LAN TRANSMISSION TECHNIQUES ;

18TH MONTH

- SPECIFICATION FOR VLSI CHIPS FOR NETWORK INTERFACES ;

36TH MONTH

- SPECIFICATION FOR DEMONSTRATOR ;

48TH MONTH

- IMPLEMENTATION OF PILOT DEMONSTRATOR ;

60TH MONTH

- EVALUATION REPORT OF DEMONSTRATOR .
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TYPE B PROJECT

ONE B TYPE PROJECT IN THIS AREA IS PLANNED TO START IN 1984/85 .

4.3.4 ISDN-BASED ADVANCED VIDEOTEX

STUDY AND SPECIFICATION OF THE FUNCTIONAL EXPANSION OF VIDEOTEX SERVICES ON THE
BASIS OF FUTURE ISDNS ( NARROWBAND AND BROADBAND DIGITAL NETWORKS ) :
PRESENTATION OF TEXT/GRAPHICS/IMAGES/SPEECH/MOVING VIDEO AND THE EXTENDED
TWO-WAY USER INTERFACE . SET UP OF EXPERIMENTS AND THEIR EVALUATION .

R AND D AREA 4.4 :

ADVANCED FILING AND RETRIEVAL SYSTEMS

DESCRIPTION

INFORMATION TECHNOLOGY AND OFFICE AUTOMATION ARE FUNDAMENTALLY CONCERNED
WITH THE STORAGE , ACCESSING AND MOVEMENT OF INFORMATION , COVERING DATA , TEXT
, GRAPHICS , VOICE , IMAGES AND OTHER FORMS .

THE PROPOSED RESEARCH IS ORIENTED TOWARDS CONSTRUCTION OF A NUMBER OF
EXPERIMENTAL PROTOTYPE OFFICE INFORMATION SERVERS , AND THE OPERATION OF THESE
IN REALISTIC CONDITIONS , ALONE AND IN ASSOCIATION WITH EACH OTHER , TO GAIN
PRACTICAL EXPERIENCE IN THE SYSTEMS IMPLICATIONS OF BUILDING THESE SERVERS ,
LOADING THEM WITH PRACTICAL INFORMATION AND USING THEM IN A REALISTIC WAY .

THE WORK IS THEREFORE DIVIDED INTO THREE GENERAL CLASSES : SYSTEMS ISSUES ; USAGE
AND NEEDS ; AND COMPONENTS .

SYSTEMS ISSUES COVER THE DESIGN AND OPERATION OF OFFICE INFORMATION SERVERS ,
INCLUDING HIGH-PERFORMANCE FILTERS , AND INVESTIGATIONS OF NEW INFORMATION
MODELS AND THE DEVELOPMENT OF METRICS RELATING TO THESE . WORK ON THE FILING
INTERFACE-RELATED ASPECTS OF QUERY LANGUAGES AND DECLARATIVE CONTENT
LANGUAGES IS IDENTIFIED .

USAGE AND NEEDS ADDRESSES THE NATURE OF THE INFORMATION ( DATA , TEXT , GRAPHICS ,
IMAGES , ETC . ) , THAT WILL BE HELD IN OFFICE INFORMATION SERVERS , IN TERMS OF
QUALITY , QUANTITY AND COMBINATION , AND THE USAGE OF THAT INFORMATION . AN
INTERNAL ADAPTIVE INTERFACE IS TO BE INVESTIGATED , THAT RESPONDS TO THE NEEDS
AND EXPERIENCE OF USERS .

COMPONENTS ADDRESSES THE DEVELOPMENT OF HARDWARE , SOFTWARE AND SYSTEMS
ELEMENTS THAT WILL BE INCORPORATED INTO ADVANCED FILING SYSTEMS , PRIMARILY IN
INFORMATION SERVERS , BUT ALSO IN ADVANCED WORKSTATIONS . THESE INCLUDE FILTERS ,
THE SYSTEMS MANAGEMENT ISSUES RELATING TO USING OPTICAL DISCS IN ADVANCED
OFFICE SYSTEMS , THE SYSTEMS TECHNIQUES REQUIRED TO ACHIEVE VERY HIGH PERCEIVED
RELIABILITY , AND THE APPLICATION OF ADVANCED INFORMATION PROCESSING TECHNIQUES
TO ADVANCED FILING AND RETRIEVAL SYSTEMS .

INVESTIGATIONS LEADING TO THE DEFINITION OF AN ADVANCED DATA-BASE MODEL FOR
OFFICE APPLICATIONS , AND STUDIES OF THE SECURITY , PRIVACY , AUTHORITY OF ACCESS
AND INFORMATION DISTRIBUTION , ARE FUNDAMENTAL TO A WIDE RANGE OF OFFICE
SYSTEMS RESEARCH .

R AND D TOPICS

THE TOPICS COVERED BY THIS R AND D AREA INCLUDE :

4.4.1 . OFFICE INFORMATION SERVER DESIGN AND EVALUATION ( 6 ) ;
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4.4.2 . SYSTEM ISSUES :

- NEW INFORMATION MODELS ( 6 ) ,

- FILE QUERY AND DECLARATIVE CONTENT LANGUAGES ;

4.4.3 . USAGE AND NEEDS :

- NATURE AND USAGE OF FILED INFORMATION ( 6 ) ,

- USER-FILE ADAPTIVE INTERFACE ( 6 ) ,

- VERY HIGH INTEGRITY SYSTEMS ;

4.4.4 . COMPONENTS :

- FILE FILTERS ( 6 ) ,

- OPTICAL STORAGE SYSTEMS CONCEPTS ( 6 ) .

PILOT PROJECTS ARE UNDERWAY ON INFORMATION SERVER DESIGN AND INFORMATION
MODELS .

TYPE A PROJECT

ONE TYPE A PROJECT IN THIS AREA STARTS IN 1984/85 . IT MAY CONTAIN TOPICS LISTED UNDER
TYPE B PROJECTS .

4.4.1 . OFFICE INFORMATION SERVER DESIGN AND EVALUATION

DESCRIPTION

THIS PROJECT WILL DEFINE AND DOCUMENT THE SYSTEM FUNCTIONS AND ATTRIBUTES OF A
RANGE OF OFFICE INFORMATION SERVERS , AND THE LOGICAL INTERFACES OF A RANGE OF
SUBSYSTEMS WITH OTHER COMPONENTS OF A TOTAL OFFICE SYSTEM . THESE WILL BE
TRANSLATED INTO DESIGNS AND IMPLEMENTATION PLANS AND SEVERAL REPRESENTATIVE
MODELS WILL BE CONSTRUCTED AS LABORATORY PROTOTYPES . THESE WILL BE USED ,
ALONE AND IN COMBINATION , TO EVALUATE THE PRACTICAL OPERATION OF THESE SERVERS
.

PROGRAMME

YEAR 1 :

- DESCRIBE A RANGE OF MULTI-MODE SERVERS AND THEIR FUNCTIONAL ATTRIBUTES :

- ESTABLISH THE SYSTEMS DESIGN AND COMPONENTS REQUIREMENTS .

YEAR 2 :

- DETAIL IMPLEMENTATION PLAN AND DESIGN ;

- SIMULATE PERFORMANCE ;

- ESTABLISH COMPONENT AVAILABILITY .

YEAR 3 :

- DEFINITION OF A WORK PROGRAMME TO VALIDATE SYSTEM CONCEPTS ;

- DESK ASSESSMENT OF DESIGNS BASED ON AVAILABLE DEVICES .

YEAR 4 :

- IMPLEMENT DESIGNS , INCLUDING OPTICAL DISC AND FIRST PHASE FILE FILTERS .
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YEAR 5 :

- OPERATE , EVALUATE AND IMPROVE INITIAL IMPLEMENTATIONS .

INTERMEDIATE OBJECTIVES

18TH MONTH

- SPECIFICATION OF INFORMATION SERVER ( S ) ;

24TH MONTH

- PERFORMANCE EVALUATION BY SIMULATION ;

48TH MONTH

- PROTOTYPE ( S ) OF INFORMATION SERVER ( S ) ;

60TH MONTH

- EVALUATION OF SERVER ( S ) .

TYPE B PROJECTS

TYPE B PROJECTS ARE PLANNED TO START IN 1984/85 ACCORDING TO THE FOLLOWING
SUBJECT LIST . IN EXCEPTIONAL CASES , TYPE B SUBJECTS MAY BE COMBINED TO FORM
ANOTHER TYPE B PROJECT . SOME TYPE B SUBJECTS MAY BE INCLUDED IN TYPE A PROJECTS .

SYSTEM ISSUES :

4.4.2.1 . NEW INFORMATION MODELS . NEW INFORMATION MODELS OF AN OFFICE
ENVIRONMENT , PARTICULARLY ONE IN WHICH THE USERS ARE SHIELDED FROM AWARENESS
OF THE OPERATION AND DESIGN OF THE INFORMATION SYSTEMS , APPLYING AI
METHODOLOGIES AND EXPERIENCE .

USAGE AND NEEDS :

4.4.3.1 . NATURE AND USAGE OF FILED INFORMATION . THEORETICAL STUDIES AND
INTERVIEWS WITH ADVANCED OFFICE SYSTEMS USERS TO ESTABLISH A RANGE OF SCENARIOS
COVERING THE NATURE AND THE QUANTITY OF THE OBJECTS THAT WILL BE CONTAINED IN
PRACTICAL OFFICE INFORMATION SERVERS , AND THE USAGE THAT WILL BE MADE OF THEM .

USER FILE :

4.4.3.2 . USER FILE ADAPTIVE INTERFACES . STUDY OF INTERACTIONS BETWEEN
WORKSTATIONS AND INFORMATION SERVERS IN REALISTIC USER ENVIRONMENTS .
DEVELOPMENT OF AN ADAPTIVE INTERFACE BETWEEN THESE SUBSYSTEMS THAT PRESENTS A
COMMON , STANDARD USER INTERFACE .

COMPONENTS :

4.4.4.1 . FILE FILTERS . STUDY OF THE IMPLICATIONS OF SEARCHING LARGE FILES WITH
SPECIAL SEARCHING AIDS , E . G . HARDWARE , MICROCODE , SOFTWARE , ETC . IDENTIFY
NEEDS AND DEVELOP EXTENSIONS TO EXISTING FILE FILTER TECHNOLOGY TO SATISFY
PREDICTED OFFICE REQUIREMENTS .

4.4.4.2 . OPTICAL STORAGE SYSTEMS CONCEPTS . THIS PROJECT CONCERNS THE
DEVELOPMENT OF SYSTEMS APPLICATION AND MANAGEMENT TECHNIQUES , AND THE
CREATION OF RELEVANT SOFTWARE AIDS , TAKING ADVANTAGE OF OPTICAL STORAGE
DEVICES ENSURING THAT THEY ARE AVAILABLE FOR PRACTICAL USE AT AN EARLY DATE .

R AND D AREA 4.5 :
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INTEGRATED OFFICE SYSTEM DESIGN AND EVALUATION

DESCRIPTION

THE RESEARCH AND THE PROTOTYPE DEVELOPMENT OF COMPONENTS FOR OFFICE SYSTEMS
HAS TO BE SUPPLEMENTED BY THE RESEARCH AND EVALUATION OF INTEGRATED OFFICE
SYSTEMS CONCEPTS FOR A VARIETY OF OFFICE ENVIRONMENTS . IN AN INDUSTRIAL R AND D
PROGRAMME THE TESTING OF PROTOTYPES , AGAINST REQUIREMENTS THAT ARE
REPRESENTATIVE FOR MARKET CONDITIONS , IS THE MOST IMPORTANT CHECK ON THE
RELEVANCE OF THE RESEARCH DONE .

TWO TOPICS ARE IDENTIFIED IN THIS AREA THAT ARE COMPLEMENTARY BUT NOT
NECESSARILY MUTUALLY DEPENDENT .

FIRST : THE DESIGN , DEVELOPMENT AND EVALUATION OF ADVANCED OFFICE SYSTEM
PROTOTYPES , BASED UPON STATE-OF-THE-ART COMPONENTS DEVELOPED IN EUROPE ,
POSSIBLY UNDER THE ESPRIT PROGRAMME , AND BASED UPON THE RESULTS OF STRUCTURED
ANALYSES IN THE OFFICE SYSTEMS SCIENCE AND HUMAN FACTORS AREAS .

SECOND : THE CREATION OF TEST - AND EVALUATION ENVIRONMENTS FOR OFFICE SYSTEM
COMPONENTS AND INTEGRATED OFFICE SYSTEM PROTOTYPES , THAT ALLOW QUALITATIVE
AND QUANTITATIVE VALIDATION IN A VARIETY OF SIMULATED OFFICES AND ENTERPRISES .

R AND D TOPICS

4.5.1 . ADVANCED INTEGRATED OFFICE SYSTEM PROTOTYPES

4.5.2 . OFFICE SYSTEM TEST AND EVALUATION ENVIRONMENTS

NO WORK ON THESE TOPICS IS PLANNED FOR START IN YEAR 1 ( 1984/85 ) .

SUBPROGRAMME 5

COMPUTER INTEGRATED MANUFACTURE

THE LONG-TERM AIM OF THE RESEARCH PROGRAMME IS TO INCREASE THE PRODUCTIVITY
AND COMPETITIVENESS OF THE COMMUNITY CIM VENDORS IN PARTICULAR , AND INDUSTRY
IN GENERAL , ESPECIALLY THE " DISCRETE PART " MANUFACTURING INDUSTRIES , WHO
ULTIMATELY UTILIZE THIS TECHNOLOGY .

THE SPECIFIC MAIN OBJECTIVES OF THE SUBPROGRAMME ARE TO :

- GENERATE THE NECESSARY BASIC GROUNDWORK FOR CREATING , DEVELOPING AND
FORMULATING THE PRINCIPLES AND RULES FOR FUTURE DESIGN OF COMPETITIVE
COMPONENTS OR TOTAL SYSTEMS FOR COMPUTER INTEGRATED MANUFACTURING ,

- GENERATE TOTAL SYSTEMS ARCHITECTURES THAT ALLOW USERS TO ADAPT TO COMPUTER
INTEGRATED MANUFACTURING SYSTEMS IN A PROGRESSIVE MANNER , AT THEIR OWN PACE
AND FULFILLING THEIR OWN SPECIFIC NEEDS

- TO ENSURE THAT THE DEVELOPMENT PROGRAMME APPLIES EQUALLY WELL TO SMALL ,
MEDIUM-SIZED AND LARGE COMPANIES MANUFACTURING IN SMALL-BATCH AS WELL AS
LARGE SCALE MASS-PRODUCTION MODES .

IN ORDER TO STIMULATE AND FACILITATE THE TRANSFER OF NEW INFORMATION
TECHNOLOGY CONCEPTS TO THE ENGINEERING INDUSTRIES WITHIN THE COMMUNITY , AND
PROPERLY TO SUPPORT , UTILIZE AND DEMONSTRATE THE PROPOSED RESEARCH ACTIVITIES ,
IT IS STRONGLY RECOMMENDED THAT THREE OR MORE PILOT ADVANCED CIM SYSTEMS
SHOULD BE ESTABLISHED AS PART OF THE ESPRIT PROGRAMME WITHIN DESIGNATED
CENTRES OF EXCELLENCE . SUCH SYSTEMS WILL PROVIDE AN IMPORTANT FOCUS FOR THE
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COORDINATION OF EFFORT AND THE EXCHANGE OF INFORMATION AMONG THE VARIOUS AND
SOMETIMES DISPARATE PARTS OF THE CIM R AND D PROGRAMME . THE LACK OF SUCH FOCUS
MAY WELL MEAN THAT THE EFFORT AND MONEY DEVOTED TO THE R AND D PROGRAMME IS
NEEDLESSLY DISSIPATED .

R AND D AREA 5.1 :

INTEGRATED SYSTEM ARCHITECTURE

DESCRIPTION

A WIDE VARIETY OF CIM SYSTEMS WILL BE IMPLEMENTED WITHIN MANUFACTURING
INDUSTRY . EACH SYSTEM HAS TO SERVE ITS SPECIFIC APPLICATION IN AN OPTIMUM MANNER
. IN ORDER TO BE COMPETITIVE AND PRESERVE FLEXIBILITY BY TAKING ADVANTAGE OF NEW
TECHNOLOGIES AS THEY BECOME AVAILABLE , EFFECTIVE DESIGN METHODS FOR CIM MUST
BE DEVELOPED . AT PRESENT THERE ARE NO GUIDELINES OR INTERNATIONAL STANDARDS
AVAILABLE FOR THE DESIGN OF SYSTEM ARCHITECTURE FOR CIM .

NEW AND INNOVATIVE CONCEPTUAL APPROACHES ARE REQUIRED IN ORDER TO FIT
APPROPRIATE SYSTEM ARCHITECTURES TO THE TOTAL MANUFACTURING PROCESS FROM
INITIAL PRODUCT DEVELOPMENT , PRODUCT DESIGN , PRODUCTION PLANNING AND CONTROL
, REAL TIME CONTROL OF PRODUCTION EQUIPMENT , MATERIALS HANDLING , THROUGH TO
INVENTORY CONTROL AND SALES .

TO ENABLE THE DEVELOPMENT OF INTEGRATED SYSTEM STRUCTURES IT IS NECESSARY TO
INCLUDE THE REQUIREMENTS , SPECIFICATION , AND POSSIBLY THE DEVELOPMENT OF DATA
MANAGEMENT TECHNIQUES . THE EFFICIENT STRUCTURING AND MANIPULATION OF THE
STORED DATA IS CRITICAL TO BOTH STORAGE NEEDS AND EXECUTION SPEED .

CIM SYSTEMS REQUIRE A HIGH DEGREE OF FAULT TOLERANCE ; THEREFORE METHODS FOR
ERROR DETECTION , PREDICTION , RECOVERY AND SYSTEM MAINTENANCE MUST BE
DEVELOPED . COMMUNICATIONS SYSTEMS WILL BE REQUIRED TO OPERATE EFFICIENTLY
WITHIN THE CIM ENVIRONMENT . THERE IS ALSO A NEED FOR EFFECTIVE MAN-MACHINE
INTERFACES WITH GRAPHICS CAPABILITY AND A REQUIREMENT FOR A COMMAND LANGUAGE
TO FACILITATE INTERACTION WITH THE SYSTEM AT ALL LEVELS .

TO ENCOURAGE THE WIDER USE OF CIM SYSTEMS BY REDUCING THE RISK OF FAILURE ,
FORMAL METHODS SHOULD BE DEVELOPED TO ALLOW THE REPRESENTATION ,
SPECIFICATION AND TESTING OF PROPOSED SYSTEMS PRIOR TO INSTALLATION .

R AND D TOPICS

TO FULFILL THESE OBJECTIVES , WORK IS PLANNED IN TWO AREA :

5.1.1 . SYSTEM ARCHITECTURES :

- DESIGN RULES ,

- SYSTEM STRUCTURE ,

- COMMAND LANGUAGES AND DATA MANAGEMENT STRATEGIES ,

- FACTORY LOCAL AREA NETWORK ;

5.1.2 . GRAPHICS SUBSYSTEMS

WORK ON BOTH THESE TOPICS IS PLANNED TO START IN YEAR 1 ( 1984/85 ) . WORK ON DESIGN
RULES HAS ALREADY STARTED UNDER A YEAR 0 PILOT PROJECT .

TYPE A PROJECT
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5.1.1 . SYSTEM ARCHITECTURES

DESCRIPTION :

DESIGN RULES .

PREPARE DETAILED RECOMMENDATION FOR A SET OF DESIGN RULES COVERING HARDWARE
AND SOFTWARE OF CIM SYSTEMS ;

SYSTEM STRUCTURE

DEVELOP ELEMENTAL COMPONENTS AND SUBSYSTEMS , CONSISTENT WITH THE DESIGN
RULES , WITH WHICH TO IMPLEMENT CIM ARCHITECTURES ;

COMMAND LANGUAGES AND DATA MANAGEMENT STRATEGIES

DEVELOP A DATA MANAGEMENT STRATEGY ( DMS ) TO SERVE ALL COMPONENTS OF THE CIM
SYSTEM . DEVELOP A COMMON COMMAND LANGUAGE TO FACILITATE INTERACTION WITH
SYSTEMS AT ALL LEVELS FROM CAD THROUGH CAM TO CONTROL SYSTEMS ON THE SHOP
FLOOR ;

FACTORY LOCAL AREA NETWORK

IDENTIFY REQUIREMENTS FOR FACTORY LANS . EXPLORE POSSIBILITIES FOR EXPLOITING
CURRENT LAN DEVELOPMENTS . DEFINE WORK NEEDED TO ACHIEVE REQUIREMENTS
IDENTIFIED ABOVE . CARRY OUT NECESSARY DEVELOPMENTS .

PROGRAMME

YEAR 0 ( PILOT PROJECT ) :

- PRODUCE FIRST DRAFT OF DESIGN RULES FOR SPECIFIC AREAS OF MANUFACTURING .

YEAR 1 :

- FINALIZE DESIGN RULES ;

- IDENTIFY ELEMENTAL COMPONENTS AND SUBSYSTEMS WHICH IT IS NECESSARY TO
DEVELOP ;

- SPECIFY COMMON COMMAND LANGUAGE ;

- IDENTIFY REQUIREMENTS FOR DMS ;

- IDENTIFY REQUIREMENTS FOR ROBUST DATA LINKS ;

- DEFINITION OF FORMAL METHODOLOGY ;

- INVESTIGATE SUITABILITY OF AVAILABLE LAN SYSTEMS .

YEARS 2 AND 3 :

- DEVELOP COMPONENTS AND SUBSYSTEMS ;

- IDENTIFY REQUIREMENTS FOR OPERATING SYSTEM , POSSIBLY IN COOPERATION WITH
SOFTWARE TECHNOLOGY ( 2.2 ) ;

- DEVELOP COMMON COMMAND LANGUAGE , DMS AND PROTOCOL FOR ROBUST DATA LINK ;

- DEVELOP FORMAL METHODS ;

- INVESTIGATE PROBLEMS SPECIFIC TO FACTORY LANS AND PREPARE DESIGN SPECIFICATION .

YEARS 4 AND 5 :

- INTERFACE WITH AIP . APPLY KNOWLEDGE BASED SYSTEMS TO CIM ;
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- APPLY FORMAL METHODS TO CIM SYSTEMS ;

- DEVELOP PROTOTYPE FACTORY LAN SYSTEM .

INTERMEDIATE OBJECTIVES

12TH MONTH

- ISSUE PRELIMINARY SET OF DESIGN RULES ;

- DEFINITION OF REQUIREMENTS FOR ROBUST DATA LINKS ;

- DEFINITION OF FORMAL METHODS .

24TH MONTH

- FINALIZE AND ISSUE DESIGN RULES ;

- PHASE 1 COMPONENTS/SYSTEM PROTOTYPES AVAILABLE FOR TESTING .

36TH MONTH

- DEVELOP DATA MANAGEMENT STRATEGY AND ISSUE FIRST DRAFT ;

- FIRST DRAFT OF COMMAND LANGUAGE ;

- DEFINE DESIGN SPECIFICATION FOR LAN ;

- PHASE 2 COMPONENT/SUBSYSTEM PROTOTYPES AVAILABLE FOR TESTING ;

- FORMAL METHODS FOR SIMULATING CIM SYSTEMS AVAILABLE FOR TESTING .

48TH MONTH

- DEFINITION OF INTERFACES BETWEEN CIM ARCHITECTURES AND AIP ;

- FORMAL METHODS AVAILABLE ;

- INTERFACE COMMAND LANGUAGE WITH VARIOUS ACTIVITIES IN CIM ;

- LAN PROTOTYPE SYSTEM AVAILABLE FOR TESTING .

60TH MONTH

- INDUSTRIAL EVALUATION OF LAN SYSTEM .

TYPE B PROJECT

5.1.2 . GRAPHICS SUBSYSTEMS

GRAPHICS ARE AN INTEGRAL PART OF CAD/CAE , BUT OTHER AREAS OF CIM CAN MAKE
EXTENSIVE USE OF GRAPHICS , AT MANAGEMENT AND SHOP-FLOOR LEVELS . EXAMPLES OF
APPLICATION AREAS INCLUDE SIMULATION ( E . G . WORK FLOW , WHAT-IF COSTING ) ,
PERFORMANCE INFORMATION ( ON SUPPLIERS , PRODUCTION LEVELS , COSTS ) AND
MANAGEMENT INFORMATION ( WORK SCHEDULES , RESOURCE ALLOCATIONS ) . THIS PROJECT
IS TO IDENTIFY THE DIFFERING REQUIREMENTS FOR GRAPHICS WITHIN THE MANY AREAS OF
CIM BUT EXCLUDING CAD/CAE , AND TO DEVELOP SOFTWARE PROTOTYPE SUBSYSTEMS
WHERE APPROPRIATE ( FOR SUBSEQUENT TRANSFER TO VLSI , SEE SECTION 5.5.2 ) .

R AND D AREA 5.2 :

CAD/CAE

DESCRIPTION

THE IMPORTANCE OF COMPUTER AIDED DESIGN IS THAT IT :
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- REDUCES THE DESIGN TIME AND FACILITATES OPTIMIZATION OF THE DESIGN ,

- FACILITATES STORAGE OF ALL RELEVANT ASPECTS OF THE DESIGN , AND RAPID UPDATE AND
RETRIEVAL OF INFORMATION ,

- FORMS THE BASIS OF AN INTEGRATED DATA BASE FOR THE WHOLE MANUFACTURING
PROCESS .

CURRENT CAD SYSTEMS INCLUDE FACILITIES FOR DESIGNING AND DRAFTING PARTS ,
CALCULATING PHYSICAL PARAMETERS AND SIMULATING KINEMATIC AND DYNAMIC
BEHAVIOUR . FUTURE DEVELOPMENTS SHOULD AIM AT CAD/CAE SYSTEMS WHICH TAKE FULL
ADVANTAGE OF USING COMPUTERS AS A MEANS FOR REPRESENTING PRODUCTS IN THE
DESIGN PROCESS . SUCH SYSTEMS SHOULD INCLUDE FACILITIES FOR DESIGNING PRODUCTS
WITH OPTIMAL PERFORMANCE AND ECONOMY .

MODULAR STRUCTURES FOR CAD/CAE SUBSYSTEMS ( WHICH INCLUDE 3D-MODELLERS ,
GEOMETRICAL DESIGN SYSTEMS , ENGINEERING COMPUTATIONAL PROGRAMS , SIMULATION
PROGRAMS ) MUST BE DEVELOPED IN ORDER TO ALLOW THE DESIGNER ACCESS TO
DIFFERENT SOFTWARE PACKAGES AND DATA BASES . SUCH SYSTEMS SUPPLY DATA THAT IS
READILY USABLE FOR ALL SUBSEQUENT ENGINEERING AND PRODUCTION ACTIVITIES , AS
WELL AS GOOD DISPLAY QUALITY AND CAPABILITIES .

THIS REQUIRES AN INTEGRATED CAD/CAE SYSTEM WHICH CAN GENERATE THE INFORMATION
NEEDED TO SELECT , DEFINE , VERIFY ( SIMULATE ) AND OPTIMIZE THE PRODUCTION PROCESS
IN TERMS OF GENERALIZED MANUFACTURING OPERATIONS . STARTING FROM THIS , THE CAM
SYSTEMS WILL PRODUCE THE DETAILED PRODUCTION DATA FOR ACTUAL MANUFACTURING .

THE ROLE OF AI TECHNIQUES IN PRODUCT AND PRODUCTION SYSTEM DESIGN MUST BE
ANALYZED IN ORDER TO VERIFY FEASIBILITY .

R AND D TOPICS

THE R AND D TOPICS IN THIS AREA ARE :

5.2.1 . CAD/CAE FACILITIES FOR PRODUCT AND PROCESS DESIGN .

5.2.2 . USE OF AI TECHNIQUES IN CAD/CAE .

WORK ON BOTH TOPICS IS PLANNED FOR START IN YEAR 1 ( 1984/85 ) .

TYPE A PROJECT

5.2.1 . CAD/CAE FACILITIES FOR PRODUCT AND PROCESS DESIGN

- FORMULATE POSSIBLE CAD/CAE SYSTEMS STRUCTURES , CONSISTENT WITH THE DESIGN
RULES OF 5.1 , AND DEFINE A DEVELOPMENT AND INTEGRATION PROGRAMME ;

- SURVEY AVAILABLE SUBSYSTEMS AND GENERAL TOOLS . IDENTIFY THOSE WHICH ARE
USABLE AND WHERE NECESSARY SPECIFY AND DEVELOP ADDITIONAL ITEMS OR
MODIFICATIONS ;

- DEVELOP AND INTEGRATE INTO OVERALL SYSTEM STRUCTURE ( S ) ;

- BASED ON CAD/CAE GENERAL TOOLS , ADAPT OR DEVELOP FURTHER TOOLS AND
SUBSYSTEMS TO SUPPORT INTEGRATED CAD/CAE ACTIVITIES , E . G . :

- PRODUCT DESIGN ACTIVITIES SUCH AS PROJECT MANAGEMENT , CONCEPT DESIGN ,
PRELIMINARY DESIGN , ANALYSIS AND SIMULATION , FINAL DESIGN , PRODUCT
DOCUMENTATION MANAGEMENT ,
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- PRODUCTION DESIGN ACTIVITIES SUCH AS PROCESS SELECTION , PROCESS MODELLING ,
PROCESS PLANNING , PROCESS PLAN SIMULATION , PROCESS PLAN OPTIMIZATION , PROCESS
QUALITY ASSURANCE PLANNING ,

- TOOLS SPECIFIC TO DIFFERENT CLASSES OF PRODUCTS AND PROCESSES , AND TO " GROUP
TECHNOLOGIES " CONCEPTS ( GEOMETRY , DIMENSIONS , MATERIALS , TOLERANCES ,
PROCESS OPERATIONS TYPE ) .

( THE LIST IS NOT EXHAUSTIVE . )

PROGRAMME AND INTERMEDIATE OBJECTIVES

12TH MONTH

- IDENTIFY REQUIREMENTS FOR PRODUCT DESIGN METHODOLOGIES ;

- COMPLETE SURVEY OF AVAILABLE SYSTEMS AND HARDWARE .

24TH MONTH

- FORMULATION OF CAD/CAE SYSTEM STRUCTURES AND DEFINITION OF DEVELOPMENT AND
INTEGRATION PROGRAMME ;

- DEFINITION OF PRODUCT AND PROCESS DESIGN METHODOLOGIES ;

- DEFINITION OF CODING AND CLASSIFICATION METHODOLOGIES .

36TH MONTH

- INITIATE DEVELOPMENT OF APPLICATION SOFTWARE FOR PRODUCT DESIGN SYSTEM ,
CAD/CAM TOOL INTEGRATION AND CODING AND CLASSIFICATION SYSTEM .

48TH MONTH

- FINALIZE DEVELOPMENT OF CAD/CAE GENERAL TOOLS ;

- FINALIZE DEVELOPMENT OF APPLICATION SOFTWARE FOR PRODUCT DESIGN SYSTEM ,
CAD/CAM TOOL INTEGRATION AND CODING AND CLASSIFICATION SYSTEM .

60TH MONTH

- FINALIZE INTEGRATION OF GENERAL TOOLS WITH OTHER CAD/CAE ACTIVITIES .

TYPE B RESEARCH THEME

5.2.2 . USE OF AI TECHNIQUES IN CAD/CAE

REVIEW DEVELOPMENTS IN ARTIFICIAL INTELLIGENCE WHICH MIGHT BE APPLICABLE TO
CAD/CAE . CARRY OUT DEVELOPMENT WORK IN APPROPRIATE AREAS .

R AND D AREA 5.3 :

COMPUTER-AIDED MANUFACTURING ( CAM )

TYPE A PROJECT

DESCRIPTION

A COMPUTER-AIDED MANUFACTURING SYSTEM IN THIS CONTEXT ADDRESSES THE
MANAGEMENT OF FACTORY OPERATIONS . IN PRINCIPLE A CAM SYSTEM ACTS AS A HIGH
INTEGRITY INFORMATION NETWORK THAT MONITORS A BROAD SPECTRUM OF INTER-
RELATED TASKS AND ASSERTS CONSEQUENT CONTROL ON THE BASIS OF AN OVERALL
MANAGEMENT STRATEGY ( IDEALLY IN REAL TIME ) .

DESIGN AIMS OF A CAM SYSTEM SHOULD INCLUDE :
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( I ) MINIMUM AMOUNT OF HUMAN SUPERVISION AND INTERVENTION FOR INDIVIDUAL
PROCESS TASKS ;

( II ) PROCESSES TO BE INDIVIDUALLY PROGRAMMABLE ;

( III ) INTERFACES TO ALL OTHER PRODUCTION ACTIVITIES ;

( IV ) POSSIBILITY FOR INTRODUCING MODIFICATIONS AND EXTENSIONS WITHOUT VIOLATING
TOTAL SYSTEM CONCEPT .

CAM SOFTWARE IS AN INTERRELATED SET OF COMPUTER PROGRAMS ABLE TO PROCESS ,
MONITOR AND CONTROL THE FLOW OF MANUFACTURING DATA NEEDED AT THE VARIOUS
STAGES OF PRODUCTION . IN THIS CONTEXT ONLY THE SOFTWARE ELEMENTS OF CAM
SYSTEMS ARE CONSIDERED IN THIS PROJECT .

A CLEAR RATIONALIZATION EFFECT CAN BE EXPECTED IF DESIGN DATA PREPARED WITH
COMPUTER ASSISTANCE IS USED DIRECTLY FOR COMPUTER-AIDED PREPARATION OF
PRODUCTION DATA AND INSTRUCTIONS SUCH AS WORKSHOP DRAWINGS , PARTS LISTS ,
PROCESS SEQUENCE PLANS , NC-PROGRAMS , QUALITY CONTROL PROGRAMS , PRODUCT TEST
PROGRAMS , ETC .

THE REQUIREMENTS FOR THE DATA BASE SYSTEMS AND DATA BASE MANAGEMENT SYSTEM
FOR CAM SHOULD BE CAREFULLY IDENTIFIED AND FORMULATED DURING THE CONCEPTUAL
SYSTEM DEFINITION AND DESIGN PHASES .

PROGRAMME

YEAR 1 ( THIRD AND FOURTH QUARTER ) :

- DEFINE AND SPECIFY IN DETAIL THE STRUCTURE AND MODULARITY OF CAM SYSTEM
HARDWARE AND SOFTWARE . THIS WORK SHOULD BE TIGHTLY COUPLED TO PROJECT 5.1.1 ,
PARTICULARLY THE " SYSTEM STRUCTURE " AND THE " DESIGN RULES " TOPICS ;

- THE CONSEQUENT CAM DEFINITION SHOULD INCLUDE SUCH GENERIC ACTIVITIES AS
PLANNING , SCHEDULING , MACHINE PROGRAMMING , TOOL DESIGN AND MANAGEMENT ,
FLOW CONTROL , MONITORING , DATA COLLECTION , MATERIALS HANDLING , WAREHOUSING ,
INVENTORY CONTROL , TESTING , REPAIR , QUALITY CONTROL , DOCUMENTATION AND
COSTING ;

- THE PRIMARY ACTIVITY FOR YEAR 1 IS THE FULL DEFINITION OF SUBSEQUENT STAGES OF
THE CIM R AND D WORKPLAN ;

- IDENTIFY SUITABLE TEST-BED ENVIRONMENT .

YEARS 2 TO 4 :

- DEVELOP SELECTED CAM SUBSYSTEMS WITH AN EMPHASIS ON HIGH-INTEGRITY REAL-TIME
OPERATION , AND INTEGRATION IN TEST-BED ENVIRONMENT .

YEAR 5 :

- CONDUCT COMPREHENSIVE TESTS OF THE OVERALL INTEGRATED CIM SYSTEM ( S ) USING
SOFTWARE DEVELOPED IN YEARS 2 TO 4 .

INTERMEDIATE OBJECTIVES

12TH MONTH

- DEFINITION OF CAM SUBSYSTEMS ;

- RECOMMENDATIONS FOR SYBSYSTEM TOOL DEVELOPMENT ( WITH EMPHASIS ON REAL-
TIME OPERATION ) ;
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- DEFINITION OF DEVELOPMENT AND IMPLEMENTATION PLAN .

24TH MONTH

- PHASE 1 SUBSYSTEM/TOOLS READY FOR INTEGRATION AND TESTING .

48TH MONTH

- PHASE 2 SUBSYSTEM/TOOLS READY FOR INTEGRATION AND TESTING .

60TH MONTH

- PROTOTYPE CAM SYSTEM DEMONSTRABLE IN TEST-BED APPLICATION .

R AND D AREA 5.4 :

MACHINE CONTROL SYSTEMS

DESCRIPTION

THE MAJOR PROBLEM CONFRONTING THE MANUFACTURING INDUSTRY SPECIALIZING IN
MANUFACTURING A GREAT VARIETY OF PARTS IN LOW AND MEDIUM VOLUMES IS THE
DEVELOPMENT OF A HIGHLY FLEXIBLE , HIGH PRODUCTIVITY SYSTEM . THE MAJOR TASK OF
THE SUPPLIERS OF CIM EQUIPMENT IS THAT OF ENHANCING THE TECHNOLOGIES REQUIRED
FOR AUTOMATION , FLEXIBILITY AND SYSTEMIZATION . ALL THESE TECHNOLOGIES ARE
ESSENTIAL FACTORS IN DEVELOPING THE FLEXIBLE AND VERSATILE MANUFACTURING
SYSTEM .

MACHINE CENTRES FOR AUTOMATIC MACHINING OF METAL PARTS PLUS A SYSTEM FOR
AUTOMATIC LOADING AND UNLOADING AND A CONVEYOR SYSTEM FOR AUTOMATICALLY
TRANSFERRING WORKPIECES FROM ONE MACHINING PROCESS TO ANOTHER , ARE AVAILABLE
FROM MANY SOURCES . A PROBLEM WHICH STILL HAS TO BE ATTACKED IS THE INTEGRATION
OF MACHINE CENTRES INTO OVERALL CIM SYSTEMS .

FURTHER DEVELOPMENT IS REQUIRED TO APPLY CNC MACHINES TO OTHER THAN METAL
PARTS , TO DEVELOP AUTOMATED ASSEMBLY SYSTEMS AND ENHANCE THE CAPABILITY OF
ROBOTS BEYOND THE SIMPLE OPERATIONS AT PRESENT CARRIED OUT .

RESEARCH AND DEVELOPMENT ARE ALSO NEEDED TO REACH TWO OF THE PRINCIPAL , AND
OFTEN CONFLICTING , GOALS OF ALL FUTURE AUTOMATED PLANTS , NAMELY MAINTENANCE
OF CONSISTENTLY HIGH PRODUCT QUALITY AND MAXIMUM PLANT AVAILABILITY .

R AND D TOPICS

THE R AND D TOPICS TO BE ADDRESSED IN THIS AREA ARE :

5.4.1 . FLEXIBLE MACHINING SYSTEMS

- NUMERICAL CONTROL OF MACHINES ,

- DEFINITION OF GENERAL STRUCTURE OF FLEXIBLE MANUFACTURING SYSTEMS ( FMS ) .

5.4.2 . AUTOMATED ASSEMBLY AND ROBOTICS

- AUTOMATED ASSEMBLY SYSTEMS ,

- ROBOT SYSTEMS .

5.4.3 . PLANT AVAILABILITY AND QUALITY OPTIMIZATION

- BASIC PLANT DIAGNOSIS TECHNOLOGY ,

- DIAGNOSIS FORMULATION ,
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- ACTION PLANNING .

WORK ON ALL THESE TOPICS IS PLANNED TO START IN YEAR 1 ( 1984/85 ) .

TYPE A PROJECTS

5.4.1 . FLEXIBLE MACHINING SYSTEMS

DESCRIPTION

- DESIGN AND IMPLEMENTATION OF COMMUNICATION AND DATA TRANSFER AMONG NC , FMS
AND CIM ;

- DEFINITION OF SPECIFIC MICROELECTRONIC SUBSYSTEMS AND COMPONENTS TO BE
INTEGRATED INTO SPECIAL IC'S ;

- EXTENSION OF NUMERICAL CONTROL TO OTHER PROCESSES AND MACHINES ;

- DEFINE A GENERAL FMS STRUCTURE ; IDENTIFY , DESIGN AND IMPLEMENT MAJOR
SUBSYSTEMS , SUCH AS PRODUCTION LINE OPERATING SYSTEM ; COMMAND LANGUAGE ,
TOOL ORDERING SCHEME .

PROGRAMME

YEAR 1 :

- DEFINITION AND SPECIFICATION OF COMMUNICATION AND INTERFACES AMONG NC
EQUIPMENT AND OTHER SUBSYSTEMS ;

- DEFINITION OF GENERAL ARCHITECTURE AND SUBSYSTEMS OF FMS .

YEARS 2 AND 3 :

- DEFINITION AND FUNCTIONAL SPECIFICATION OF DEDICATED MICROELECTRONIC CIRCUITS
FOR NC , PC AND FMS ;

- DESIGN OF MAJOR SUBSYSTEMS FOR FMS .

YEARS 4 AND 5 :

- ANALYSES OF MANUFACTURING PROCESSES AND MACHINES WHERE NC CAN BE APPLIED
AND IMPLEMENTATION OF NEW APPLICATIONS ;

- IMPLEMENTATION OF MAJOR SUBSYSTEMS FOR FMS .

INTERMEDIATE OBJECTIVES

12TH MONTH

- DEFINE SPECIFICATION FOR INTERFACES BETWEEN NC EQUIPMENT ;

- DEFINE FMS SYSTEM ARCHITECTURE AND SUBSYSTEMS .

24TH MONTH

- SPECIFICATION OF DEDICATED MICROELECTRONIC CIRCUITS FOR MACHINE CONTROL
SYSTEMS ;

- INITIATE MAJOR SUBSYSTEMS FOR FMS .

36TH MONTH

- ANALYSIS OF THE APPLICATION OF NC TO A VARIETY OF PROCESSES ;

- DEVELOP MAJOR SUBSYSTEMS IN FMS .
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48TH MONTH

- DEVELOP NC EQUIPMENT FOR PROCESSES PREVIOUSLY IDENTIFIED ;

- COMPLETE DEVELOPMENT OF MAJOR SUBSYSTEMS IN FMS .

60TH MONTH

- DEVELOP NC EQUIPMENT WITH INTEGRATED PROCESS OPTIMIZATION ;

- IMPLEMENT MAJOR SUBSYSTEMS IN FMS .

5.4.2 . AUTOMATED ASSEMBLY AND ROBOTICS

DESCRIPTION

COMPUTER AUTOMATED ASSEMBLY SYSTEMS ( CAAS ) :

- EXTEND EXISTING SYSTEMS TO PART IDENTIFICATION , PART MATING ;

- ALGORITHMIC DESCRIPTION OF THE ASSEMBLY PROCESS ;

- APPLICATION OF AI IN ORDER TO PROVIDE " SELF-REFERENTIAL " CONTROL ENVIRONMENTS .

ROBOT SYSTEMS

BASED ON THE PRELIMINARY DESIGN RULES DEVELOPED IN 5.1.1 AND THE DEVELOPMENT
PATHS OUTLINED THERE , THERE IS A NEED TO REALIZE SOME SYSTEMS FOR THE
INTEGRATION OF ROBOTS IN CIM . THESE INCLUDE :

( A ) A SYSTEM TO INTEGRATE THE DATA FLOW BETWEEN CAD AND THE ROBOT . THERE IS A
CLEAR LINKAGE HERE TO THAT PART OF PROJECT 5.1.1 WHICH DEALS WITH COMMAND
LANGUAGES ONLY ;

THE CAD AREA INCLUDES THE DESIGN OF SINGLE PARTS AND ASSEMBLIES AS WELL AS THE
GRAPHICS/GEOMETRIC SIMULATION OF PRODUCTION PROCESSES AND THE LINKAGE TO
PROCESS PLANNING ;

( B ) A SYSTEM WHICH PROVIDES A SET OF TOOL/PROCEDURES TO DEAL WITH THE PLANNING
AND INSTALLATION OF ROBOTS INTO PRODUCTION SYSTEMS . THIS INCLUDES AI , SUPPORT
SYSTEMS AND SIMULATION SYSTEMS ;

( C ) A SET OF REQUIREMENTS FOR THE DESIGN OF COMPONENTS/PRODUCTS FOR ROBOT-
BASED PRODUCTION .

PROGRAMME

YEAR 1 :

- REVIEW THE DRAFT DESIGN RULES FROM 5.1 , ASSESS AND COMMENT ;

- REVIEW DEVELOPMENT PATHS IN ROBOTICS IDENTIFIED IN 5.1 ;

- PROPOSE FORMAL DESIGN RULES FOR ROBOTS , IN COOPERATION WITH R AND D ITEM 5.1.1 ;

- IDENTIFY AND FORMULATE STRATEGIES FOR SAFETY REQUIREMENTS .

YEAR 2 :

IDENTIFY REQUIREMENTS FOR :

- CAD TO " ROBOT PROCESS " LINKAGE ,

- ROBOT LANGUAGES ,

- ROBOT CONTROL SYSTEMS ,
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- GRAPHIC SIMULATION FOR ROBOT PLANNING ,

- SAFETY ,

- SENSORS ,

- PREPARE RULES FOR INTERFACE WITH CAM SYSTEMS .

YEAR 3 :

- CONSIDERATION OF THE REQUIREMENTS IDENTIFIED IN YEAR 2 , IN TERMS OF MULTI-ROBOT
SYSTEMS ;

- DEVELOPMENT OF ROBOT SUBSYSTEMS BASED ON IDENTIFIED REQUIREMENTS AND THE
USE OF AI ;

- DEVELOPMENT OF GENERALIZED ROBOT PLANNING/INTEGRATION SYSTEM WITHIN THE
FRAMEWORK OF ROBOT APPLICATIONS IN CIM .

YEAR 4 :

- CONTINUATION OF WORK FOR YEAR 3 AND REALIZATION OF PRIORITY SUBSYSTEMS .

YEAR 5 :

- REALIZE THE GENERALIZED ROBOT PLANNING/INTEGRATION SYSTEM .

INTERMEDIATE OBJECTIVES

12TH MONTH

- EVALUATE AI STRATEGIES FOR ROBOT SYSTEMS .

24TH MONTH

- ESTABLISH RULES FOR INTERFACING AUTOMATED ASSEMBLY SYSTEMS WITH CAM ;

- APPLICATION OF AI STRATEGIES TO ROBOT SYSTEMS .

36TH MONTH

- INCORPORATE AI STRATEGIES INTO AUTOMATED ASSEMBLY SYSTEMS ;

- DEVELOP GENERALIZED ROBOT LANGUAGE .

48TH MONTH

- DEVELOP ALGORITHMIC STRUCTURE FOR SUPERVISION OF AUTOMATED ASSEMBLY SYSTEMS
.

60TH MONTH

- DEVELOP INTEGRATED AUTOMATED ASSEMBLY SYSTEM USING REAL-TIME SENSOR-DRIVEN
CONTROL .

TYPE B PROJECT

5.4.3 . PLANT AVAILABILITY AND QUALITY OPTIMIZATION

RESEARCH , DEVELOP AND FINALLY INTEGRATE THE GROUP OF DIAGNOSTIC/DECISION-
MAKING TECHNOLOGIES ESSENTIAL FOR THE PRINCIPAL , AND OFTEN CONFLICTING , GOALS
OF ( I ) MAINTENANCE OF CONSISTENTLY HIGH PRODUCT QUALITY AND ( II ) MAXIMUM PLANT
AVAILABILITY .

R AND D WILL BE CARRIED OUT UNDER THREE HEADINGS :
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1 . BASIC PLANT DIAGNOSTIC TECHNOLOGY INVOLVING METHODOLOGIES OF SENSOR SIGNAL
DATA COMPRESSION , SYSTEM/MACHINERY FAULT MODELLING , ARCHITECTURE AND DESIGN
OF DIAGNOSTIC SYSTEMS , ETC .

2 . DIAGNOSIS FORMULATION INVOLVING METHODOLOGIES ABLE TO RANK
SYSTEM/MACHINERY FAULTS THOUGHT TO BE EITHER THREATENING PLANT AVAILABILITY OR
CAUSING A FALL-OFF IN PRODUCT QUALITY .

3 . ACTION PLANNING IN THE AREAS OF INITIATING ACTIONS TO AVOID SYSTEM SHUTDOWN ,
MAXIMIZING UTILIZATION IN THE CASE OF PARTIAL FAILURE , USER GUIDANCE AND
MAINTENANCE PLANNING .

R AND D AREA 5.5 :

SUBSYSTEMS AND COMPONENTS

DESCRIPTION

A NUMBER OF SUBSYSTEMS AND COMPONENTS WILL BE REQUIRED TO IMPLEMENT CIM
SYSTEMS . IT IS NOT CONSIDERED THAT MANY OF THESE REQUIRE COLLABORATIVE
RESEARCH ON A EUROPEAN SCALE . SUCH ITEMS AS INTELLIGENT SENSORS , TRANSDUCERS ,
ETC . , ARE CONSIDERED WITHIN THE COMPETENCE OF INDIVIDUAL COMPANIES , PROVIDING
THE BASIC MICROELECTRONIC TECHNOLOGY IS DEVELOPED , AND REQUIREMENT
SPECIFICATIONS ARE DISSEMINATED FROM THE CIM PROGRAMME .

R AND D TOPICS

HOWEVER , THREE TOPICS THAT HAVE BEEN IDENTIFIED AS REQUIRING COLLABORATIVE
EFFORT ARE :

5.5.1 . IMAGE PROCESSING

5.5.2 . MICROELECTRONIC SUBSYSTEMS

5.5.3 . SENSOR PROGRAMMING AND STANDARDS .

WORK ON 5.5.3 IS PLANNED TO START IN YEAR 1 ( 1984/85 ) . WORK ON 5.5.1 AND 5.5.2 HAS
ALREADY BEEN STARTED UNDER A PILOT PROJECT IN YEAR 0 .

TYPE A PROJECTS

5.5.1 . IMAGE PROCESSING

REAL-TIME CAPTURE OF IMAGES AND THEIR INTERPRETATION IS GOING TO PRESENT MANY
DIFFICULT PROBLEMS TO SOLVE , BOTH AS REGARDS HARDWARE AND SOFTWARE .

A PRIME APPLICATION OF IMAGING IS GOING TO BE IN THE USE OF COMPLEX IMAGES AS "
SENSORY INPUT " FOR A LARGE RANGE OF APPLICATIONS WITH RESPECT TO CIM , SUCH AS :

- AUTOMATIC ASSEMBLY ,

- MONITORING IN CNC MACHINERY - 3 D MEASUREMENT ,

- MANIPULATOR CONTROL ,

- TESTING AND INSPECTION ,

- TOOL USE DETECTION AND MEASUREMENT ,

- AUTOMATIC DIAGNOSIS AND REPAIR ,

- GLOBAL MONITORING .

Converted reading copy · 83 / 87



THE REQUIREMENT IS FOR THE REAL-TIME CAPTURE AND PROCESSING OF 3 D IMAGES , THE
DEVELOPMENT OF METHODS OF UNDERSTANDING OF COMPLEX IMAGES AT SPEEDS WHICH
MAKE OFF-LINE AND REAL-TIME CONTROL , TESTING AND INSPECTION POSSIBLE .

PROGRAMME AND INTERMEDIATE OBJECTIVES

12TH MONTH

- SPECIFICATION OF HIGH-SPEED ALGORITHMS WHICH CAN BE IMPLEMENTED IN VSLI ;

- START SPECIFICATIONS OF VLSI COMBINATIONS OF IMAGING SENSORS AND
PROGRAMMABLE PRE-PROCESSORS . REGARDING ALGORITHMIC PROCESSORS , THE
ALGORITHMS MAY BE BASED ON THE PRELIMINARY OUTCOME FROM AIP ( 3.2 ) ;

- COMMENCE DEVELOPMENT OF 2 1/2-D DEMONSTRATOR MODEL ;

- INVESTIGATE AI TECHNIQUES FOR IMAGE PROCESSING ;

- SPECIFY HYBRID COHERENT OPTICAL AND ELECTRONIC ARCHITECTURE .

24TH MONTH

- DEVELOPMENT OF IMAGE PROCESSORS ;

- DEVELOPMENT OF THE 2 1/2-D DEMONSTRATOR .

36TH MONTH

- INVESTIGATION OF 3 D IMAGE PROCESSING ;

- INCORPORATION OF VLSI PROCESSORS ;

- CONTINUE DEVELOPMENT OF IMAGE PROCESSORS ;

- INCORPORATION OF HYBRID OPTOELECTRONIC PROCESSING .

48TH MONTH

- IMPLEMENTATION OF AI TECHNIQUES AND 3 D DEMONSTRATOR .

60TH MONTH

- CONTINUE DEVELOPMENT AND EVALUATION ;

- UNDERTAKE EXPLORATORY WORK ON HOLOGRAPHIC METHODS FOR INSPECTION AND
IMAGE PROCESSING ;

- IMPLEMENTATION OF SOME SELECTED PILOT OPERATIONS ON THE FACTORY FLOOR .

5.5.2 . MICROELECTRONIC SUBSYSTEMS

IN ORDER TO COMPETE SUCCESSFULLY IN THE WORLD MARKETS FOR PLANT AUTOMATION
SYSTEMS , IT IS ESSENTIAL TO MAKE MAXIMUM USE OF MICROELECTRONIC TECHNOLOGY .

THE OBJECTIVE IS TO REALIZE MANY OF THE SUBSYSTEMS REQUIRED FOR MACHINE
CONTROL , PICTURE PROCESSING , GRAPHICS , ETC . , ON SINGLE CHIPS . THIS WILL REQUIRE
CLOSE COLLABORATION BETWEEN AUTOMATION SPECIALISTS AND SEMICONDUCTOR
DESIGNERS .

PROGRAMME AND INTERMEDIATE OBJECTIVES

12TH MONTH

- DESIGN SPECIFICATION FOR :

( A ) 3-AXIS CONTINUOUS PATH INTERPOLATORS ;
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( B ) CNC AXIS CONTROLLER ;

( C ) SERVO INTERFACE AND DEGREE OF FREEDOM CONTROLLERS FOR ROBOTIC
MANIPULATORS .

24TH MONTH

- INCORPORATION OF CHIPS IN MACHINE TOOLS AND ROBOT CONTROL SYSTEMS AND
EVALUATION .

36TH MONTH

- COMPLETE TESTING , FINALIZE DESIGN AND ISSUE DESIGN INFORMATION TO SC
MANUFACTURERS ;

- START DEFINITION AND SPECIFICATION FOR GRAPHICS PRIMITIVES IN VLSI .

48TH MONTH

- TEST COMMERCIAL PRODUCTS AND ISSUE ANY MODIFICATIONS REQUIRED ;

- DEVELOP GRAPHICS PRIMITIVES IN VLSI .

60TH MONTH

- FINALIZE/REVIEW/REFINE GRAPHICS PRIMITIVES IN VLSI .

TYPE B PROJECT

5.5.3 . SENSOR PROGRAMMING AND STANDARDS

SENSORS AND SENSOR CONFIGURATIONS WILL BE USED IN MANY OF THE CIM SUBSYSTEMS .
EACH SENSOR SYSTEM MUST BE INDIVIDUALLY PROGRAMMABLE AND RE-PROGRAMMABLE
FOR A SPECIFIC TASK . IN PARTICULAR , ATTENTION SHOULD BE GIVEN TO THE
STANDARDIZATION POSSIBILITIES OFFERED BY INTEGRATED VLSI COMBINATIONS OF IMAGE
SENSORS AND MEASUREMENT PRE-PROCESSORS .

SIMILAR TO GRAPHICS , A FUNCTIONAL INTERFACE TO SENSORS AND SENSOR
CONFIGURATIONS IS NEEDED WHICH ALLOWS THE DEVELOPMENT OF SENSOR APPLICATION
SYSTEMS INDEPENDENT OF THE PARTICULAR SENSOR SYSTEM USED . THE FUNCTIONALITY
SHOULD ALSO BE INDEPENDENT OF A PARTICULAR APPLICATION .

SUCH A FUNCTIONAL LEVEL SENSOR STANDARD COULD HAVE A TREMENDOUS IMPACT ON
APPLICATION RANGE , AND COMPATIBILITY OF SENSOR SYSTEMS . IN CONNECTION WITH THE
STANDARDS TO BE DEVELOPED , SENSOR PROGRAMMING TOOLS MUST BE DEVELOPED WHICH
RECOGNIZE THE FUNCTIONAL CLASSIFICATION .

NB : THIS APPROACH IS ORTHOGONAL TO THE 5.5.1 AREA WHERE EMPHASIS IS ON INDIVIDUAL
, HIGH - OR LOWQUALITY ( EXPENSIVE OR CHEAP ) SENSOR DEVELOPMENT .

R AND D AREA 5.6 :

CIM SYSTEMS APPLICATIONS

DESCRIPTION

IN ORDER TO PROMOTE AND SUPPORT THE MORE WIDESPREAD APPLICATION OF CIM , IT IS
DESIRABLE TO ESTABLISH CIM APPLICATION AND DEVELOPMENT CENTRES . TO FULFIL THE
NEEDS FOR EDUCATION , RESEARCH AND DEVELOPMENT , AND DEMONSTRATION , AT LEAST
TWO SUCH SITES MUST BE IDENTIFIED , ONE WITH AN ACADEMIC INFRASTRUCTURE BUT
WITH A PROVEN RECORD OF TECHNOLOGY TRANSFER , AND ONE IN A REAL MANUFACTURING
ENVIRONMENT .
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IN ORDER TO ACHIEVE THIS OBJECTIVE , THE FOLLOWING PROJECTS AND THEMES HAVE BEEN
IDENTIFIED :

5.6.1 . CIM APPLICATION AND DEVELOPMENT CENTRES

5.6.2 . GENERAL TOPICS FOR CIM SUPPORT

- PRODUCT DESIGN GUIDELINES FOR AUTOMATIC PRODUCTION ;

- ECONOMIC METHODOLOGIES FOR EVALUATING INVESTMENT IN CIM SYSTEMS ;

- INTERACTION OF CIM SYSTEMS WITH MANAGEMENT INFORMATION SYSTEMS .

TYPE A PROJECT

5.6.1 . CIM APPLICATION AND DEVELOPMENT CENTRES

DESCRIPTION

ESTABLISH CENTRES OF EXPERTISE , CONTINUING EDUCATION AND RESEARCH WHERE CIM-
TECHNOLOGY AND TOOLS CAN BE TESTED , DEMONSTRATED AND DEVELOPED .

PROGRAMME

YEAR 1 :

- PREPARATORY STUDY FOR CIM APPLICATION AND DEVELOPMENT CENTRES .

YEARS 2 AND 3 :

- FORMULATE PLANS AND SELECT SITES FOR CIM APPLICATION AND DEVELOPMENT CENTRES .

YEARS 4 AND 5 :

- ESTABLISH CIM APPLICATION AND DEVELOPMENT CENTRES .

INTERMEDIATE OBJECTIVES

12TH MONTH

- COMPLETE PREPARATORY STUDY FOR ESTABLISHMENT OF CENTRES .

24TH MONTH

- FORMULATE PLANS FOR DEVELOPMENT OF CENTRES .

36TH MONTH

- SELECT SUITABLE SITES FOR DEVELOPMENT CENTRES .

48TH MONTH

- COMPLETE DETAILED PLANS FOR DEVELOPMENT CENTRES ;

- UNDERTAKE PREPARATORY WORK IN ESTABLISHING CENTRES .

60TH MONTH

- COMPLETE THE ESTABLISHMENT OF CENTRES .

TYPE B PROJECTS

5.6.2 . MISCELLANEOUS SUPPORT FOR CIM

THE FOLLOWING AREAS ARE CONSIDERED OF INTEREST :

- PRODUCT DESIGN GUIDELINE FOR AUTOMATIC PRODUCTION

Converted reading copy · 86 / 87



CREATE AN UNDERSTANDING AND ABILITY TO DESIGN MECHANICAL PRODUCTS FOR
AUTOMATIC MANUFACTURING .

- ECONOMIC METHODOLOGIES FOR EVALUATING INVESTMENT IN CIM SYSTEMS

DEVELOP TOOLS AND METHODOLOGIES FOR A CORRECT ECONOMIC EVALUATION OF
INVESTMENT IN CIM SYSTEMS .

- INTERACTION OF CIM SYSTEMS WITH MANAGEMENT INFORMATION SYSTEMS

DEFINITION OF DATA INTERCHANGE BETWEEN CIM SYSTEMS AND " MANAGEMENT
INFORMATION SYSTEMS " ( MIS ) .

THE PURPOSE OF THESE ACTIVITIES IS TO DEVELOP TOOLS AND FACILITIES TO PROMOTE
SUCCESSFUL CIM APPLICATIONS .

( 1 ) NOTE : WORK PLANNED TO START IN YEAR 1 ( 1984/85 ) .

( 2 ) NOTE : WORK PLANNED TO START IN YEAR 1 ( 1984/85 ) .

( 3 ) NOTE : WORK ON THESE TOPICS IS PLANNED TO START IN YEAR 1 ( 1984/85 ) .

( 4 ) NOTE : WORK IS PLANNED TO START ON THESE TOPICS IN YEAR 1 ( 1984/85 ) .

( 5 ) NOTE : WORK IS PLANNED TO START ON THESE TOPICS IN YEAR 1 ( 1984/85 ) .

( 6 ) NOTE : WORK IS PLANNED TO START ON THESE TOPICS IN YEAR 1 ( 1984/85 ) .
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