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What is BKCASE?

• Project led by Stevens Institute of 
Technology and Naval 
Postgraduate School who are 
creating two primary products:
– Body of Knowledge in systems 

engineering (SEBoK)

– Graduate Reference Curriculum in 
Systems Engineering (GRCSE)

• Started in September 2009 and will 
run through 2012

• Intended for world-wide use

• Not intended to be used directly for 
accreditation

BKCASE Vision and Objectives

“Systems Engineering competency models, certification programs, 
textbooks, graduate programs, and related workforce development 

initiatives around the world align with BKCASE.”

Vision

1. Create a SEBoK that is globally recognized by the SE community as the 
authoritative BoK for the SE discipline.

2. Create a graduate reference curriculum for SE (GRCSE – pronounced “Gracie”) 
that is globally recognized by the SE community as the authoritative guidance 
for graduate programs in SE.

3 Facilitate the global alignment of related workforce development initiatives

Objectives

3. Facilitate the global alignment of related workforce development initiatives 
with SEBoK and GRCSE.

4. Transfer stewardship of SE BoK and GRCSE to INCOSE and the IEEE after BKCASE 
publishes version 1.0 of those products, including possible integration into their 
certification, accreditation, and other workforce development and education 
initiatives.



11/22/2010

3

Agenda

• Questions:
Why should DoD (and other nations) be– Why should DoD (and other nations) be 
interested in a Systems Engineering BoK?

– What is the value of Systems Engineering (in 
Defence)? 

– How does Systems Engineering relate to otherHow does Systems Engineering relate to other 
disciplines?

– What Systems Engineering skills do we need 
to make this happen?

System

Sub-Systems

Related Systems

System of Interest

Definition
• A system is a set of 

bounded interacting 
elements…

• …that form an 
integrated whole 
within a specified 
environment…

• …and has an 
identified goal or 
purpose…

Relationships will range 
from physical Interfaces & 
Constraints to common 
goals & Influences

External System Issues
Outcomes which emerge due to 
interaction with other systems

Internal System Issues

Solve Problem?
Viable?

E
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nt
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ro
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rt
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s?

Delivers outputs 
or services 
needed by
End users

Can be used and 
sustained in all of 
its potential 
environments, 
through its life

Properties of the whole which emerge 
due to interaction between elements

Levels of Resolution 
A System, in its environment, with related Systems

Requirements
Analysis

System
Architecture

Integration 
& Verification

Concept Development Production Utilisation/
Support

Retirement

System
Implementation

Life-cycle Stages

Activity

Principles of Systems Engineering 

Systems Process

Complete understanding 
of Needs and Constraints 
on Mission(s)

Compete understanding 
of Relationships and 
Influences through life

interaction with other systems
Made up of Sub-Systems

Continuing for ever ?

Operational Organisation

Systems Engineering 
Knowledge Areas (SEBoK 0.25)

Transition 
& Validation

Use, Support
Disposal

Project
Management

SE
Lifecycle,

Processes,

Thinking Systems
“Soft” Skills

Detailed SE

Skills
Domain

Knowledge

Types of System People 

Management

Definition

Realisation

Deployment 

Enterprise
Systems

Service
Systems

Product
Systems

Acquisition Organisation

Supply Organisation

Strategic
Management

Plan & Sustain 
Organisation & Business

Design

Develop & Integrate 
Products & Services

Operations

Create, Sustain
and execute Capability

Systems Engineering 

Li
fe
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cle

 
Awar

e

Tools.
e

Business 

Aware
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SE
Lifecycle,

Processes,
Tools.

Thinking Systems
“Soft” Skills

Detailed SE

Skills
Domain

Knowledge

Business 

Aware

Li
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Awar
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SE
Lifecycle,

Processes,
Tools.

Thinking Systems
“Soft” Skills

Detailed SE

Skills
Domain

Knowledge

Business 

AwareLi
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SE
Lifecycle,

Processes,
Tools.

Thinking Systems
“Soft” Skills

Detailed SE

Skills
Domain

Knowledge

Business 

Aware
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SE
Lifecycle,

Processes,
Tools.

Thinking Systems
“Soft” Skills

Detailed SE

Skills
Domain

Knowledge

Business 

Aware

Li
fe
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cle

 
Awar

e

SE
Lifecycle,

Processes,
Tools.

Thinking Systems
“Soft” Skills

Detailed SE

Skills
Domain

Knowledge

Business 

Aware

Practitioner

Supervised Practitioner

Awareness

Application People & Skills
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System

Sub-Systems

Related Systems

System of Interest

Wider System

• Interfaces, direct 
systems connections

• Relationships, indirect 
support, e.g. people, 
infrastructure, etc.

• Influences, on how 
system works or is 
created, e.g. money 
d t i t

External System Issues

Outcomes which emerge due to interaction 
with other systems

Internal System Issues

Properties of the whole which emerge 
d t i t ti b t l t

doctrine, etc.
• Constraints, limits on 

how system works or 
is created, e.g. 
legislation. Complete understanding of 

Needs and Constraints on 
Mission

Compete understanding 
of Relationships and 
Influences on Life

Levels of Resolution 

A System, in its environment, with related Systems

Solve Problem?
Viable?

E
m

er
ge

nt
 

P
ro

pe
rt

ie
s?

Delivers outputs or 
services needed by
End users

Can be used and 
sustained in all of its 
potential environments, 
through its life

due to interaction between elements
Made up of Sub-Systems

Continuing for ever ?

Systems Thinking

• Taking a systems approach to engineering expands the scope of 
scientific knowledge to include systems science or systems thinking.  

• This approach will seek to• This approach will seek to 
– define problems, constraints and measures of success outside the 

boundary of a system of interest and 
– select and combine system elements and relationships inside the 

boundary in the context of wider system view.  
– It is fundamental to this view of engineering that it is both iterative and 

recursive in nature.  
• It includes iterative cycling between problem understanding in a wider system 

context, solution creation within a bounded context and solution insertion and 
use back in the wider context.  

• We can recursively use this system of interest, wider context approach to 
tackle problems at several levels of abstraction to deliver solutions to real 
world problems.  

– To do this we will need ways of assess and dealing with the different 
properties which arise from combinations of system elements at a 
number of levels of abstraction. 
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Systems Engineering 

• Two definitions of Engineering:
The application of scientific knowledge to practical– The application of scientific knowledge to practical 
problems, or the creation of useful things. 

– To (cleverly) arrange for something to happen. 
• Systems Engineering is traditionally associated 

with the first of these, as applied to Product 
DevelopmentDevelopment

• We may also need to consider the second when 
we look at the wider application of Systems 
Engineering to Enterprise Success.

Operational Organisation

Systems Engineering 
Knowledge Areas (SEBoK 0.25)

Management

Definition

Acquisition Organisation

Supply Organisation

Realisation

Deployment 

Enterprise
Systems

Service
Systems

Product
Systems
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Layered Framework 

Oversight & Control Activities

Supporting Business Practices & Rules

Systems Engineering Processes

Methods, Models &Tools (Environments & Organizations)

Language

T diti lRgm’ts

Systems Engineering
Product, Enterprise & Customer Service View Model

SYSTEMS

Traditional 
SE Focus

PRODUCT

C
U
S
T
O
M

Rgm ts

ACQUISITION

ARCHITECTURE

SYSTEMS 
PROCESS 

ENGINEERING

Deliverables

C
U
S
T
O
M

G. Richard Freeman,  Jun 2006; Rev Jul 2010

Integrated Systems Engineering: Looking Beyond Traditional Realms

SYSTEMS 
ENGINEERING

M
E
R

E
R
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T diti l

ENTERPRISE

Rgm’ts

Systems Engineering
Product, Enterprise & Customer Service View Model

SYSTEMS

Traditional 
SE Focus

PRODUCT

C
U
S
T
O
M

CPI

STRATEGY 
ALIGNMENT 

PROCESS

INTERNAL 
BUSINESS

SUPPORT SYSTEMS

ARCHITECTURE

BUSINESS 
PROCESS 

ENGINEERING

Rgm ts

ACQUISITION

ARCHITECTURE

SYSTEMS 
PROCESS 

ENGINEERING

Deliverables

C
U
S
T
O
M

G. Richard Freeman,  Jun 2006; Rev Jul 2010

SYSTEMS 
ENGINEERING

M
E
R

Expanded 
SE View

E
R

Integrated Systems Engineering: Looking Beyond Traditional Realms

T diti l

CUSTOMER SERVICE

ENTERPRISE

Rgm’ts

ENTERPRISE

Rgm’ts

Systems Engineering
Product, Enterprise & Customer Service View Model

SYSTEMS

Traditional 
SE Focus

PRODUCT

C
U
S
T
O
M

CPI

STRATEGY 
ALIGNMENT 

PROCESS

INTERNAL 
BUSINESS

SUPPORT SYSTEMS

ARCHITECTURE

BUSINESS 
PROCESS 

ENGINEERING

Rgm ts

ACQUISITION

ARCHITECTURE

SYSTEMS 
PROCESS 

ENGINEERING

Deliverables

C
U
S
T
O
M

CPI

STRATEGY 
ALIGNMENT 

PROCESS

INTERNAL 
BUSINESS

SUPPORT SYSTEMS

ARCHITECTURE

BUSINESS 
PROCESS 

ENGINEERING

Rgm ts

G. Richard Freeman,  Jun 2006; Rev Jul 2010

SYSTEMS 
ENGINEERING

M
E
R

SERVICE AFTER 
TRANSFER / SALE

Feedback

Expanded 
SE View

E
R

Expanded 
SE View

Integrated Systems Engineering: Looking Beyond Traditional Realms
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Operational Scenarios

UK HQ

Red Forces
Surveillance

Destroy

Launch

Navigate

Find
Strike: destroy targets at a 

distance

Target
Tracking

Operational Interfaces

Aircraft

Airframe

EnginesPilot

Weapon
Control

Joint
HQ

Squadron
HQ

Controls

Processing

Weapon
Actuators

Relationship Between SE and other Disciplines

Operational Base

Deploy
Launch &
Target
Tracking

Blue Forces

Mission
Planning

Launcher
Controller

User 
Interface Sensors

Data Bus

Seeker Engine

Fuze

Warhead Controller

Actuators

Through Life Interfaces

Training dli i

Deep Strike

Platform
1) JSF 1

Inc 1 Inc 2 Inc 3

Deep Strike Upgrade Programme

Strategic
Management

Plan & Sustain 
Organisation & Business

Design

Develop & Integrate 
Products & Services

Systems Engineering 

Mission
Planning

HQ
Training

Training Handling
Monitoring

Storage

Maintenance

Installation

Simulator

Upgrade

Test

Pilot

Seeker Engine

Fuze

Actuators

Warhead Controller

Actuators

1) JSF
2) Open Interface

Intelligence
3) Improve links
4) Sensor Upgrade

Weapon Upgrades
5) Sensor Pack
6) Warhead 
7) Airframe

Planning
8) Planning Tool
9) Comms Upgrade
Logistics
10) Upgrade

1
2

3
4

5A 5B

7C7B

10A

8

10B

9

6
7A

Operations

Create, Sustain
and execute Capability

Systems People

• Behaviours (The Head)
– Understanding system concepts 

d i i t Thinking Systemsand viewpoints
– Working with people, information 

broker, etc.
• Core technical skills (The Heart)

– Overview of SE processes and 
techniques

– Understanding of the changing role 
of SE across lifecycle

• Specific technical skills (The Arms)
– Areas of specific SE expertise, e.g 

R i t A hit t V&V

Core SE
Lifecycle,

Processes,
Tools.

Thinking Systems
“Soft” Skills

Requirements, Architecture, V&V
– Areas of specific domain or 

application expertise, e.g. Safety, 
Reliability, Simulation

• Supporting Knowledge (The Legs)
– Awareness of wider lifecycle 

issues
– Awareness of wider business or 

operational issues
© R Adcock Cranfield Defence & Security 2010 
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SE
Lifecycle,

Processes,

Thinking Systems
“Soft” Skills

Types of System People 

Strategic
Management

Plan & Sustain 
Organisation & Business

Design

Develop & Integrate 
Products & Services

Systems Engineering 

Tools.

SE
Lifecycle,

Processes,
Tools.

Thinking Systems
“Soft” Skills

SE
Lifecycle,

Processes,
Tools.

Thinking Systems
“Soft” Skills

SE
Lifecycle,

Processes,
Tools.

Thinking Systems
“Soft” Skills

SE
Lifecycle,

Processes,
Tools.

Thinking Systems
“Soft” Skills

Operations

Create, Sustain
and execute CapabilitySE

Lifecycle,
Processes,

Tools.

Thinking Systems
“Soft” Skills

Practitioner

Supervised Practitioner

Awareness

© R Adcock Cranfield Defence & Security 2010 

“The enduring ability to generate a desired operational outcome or effect, relative to the 
threat, environment and the contributions of coalition partners”

Systems across UK Defence Capability

Threat

Equipment

Training

Logistics

Physical 
Environment

Coalition 
Contribution

Joint Capability Packages

Force
Elements

Interoperability

InfrastructurePersonnel

Concepts & 
Doctrine

OrganisationInformation

MOD Acquisition Operating Framework, www.aof.mod.uk
© Crown Copyright 2009 
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Operational Interfaces

Aircraft

Airframe

EnginesPilot

Weapon
Control

Joint
HQ

Squadron
HQ

Controls

Processing

Weapon
Actuators

Operational Scenarios

UK HQ

Red Forces
Surveillance

Destroy

Launch

Navigate

Find
Strike: destroy targets at a 

distance

Target
Tracking Capability Integration Groups

• Front Line Commands
• Sustain and Deploy Forces

Mission
Planning

Launcher
Controller

User 
Interface Sensors

Data Bus

Seeker Engine

Fuze

Warhead Controller

Actuators

Through Life Interfaces

Training dli i

Operational Base

Deploy
Launch &
Target
Tracking

Blue Forces

Deep Strike

Platform
1) JSF 1

Inc 1 Inc 2 Inc 3

Deep Strike Upgrade Programme

Capability Planning Groups Programme Boards

Capability 
Management

Sustain and Deploy Forces
• Identify current and future needs

Integration of 
new and/or 
changed 
capability

User feedback 
on Capability 
shortfalls and 
opportunities

Mission
Planning

HQ
Training

Training Handling
Monitoring

Storage

Maintenance

Installation

Simulator

Upgrade

Test

Pilot

Seeker Engine

Fuze

Actuators

Warhead Controller

Actuators

1) JSF
2) Open Interface

Intelligence
3) Improve links
4) Sensor Upgrade

Weapon Upgrades
5) Sensor Pack
6) Warhead 
7) Airframe

Planning
8) Planning Tool
9) Comms Upgrade
Logistics
10) Upgrade

1
2

3
4

5A 5B

7C7B

10A

8

10B

9

6
7A

• Joint Customer
• DLoD Focus
• Planned 

Programmes of 
change

Sponsors Programmes
Owns Capability 
Requirements
Programme Initiation
Acceptance

• Coordinates 
projects to deliver 
efficient engineered 
change

• All DLoD deliverers

UK MOD © Crown Copyright 2009 

Systematic Approach for Warfighting Capability

• Combatant Commands IPLs
• Operational Lessons
• Operational Need Statements

JCIDS On-Going Operations

MROC PROCESS

PPBES Acquisition

User Needs &
Technology Opportunities

 Process entry at Milestones A, B, or C

 Entrance criteria met before entering phase

FORCE CAPABILITY 
DEVELOPMENT

ExpeditionaryExpeditionary

ForceForce

DevelopmentDevelopment

SystemSystem
(JCAID PNT FWD)(JCAID PNT FWD)

DOTMLPF 
REQUIREMENTS

PRIORITIZATION &

CAPABILITY FIELDING & 
TRANSITION

IOCBA

Technology 
Development

System Development
& Demonstration

Production & 
Deployment

Systems Acquisition

Operations & 
Support

C

Sustainment

g

 Evolutionary Acquisition or Single Step to Full 
Capability

FRP 
Decision
Review

FOC

LRIP/IOT&E
Design
Readiness 
Review

Pre-Systems Acquisition

(Program
Initiation)

Concept 
Refinement

Concept
Decision

PRIORITIZATION & 
RESOURCING
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Operational Interfaces

Aircraft

Airframe

EnginesPilot

Weapon
Control

Joint
HQ

Squadron
HQ

Controls

Processing

Weapon
Actuators

Operational Scenarios

UK HQ

Red Forces
Surveillance

Destroy

Launch

Navigate

Find
Strike: destroy targets at a 

distance

Target
Tracking

Architecture 
Descriptions

Network 
C t i

Technology 
Readiness

CONOPS & 
Architecture

Interoperability

Requirements

Mission 
Engineering

Some of the topics covered this week

Mission
Planning

Launcher
Controller

User 
Interface Sensors

Data Bus

Seeker Engine

Fuze

Warhead Controller

Actuators

Through Life Interfaces

Training dli i

Operational Base

Deploy
Launch &
Target
Tracking

Blue Forces

Deep Strike

Platform
1) JSF 1

Inc 1 Inc 2 Inc 3

Deep Strike Upgrade Programme
Integration EffectivenessWork Force 

Development

Modelling & 
Simulation

Centric 
Analysis

Organisational 
Implications of 
Systems 
Engineering 

Health 
Monitoring

Interoperability

Test & Evaluation

System 
Safety

MBSE

Lean SE

Mission
Planning

HQ
Training

Training Handling
Monitoring

Storage

Maintenance

Installation

Simulator

Upgrade

Test

Pilot

Seeker Engine

Fuze

Actuators

Warhead Controller

Actuators

1) JSF
2) Open Interface

Intelligence
3) Improve links
4) Sensor Upgrade

Weapon Upgrades
5) Sensor Pack
6) Warhead 
7) Airframe

Planning
8) Planning Tool
9) Comms Upgrade
Logistics
10) Upgrade

1
2

3
4

5A 5B

7C7B

10A

8

10B

9

6
7A

Risk Management

Simulation
Default 
Detection

Reliable 
Software 
Requirements

Human Systems
Integrated Logistics

Project Management
Program Management

CMMI

Are we building on (the right) Common Principles

Q ti th h Ch i

Questions

• Questions through Chair 
please

• I will share questions around 
the panel

• If you stick to asking  
questions, we will try to 
giving concise answer


