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Standards: What, Why, When

Legal Stuff

IEEE Std 1220™-2005 is Copyright ©
2005 by the Institute of Electrical and
Electronics Engineers, Inc.

Copies of all IEEE standards can be
purchased from the
IEEE
3 Park Avenue South
New York, NY 10016-5997
http://www.ieee.org

The following are marks of the IEEE:
IEEE™
IEEE Std 1220™

ANSI/EIA-632 is Copyright © 1999 by
the Government Electronics and
Information Technology Association
(GEIA)

Copies of all ISO standards can be
purchased from the

GEIA

Technology & Standards Division
2500 Wilson Boulevard
Arlington, VA 22201
http://www.geia.org
703-907-7566

Use of any marks in this material is not intended in any way to infringe on the rights of the mark holder.
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Legal Stuff (cont.)

The CMMI-DEV, V1.2 is Copyright ©
2006 by Carnegie Mellon University

Copies of CMMI materials can be
downloaded from the
- Software Engineering Institute
Carnegie Mellon University
4500 Fifth Avenue
Pittsburgh, PA 15213-2612
http://www.sei.cmu.edu/cmmi/

The following are marks of Carnegie
Mellon University:

Capability Maturity Model®
CMMI®
CMM IntegrationsM

ISO/IEC 15288:2002 is Copyright ©
2002 by the International
Organization for Standardization
(ISO) and the International
Electrotechnical Committee (IEC)

Copies of all ISO standards can be
purchased from the

American National Standards

Institute (ANSI)

25 West 43rd Street

New York, NY 10036

http://webstore.ansi.org/
ansidocstore/default.asp

Use of any marks in this material is not intended in any way to infringe on the rights of the mark holder.
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Standards: What, Why, When

Topics

- Introduction/Background

- Overview of Some Systems Engineering
Standards (What)

- Application Guidance (Why & When)
- INCOSE’s Role in Standards

- Summary and Conclusions
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Question:
Core Systems Engineering Tasks

- Given that not everyone agrees on a definition
of “System,” let alone “Systems Engineering”

- From a practical perspective, all the main
Systems Engineering standards have a core
set of technical activities

- What do you believe to be the core set of
Systems Engineering technical activities?

Copyright © 2007 Sysnovation, LLC 6

Copyright © 2007 Sysnovation, LLC



Standards: What, Why, When

Question Discussion (1):
“The Systems Engineering Method”

Objectives

Requirements
Analysis

F Requirements
Logical

Definition

F Functions
Physical

Definition

_gn

esign
Verif & Valid

System Model

Adapted from Kossiakoff & Sweet, 1998
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Question Discussion (2):
MIL-STD-499B (Dratft)

Process
Input

Requirements

Analysis Systems

Analysis &
Requirements Loop Control

Functional
Analysis/Alloc

Design Loop

Verification Synthesis

Process
QOutput

Adapted from MIL-STD-499B(Draft)
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Standards: What,

Why, When

What are standards and why do we use
them?

- Standard n (ME, fr. MF estandard rallying point)

- 3 : something established by authority, custom, or
general consent as a model or example : CRITERION

+ 4 : something set up and established by authority or as a
rule for the measure of quantity, weight, extent, value, or
quality

- Why do we use standards? C“\‘ ly
- Leverage best practices from industry
- External credibility
- Competitive discriminator
« Threshold/barrier to entry

Copyright © 2007 Sysnovation, LLC

What are some problems with
standards?

- There are too many of them
- They are inconsistent

- They overlap with each other or
have holes 1

- They evolve (similar to COTS) g

-

- Future standards ‘
- Complexity/span of coverage
- Domains — —
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Topics

- Introduction/Background

- Overview of Some Systems Engineering
Standards (What)

- Application Guidance (Why & When)
- INCOSE’s Role in Standards

- Summary and Conclusions

Copyright © 2007 Sysnovation, LLC 11

Question:
Systems Engineering Standards

- Given that not everyone agrees on a definition
of “System,” let alone “Systems Engineering”

- What do you believe to be the Key Systems
Engineering standards that are being used
today?

Copyright © 2007 Sysnovation, LLC 12
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The key Systems Engineering-related
standards we will be covering...

. IEEE 1220™ (1994, 1998, 2005)
. ANSI/EIA 632 (1994, 1999, 2003)
. ISO/IEC 15288 (2002, 2007/8?)

. CMMI® (2000, 2002, 2006)

INCOSE Systems Engineering Handbook
« SEHBv2a (2004)
- SEHBV3 (2006)

- SEHBV3.1 (2007)

Copyright © 2007 Sysnovation, LLC 13

SE Standards Hlstory (abbrewated)

i

MIL- STD 499A IEEE Std 1220 IEEE Std 1220 IEEE Std 1220™

May 1974 & Trlal Use Jan 1998 Sep 2005
/ Feb 1995 p p
4 & 4 A Vs
7 A ?
MIL- STD 4998 g’
Draft " 7 2/ Z
Sept 1993 EIA/IS 632 ANSI/EIA 632 ANSI/EIA-632

Sep 2003

Dec 1994 Jan 1999
\ Aé /
s ‘
I ................ >
ﬁ
9
QLA

ISO/IEC 12207

Aug 1995 ISO/IEC 15288

Nov 2002
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CMMI History: 1-to-Many-to-1-to-...

ot
s -

CMMI-ACQ
V1.2, 2007

Krl'rE

CMMI-

INCOSE SECAM, 1996 ~

EIA/IS 731
1998

EPIC SE-CMM, 1995 —~

P —— o

CMMI-SE/

D SW CMM
~ Draft V2C
1997

Others too...

Others too...
People CMM ISO %5504
SW Acq CMM FAAICMM
Security CMM
Copyright © 2007 Sysnovation, LLC 15

The Sysnovation Enterprise Process
Framework (SEPF)

Organizational Processes

Organizational Vision & Strategy (OSV)
Organizational Quality & Improvement (OQI)
Business Development & Marketing (BDM)

Realization Processes

Project Management (PM)
Project Quality & Improvement (PQI

Technology &
Concept
Development (TCD)
Production (PRD) Operations &
Systems & Services Support (OS) Disposal (DSP)
Development
S

Project Support (PS)

Infrastructure Processes

Communications (COM) Export & Import Management (EIM) Infermation Trechnology; ()

Caontract Management (CON) Eacilities (FAC) Legal (LEG)
Envirenmental; Health & Safety/ (EHS) Einance (FIN) Security (SEC)
Ethics (ETH) Human Resources (HR) Supplier; Management (SM)

. Sysm)va!ion Enterprise Process Framework (SEPF) ©2007 Sysnovation, LLC
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Overview of IEEE Std 1220™-2005

- |IEEE
- Institute of Electrical and
Electronic Engineers
- Sponsored by

- The IEEE Software and
Systems Engineering
Standards Committee

Adapted from IEEE 1220-2005
Copyright © 2007 Sysnovation, LLC 17

1220 Scope and Purpose

« Scope
- “Defines the interdisciplinary tasks that are
required throughout a system'’s life cycle to
transform stakeholder needs, requirements, and
constraints into a system solution”

- Specifies the requirements for the systems
engineering process (SEP)
« Purpose
- To provide a standard for managing a system
- Especially systems that contain computers

Adapted from IEEE 1220-2005
Copyright © 2007 Sysnovation, LLC 18
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1220 Process Requirements

The Systems Engineering Process

General Requirements

& 48
Sy E iy Specification Tree
Process
4.2
Policies & Procedures
for Systems Engineering PTG
10
System Breakdow:
Structure
4 11
Development Strat
4
Modeling & Prototyping

Integ
Systems Eng Effort

4
Integrated Repository
4.
Integrated Dat: ckage

Product & Process
Improvem

1
Requirer s Analysis

2
Requirements Validation

7
Systems Analy:
8
Control

Copyright © 2007 Sysnovation, LLC

‘Adapted from IEEE 1220-2005
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1220 System Life Cycle Processes

Systems Engineering Process
Policies and Procedures for Systems Engineering

Planning the Technical Effort
Development Strategies
System Breakdown Structure

System Analysis
Control
Technical Reviews

Requirements

Analysis

Functional
Analysis

4

Design

Verification

Specification Tree
Drawing Tree

Modeling & Prototyping

Product & Process Improvement
Quality Management

Integration of the SE Effort
(Product & Process Imprmt)
(Quality Management)

Requirements
Validation
Functional
Verification

Integrated Repository.
Integrated Data Package

Copyright © 2007 Sysnovation, LLC

Adapted from IEEE 1220-2005
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Overview of ANSI/EIA-632-2003

- GEIA

« Government Electronics
and Information
Technology Association

- Sponsored by

- The GEIA G-47 Systems
Engineering Committee

Adapted from ANSI/EIA-632
Copyright © 2007 Sysnovation, LLC 21

632 Scope and Purpose

- “To provide an integrated set of fundamental
processes to aid a developer in the engineering
or reengineering of a system”

Adapted from ANSI/EIA-632
Copyright © 2007 Sysnovation, LLC 22
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632 Engineering a System Requirements

Acquisition & Supply

Supply Process :

Acquisition Process

2 — Product Acquisition
3 — Supplier Performance

Technical Management

Planning Process

4 — Process Implem Strategy
5 — Tech Effort Definition

6 — Schedule & Organization
7 — Technical Plans

8 — Work Directives

Assessment Process
9 — Progress Against Plans
& Schedules
10- Progress Against Requirements
11 — Technical Reviews

Control Process

12 — Outcomes Management
13 — Information Dissemination

Rgmts Definition Process
14 — Acquirer Requirements
15 — Other Stakeholder Rgmts

16 — System Technical Rgmts

Solution Definition Process
17 — Logical Solution
Representations

18 — Physical Solution
Representations
19 — Specified Requirements

Product Realization

Implementation Process

20 - Implementation

Transition to Use Process
21 — Transition to Use

Technical Evaluation

Systems Analysis Process
22 — Effectiveness Analysis

23 — Tradeoff Analysis

24 — Risk Analysis

Rgmts Validation Process
25 — Requirements Statements
Validation
26 — Acquirer Requirements
Validation
27 — Other Stakeholder
Requirements Validation
28 — System Technical
Requirements Validation
29 — Logical Solution
Representations Validation

System Verification Process
30 — Design Solution Verification
31 - End Product Verification

32 - Enabling Product Readiness

Copyright © 2007 Sysnovation, LLC

Adapted from ANSI/EIA-632
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632 System

Life Cycle Processes

Acquisition & Supply Processes

Planning

System Design, Product Realization, and Technical E

Technical Management Processes (Plus One Technical

Assessment

Supply
Acquisition

Control

Requirements

Definition

Requirements

Solution
Definition

Implementation

valuation Processes

System
Verification

Evaluation)

System Analysis

End Products
Validation

Transition to Use

Validation

Copyright © 2007 Sysnovation, LLC

Adapted from ANSI/EIA-632
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Overview of ISO/IEC 15288:2002

. |SO ]

 International
Organization for
Standardization

- IEC

- International
Electrotechnical
Committee

- Sponsored by

- The ISO JTC1 SC7 WG7
Life Cycle Management

Adapted from ISO/IEC 15288:2002

Copyright © 2007 Sysnovation, LLC

25

15288 Scope and Purpose

- Describes the system life cycle for man-made
systems

- Provides a process framework and set of life
cycle processes

- The implied purpose of every ISO standard is
to support and promote international trade and
commerce

- For 15288, one of the overarching goals was “to
provide a basis for world trade in systems
products and services.”

Adapted from ISO/IEC 15288:2002

Copyright © 2007 Sysnovation, LLC
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15288 System Life Cycle Processes

Project Processes

PRJ.1- PP
Project Planning

Enterprise Processes

ENT.1-EEM
Enterprise Environment
Management

ENT NVM
Investment

PRJ.2 - PA
Project Assessme!
[VEREGEE
PR PC
ENT.3 - SLCPM
System Life Cycle ez Catic
Process Managemen
EN SM Dery
Resource

INFOM
Managemel

Tailoring Process

AGR.2 - SUP
Supply

TLR.1-TLR
Tailoring

Copyright © 2007 Sysnovation, LLC

IIII |

Technical Processes
D
Stakeholder Requirements

=
m

TEC.2-RA
Requirements Analysis

TEC.3 - AD
Architectural Design

TEC.4 - IMPL
Implementation

TEC.5-INT
Integration

TEC.6 - VER
Verification
TEC.7 - TRAN

Transition

TEC.8 - VAL
Validation

TEC.9 - OPER
Operation

TEC.10 - MAINT
Maintenance

TEC.11 - DISP
Disposal

Adapted from ISO/IEC 15288:2002

27

15288 System Life Cycle Processes

Enterprise Processes

Enterprise Environment Management
System Life Cycle Processes Management
Investment Management

Agreement Processes
Supply
Acquisition
Project & Tailoring Processes
Project Assessment

Project Control
Decision-Making

Project Planning
Tailoring

Technical Processes

Stakeholder Validation
Rgmts Def S
Transition

Rgmts Analysis Verification

Arch Design Integration
Implementation

Resource Management
Quality Management

Risk Management

Configuration Management

Information Management

Operation
Maintenance

Copyright © 2007 Sysnovation, LLC

Adapted from ISO/IEC 15288:2002
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Standards: What, Why, When
Overview of CMMI-DEV, V1.2
« SEI
- Software Engineering Institute
at Carnegie Mellon University
- Sponsored by
- The US DoD
Copyright © 2007 Sysnovation, LLC oo DR v;;
CMMI Scope and Purpose
- A process improvement maturity model for the
development of products and services
- A collection of best practices
- Purpose is to help organizations improve their
development and maintenance processes
SEI process management premise:
“the quality of a system or product is highly influ enced by the
quality of the process used to develop and maintain it.” (CMMI)
Copyright © 2007 Sysnovation, LLC oo GroR V;é
15
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CMMI-DEV Process Areas

Process Management

OPF
Organizati
Process Fi

OPD
Organizational
Process Definitio

O
Organi
Training

OPP
Organizational
Process Performance

oID
Organizational

Innovation and Deployment

Project Management

PP
Project Plannini
PMC
Project
Monitoring and Control

SAM
pplier Agreement
Management

RSKM
Risk Managem!

IPM
Integrated
Project Management

Q
Quan ve
Project Manageme

Support

MA

Engineering Measuremen

RD Analysis
Requirements Development

CAR
Causal Analysis &
Resolution

TS
Technical Solution
Pl
Product Integration
VER
Verification

VAI

\%

Process and Produc
Quality Assurance

RM
Requirer S
Management

Adapted from CMMI-DEV, V1.2
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CMMI-DEV System Life Cycle Processes

Processes Management

Organizational Process Focus

Organizational Process Performance

Orgamzanon_wal Process p_efmmon Organizational Innovation and Deployment
Organizational Training
Project Management

Supplier Agreement Mgmt Integrated Proj Management
Risk Management Quantitative Proj Management

Project Planning
Proj Monitoring and Control

Engineering

Reguirements Validation

Development T
P Verification

Technical Product
Solution Integration

Support
Requirements Management* Causal Analysis and Resolution Configuration Management
Measurement and Analysis Decision Analysis and Resolution Proc and Prod Quality Assur
Adapted from CMMI-DEV, V1.2
Copyright © 2007 Sysnovation, LLC 32

* Note that CMMI places Requirements Management in the Engineering Process Area Category

Copyright © 2007 Sysnovation, LLC
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Why, When

So what is unique about 12207

The Systems Engineering Process
General Requirements

6.1

4.1
Systems Engineering
Process

Requirements Analysis
48 L &

Specification Tree

6.2
4.2 ‘ Requirements Validation

Policies & Procedures
for Systems Engineering

D

4.9

Drawing Tree —_— —

6.3
Functional Analysis

6.4
Functional Verification

4.3 4.10
Planning the System Breakdown
Technical Effort Structure

4.11
Integration of the
Systems Eng Effort

D

4.4
Development Strategies

6.5

45 Synthesis

Modeling & Prototyping

4
Integrated Reposi
4.7
Integrated Dat: e

4.12
Technical Reviews

13
Quality Manageme!
14

Product & Process
Improveme

6.6
Design Verification

e —
6.7

D

Systems Analysis

8

Control

Adapted from IEEE 1220-2005
Copyright © 2007 Sysnovation, LLC 33

So what is unique about 6327

Acquisitio
Technical Evaluation
Supply Process

1 — Product Supply SyStem De5|gn

Systems Analysis Process
22 — Effectiveness Analysis
23 — Tradeoff Analysis

Rgmts Definition Process
14— Acoy

15 — Other Stakeholder Rgmts
16 — System 1ecinical KRgMIs

Acquisition Process
2 — Product Acquisition
3 — Supplier Performance

24 — Risk Analysis

Rgmts Validation Process
25 — Requirements Statements
Validation
26 — Acquirer Requirements
Validation
27 — Other Stakeholder
Requirements Validation
28 — System Technical
Requirements Validation
29 — Logical Solution
Representations Validation

Solution Definition Process
17 — Logical Solution
Representations

Technical Management

Planning Process

4 — Process Implem Strategy
5 — Tech Effort Definition

6 — Schedule & Organization
7 — Technical Plans

8 — Work Directives

18 — Physical Solution
Representations
19 — Specified Requirements

Product Realization

Assessment Process
9 — Progress Against Plans
R Qo
10- Progress Against Requirements
11 - lecnnicai keviews

Implementatinn Pracass

b 20 - Implementation System Verification Process

30 — Design Solution Verification
31 — Fnd Brad

32 — Enabling Product Readiness

inatinn

Transition tn 1 lse Pracess
@ 21 - Transition to Use
Centivi Process
12 — Outcomes Management
13 — Information Dissemination

End Products Validation Pri
33 — End Products Validation

Adapted from ANSI/EIA-632
Copyright © 2007 Sysnovation, LLC 34
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So what is unique about 152887

Project Processes

Enterprise Processes

PRJ.1- PP
. ENT.1- EEM Project Planning Stakeholder Requirements
cnterprise Environment Definition
Management e

TEC.2-RA

PRJ.2 - PA
Requirements Analysis

2= 9% Project Assessment

Investment
Management TEC.3-AD
PRJ.3-PC

ENT.3 - SLCPM Project Control

System Life Cycle
Process Management

PRJ.4 - DM TEC &
ENT.4 - RESM i : )
Resource Decision-Making Integration

Management

— TEC...G - YER

ENT.5 - QM PRJ.5 - RSKM Verification
Risk Management

Quiality
Management TEC.7 - TRAN
Transition

PRJ.6 -CM TEC.3- VAL
Configuration Management ©
Processes Y : Validation

AGR.1 - ACQ
Acquisition

TEC.9 - OPER

PRJ.7 - INFOM -
Operation

Information Management

AGR.2 - SUP Tailoring Process
Supply TEC.11 - DISP

~——— Disposal

Adapted from ISO/IEC 15288:2002
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So what is unique about CMMI-DEV?

Project Management

Process Management pp
OPF Project Planning

Organizational
Process Focus

Support

) . MA
Engineering Measurement &

Analysis
Requirements Development —

PMC
Project
Monitoring and Control

CAR

RD
TS Causal Analysis &
Technical Solution Resolution
e —
Pl DAR
Product Integration Decision Analysis &

Resolution

VER
Verification CMm

Configuration

V. Management
Validation
PPQA

Process and Product

OPD
Organizational
Process Definition

SAM
Supplier Agreement

or Management

Organizational
Training
e ——
OPP Risk Management
Organizational
Process Performance

RSKM

IPM
Integrated

olb Project Management

Organizational
Innovation and Deployment e ——

PM
Quantitative
Project Management
——  —

Quality Assurance

RM
Requirements
Management

Adapted from CMMI-DEV, V1.2
Copyright © 2007 Sysnovation, LLC 36
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Fun Facts...
1220 632 15288 CMMI
Pages 87 120 62 561
Terms 39 60 24 225
Areas 22 13 26 23
Required 30 33 215 173
Elements Shalls Rgmts Activities | Specific
Practices
Price $105 HC | $156 HC | $174 HC | HC N/A
$95D/L | $156 D/L | $139 D/L | $0 D/L
Copyright © 2007 Sysnovation, LLC 37
Topics

- Introduction/Background

- Overview of Some Systems Engineering

Standards (What)
- Application Guidance (Why & When)
- INCOSE's Role in Standards

- Summary and Conclusions
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Primary Reasons for Considering
Adopting a Standard

- Organizational - Customer
Effectiveness Direction/Expectation

Copyright © 2007 Sysnovation, LLC 39

Primary Application Domains/Areas

IEEE Std 1220

- Areas of the USAF

ANSI/EIA-632

- Areas of the USN

ISO/IEC 15288

- International, especially UK, Sweden, Japan
CMMI

« US DoD Contracts, especially large programs

Copyright © 2007 Sysnovation, LLC 40
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Implications of Incorporating Multiple
Standards in Your Organization

- This is what | call YADSES
« “Yet Another Darn Systems Engineering Standard”
- Some of the key things you and your team should do
include
- Plan ahead
- Understand your organization
« Understand the new standards
- Obtain organizational commitment
+ Adapt the standards to your organization (not vise versa)
- Institutionalize standards compliance at the “right” level
+ Allow for tailoring
 Plan for audits and assessments

Adapted from Walden, 2007
Copyright © 2007 Sysnovation, LLC 41

Topics

- Introduction/Background

- Overview of Some Systems Engineering
Standards (What)

- Application Guidance (Why & When)
« INCOSE's Role in Standards

- Summary and Conclusions

Copyright © 2007 Sysnovation, LLC 42
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INCOSE Standards Technical
Committee

« Purpose
+ Promote INCOSE's involvement in and influence on
national, international and other standards, handbooks
and guides
- Charter

- Encourage, guide, and assess INCOSE's
participation in standards activities

« Coordinate INCOSE's review of standards
- Disseminate information on standards
and standardization activities

. POC: Randy_R_Case@raytheon.com

Copyright © 2007 Sysnovation, LLC 43

2007 INCOSE Liaison Activities

- CMMI Steering Group Bausman

- EIA G47 Process Harwell

- OMG SE DSIG - SysML & UPDM Friedenthal
+ 1SO SC5

- WG1 Enterprise Architecture Walker
- 1SO SC7 Systems/ Software Crowder
- SWG5 Harmonization Lawson
- WG7 Process Kitterman
- WG10 Assessment Wells
« WG20 Certification Krueger
- WG22 Vocabulary Walden
- WGA42 Architecture Arnold
Copyright © 2007 Sysnovation, LLC m
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INCOSE Systems Engineering

Handbook (SEHB) Hlstory

MIL-STD-499B EIA/IS-632 ANSI/EIA-632 ANSI/EIA-632
Draft Dec 1994 Jan 1999 Sep 2003
Sept 1993 \ J

ISO/IEC 1528\
Nov 2002 / y

SEHB Draft SEHB V1.0 SEB V2.0 SEHB V2a SEHB V3 SEHB V3.1
Jun 1994 Jan 1998  Jul 2000 Jun 2004 Jun 2006 Fall 2007
Copyright © 2007 Sysnovation, LLC 45

- Introduction/Background

- Overview of Some Systems Engineering
Standards (What)

- Application Guidance (Why & When)
- INCOSE's Role in Standards

- Summary and Conclusions

Copyright © 2007 Sysnovation, LLC 46
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The Sysnovation Enterprise Process
Framework (SEPF)

Organizational Processes

Gluarnizaiiviiai Visivii o Stdieyy (USv)
Organizational Quality & Improvement (OQI)
Business Developinent & Marketing (BDM)

R S I =

Project Manzagement (PM)
Project Quality & linf rovement (PO

IEEE 1220 EIA 632
I1SO 15288

Production (PRD) berations &
Stipport (OS) Disposal (DSP)

Development
SSD

Proiect Supvort (PS)
B I —

Communications (COM) Export & Import Management (EIM)) Infermation Tiechnology (IT)
Contract: Management (CON) Facilities (FAC) Legal (LEG)
Envirenmental, Health & Safety/ (EHS) Einance (EIN) Seclrity (SEC)
Ethics (ETH) Human Resources (HR) Supplier Management (SM)

. Sysnovation Enterprise Process Framework (SEPF) ©2007 Sysnovation, LLC
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