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Part | : Background
The Albert Il RE language

Milestones

e Albertin 1992
— Result of the ICARUS Esprit Il project
— Internal validation on academic case studies

— Intuitive semantics

e Albert Il in 1995

— Internal validation on real-size case studies
— Semantics based on a variant of RT-OSL (B6hm & Sernadas, 1993)

» Albert Il (version 2) in 1997
— External validation on real projects (TELECOM,CIM)
— New semantics

— Development of tools




The Projects

* Inthe past... e Currently...

— ICARUS

— 2RARE

— Pégard, ... (CIM)
— MODELAGE

— CAT

— CREWS

— RENOIR

— ASPIRE

— FIREWORKS
— Cooperative IS
— AgentLink

Focus on Late RE
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Properties of Requirements Modelling

Languages

Precise (formal, clear semantics)
Expressive
Natural

Structured

® ease of modifications
Adequate to the application domain

Implementation-independent

Albert Il, a Requirements Modelling Language for

Real-Time and Distributed Systems

An agent-oriented (~ object-oriented) paradigm

— A(composite) system is composed of cooperating agents which are
responsible for actions and state components

Formal semantics based on a real -time temporal logic
with strong typing (linear and dense time structure) s
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Designed with concerns of expressiveness (richness of the underlying
models) and naturalness (straightforward mapping of customers’

statements)




Structure of an Albert Il spec

* An Albert Il spec is made of :
— adescription of the system’sstructure (individual agents,
classes of agents or agent societies)

— definition of agents (or agent classes)
e state components and actions declarations

¢ constraints

— definition of data type and opérations

Snapshot of an Albert Il Specification
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Expressiveness and Naturalness

Guidance of the requirements engineer in his task by
providing templates for typical properties

» Supports a mixed style of specification (declarative and

operational styles)

— Declarative constraints
«If atrain is at the sensor then it will eventually be in the ¢ rossing»

— Operational constraints
«The gate must be lowered 15" after a train has passed the entrance sensor»

* Reasoning about communication

— «The gate does not perceive an order to lower emitted by the controller if it is not
Llp))

» Supports the expression of typical distributed and real-

time systems’ properties

— Modelling real-time performances
«Lowering the gate takes between O (strictly) and 20 seconds»

Benefits and Challenges

* Benefits

— formality enforces precision

— structuring & constraint templates are a first step towards

application of a formal language for RE

» Challenges

— progressive specification elaboration and evolution
« link with earlier RE phases (product & processes)
» domain-specific methodology

— help the stakeholders gain confidence in specs

¢ need validation & verification tools




Part Il : Recent and On-going
Research

1.1 Combination of i* & Albert Il




Combination of i* & Albert Il

Albert/i* Combination Benefits

Progressive Albert specification elaboration
Show operationalization of i* elements
Traceability for Albert specification elements
Link to NFR

Representation of alternatives (link several specs)




I1.2 A multi-formalism & component-
based approach to the RE of CIM
systems

CIM Multi-formalism Approach

Expressivenes
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CIM Multi-formalism Approach

« Combination of languages
— loose integration versus strong integration
— all languages are used together where most appropriate
— they can be used independently
* When needed, a corresponding model expressed in a different language can be
created
— to gain precision
— to gain expressiveness
— to gain naturalness
¢ Depending on modeling needs
— not complete (only parts)

— not automatic (user decide what and how to map)

Mapping Rules

Mapping Rules
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Mapping Rules

* Mapping rules
— defined at the language level (meta-model)
— relate concepts of two languages
— defined once for a pair of languages
¢ Applications of mapping rules
— at the model level
— relate elements of two models in two different languages
— A MR can be applied several times on different elements of a single model
* Telos is used for
— expressing the meta-models
— describing the mapping rules
— recording their applications
* Recording the application of rules allows:
— navigating among models written in different languages
— traceability

Components for CIM
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CIM Components Library

e Static aspects
— Part (basic, compound parts, features, position, identity, existing parts, buffers)
« Behavioral aspects
— Functions (based on characteristics of parts)
— Control (when functions are triggered)
¢ Functional goals
— manufacturing order
« Entities (Agents)

— physical manufacturing role, controller role, customer role, concrete

manufacturing entity

Tools : Overview

PVS-based
heorem prove

Reasoning
Assistant

uses uses

Type and Model
reference Checker
checker

Cooperative

] A Integrated
Animation ;

| 4
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I1.3 Cooperative animation and
integration in a scenario- and goal-
based approach to RE

The Albert Il - CREWS Animator

Goals

Gl - Validation problem:

How to make sure the right system is built?
How to detect errors early?

G2 - Understanding problem:

How to envision scenarios allowed and disallowed by a requirements
specification?

G3 - Involvement problem:
How to make people participate to requirements validation?

G4 - Cost problem:

How to reduce costly prototype development or heavy formal analysis
techniques?
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/ Animation Client 1 : Animation Client 2 : Animation Client 3 : \
Worker Machine Terminal Machine

The Albert Il - CREWS Animator

Overview of approach :

Discovering problems by testing specifications against scenarios (G1 & G2)
Cooperative and interactive (G3)
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(from Albert editor)
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Animation Server

The Albert Il - CREWS Animator

Overview of approach (cont’s):

Interpretation with partial hard-coding : transparent & efficient (G4)

| act(...) | op expr whereop ={<,>,=,3,£,1}

Mapping rules

b-act (...,0occ-num,...)@t1 Ue-act (...,occ-num,...)@t2

Operationalisation

« Whenever a user decides to start an action occurrence act_i : evaluate expr forevery duration
constraint attached to actand determine the min, ; and max,; bounds for end time of act i.

« Whenever a user decides to end an action occurrenceact_i : check thatits duration is between
min,; and max, ; Otherwise, inform user of violation ofduration

lenever anew transition is built at time T : check that, for every on-going action occurrence
, T is not later that t1_act i +max,, ;. Otherwise, inform user of violation of duration.
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The Albert Il - CREWS Animator

Create initial
Basics : states

The animation server is used
to control the global flow of
animation

Create
alternative
paths (backtracking)

The animation client is
used to construct and

observe scenario details
at the agent's level

Record comments

The Albert Il - CREWS Animator

Features :
« Maintains fine-grained traceability to specification...

e ...and to earlier products (generalized in CREWS-EVE)
Checking specification constraints Explanation support

Request multi-media
. explanation

Get detailed
info on constraint
violation

7t Add comments
and record
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The Albert Il - CREWS Animator

Features (cont’s):

¢ Trace generation
— MSCs as graphical traces (through CREWS-EVE)

— detailed textual traces (incl. problems discovered and comments)

¢ Batch animation

The Albert Il - CREWS Animator

Benefits :

The specification is understood through the scenarios

« Every stakeholder participates to validation in a focused, interactive
way

« Co-operative animation triggers communication between

stakeholders

¢ Unexpected situations are discovered and scenarios can be reused

as test cases

¢ No need to build a prototype

16



CREWS-EVE: Process-Integrated Tool

Components Providing Full Traceabilit

In collaboration with RWTH-Aachen

Real World Scenes Animation
Component Component
Goal Model Albert Specification
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CREWS-EVE method chunks

¢ Guided method chunks implemented so far:
— Validation and elicitation of goals (and their operationalisations) using animation
— Validating Albert Il specifications by reconstructing real world scenarios
— Explanation support for animation steps

¢ Source : Case-study at ADITEC manufacturing company
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II.4 Reasoning Assistant

‘High and Low-Level' Reasoning

High-level (conceptual)
reasoning
Rigorous reasoning
On actual specifications Y\

User-friendly R
g Properties v/ j Proofs
Y -

Low-level (formal)
reasoning

Specification
(Albert 11)

Axioms
(AlbertKERNEL) Q Formal proofs

O On «critical» fragments

O Machine-friendly
(PVS.model checker)
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Tools of a Conceptual Reasonlng

Assistant

Log Book/Agenda

Reasoning Helpers <

Query Facilities\ ’4/

Drafting Tools

Formal Analysis Tools

7 3
5

m Customers

Part Il : Future Research Directions
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Future Research Directions

» Pursue tool development (especially high- and low-level

reasoning)
e Tool evaluation and dissemination

* Implement mapping rules between goals and Albert as
method chunks in CREWS-EVE

* Probabilistic extensions to Albert Il for risk assessment

(for medical systems e.g. PMS)

* Problem frames and formal methods

Problem frames [Jackson95]

and Formal Methods

* “Problem frame” = fundamental structure of the problem
at hand

 Efficient method = method specific to a problem frame

— Recurring problem frames : IS frame, control frame, connection
frame, workpieces frame, ...

— Actual problems are multi-frames problems

» Our objective : provide support for problem frames
frequent in critical systems :
— specialised languages (on top of Albert)
— reusable methodological support
— tools
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