AP 233

System engineering 

Requirements for a data exchange facility (AP233)

Change History

Date
Version
Editor
Description of changes


1
SB
Initial Version

24 Nov 99
2
SB,HF
Changes from the Bejing meeting ?

28 Jan 99
3
KH
Some restructuring based on the San Francisco discussion. Requirements are formalised in tables to provide a clearer overview.

12 June 99
4
HF
Actually a new document with some elements of draft 3 and some enhancements

19 June 99
5
KH
Major recombination of 

original document by sb

San Francisco changes by kh

Lillehammer document by hf

Lillehammer discussed changes

And the inclusion of various comments made to the above mentioned documents by kh, sb, hf, wg and jj

15 July 99
6
KH
Started chapter 6 – requirements specification derived from user requirements. 

30 July 99
7
KH, HF
Added additions and inputs to glossary and user requirements from hf. Restructured glossary.

8 August 99
8
KH, HF
Added further requirements, resolved several conflicts, added comments, added chapter on background for USS

21 August 99
9
KH, HF
Further discussion and small language corrections

HF 
-
Harold 
Frisch 


NASA (USA)

JJ
-
Julian 
Johnson


BAE (GB)

KH 
-
Klaus 
Heimannsfeld

Technical University of Clausthal (Germany) (sponsored by the CEC 





under the ESPRIT Project Nr. 28910 KARE)

SB
-
Sylvain 
Barbeau


Aerospatiale (France)

WG
-
Wade 
Gibbs


LMCO (USA)


Document Presentation
5
1.1.
Objectives
5
1.2.
Scope of the standard
5
1.3.
Intended usage of this document
6
1.4.
Document  Structure
6
2.
Glossary
7
2.1.
Definition of Systems Engineering
7
2.1.1.
System engineering
7
2.1.2.
System engineering process
7
2.2.
Terminology for Systems and Products
8
2.2.1.
System and Product
8
2.2.2.
Subsystem
8
2.2.3.
System breakdown structure
8
2.2.4.
Product structure or physical architecture
9
2.2.5.
System model
9
2.2.6.
System element
9
2.2.7.
Specification
9
2.3.
Terminology for Requirements Engineering
9
2.3.1.
Requirement
9
2.3.2.
Requirement baseline
10
2.3.3.
Requirement abstraction
11
2.3.4.
Requirement decomposition
11
2.3.5.
Requirement derivation
11
2.3.6.
Viewpoint approach
11
2.3.7.
Traceability
11
2.4.
Terminology for functional design and analysis
11
2.4.1.
Functional element
11
2.4.2.
Function
12
2.4.3.
Functional architecture
12
2.4.4.
Functional analysis
12
2.4.5.
Functional breakdown structure
12
2.4.6.
Flows
13
2.5.
Terminology for the specification of system characterisation measures
13
2.5.1.
System Characterisation Measures
13
2.5.2.
Unified System Semantics (USS) set
13
2.5.3.
Properties
13
2.5.4.
Behaviour
14
2.5.5.
State
14
2.6.
Misc. terminology
14
2.6.1.
Trade Study
14
2.6.2.
Validation
14
2.6.3.
Verification
14
2.6.4.
Deliverables
14
2.6.5.
Deliverable Item
15
2.6.6.
Configuration Management
15
2.6.7.
Decomposition
15
2.6.8.
Interface Control Document (ICD)
15
2.6.9.
Qualitative “degree of dependency”
15
2.6.10.
System Level Study
15
3.
Reference to the system engineering process
16
4.
Unified System Semantics
17
4.1.
Introduction
17
4.2.
Scope
18
4.3.
A product and its properties
19
4.4.
Identifiers of properties
20
4.5.
Values of Properties
20
5.
USER requirements for a SE data exchange facility
21
5.1.
General requirements and wishes
22
5.2.
Requirements domain
22
5.3.
Functional and behaviour domain
26
5.4.
Physical and interface domain
28
5.5.
System characterisation measures
29
5.6.
Engineering Data Management
34
6.
Requirements Specification for THE AP233 SE data exchange
38
6.1.
Requirements for the exchange of system engineering management data
38
6.2.
Requirements for the exchange of system characterisation measures
38
6.3.
Requirements for the exchange of traceability data
39
6.4.
Requirements for the exchange of requirements
40
6.5.
Requirements for the exchange of functions architecture
40
6.6.
Requirements for the exchange of behaviour
40
6.7.
Requirements for the exchange of external interface data
41
6.8.
Requirements for the exchange of internal interface data
41
6.9.
Requirements for the exchange of the physical architecture
42
6.10.
Requirements for the exchange of model layout information
42



Document Presentation

1.1. Objectives

This document captures both requirements and associated rational as expressed by members of the ISO 10303-AP233 development group and others associated with standards development efforts within the Systems Engineering and STEP communities.

It is considered the requirements baseline for the development of the standard for the exchange of system engineering data within the ISO10303 / SC4 STEP framework.

1.2. Scope of the standard

This standard does not define any particular system engineering process. It defines the information items that are exchanged between different stages in the system engineering process or between different tools. The following units of functionality for this exchange have been identified:

· Systems view

· Requirements

· Functional architecture and behaviour

· Physical architecture

· System properties and characterisation measures

· Configuration management and administrative information

· Model layout information

The detailed scope of each unit of functionality is defined later in this document.

WARNING:

This document as it stands is under review by all partners taking part in the design of the system engineering data exchange facility within STEP (AP233).  This current version (draft 5) is the preliminary baseline for the development of the WD#4 of AP233.  The final document currently scheduled for January 2000 release, will reflect inputs from the global SE community and the consensus agreement of all partners.  These input seeking steps are taken to ensure the stability of the standard that will come out of the working group's effort.

1.3. Intended usage of this document 

The intended audience for this document is the Systems Engineering (SE) Application Protocol (AP) development team, the global SE community and other groups that must establish systems engineering information representation and exchange interfaces with members of the SE community. 

This draft continues the AP233 requirements consensus development effort. 

System engineering community: It is intended to be distributed to the global SE community for both general information purposes and to solicit comments for consideration by the development team. 

System engineering tool vendors: It is expected that system engineering tool vendors and industrial groups not on the development team will want to be kept informed, influence and comment on AP233 progress so that their business critical application capability, development and marketing decisions can be aligned with the standards development process. 

STEP community: This document is intended to document the requirements and rational for the AP233 and it is intended to be distributed to other groups working in related or interfacing areas of standardisation of product model data to help and facilitate AP harmonisation and modularization in a common SC4 framework.

1.4. Document  Structure

The AP233 requirements document is structured into five chapters and two appendices. Chapter 1 defines the overall objectives of the AP233 standard, sets the scope of AP233 and introduces the structure and usage of this document. Chapter 2 gives the definition of SE and related terminology as it is used in the AP233 standard. Chapter 3 illustrates the different components of systems engineering by using IEEE 1220 as one possible system engineering approach. Chapter 4 will define the requirements from the users (tool user and implementers) perspective. Chapter 5 will derive the requirement specification from these user requirements. 

Appendix A will describe the references to other documents and standards. Appendix B contains the traceability matrix that defines how the individual requirement is fulfilled and in which entities the requirement is represented.

2. Glossary

The following glossary defines the terminology used in AP233. Each definition consists of a short definition (written in italics) trying to capture the usage most exactly without going into philosophical discussions. However to provide a deeper and  more unambiguous definition a few more sentences  are added to explain the background and rationale of the definition. 

2.1. Definition of Systems Engineering

2.1.1. System engineering

System engineering is an interdisciplinary collaborative effort to derive, evolve and verify a life cycle balanced system solution which satisfies customer expectations and meets public acceptability.

System engineering involves the selective application of a scientific approach and an engineering effort to:

· Transform an operational need into the description of a system configuration which best satisfies customer operational needs according to an agreed set of quantifiable effectiveness measures.

· Integrate all related technical parameters.  Ensure the compatibility of all functional, physical and technical program interfaces in such a manner that life cycle costs are minimised while life cycle system performance and utility is maximised.

· Integrate the efforts of all engineering disciplines and specialities into the total engineering effort.

2.1.2. System engineering process

The system engineering process is defined as the comprehensive problem-solving process that:

· Provides the mechanisms for identifying and evolving the product and life cycle process definitions of a system. 

· Applies throughout the system life cycle to all activities associated with product development, verification/test, manufacturing, training, operation, support, distribution and disposal in a recursive manner with the use of multidisciplinary teams.

· Transforms customer needs and requirements into a life-cycle balanced solution set of system product and process designs,

· Generates system life cycle characterisation information, of the resultant type, that is necessary and sufficient for  management to make decisions,

· Provides information to support  the next product's development cycle or acquisition phase.

The problem to be solved by the system relative to its associated success criteria is defined through requirements analysis, system analysis, functional analysis and resource allocation analysis. The system engineering process includes evaluation of alternative solutions via trade studies.  It identifies  the set of subsystems which when integrated provides an optimised life-cycle balanced solution  that minimises cost while maximising utility and performance.  The effort is accomplished through synthesis and system analysis.

2.2. Terminology for Systems and Products

2.2.1. System and Product

A system or product consists of one or more processes, components, hardware, software, facilities, and people that provide a capability to satisfy a stated need or objective.

· A system may exist within the context of a broader super-system; e.g. a company’s product-line.  From a company’s point of view their products may be viewed as systems. The definition of an system or product is always relative.

· Systems and products may be used as synonyms. It should be noted that a system normally includes and covers parts of the environment (like support) while the product is normally concerned only with the direct interfaces to the environment. However this is again only relative to the scope defined for a product or system.   

2.2.2. Subsystem

A subordinate product or system relative to a product or system of interest in a hierarchy of products or systems.

· Component - From Part 1, a product that is not decomposable from the perspective of a specific application context.

· Assembly – From Part 1, a product that is decomposable into a set of components or other assemblies.  Used as a synonym for subsystem.

· Part – From Part 210, a product with operational functionality that is expected to be used as a component of one or more assembled products

2.2.3. System breakdown structure

The system breakdown structure is a hierarchy of system elements and related life-cycle processes.  

These are used to assign development teams, conduct technical reviews and to partition out the assigned work.  They are also used for planning associated resource allocations to the tasks necessary to accomplish the objectives of the project and to provide the basis for cost tracking and control.

2.2.4. Product structure or physical architecture

Defines what the major components of the product or system are, how they are organised and decomposed, their functionality, and interfaces and the ties to the system requirements.

2.2.5. System model

A physical or analytic abstraction of the system that enables one to relate and assess system or subsystem design parameters to system design goals

2.2.6. System element

A system element is an entity, which provides certain system functions. 

For instance a system element can either be a software module, a hydraulic part, a communication sub-system. It can be existing as an abstract design entity (communication subsystem A made up from module B,C and D) or as a physical existing part or module (hydraulic part type #4207).

2.2.7. Specification

The specification defines what the system element does in terms of the functions it fulfils, its associated measures of performance and its constraints.

A product, sub-system, assembly, component or parts of the system breakdown structure as described by a specification. The specification normally fixes  functional requirements (including behaviour) and non-functional requirements  (constraints, performance and –ilities)

2.3. Terminology for Requirements Engineering

2.3.1. Requirement

A statement which identifies a functionality, capability, a physical characteristic, or quality factor that constrains a product need for which a design solution is to be pursued. The engineering process can likewise be constrained by such statements.

Categories or  types of requirements are always depended on the  viewpoint of the person or stakeholder who defines the categories. The number of different categorisations is equally the number of views on a system. Therefore the definition of a fixed set of requirement types is futile. However to ensure unambiguous communication inside the AP-233 development group we will define some important and commonly used  requirement types:

Stakeholder Requirement (EIA 632) – A collection of all customer requirements including user requirements and other stakeholder requirements from outside the customer. 

User Requirements -  An expression of what the user wants the system to do expressed in the terminology of the problem domain. There may be different users of a system with different sets of requirements.

Customer requirement - An expression of what the customer wants the system to do expressed in the terminology of the problem domain. It is the superset of all stakeholder requirements that are related to the customer

System Requirements – An engineering model of the system defining what the system must do but not how it will be done.  It acts as the intermediate step between user requirements and the system’s design. 

Constraints – Restrictions on the acceptable design solution opportunities.  Special requirements that define where trade-offs cannot be made; these may be of any requirement type

Conditions - A special class of constraints that are applied to the requirements themselves.  These define the conditions under which the requirements are valid.  These may be: environment specific, country specific, configurations, etc.
Redundancy Requirements– To insure that the system can respond to component failures in a manner sufficient to meet its operational requirements.

2.3.2. Requirement baseline

A set of requirements that serve as the basis for the development of the system and the management of the process. 

The baseline is agreed to by both the system acquirer and the system developer or supplier. Any change to the requirement baseline shall be made in accordance with the system engineering control procedure.

2.3.3. Requirement abstraction

A view of a requirement that has a consistent level of physical and functional detail in each branch of the architecture and hides finer, lower level detail. 

2.3.4. Requirement decomposition

The process by which finer, lower level detail requirements are derived for each branch of the system’s physical and functional architecture.

2.3.5. Requirement derivation

The activity of showing that satisfaction of a higher level requirement is a necessary consequence of the satisfaction of a set of one or more lower level (derived) requirements.

2.3.6. Viewpoint approach

The act of seeing or examining the system from the respective points of view of all users and collaborating design groups

2.3.7. Traceability

The ability within the system development process to relate a feature of design or implementation to a parent requirement and to be able to trace this up through the requirements decomposition process to its original source.

A capability to manage and keep track of the requirements, versions and discipline views of versions while taking into account the relationship among the requirements.
2.4. Terminology for functional design and analysis

2.4.1. Functional element

A functional element specifies a system element. The functional element consists of input, output and the behaviour definition.

Functional elements can be derived from functional requirements and can be considered their specification. Related to the functional requirements are a set of non-functional requirements defining the performance  requirements to fulfil the functional requirement or element. 

Functional elements can be structured hierarchical in a child-parent relation. Then the fulfilment of all children functional elements assure the fulfilment of the parent functional element. 

Functional elements are usually defined at a granularity level consistent with the system management and overview process, with commercially available competitive products and alternative engineering solutions and with procedures for cost effective performance validation and verification.  

2.4.2. Function

A task, action, or activity expressed as a verb-noun combination to define what needs to be done  to achieve a defined outcome.

A function has

· inputs and outputs,

· potential decomposition (flows of information, energy or substances, storage, functions)

· performance measures 

2.4.3. Functional architecture

The functional architecture defines an arrangement of functions and their sub-functions which define the execution sequencing, conditions for control, flows and the performance requirements necessary to satisfy the requirements baseline.

The functional architecture  is the result of the design process.  

2.4.4. Functional analysis 

The process of identifying, describing and relating the functions a system must perform in order to fulfil its goals and objectives.  

Functional analysis is logically structured as a top-down hierarchical decomposition of those functions (see also functional breakdown structure)

2.4.5. Functional breakdown structure

The functional breakdown structure is a hierarchy of functions organised to fulfil a functional requirement. 

Each function may have a decomposition or be described using structured language or mathematical methods (structured English, mathematical relations, graphical, etc.). Each decomposition level contains functions, flows,  and provision for data storage. 

2.4.6. Flows 

Flows define the directed exchange of information, energy or substances between functions. 

Flows have direction and represent data which is exchanged between some external source or destination and the system.  Data flows link  functional elements internal to the system and define the sources and destinations.  Typical subtypes for flows are information (control and data flows), energy in electrical systems or substances in chemical plants. To support the systems engineering process data flows also connect subsystem development and integration activities.

2.5. Terminology for the specification of system characterisation measures

2.5.1. System Characterisation Measures

Numeric and/or linguistic values used to provide measure to the parameters used to qualify and quantify the system’s physical architecture, functional architecture, behaviour and non-functional requirements and properties. 

 Measures may be either dimensional or non-dimensional.

2.5.2. Unified System Semantics (USS) set

The union of all system characterisation measures.
Unambiguous definitions for elements of the set are to be defined within the context of a product-line.  The set is complete relative to all product-line views of interest.  Extensive redundancy within the set is expected and provision for the specification of relations and degree of relationship is to be provided.

2.5.3. Properties

The concept of property is introduced so that statements can be made about the nature of physical objects without reference to measurement activities or numbers.

A ‘property’ is an abstraction from measurement activities, which can be made only if they are well understood, and which is made only because it is convenient to do so.  

· From Part 231 - a quantifiable aspect of a thing in the real world that can be observed, measured, or derived from something that is observed or measured.
· The word ‘property’, ‘characteristic’ ‘system characterisation measure’ are assumed to be synonyms, all are used with AP 233.
2.5.4. Behaviour

A manifestation of the interaction of a system with its environment.  Taking the definition of behaviour as 'set of possible activities', then the behaviour is the set of solutions that are possible for different initial conditions and external excitations.

During the system’s design process, behaviour can also be viewed as the realisation of system function.  Behaviour is normally modelled to support the design and verification process and then tested to validate associated functional requirements.

· Behavioural model - A system representation, which expresses the inherent actions and the responses to external inputs that characterise a system.  

2.5.5. State

A state is  a mode or condition of being for a product at an instant during its life or during a period of its life.
2.6. Misc. terminology

2.6.1. Trade Study

The process of assessing how well each design alternative or solution satisfies system design requirements.  

As the design proceeds associated modelling and analysis methods incorporate increasing levels of detail.

2.6.2. Validation

Actions to confirm that the behaviour of a developed system meets user needs.  “Have you done the right job?”

2.6.3. Verification

Actions to confirm that the product of a system development process meets its specification, “Have you done the job right?”

2.6.4. Deliverables 

These are the hardware and software objects handled by project management and which come together to satisfy the requirements and integrate to form a complete system.

2.6.5. Deliverable Item

One of the hardware or software objects that make up the full set of deliverables

2.6.6. Configuration Management

A method of controlling storage. Access and changes to discrete, defined, related parts, models, or specifications of a system at any time during its lifetime.

2.6.7. Decomposition

The activity of identifying the constituent elements and relationships of a system or subsystem

2.6.8. Interface Control Document (ICD)

The ICD defines the interactions between two subsystems at their mutually interlinked areas

Qualitative “degree of dependency” 

A fuzzy measure used to define the degree to which system characterisation measures are dependent upon each other.  

For example, it is known that the natural frequency of an undamped linear oscillator is “exactly” dependent upon the oscillators mass and spring constant.  If damping exists, and if it is small then natural frequency has a very strong dependency upon mass and spring constant.  If damping is not small and possibly non-linear it can still be safely stated that natural frequency will have a “strong” dependency upon the mass and spring constants.

2.6.9. System Level Study 

A system or product consists of one or more processes, components, hardware, software, facilities, and people that provide a capability to satisfy a stated need or objective.  System level studies seek to verify and validate that the stated needs and objectives have been satisfied.

Understanding overall behaviour of a system from the perspective of a user permits key tradeoffs to be assessed and made.  The critical issues relative to how design subsystems are interfaced and  interact with each other and the environment need to be evaluated.  These studies support systems engineering’s need to provide system management with adequate decision making information.

3. Reference to the system engineering process

Prior to any description it shall be kept in mind that reference to the process described below is given as an illustration.  Explanatory material to  support the correct understanding of the requirements set is given in later sections. The illustration itself shall not be considered as being formally endorsed by the ISO system engineering working group developing AP233.
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Figure 1 - IEEE 1220 system engineering process

This systems engineering process (not presented in the usual IDEF0 STEP presentation format), features several design phases on the left-hand side (Requirements analysis, Functional analysis, Synthesis). In addition to these design phases, the process features phases dedicated to validation activities. These validation activities are used to establish the baselines that link design phases. The baselines are the main inputs for the next design phase.  They are agreed to by both the system customer and the system provider.  

The right hand side of figure 1 represents 3 phases dedicated to trade-off analysis. This emphasises the fact that during the design activity several solutions can arise but normally only one is further developed. Information developed during the trade-off phases is used in conjunction with feedback information developed between design phases to support the systems engineering process. Feedback occurs for several reasons such as the occurrence of a critical issue on a particular technical point, designers' "know-how", performance mismatch, etc.

In addition to this static process, the process has to be controlled over time. This includes control of the  multi-team dimension (or multi-partners), and system development progress. For instance, the design of some part of the system might be more advanced than others, some parts may be in manufacturing while others are still under design. This leads to the aspects of configuration management that come into consideration during system design. This is more than just configuration management of design documents; it is strongly connected to  the activities of product data management (PDM) as addressed within the STEP Unified PDM schema. The process shown above needs to be extended when multi-partnershiping is considered.

As shown  in figure 1, the process uses customer requirements as input and then outputs all documentation and information necessary to manufacture system parts. The requirements coming from the customer are usually unorganised, and not necessarily consistent with  each other (the customer may just see a market opportunity). The requirement analysis phase co-ordinates these customer desires to ensure the proper set-up of all information needed to design the envisioned system.

4. Unified System Semantics

4.1. Introduction

The Uniform System Semantics (USS) set is the union of all system and/or product characterisation measures used to define and quantify life cycle engineering properties within a product-line.  

Within any organisation or group of collaborating partners ambiguity of terminology used to quantify a product’s physical, functional and non-functional properties is a major problem. The problem compounds itself further if the product has a long life cycle with a diverse mix of contributing engineering groups. 

Embedded within this problem is the need for change management, change notification and the determination of which system properties need revaluation when system, subsystem or component changes are authorised. 

The chronic lack of necessary meta-data associated with “properties” is a major life cycle cost problem.  This causes data misuse or the need to reconfirm the recorded value of a critical system “property”.

AP 233 must include the ability to both specify and associate with each property defined in the USS set all meta-data needed for the recording of:

· Name, math-symbol, acronym, definition,

· source and ownership, 

· documentation and reference material, 

· measurement test method and test conditions, 

· analysis method and associated behaviour models used, 

· estimation method, 

· statistical method,

· assumptions and limitations,

· bounds and ranges of validity, 

· relationships and dependencies,

and all other items of information necessary for the valid utilisation of the property value, for decision making or as the basis for follow-on subsystem or system studies. Much of this information can be pre-recorded in an organisation’s official product-line dictionary.  How much, is the AP233 user’s decision.

4.2. Scope

Products have a large array of product-line specific characterisation measures.  These provide the semantic and informational basis used for communication between collaborating engineering groups. They are important during all aspects of the product’s life cycle, such as:

· product design;

· product and component selection;

· product and component testing;

· product manufacture; 

· product planned and unplanned performance analysis; 

· product failure analysis;

· product maintenance;

· product operations;

· product disposal;

· process planning;

· process control;

Product characterisation measures and associated dependencies and relationships can vary over a product’s life cycle. The life cycle stages that are important to systems engineering and product life cycle support are:

· as required

· as proposed

· as designed

· as built

· as operated

· as maintained

· as disposed

Not only is it important to provide for property versioning but it is also important to provide for the ability to record property change relative to iterations covered by trade studies, failure analyses, anomalous performance investigations, etc.  This capability is provided by AP209 for engineering analysis and an analogous method must also be provided by AP233 for systems engineering.

The names of specific product-line system characterisation measures are not included in this UoF.  The naming of these is the responsibility of the product-line user group. 

4.3. A product and its properties

Part 41 defines a product as a physically realisable object that is produced by a natural process or manufacture.  For engineering analysis it is essential to distinguish between a product and a class of products.  The semantics of the information recorded in the two cases is very different, and must be clearly distinguished for engineering analysis. 

An individual product is a product that has, is planned to have, or could have, an existence in the world.  

An individual product that actually exists has properties that can be measured.  

An individual product that is planned to exist has properties that can be predicted from knowledge of the planned manufacturing method.  

An individual product that could exist has assumed properties that are known to be possible.  

An individual product that is required to exist has properties that are deemed necessary to meet the requirement

Products are both multidisciplinary and multidimensional. 

Products are multidisciplinary in the sense that the points of view of many engineering disciplines need to be accommodated throughout its life cycle.  

Products are multidimensional in the sense that the product’s design space is spanned by many design dimensions; e.g. cost, power, weight, performance, temperature, strength, etc.  Furthermore each of these dimensions has much deeper detail.

During the design process the degree of dependency between properties may transition from independence to dependency. Dependencies may exist within one or cross many disciplinary boundaries.  Dependencies may transition from a state of fuzziness to a crisp mathematical expression; or, remain a fuzzy relation that is known to exist only from product-line engineering insight and experience.  In the maintenance and support stages of the life cycle it may be desirable to quantify some monitored system properties by fuzzy measures and to use fuzzy inference methods to identify a maintenance or human intervention need.

There are many product characterisation alternatives with many associated sets of properties and many more methods, which can be used for measurement and estimation.  There is a need for an organisation to clearly define what is “preferred” within a product-line for communicating such items of information as: requirements, deliverables, analysis requests, analysis results, maintenance instructions, change requests, etc. 

4.4. Identifiers of properties

Within a collaborating group system characterisation measures may be identified by short names, acronyms and/or mathematical notation consisting of Greco-Roman letters with an assortment of surrounding symbols.  These naming and labelling conventions must be supported by AP233 and provision made to associate them with their appropriate textural definitions.  Provision must also be made for a “use context” indicator to accommodate interpretation problems associated with the non-uniqueness of acronyms and symbols commonly used across engineering disciplines and across life cycle stages.

4.5. Values of Properties

The representation of numerical values for properties is achieved by using the resources provided by the measure_schema within ISO 10303-41.  Furthermore each value can be qualified; that is, it can be identified as a maximum or minimum value and it can also be associated with a statistical uncertainty on the value.

It is common for some “properties” to be functionally dependent upon others.  It is within the scope of AP233 to contain a mathematical expressions capability which will allow for the crisp mathematical definition of how particular properties are functional related to others.  The ability to parse mathematical expression and compute associated numeric values is out of scope for AP233.

The need for “property” meta-data to support such systems engineering needs as change management, change notification, engineering insight capture, etc. forces the need for an ability to define certain relationships and dependencies in terms of fuzzy measures.  It is within the scope of AP233 to contain a first order capability to define fuzzy variables and assign fuzzy measures to appropriate “properties” and their associated relationships and dependencies.  It is also within the scope of AP 233 to define fuzzy expressions.  The ability to perform fuzzy operations such as fuzzy inference is out of scope for AP233.
5. USER requirements for a SE data exchange facility

STEP as a standard for the exchange of product data was mainly concerned with the exchange of design information between different tools, in the form of files. As technology improves and networked computers become common tools for the engineer the impact of integrated and possibly distributed engineering environments as well as concurrent engineering processes becomes more and more important. Therefore AP233 should facilitate both approaches of data exchange and data sharing:

· Data exchange is defined as the process where two or more homogeneous or heterogeneous platforms process independent copies of a store of information.

· Data sharing is the process where two or more homogeneous or heterogeneous platforms process a single (virtual or actual) store of information.

Data exchange might be thought of as "keeping an eye" on what data your supplier has, while data sharing is knowing what data your supplier has since it is (virtually) the same data you use. 
It should be noted the information model defined in EXPRESS for AP233 can provide a basis for the implementation of data sharing. However the information model does not cover many aspects needed for an a complete implementation.

The standard shall be able to cope with any kind of data that might be encountered in the systems engineering process. For instance, data describing the physical structure of the system as well as data resulting from the simulation of any subsystem or aggregation of subsystems. System engineers  must be able  to access  data from many  points of view. The idea is to have an integrated systems engineering oriented data base that gathers information on the system in such a manner  that it can be used or connected to other data bases used during the real system manufacturing activity.  To access detail analysis data provision must be made to link system characterisation parameters to the aggregation of steps taken to support their specification, verification and validation. 

We will use the following format for specifying the requirements for AP233.The introduction of a paragraph may provide more information explaining the background if it is necessary. 

Req ID
Req text
Priority
Clarification/References

Para#ident
[text]
On a

10-1

scale
[if needed, a clarification of the individual requirement will be given here]

The "priority" column indicates the relative importance of a requirement where 10 means essential requirement that must be implemented and 1 means a „nice to have“ feature that is optional. 

The following breakdown of requirements on the AP233 is based on the major domains in system engineering:

· Requirements

· Functions and behaviour

· Interfaces and physical domain

· Engineering Data Management for System Engineering

The following requirements have been collected from various versions of the AP233 requirements document. In this chapter the User requirements of need statements were collected and structured a little. They are still very ambiguous and often redundant. In chapter 5 we will systematically try to analyse them and remove any ambiguities left from the perspective of the AP233 information model. 

5.1. General requirements and wishes

Req ID
Requirements
Pri
Clarification

4.83
Provide for a clean interface to AP 232 (Technical data packaging)



4.112
AP233 shall provide for a clean information exchange interface between systems engineering domain and other engineering support domains.

Well this is what we are trying to achieve but for RE this is more a wish 

5.2. Requirements domain

Req ID
Requirements
Pri
Clarification

Requirements types and categorisation

4.1
AP233 shall provide a mechanism for categorisation of requirements. Examples are

Functional - What the system must do.
Physical – What are the physical requirements that impact design.

Operation - How is the system to be operated.

Support – What are the support and maintenance requirements that impact design.

Communication – What are the communication requirements within the system and with its external environment that impact design.

Environmental – What are the environmental requirements that impact design.
Non-functional – What are the requirements such as safety, reliability, testability, etc. that have a non-functional impact on design.
Configurational – Products within a product-line may have basic configurational set-up requirements.  These identify major functional and physical subsystems at the level of granularity consistent with ownership and delivery responsibility within the project team.  These also support the need for creating clean information exchange interfaces to the system’s engineering support domains

Interfaces -  Interface requirements within the system and with the external environment.  These too are identified at a granularity level consistent with configurational subsystems.

Quality factors - How well must it perform its functions.
Validation - Methods used to assure that the right system was build.
Verification - Methods use to assure that the system was built right.

User requirements – requirements that come from the projected use of the system
10
i.e. operational, functional, performance and constraint requirements, see for exampe ECSS10A

4.2
AP233 shall support multiple categorisation or views on requirements 
10
Operational scenarios, life cycle classification

4.3
AP233 shall provide the ability to exchange  functional requirements
10


4.4
AP233 shall provide the ability to exchange non-functional requirements
10


4.5
AP233 shall support traceability between the different views or categorisations

Requirements may have several views and categorizations, insure consistency of elicited requirements

4.6
AP233 shall support viewpoint approaches for requirement elicitation
10
Viewpoints are one way of categorising requirements based on different stakeholders 

4.7
AP233 shall support operational scenarios
10
Operational scenarios are similar to viewpoints, only more oriented to the operation of the system

4.8
AP233 shall provide a mechanism for identifying requirements that specify system wide budgets (weight, power, size, heat etc.)
10
i.e. cost, overall weight ...

4.9
AP 233 shall provide for the identification of a verification approach for each system requirement



10
The most common scheme is Analysis, Demonstration, Inspection, Test and combinations of them.

4.84
AP233 shall support the identification of “design parameters”, parameters that the system designer has control over.
10
It can be desirable to define design concepts in terms of controllable design parameters so that each concept describes as wide a class of designs as is reasonable.

4.85
AP233 shall provide for the representation of architectural constraints as non-functional requirements that impact system design.  Design constraints may be placed upon safety, reliability, testability, cost, etc.
10
same as 4.1,4.4

Requirements structure

4.10
AP233 shall provide a mechanism for structuring requirements 
10


4.11
AP233 shall support the decomposition and allocation of requirements
10


4.12
AP233 shall support requirement abstraction, elicitation and derivation
10


4.13
AP233 shall support the handling of alternate and redundant requirements
10


4.14
AP233 shall support the detailing of a requirement
10
Same as derivation just other terminology  same as 4.12

4.15
AP233 shall support requirements traceability across all life cycle stages


10
Generally traceable through specification, analysis and allocation

4.16
AP233 shall provide support for the handling of requirement abstraction
10
Inverse of decomposition

Same as 4.12

Requirements specification

4.17
AP 233  shall be able to handle textual requirements.
10


4.18
AP233 shall handle requirements that are a table or a portion of a table.
10
E.g., for combinations of representative environmental conditions.

4.19
AP233 shall handle requirements formulated by a diagram, a picture,  a graph or animated simulation
10
E.g., a power density spectrum, Virtual reality model

4.20
AP233 shall handle requirements that contain a mixture of text, tables and/or diagrams.
10
Same as 4.17,4.18 and 4.19

4.21
AP233 shall be able to handle and support different requirement specification methods . For example OOD, SADT, UML, RML or Z
0
Formal as well as informal specification methods to specify a requirement 

4.22
AP233 shall enable the qualification and/or quantification of all requirements relative to system characterisation measures
10
This can be based on a semantic description of system properties as proposed as unified system semantics.

Groups can collect all product-line specific characterisation measure in a USS set (see glossary)

4.23
AP233 shall provide the specification of non functional requirements by properties
10
Covered by 4.22

4.24
AP233 shall provide a measure of fulfilment and goal definitions for requirements
10


Requirements traceability

4.26.2
AP233 shall provide a mechanism for allocating requirements to deliverables; that is, system hardware and software objects handled by project management.
10
Every requirement must be associated with at least one deliverable item.

4.27
AP233 shall provide a mechanism for tracing the original source of a requirement
10
Primarily to textual documents, but could be any media

4.28
AP233 shall provide a mechanism for tracing requirements to any kind of media
10
To explain a requirement it is usual practice to include additional information. Sometimes the requirement maybe specified by the content of whatever media (pictures, tables, document)

See also 4.19

4.29
AP233 shall provide a mechanism for tracing requirements through all life cycle phases

Into functional or physical design, into operation, maintenance and support phases

4.30
AP233 shall provide a mechanism for baselining requirements
10


4..31
AP233 shall provide a mechanism for tracing requirements to trade-off studies, assessments, justifications or decisions
10


4.32
AP233 shall provide a mechanism for tracing requirements to open issues (TBD), conflict statements and interpretations statements from different stakeholder 
10


4.33
AP233 shall provide a mechanism for configuration management for requirements
10
Change management, Change impact handling

4.34
AP233 shall link the project control information to a requirement 
10
Verification authority, clearance maintenance, industrial property control, security management etc. 

4.35
AP233 shall link the project organisation to requirements


10
partners, role of partners, work allocation, project management information etc.

4.36
AP233 shall provide a mechanism for tracing between external entities and substructure elements of these entities to requirements.  
10
For example tracing in and from a paragraph in a document

4.37
AP233 shall provide a mechanism for tracing between requirements
10
This is covered in depth by the requirement structure specification

4.38
AP233 shall provide a mechanism for allocating system wide budgets (weight, power, size, heat etc.) to lower level architectural units. (subsystems etc.)
10
This has to possibly implemented via the USS

4.39
AP233 shall provide a mechanism for ensuring that all requirements have been addressed by testing at the appropriate level of test.
10


4.86
Provide for the identification of relationships between non-functional requirements and the systems physical and functional architecture


10


4.87
AP233 shall support traceability from basic system requirements through all derived requirements and down to the list of deliverables.

.


10
This is covered by requirements structure (4.12) and traceability issues (4.28)

Insure that of all measures used to quantify derived requirements are included within the USS set and that they are associated with deliverable items

Requirements for testing, validation and verification

4.40
AP233 shall provide a mechanism for allocating requirements to software configuration items and hardware configuration items
10
Or generally to some kind of structure

Same as 4.26.2

5.3. Functional and behaviour domain

Req ID
Requirement
Pri
Clarification

4.41
AP233 shall support the representation of functional breakdown structures with functional elements and a child-parent hierarchy
10


4.42
AP233 shall allow the association of functions to requirements
10


4.43
AP233 shall allow the definition of inputs and outputs for functions and the flow in between. 
10
Flow is a general concept and could be applied to information, data , energy and substances.

4.43.1
AP233 shall allow of the identification of “source” and “destination” for all inputs and outputs.

Each input to a function should be from a single source, function outputs may have many destinations

4.43.2
AP233 shall allow for the association of a view point to a functions input or output to  capture the relevant aspects for a specific domain

Each domain may have different interests in respect to the modelled input and outputs of a function 

4.44
AP233 shall support the description of formats for inputs and outputs of a function
10
This is more than just a data definition see 4.44.1, 4.44.2, 4.43.2, 4.43

4.44.1
AP233 shall support the mapping between function outputs and inputs to behaviour inputs and outputs (variables and parameters)  

A function maybe described by several behavioural models like thermal models, structural models or dynamic models

4.44.2 
AP 233 shall allow for the association of relevant Interface Control Documents (ICD’s) with the input/output flows between functions and a pointer capability to locate relevant material within the document

To cover the need for identifying the appropriate part of the ICD. 

4.45
AP233 shall allow the behavioural description of a function 
10
possible modelling paradigms: state machines, time lines, structured text, logic tables, mathematical, analytical. This support a interface between system engineering and simulation for specific domains.

4.88
AP233 shall provide the ability to use a full range of block diagramming techniques and the ability to use mathematical expressions alone or within the blocks of a block diagram for behaviour modelling.  
10
This also supports an interface between system engineering and simulation for specific domains.

4.89
AP 233 shall provide the ability to identify and both deliver behaviour models and accept behaviour models as a deliverable item of information.
10
Behaviour models can be identified as deliverables with version and context.  These are under configuration control.

4.89.1 
AP 233 shall allow behaviour models to be identified as deliverables, to be versioned and to be associated with particular use scenarios.

Reuse and avoidance of redoing analysis requires knowledge of exactly which behaviour models were used for the functional elements modelled within the analysis.

4.89.2
AP233 shall support the configuration management of all behaviour models identified as deliverables

Needed to support analysis reuse.

4.90.1
AP 233 shall provide for the association of functions and functional elements with one or more of the subsystems identified by the decomposition of the system’s physical architecture



4.90
AP233 shall provide for the identification of all connectivity’s between the products physical and functional architecture.


10
The AP 233 data model enables system function organised in a hierarchical manner that correlates with the system’s configurational subsystems for the purposes of ownership and delivery responsibility identification.  At any hierarchical level functional elements are assumed to be networked together by data flows, relationships and interactions.  The data model must support the identification of these. 

4.91
AP233 shall provide for the representation of the network of data flows, relations and interactions between functional elements at any level of the functional hierarchical breakdown.


10


4.92
AP233 shall provide for the identification of subsystem function and expected performance measures.
10
Performance measures can be defined and collected within the USS set

4.93
AP233 shall enable the qualification and/or quantification of all functional requirements relative to system characterisation measures. 


10
Specialisation of 4.22, Groups can collect all product-line specific characterisation measures in a USS set (see glossary)

5.4. Physical and interface domain

Req ID
Requirement
Pri
Clarification

4.46
AP233 shall support the description of subsystems and components
10
From glossary: components are not decomposable.  Subsystems are.

4.47
AP233 shall support the decomposition of the system into a hierarchy of subsystems
10


4.48
AP233 shall allow the definition of physical interfaces between subsystems and between the system and the environment and provide for the identification of all relevant ICD’s
10


4.49
AP233 shall allow the definition of informational interfaces between subsystems and between the system and the environment and provide for the identification of relevant ICD’s
10


4.50
AP233 shall support the association of the system’s subsystems, components and interfaces to requirements, deliverables, functions and behaviour
10


4.94
AP233 shall support the definition of the physical structure of the system
10
Same as 4.47

4.95
AP233 shall provide for the identification of key relationships and dependencies between configurational subsystems, functions, behaviours, interfaces, flows and non-functional constraints.
10


4.96
Provide the ability to perform system level studies relative to both functional and non-functional views of the system



Understanding overall behaviour at the level of a system and from the perspective of a user permits key tradeoffs.  The critical system-level issue is how to design subsystems to interact with each other and the environment.

5.5. System characterisation measures

Req ID
Requirement
Pri
Clarification

4.51
AP233 shall provide a mechanism for defining  the system characterisation measures used for the communication of a  product’s life cycle engineering properties
10
The terms system characterisation measure and system property are used as synonyms

4.26.1
AP233 shall provide a mechanism for defining Unified System Semantics
10
For details: see glossary and Chapter 4

4.51.1
AP233 shall provide for the association of name, math-symbol, acronym, context and definition for all system properties 
10
Acronyms and math-symbols cannot be assumed unique across all life cycle stages and engineering disciplines. A context indicator is needed to resolve this ambiguity.

4.51.2
AP233 shall provide for the identification of source and ownership for all system properties
10
Responsibility needs to be defined.

4.51.3
AP233 shall provide for the identification of documentation and reference material for all system properties
10
System properties of a complex nature need to be defined in detail.

4.51.4
AP233 shall provide for the identification of measurement test methods and associated test conditions for the determination of  all system properties
10
Test methods need to be fully  defined 

4.51.5
AP233 shall provide for the identification of analysis methods and associated behaviour models used therein for the determination of all system properties
10
Fidelity of analysis methods need to be defined

4.51.6
AP233 shall provide for the identification of estimation methods used for the determination of all system properties
10
Estimation methods may be owner’s engineering insight, expert interview, reference source, etc.

4.51.7
AP233 shall provide for the identification of  statistical methods used for the determination of all system properties
10
Many possible statistical techniques are possible, the one used needs to be defined.

4.51.8
AP233 shall provide for the identification of   all assumptions and limitations used for the determination of all system properties
10
Assumptions and limitations define validity of a system property for a related application

4.51.9
AP233 shall provide for the identification of  all bounds and ranges of validity associated with all system properties
10
Properties normally have a range of validity. These may depend upon one or more dependency relations

4.51.10
AP233 shall provide for the identification of   relationships between associated with system properties
10
This is open-ended. Many types of relationships are possible.

4.51.11
AP233 shall provide for the identification of  all dependencies between system properties
10
These may range from none, to suspected, to experimentally observed, to crisply definable via a mathematical expression

4.51.12 
AP233 shall provide for the fuzzy estimate of “degree of dependency” between system properties.
10
Needed to support change management, change notification and some knowledge capture.

4.51.13
AP233 shall provide for the categorization of all system properties.

Categorisation relative to what must be left open for the AP233 user.  In accordance with types listed in 4.61, in accordance with the owner’s organisation unit, in accordance with the context indicator’s of 4.51.1, etc. are all valid an useful options.

4.51.14
AP233 shall provide for the recording of system property values relative to product life cycle stage.  These are: As required, as proposed, as designed, as built, as operated, as maintained, as disposed.



4.51.15 
AP 233 shall provide for a system property versioning capability within each life cycle stage.
10


4.51.16 
AP233 shall provide a capability to trace system property value changes during analysis iteration cycles associated with trade studies, anomalous performance and failure analysis studies.

Capability analogous to that contained in AP209 is required

4.52
AP233 shall make provision for the assignment of  a value to all system properties.  Value type must be open-end.  It may be either with or without units, it may be a product-line label or a linguist measure extracted from an agreed to set of fuzzy measure values.
10
Typical examples are: numeric (0.387), alphanumeric  (H2O), label (Hydrazine), linguistic(very large).

4.52.1
AP233 shall make provision for a minimal capability to define fuzzy variables along with the ability for the assignment of a value to all system properties and dependency relations between them via a fuzzy measure. 
10
Also referred to as linguistic variables and measures.  Fuzzy measures may or may not have associated units.

4.53
AP233 shall support mathematical relations, expressions and estimates for or between these relations 
10
same as 4.25

4.25
AP233 shall provide a mechanism to express relations between these system properties in the form of mathematical expressions, logical statements (if-then-else) or estimates. 


10
For example Power can be expressed as a dependency relation between of voltage and current as P=U*I.

If Ui<100V then Uo>10V 

4.54
The mathematical expressions and relations between system characterisation measures shall be both human and computer readable
10
Provide for the presentation of  Math Expressions in a format that can be made both human readable and machine parsable (e.g. Math ML)

4.55
AP233 shall support a glossary of terms for system characterisation measures
10
To provide a semantically unambiguous definition of a each term used 

Blend with 4.26.1 and 4.51 above and 4.101 below

4.56
It shall be possible to add system characterisation measures dynamically with-in a product-line 
10


4.57
It shall be possible to define cost, maturity, performance, operations and other life cycle factors as system characterisation measures; such as:

Physical measures (Design parameters, Derived parameters )

Functional measures (Performance measures, Behaviour parameters)

Cost/time measures

Risk measures

-ilities measures

maturity measures

operational measures

maintenance measures

quality, verification and validation measures

 effectiveness measures
10
This seems to be the same as 4.61

4.58
AP233 shall support system-wide budget measures 
10
Same as 4.38

 Cost, total weight, ...

4.59
AP 233 shall provide for the ability to define and quantify all system requirements relative to the defined set of system characterisation measures.
10


4.60
AP233 shall provide for the identification of the subset of system characterisation measures used to quantify each system requirement.


10
See also 4.24

Traceability must be relative to system characterisation measures.  Associated meta-data is needed to support (who, what, why, how, when) traceability queries.

4.97
AP233 shall provide for a qualitative “degree of dependency” measure to identify relative dependency between design parameters.  



Related to 4.51.11, 4.51.12 and 4.97.1

The identification of dependencies between design parameters and their degree of dependency (absolute, strong, moderate, weak, none) within a product line captures corporate knowledge and provides an ability to insure that critical dependencies are not overlooked in the system design and component change evaluation processes.

4.97.1
AP233 shall provide for the identification of  certain system characterisation measures as “design parameters”

“Design parameters” are those parameters that the system designer has direct control of.  These are used as the basis set of design variables within any system design optimisation process.  This set is also used to unambiguously identify which system properties are directly impacted by the failure of a component or by a component design change.  The network of identified dependencies provided by 4.97 enable the identification of secondary and tertiary impacts.

4.98
AP233 shall provide for “degree of dependency” measure to be both  life cycle stage and design maturity dependent

This enables the AP233 provided USS set to contain adequate information to support PLCS.  System components get replaced with components that may differ rather significantly from the original design.  This can impact degrees of dependency.

As a design matures what is left open for  negotiation and to-be-determined closes down.  As this happens degrees of dependency alter.

4.99
AP233 shall provide for “expressions” to define any crisp dependency relations between system characterisation measures that may exist
10


4.100
AP233 shall provide for the identification of both crisp and fuzzy relationships, rules and constraints between system characterisation measures in a manner that can be used as a basis for inference and approximate reasoning.




4.101
AP233 shall provide for the creation of product-line terminology dictionary for all system characterisation measures defined within the Unified System Semantics (USS) set 
10
Data definition is a critical requirement.  It is the database’s dictionary.

See 4.55

4.102
AP233 shall provide the identification of system characterisation measures via names, definitions, math symbols and acronyms (labels)
10
Same as 4.51.1

4.103
AP233 shall provide for identification of associated measurement techniques
10
Same as 4.51.4

4.104
AP233 shall provide for identification of dependencies and relations between system characterisation measures
10
same as 4.25, 4.53

4.105
AP233 shall provide for identification via math expressions

same as 4.25, 4.53

4.106
AP233 shall provide for open ended growth of system characterisation measures for products within a product line

same as 4.56

The USS set must be structured to grow, in time, to contain all product characterisation and maturity measures of interest to the systems engineer, relevant to all products within a product-line.

4.107
AP233 shall allow the aggregation of key component measures, such as cost, weight, power and other life cycle factors relative to any hierarchical breakdown level (functional or physically)



Same as 4.38, 4.58

To define the product’s physical and functional architecture along with its cost, maturity, performance, operations and all other life cycle factors considered relevant to the product’s systems engineering team.  

4.108
AP233 shall provide for the identification of the owner (creator), creation date and change date of each system characterisation measures



same as 4.51.2.  4.73

The USS set to define and quantify all requirements and define exactly what should be delivered by the responsible domain engineers and what measures will be used for verification and validation. 

4.109
AP233 shall provide for the identification of accepted verification and validation procedures for system characterisation measures

Related to 4.51.4, 4.51.5, 4.51.6, 4.51.7 and 4.51.8

4.110
AP233 shall provide for the representation of all SE-level requirements in terms of measures defined in the USS set.  



These are the user requirements, quantified in terms of system characterisation measures.  These are the leaves at the top of the requirements trees. Required to track requirements from their initial coarse level of specification through the allocation process and to information exchange interface of the engineering support domains. 

4.111
AP233 shall provide for  the linking of requirements to members of the USS set along with their relationships to elements of the hierarchical structures that identify the products physical and functional architecture



4.113
AP233 shall insure that requirements defined at engineering support domain interfaces are expressed relative to elements of the USS set.



4.114
 AP233 shall provide for elements of the USS set to have both an associated numeric measure with units and (optionally) a linguist measure with units.



An ability to assign both numeric and linguistic measures, along with their associated units of measure, to all characterisation measures within the USS set.

4.115
AP233 shall provide for the identification of a membership function that can be used to map between numeric and linguistic value ranges.



4.116
AP233 shall provide a minimal fuzzy linguistic variable, measure and relations capability.



It should be sufficient to support knowledge based data quality assurance and management capability.

5.6. Engineering Data Management

Engineering data management (EDM) is a general term for managing data from all engineering phases. In contrast to traditional product data management systems EDM systems cover also early phases of the product definition. Typical functions of an engineering data management system are

· document management

· design data management (for AP233 requirement, functions, behaviour, interfaces ....)

· system and product structure management (for AP233 function, system and other structures)

· workflow and change management

· project management

· system administration (data exchange, security handling etc.)

· visualisation and system engineering model layout information

In the following the term design data item is used to describe any item of information that needs to be managed in a certain way.

Req ID
Requirement
Pri
Clarification

Document management

4.63
AP233 shall support the exchange of documentation related to a design data item (requirement, function ....) 
10


4.64
AP233 shall support the traceability between design data and documents  

For example links into the original user requirements document

4.117
Provide for the identification of all Interface Control Documents (ICD’s) relevant to interfaces between all interacting subsystems and the operational environment.



4.117.1
Provide for the identification of “pointers” to relevant material within all Interface Control Documents (ICD’s) 

Need to support locating relevant information within an ICD document

Design data management

4.65
AP233 shall support versioning of all design data items (requirement, functions ....)

In AP233 this is a configuration item

4.65.1
AP 233 shall support traceability of analysis iterations between verisions

A capability analogous to that contained in AP209 is required

4.66
AP233 shall support baselining of certain sets of design data

i.e. requirements baselines

4.67
AP233 shall support the handling of design variants

product configurations for example

System and product structure management

4.68
AP233 shall support the link between real products as manufactured and design data items



This results in a more elaborate product data structure.

4.69
AP233 shall allow to define a system by the definition of operational scenarios and transition between these scenarios



4.70
AP233 shall support the definition of different views on a system

System applications and operational scenarios

4.118
AP233 shall support to handle additional information for each design element: source, priority, performance, urgency, verifiability, ownership, responsibility,  acceptance criteria and absolute reference.



Workflow and change management

4.72
AP233 shall control the design iterations necessary from the domain 

Especially support the link to versioning

4.119
AP233 shall provide support for requirements change management with links to associated deliverables.



Project management

4.73
AP233 shall support the capture of version relative information like authors, role, creation and change date 



4.74
AP233 shall support the capture of justifications, rationales and decisions on design data items



4.75
AP233 shall support the capture of open questions,  assumptions and noted conflicts



4.76
AP233 shall support the handling of maturity information for all design data items



4.77
AP233 shall support the task handling including work allocation



4.78
AP233 shall support links to project control



4.79
AP233 shall support links to project organisation including partner relationship

subcontractors, suppliers etc.

4.120
AP233 shall support the identification of deliverables and link these to an associated set of requirements that they will satisfy



The ability to specify deliverables, to associate these with customer needs and requirements, to track these along with system maturity and to have access to enough “systems engineering” information to support intelligent mid-course programmatic changes is a critical requirement

4.121
AP233 shall support the assignment of maturity measures to deliverables (and by implication sets of requirements)



System administration

4.80
AP233 shall allow to exchange information about the exchange itself. This includes versions, source and sink of the exchanges



4.81
AP233 shall support security management (parts may or may not have to necessary clearance to be distributed),

In an exchange this needs some extensive mapping 

Visualisation

4.82
AP233 shall support the exchange of layout information for design data items that can be represented graphically 

Each tools may have a different layout. To preserve the appearance between two tools we also need to transmit the layout of a function structure for example

4.122
AP233 shall support the exchange of layout information for requirements lists and views

The ordering of  the displayed information is as important as for the layout model

6. Requirements Specification for THE AP233 SE data exchange

The following requirements have been derived from the user requirements stated in Chapter 4. This chapter will try to sort, to structure and derive the exchange requirements from these user requirements. To provide traceability to the original user requirements and to the data model entities fulfilling the requirements two new columns are introduced in the requirements tables (ID and AP233 entities). Each of the following paragraphs is started with the introduction of the rationale behind each group of requirements.

This chapter will be completed when all input to chapter 5 has been discussed. This is expected to happen after the ISO New Orleans meeting in November 1999

6.1. Requirements for the exchange of system engineering management data

Rationale: A major effort in systems engineering is the management of information created in the design or redesign of a system or product. The following requirements capture the requirements to manage, change and control the handling of information created and derived in the systems engineering effort.

ID
UID
Requirement
Clarification
AP233 entities





















6.2. Requirements for the exchange of system characterisation measures

Rationale: Each item of information, for example requirements, functions and physical structures, created in the systems engineering process can be specified in many different ways. One way to provide more specific definition of these entities is to use the set of clearly defined systems characterisation measures or system properties provided by the elements of a USS set. These properties can be used as the basis for defining all physical, functional and  non-functional requirements.  Non-functional requirements can be used to specify the performance characteristics of functional requirements; such as, those associated with operations and maintenance. Moreover properties and behaviour representations are considered to be part of the link into the engineering support domains that provide trade-off studies and other types of system and subsystems analyses.

ID
UID
Requirement
Clarification
AP233 entities















6.3. Requirements for the exchange of traceability data

Rationale: The definition of traceability in system engineering covers a lot of different aspects. Since traceability can be internal (requirements -> requirements) or external (requirements -> functions) this paragraph will define the relationship of the major entities of the systems engineering process. Traceability is often a subset of management functionality. Internal traceability to a particular entity (for example requirements structure) will be handled in the entities paragraph. The following format only specifies what shall be connected to what entity. System engineering design item (SEDI) stands as a general template for major entity.

ID
UID
Requirement
Clarification
AP233 entities




 




6.4. Requirements for the exchange of requirements

Rationale: Requirements are one of the basic elements in every design process. This paragraph covers all information aspects of a single or a set of requirements. To give a complete set of requirements for requirements the traceability and management requirements are copied from the other paragraphs and marked accordingly

ID
UID
Requirement
Clarification
AP233 entities









6.5. Requirements for the exchange of functions architecture

Rationale: Functions specify what the system has to do. Functions are therefore an important piece of information in every design process. This paragraph covers all requirements concerning functions and resulting function architecure.
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6.6. Requirements for the exchange of behaviour

Rationale: Behaviour specifies how a function behaves in relation to time. Since a lot of different methods and approach exist for modelling behaviour the AP233 standard can obvious only support a limited number. Therefore we will list a general set of requirements common to a number of behavioural models as well as the most important modelling approaches for the system engineering community.
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6.7. Requirements for the exchange of external interface data

Rationale: Systems and products have to interface with the external environment and with external entities.  
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6.8. Requirements for the exchange of internal interface data

Rationale: Systems consist of an integrated set of interfaced subsystems, Requirements are placed upon how subsystem are to integrated and interfaced together to create an operational system.  
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6.9. Requirements for the exchange of the physical architecture

Rationale: Besides the definition of what a system has to do (functions) , how and when (behaviour) it is to be done; the system needs to be defined in terms of its physical architecture; that is, its subsystems and their components.
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6.10. Requirements for the exchange of model layout information

Rationale: One part of the modelling activities in the system design process  is concerned with the layout of functional structures, flow, block and other diagrams in various tools. The layout of the entities under design in these tools is often very important for easy understanding. Automatic layout tools seldom produce usable layouts for these models. Therefore the exchange of system engineering data also needs a facility to allow tools to exchange the layout (positions and mark-up) of these diagrams.
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Annex A: Reference Documents

·  “Systems Engineering, Coping with Complexity” by R. Stevens, P Brook, K Jackson & S Arnold,  Prentice hall Europe, 1998

· NASA Systems Engineering Handbook, SP-6105, June 1995

I’ve also used David Leal but this is not from a document that can be referenced

Re, EIA 632 and the English language dictionary I just adapted definitions from them.  I vote we leave these out of the reference list.

· David Leal’s AP 107 modules definitions. 

· “Systems Engineering, Coping with Complexity” by R. Stevens, P Brook, K Jackson & S Arnold, 

· NASA Systems Engineering Handbook

· Various exerts and presentations on EIA 632 and other standards

· Dictionary of the English Language

Annex B: Traceability Matrix Requirements to Data Model Entities  

















































� Ronald R. Yager and Dimitar P. Filev, "Essentials of Fuzzy Modeling and Control," John Wiley & Sons, 1994
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