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1 Raytheon UK Background 

Raytheon UK is a wholly-owned subsidiary of Raytheon Company and in the UK has a history of innovation spanning more than 100 years.

As a major supplier to the UK Ministry of Defence, the company as developed strong capabilities in mission systems integration with defence, national security and commercial markets. Raytheon designs, develops and manufactures a range of high-technology electronic systems and software at its facilities in Harlow, Glenrothes, Uxbridge, Waddington and Broughton.

With 1,200 employees at sites across England, Scotland and Wales, Raytheon UK is currently executing more than 200 programmes across ISTAR, ATMS, complex weapons, power, cyber and training domains.

Raytheon UK delivers innovative, affordable, integrated solutions to customers in the UK, Europe, Middle East and Africa based on the ability to integrate indigenous UK capabilities with proven US solutions.

Raytheon UK is one of the first companies worldwide to achieve BS11000 Partnering and Collaborative working standard, reinforcing our proven track record in sustainable collaborative relationships.

2 Tutorial Summary and Learning Objectives
Learning Objectives:

At the end of the Tutorial, the participants should:

· understand the "Accelerated and Integrated Development" methodology flow 

· gain a good insight into the design artefacts including traceability and linkages required to support the methodology

· be able to tailor and adopt the methodology in their own design and development environment.
Title:

Model Based Systems Engineering for large-scale software based programmes

AIMS AND OBJECTIVES OF THE TUTORIAL/WORKSHOP:

A tutorial to describe the tools and the “Accelerated and Integrated Development” methodology developed by Raytheon UK to use in designing, developing and testing large software based programmes. 

The tutorial will describe the steps involved in:

· Developing the design using multi-disciplined functional streams and a UML based approach

· High Level architecture approach to identify key internal and external interfaces, the interoperability between functional streams, assumptions and constraints of the system, ensuring a coherent design by all the functional streams

· The structure of the design model to show traceability and linkages.
The tutorial will not cover in detail the capturing and analysing of customer requirements, or the approach to testing which uses model artefacts, leading to sell-off of the customer requirements, linkages to these significant steps will however be identified.
3 Tutorial Overview

The tool selected to illustrate the defined methodology is Enterprise Architect (EA).  An example project with a set of defined customer requirements, including all contractual documentation such as the Statement of Work will be used to demonstrate how the requirements are imported into the design tool EA, to allow traceability to the design model.

Prior to developing the UML design model, a full analysis of the requirements will have been carried out to identify the main functional streams of the system (It is also recommended at this stage, for a multiple release strategy, to identify the association between key functions and their required delivery dates, to allow for software build and release planning). Subsequently, a set of functional and non-functional requirements are allocated to each of the functional streams.

The design activities are then performed on a stream by stream basis, with each stream concurrently developing their designs in accordance with the high level architecture identified.  Regular communication between the streams is essential to maintain consistency in the design, and in cross-stream artefacts.

The tutorial will walk through the full UML system design model in EA, artefact by artefact, to describe why they are needed and how they trace to each other and the requirements.  These artefacts include use cases (The use of a RACI (Responsible, Accountable, Consulted, Informed) chart will help to identify the “actors” for each use case), activity diagrams, sequence diagrams, logical data model, user interface wireframes.  When developing use cases, it is also vital to ensure that the end users requirements are fully captured and any assumptions are clearly understood and risks are identified if necessary.  

The tutorial will conclude how the model artefacts can be used to develop the test strategy followed by a team discussion on how the overall methodology can be changed to increase efficiency or adapt for other programmes.  This methodology is not a “fit for all” design methodology, but has rather evolved through actual project experience, and as such is open to improvement. Also, different architecture frameworks used/mandated by the Customer will result in different design artefacts being produced.  Potentially, different modelling tools can also be used to fit in with the same methodology.
4 Course Notes
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Purpose:

Atthe end of the Tutorial, the participants should:

— Understandthe "Acceleratedand Integrated Development” methodology flow

— Gaina goodinsightinto the design artefacts including traceability and linkages requiredto supportthe
methodology

— Beableto tailor and adoptthe methodology in their own design and development environment

Conduct:

— Active participation from everyone

— Share yourown experiences

— Usethe carpark when necessary

— Do put comments on the large scale methodology diagram

Expectations:

— History and run through the defined methodology

— Allows participantsto appraise the defined methodology and how otherbestpractices may supportthe
methodology

— Referstoyour course notes & the example CD provided

Roles:

— Facilitators: Felicity Fashade, Phil Wilson, Paul Lowe
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Agenda - am

Start Time | Finish Time cilitator

09:00 09:10 Introduction & Agenda Felicity
09:10 09:30 Ice Breaker Felicity
09:30 09:35 History/Origin of the Methodology Felicity
09:35 09:55 Group Discussions — What Felicity
expectations do you have?

09:55 10:05 Methodology Overview Felicity
10:05 10:10 Example Overview Phil
10:10 10:20 Break

10:20 10:35 Methodology Inputs Phil
10:35 11:45 Conceptual/Preliminary Design Phil
11:45 12:15 Planning, Reviews & Alignment Felicity

12:15 13:00 Lunch
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Introduction

= Name

= Organisation / Industry

= Job Roles

» Which Disciplines? Systems/Software/Others
= What attracted you to this tutorial?
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Ice Breaker — One Word

» In a team of 4-5 people:

— Think for a minute about “Model Based Systems Engineering (MBSE)

— Come up with one word to describe it e.g. Under-utilised, Consistent,
Tools Driven etc

— Share your one word with your group

— Explore within the group if there are any major similarities & differences
inthe words

— Explore the following questions further:
+ What is MBSE?
« |s MBSE being used consistently across all organisations and industries?
« How does MBSE support product development?

— Nominate one person from each team to share a point or two that
highlighted their discussions
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What?

*A design framework
thatwill support
through life software
developmentwith
minimumrisks and
within the shortest
possibletimescale

How?

*Through engagement
ofkey stakeholdersat
the appropriate
lifecycles ofthe
development, leading
to coordinated teams
workingin parallel

Who?

*System Solution Architect
*Systems Engineers
*SMEs

*Software Engineers
*Programme Managers
*Commercial Managers
*Supply Chain Managers
*CustomersincludingUsers

Accelerated &
Integrated
Development
Framework

Where?

*Having planned
design artefactsat
definedstagesofthe
lifecyclethatare
traceable to one
anotherandhencethe
Customer’s

requirements

When?

*Large scale complex
software development
programmethat
consists of many
system functions

Why?

*Ensurethata
complex solution is
being engineeredin a
systematic way &
reducerisks &
developmenttime via
the use andanalysis
of UMLmodels
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» Split into teams of 4-6:

» Consider the following questions:
— What are your expectations of the tutorial?
— Anything you would like to cover outside the current agenda?

— Have you adopted a similar MBSE approach in your own
organisations? Lessons learned? Experiences to share?

» Put your answers on post-its and place them under the right
questions on the wall
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» A bookstore requires a new online facility

» They require a few key features
— Manage customer accounts securely
— Allow customers to browse catalogues and purchase books online
— Manage their warehouse inventory and stock
— Allow orders for stock to be made to book suppliers

» Customer requirements
— Requirements have been defined for the online system
— These are the starting point for the methodology
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Methodology Inputs

» Requirements analysis

— Customerrequirements are captured and analysed. Vital to ensure both
parties have the same “understanding” of the requirements

— Lower level System requirements developed. What is required from a
System to meet the Customer requirements ?

— Fulltraceability between Customer and System requirements
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Methodology Inputs

» Functional / non-functional

— Functional Requirements capture system behaviour and capabilities

— Functional requirements are testable

— Non-functional Requirements capture constraints upon the system

— Non-functional requirements tend to be proved via other means (e.g.
inspection)
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Methodology Inputs

» Architecture design

— Architecture decisions will inform and underpin aspects of the design
and is constrained by the non-Functional requirements

— Forexample, selecting an “N-Tier” architecture will prescribe the basic
elements of the System

— Architecture decisions are the construct that the design is developed
within

— Architecture decision will inform the design of the infrastructure
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» Functional Building Blocks
— Requirements are collated into logical groups of similar functions

— This allows the System design, development and testing to be
segmented into (reasonably) self contained units

— Functional Building Blocks can also be considered for delivery
management
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» Requirements traceability

— Fulltraceability to show how each and every Customer requirement is
met through lower level requirements and design artefacts

— Every aspect of the design can be traced back to a Customer
requirement
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Methodology Inputs

» Design Streams

— Multi-discipline Teams are created to be responsible for the design and
development of assigned functional building block(s)

— Teams members are drawn from the stakeholder groups
« Solution Architect

Systems

Software

Customer

+ SMEs

— Teams work in parallel to each other with Systems being the cross-
stream touch points

6/10/2013 | Page 17




	Notes

	

	

	

	

	

	

	

	

	

	

	

	

	

	


[image: image19.jpg]Conceptual / Preliminary Design

» Model artefacts to be produced
— Use cases
— Activity diagrams
— Logical sequence diagrams
— Ul Wireframes

— Domain/ Logical Data model
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[image: image20.jpg]Conceptual / Preliminary Design

» Model Artefact: Use Case

— Step by step description of a scenario showcasing a use of the system.
Use Cases will trace to (realise) functional requirements and non-
functional where appropriate. Other non-functional requirements are
captured in the design through the expertise of SMEs
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Conceptual / Preliminary Design

» Model Artefact: Activity Diagrams

= Behaviour diagram illustrating the various activities, pathways and decision points
involved in a system scenario. Activity diagrams are derived from the Use Cases
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[image: image22.jpg]Conceptual / Preliminary Design

» Model Artefact: Logical Sequence Diagram

— Representation of messages and communications between Logical
elements of the System

;

Storeroom Worker

Uist Curent OrdersQ.

Presentation Layer]

T
I
|

Ratrieve Outstanding Orders)

Application Layer

Storage Layer

Retrieve Outstanding OrdersQ

List of Outstanding Orders)

List of Outstanding OrdersQ
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[image: image23.jpg]Conceptual / Preliminary Design

» Model Artefact: Ul Wireframes

— Non-interactive visual representations of User Interface screens to
illustrate what Users will see when interacting with the System. Ul
Wireframes will trace to the Use Cases to illustrate where they are
derived from

Basattome =

e —
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[image: image24.jpg]Conceptual / Preliminary Design

» Model Artefact: Domain / Logical Data Model
— Describes the data items and/or objects that are relevant to the system

6/10/2013 | Page23




	Notes

	

	

	

	

	

	

	

	

	

	

	

	

	

	


[image: image25.jpg]Artefact Traceability

Raytheon uk
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[image: image26.jpg]Planning, Reviews & Alignment

» Planning:
— Build & Release Planning
— Defect Management Planning
= Reviews:
— Cross Functional Stream Reviews
— Internal/External Design Reviews

» Alignment
— Architectural Alignment
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[image: image27.jpg]Planning

» Build & Release Initial Planning

— Build Plan (Key focus for SW Engineers)

« Outline the skeleton build plan:
= May require further breakdown of each individual functional buildingblock
= Ensurethateach build contains functionality for more than one building block
= Starts with major builds and works down to minor builds

— Release Plan (Key focus for Programme Management/Customers)
« Based on the initial build plan, identify a release plan

« Branching & Merging Strategies need to be in place
= |dentify and agree build environmentswith SW Engineers

= |dentify generalbranch & merge policy i.e. how each ofthe build environmentsare able
to merge and branch fromthe main baselined source codesand identify constraints of
the processi.e.no of days before and after merge/branch prior and postthe release
dates

— Once plans are baselined, regular reviews will need to take place to
ensure that new functionality if any has been taken into account

» Defect Management Planning

— Ensure defectmanagementprocessisin place, in particular any attributes thatare critical contributors
to the build & release plan e.g. category, severity, release no. etc
6/1072013 | Page 26
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[image: image28.jpg]. Raytheon uk
Reviews

» Cross Functional Stream Reviews
— Purpose:
« Ensure design consistency across all functional building blocks

« Ensure all non-functional design elements have been taken into account
appropriately
« Mini checkpoints aimed to identify risks/opportunities early & allows time to
put in place mitigation/realisation plans
— Led by Systems Engineers from each of functional building blocks
— Supported mainly by Solution Architect & Domain Subject Matter Experts

» Internal/External Design Reviews

— Opportunities to review & baseline the end to end solution

— Major design checkpoints to ensure that solution is fit for purpose and
ready to proceed to the next stage & all risks & opportunities have been
mitigated or realised to the satisfaction of all stakeholders

— Note: no of design reviews & checklists will vary: programme, company
and industry specific
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Architectural Alignment

= This is in addition to the cross stream reviews

» Focus on systems architectural alignment:
— Non-Functional Requirements
— Systems Design Layers
— Infrastructure Design
— Interfaces with External Systems

= Consequences of Misalignment

— Inconsistent/Incomplete/incoherent end to end design
— Integration & Installation Risks

— Systems model may contain a lack of scenarios with external interfaces
and hence make validation more difficult
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[image: image31.jpg]Solution/Detailed Design

» Model artefacts
— Physical Data Model

— Sequence Diagrams

— Deployment Model

— User Interface Design (Screen Prototypes)

— Standards
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[image: image32.jpg]Solution/Detailed Design

» Model artefact: Physical Data Model
Purpose:

Software objects are represented as classes in the target programming
language; Class attributes, relationships and operations are also
defined.
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Solution/Detailed Design

» Assigning responsibilities to classes of objects is an
important activity in design. The Physical Data Model is used
to apply three key design principles:

— Encapsulation
— Low Coupling

— High Cohesion
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[image: image34.jpg]Solution/Detailed Design

» Encapsulation:

— The discipline of organising an object's properties into private and
public: public properties can be accessed by other objects, while private
properties remain hidden within the object (this is also called
information hiding). Encapsulation emphasises the separation between
public interface and private implementation: the services offered by an
object are publicly advertised in its interface, while their implementation
remains hidden within the object. Other objects wanting to make use of
such services can only do so by relying on the object’s public interface.

6/10/2013 | Page33




	Notes

	

	

	

	

	

	

	

	

	

	

	

	

	

	


[image: image35.jpg]Solution/Detailed Design

= Low Coupling:

— Coupling is a measure of the dependency between classes resulting from collaboration
between objects to provide a service. It is a measure of how strongly one class is
connected to, has knowledge of, or relies on other classes.

— Classes that exhibit low coupling are ones that are not too dependent on each other; this
implies less maintenance and greater opportunities for reuse.

— Classes that exhibit high coupling are ones that are very reliant on each other; this implies
greater maintenance, because it is harder to understand each class in isolation, and
changesin a class may require changesin other dependent classes. Each classis also
harder to reuse in isolation, because its use will require the additional presence of the
classesit is dependent on.
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Solution/Detailed Design

» High Cohesion:

— Cohesionis a measure of how strongly related and focused the
responsibilities of a class of objects are.

— A class with high cohesion is one whose responsibilities are related, by
being confined to one particular functional area, and is one which
performs a small number of tasks; this implies less maintenance and
greater opportunities for reuse. A class with low cohesion is one whose
responsibilities are not related or is one which performs a large number
of tasks; this implies greater maintenance, because it is harder to

understand.
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= Traceability:
— Operations definedwithin the" Account” class race to operations identified n the logical sequence diagrams

Building systems which exhibit low coupling and high cohesion is a desirable
goal in design: such systems are easier to understand, maintain and change !!
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[image: image38.jpg]Solution/Detailed Design

» Model artefact: Sequence Diagram
Purpose:

Shows collaboration between objects. The object that makes the
request assumes the role of client and the object that receives the
request (and provides the service in response) assume the role of
server. These operations become methods during implementation.

= OO

| sirccomouas0
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[image: image39.jpg]Solution/Detailed Design

» Model artefact: Physical Deployment Diagram
Purpose:
Maps logical functions on to physical deployment, based on architecture
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Solution/Detailed Design

» Model artefact: User Interface Design (Screen Prototypes)
— Purpose:

Gives an early indication of the User Experience for the end product;
developed jointly by the Contractor and the Customer .

e l e o
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[image: image41.jpg]Solution/Detailed Design

» Model artefacts: Standards
— Purpose:
Shows the standards considered for detailed design
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Stakeholders Engagement

Program Start Up. Conceptual Design ~ Detailed Design Implementation Testing Delivery

I S S S S—

» Stakeholders work as a virtual integrated project team

» Coordinated meeting engaging all stakeholders at the
relevant timelines

» Using the systems model as a common language to allow
stakeholders to understand how different scenarios applied

= Early exposure for all stakeholders to minimise risks of
significant changes introduced later in the lifecycle
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[image: image44.jpg]Software Coding Quick-Start

» Functional block allocation for coding

» From Detailed Design Artefacts into code:
— Physical Data Model
— Sequence Diagrams
— Traceability Diagrams
— Deployment Model
— User Interface Design (Screen Prototypes)
— Standards
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[image: image45.jpg]Software Coding Quick-Start

Which artefacts do we use to begin coding:

Use Cases:

= Pre-conditions must be satisfied by the client classes

= Postconditions are satisfied by the server classes

= Invariants must be true at the being at the end of an operation

Physical Data Model:
= Classes are created by java Constructors
= Operations become methods."Getters” and “Setters” are already defined.

= Encapsulationi.e. whether a method is made “public” or “private” is well defined and well
understood.

Sequence Diagrams:

= Identifies collaboration between classes
= Javamethods trace to operations between classes
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Testing

n Test scenarios built from design artefacts
— Ata System level they can be based around the Use Cases
— Functional test scenarios would be written to follow the Use Case steps

— Non-Functional requirements can be verified via other means if
necessary, e.g. Inspection

» Traceability
— All functional requirements will trace to a Use Case

— Execution of a Use Case based test will, therefore, prove your
functional requirements
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Key Benefits

» Involvement of multi-disciplined teams (consists of all
stakeholders) working concurrently helps identify design risks
early and reduce rework.

= Early engagement of software engineers to mitigate the
classic system — software boundary issues

» Facilitates more focused reviews to significantly reduce
review times

» Use of a common language between systems engineers and
software engineers

» Combining classical use case analysis with Ul prototypes

enables test definition to occur earlier than with traditional
methods.
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[image: image49.jpg]Summary & Wrap Up

= What have we learnt today?

— Drivers for using MBSE methodology design framework

— Overview of the "Accelerated and Integrated Development”
methodology flow supported by a practical example

— Importance of preparation, planning, reviews and traceability
— Effective stakeholder engagements to support the methodology

= Next Steps for you & your organisation
— Think about your product design lifecycle
— Think about your stakeholders
— Think about your key deliveries

— Think about a common language that will enable effective
communications

— Tailor the methodology to suit your development needs
— Remember: PLAN, ENGAGE & EXECUTE
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u tve / -ve
= Expectations Met?
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5 Accelerated and Integrated Development (AID) Methodology Diagram
[image: image51.wmf]Customer 

Requirements

(

BUC

; 

CRD

)

Functional 

Requirements

Sys Level 

Requirements

(

SUC

; 

SRD

)

Conceptual 

/ 

Preliminary Design

-

 

Use Cases

-

 

Traceability Diagrams

-

 

Activity Diagrams

-

 

Logical Sequence Diagrams

-

 

User Interface Wireframes

-

 

Domain 

/ 

Logical Data Model

Solution 

/ 

Detailed Design

-

 

Physical Sequence Diagrams

-

 

Traceability Diagrams

-

 

Physical Data Model

-

 

Deployment Diagram

-

 

User Interface Design 

(

Screen 

Prototypes

)

Non

-

Functional 

Requirements

Requirements 

Analysis

Test Planning

Test Scenarios

-

 

Unit Test

-

 

Integration Test

-

 

System Test

-

 

Acceptance Test 

(

in

-

house FAT

; 

On Site SAT

)

F

1

F

2

FN

F

o

r

m

 

D

e

s

i

g

n

 

S

t

r

e

a

m

s

R

e

q

u

i

r

e

m

e

n

t

s

 

A

l

l

o

c

a

t

i

o

n

Identify Constraints

Allocated 

Requirements 

to Functional 

Building 

Blocks

Identify FBBs

C

r

o

s

s

 

S

t

r

e

a

m

 

R

e

v

i

e

w

s

C

r

o

s

s

 

S

t

r

e

a

m

 

R

e

v

i

e

w

s

C

r

o

s

s

 

S

t

r

e

a

m

 

R

e

v

i

e

w

s

Accelerated and Integrated Development

Customers

; 

Programme Managers

; 

Commercial Managers

; 

Supply Chain Managers

Domain Subject Matter Experts

Software Engineers

System Solution Architect

; 

Systems Engineers

Implementation

Software coding

PDR

CDR

TRR

B

u

i

l

d

 

a

n

d

 

R

e

l

e

a

s

e

 

P

l

a

n

n

i

n

g

 

a

n

d

 

D

e

f

e

c

t

 

M

a

n

a

g

e

m

e

n

t

S

y

s

t

e

m

 

A

r

c

h

i

t

e

c

t

i

n

g

System 

Architecture 

Artefacts

Architectural Alignment

Legend

Activity

Process

Design Review

Stakeholder


Blank page

6 Example Artefacts: i.e. Use Cases, Activity Diagram, Sequence Diagram, Domain/Data Model, UI Wireframes
6.1 Conceptual Design
6.1.1 Requirements
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6.1.2 Use Cases
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6.1.3 Data Models
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6.1.4 Activity Diagram
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6.1.5 Logical Sequence Diagrams
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6.1.6 User Interface
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6.2 Solution Design
6.2.1 Physical Data Model
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6.2.2 Sequence Diagram
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6.2.3 Deployment Model
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6.2.4 Standards View
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7 Glossary of Terms:

FBB - Functional Building Blocks

BUC - Business Use Case

SUC - System Use Case

CRD - Customer Requirements Document

URD – User Requirements Document

SAT - System Acceptance Test

FAT - Factory Acceptance Test

SME - Subject Matter Expert

UI - User Interface

Non-functional Requirements 

PDR – Preliminary Design Review

CDR – Critical Design Review

TRR – Test Readiness Review.
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