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Abstract 
• How do we systems engineer humans?  

• How do we engineer systems that include humans?  

• Do all systems include humans?  

– If so, which humans, how are they included in a system, and how do 
we perform systems engineering on them?  

– Are they elements of the system like hardware and software are?  

– Do we have hardware, software, and humanware? (Yes, you heard it 
here first folks, humanware!).  

– How do we model the behavior of humans? 

• Are there any systems that do not include humans in any way 
whatsoever?  

• This presentation discusses these questions from the SE Standards and 
INCOSE SE Handbook perspectives, going back to their earlier versions 
and coming up to date, including the two most recent approaches.  

• At the end of this presentation we ask you to answer the question: 
Which of the two most recent approaches do you consider to be the 
optimum and for what reasons? 
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SysML Diagram Types  

  

INCOSE SE Handbook V3.2.2 

How Do We Model the Behavior of Humans? 

Abstract (cont) 
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Access and download the Tutorials at www.incose.org: 

• Click on Collaboration Portal “Connect” (in the upper left hand corner), 

log in, and then click on: 
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• Tutorials 
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• SE Fundamentals Tutorial – John Clark 

• SE Handbook V3.2.2 Tutorial – John Clark 
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• Human Systems Engineering 

• Overview of the Systems Engineering 

Handbook V4.0, IS2019 
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What is a System? 

 

• A system is a composite of equipment, skills, and techniques capable of performing and/or supporting an 
operational role. A complete system includes all equipment, related facilities, material, software, services, 
and personnel required for its operation and support to the degree that it can be considered a self-
sufficient unit in its intended operational environment. (MIL-STD-499-1969) 

• A composite of subsystems, assemblies (or sets), skills, and techniques capable of performing and/or 
supporting an operational (or non-operational) role. A complete system includes related facilities, items, 
material, services, and personnel required for its operation to the degree that it can be considered a self-
sufficient item in its intended operational (or non-operational) and/or support environment. (DOD-STD-
480A-1978) 

• An integrated composite of people, products, and processes that provide a capability to satisfy a stated 
need or objective.  (MIL-STD-499B became EIA/IS-632-1994) 

• An aggregation of end products and enabling products to achieve a given purpose.  (ANSI/EIA-632-1998) 

• The top element of the system architecture, specification tree, or system breakdown structure that is 
comprised of one or more products and associated life cycle processes and their products and services.  
(IEEE 1220-1994) 

• A set or arrangement of elements [people, products (hardware and software) and processes (facilities, 
equipment, material, and procedures)] that are related and whose behavior satisfies customer/operational 
needs, and provides for the life cycle sustainment of the products.  (IEEE 1220-1998) 

• A set or arrangement of elements [people, products (hardware and software) and processes (facilities, 
equipment, material, and procedures)] that are related, and whose behavior satisfies operational needs and 
provides for the life cycle sustainment of the products.  (IEEE 1220-2005) 

• A combination of interacting elements organized to achieve one or more stated purposes.  System element: 
Member of a set of elements that constitutes a system. (ISO/IEC/IEEE 15288-2008 & 2015)  

• Humans can be viewed as both users external to a system and as system elements (i.e., operators) within 
a system. (ISO/IEC/IEEE 15288:2008) 

 

 
 

 
Software and Systems Engineering Vocabulary (SEVOCAB), http://pascal.computer.org/sev_display/index.action  

SE Standards Definitions of System 
SEVOCAB, EIA, ANSI, IEEE, 
ISO/IEC/IEEE 
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Processes 

System 

Processes People Products 

System 

What is a System? (cont) 
MIL-STD-499B 

EIA/IS-632 &  J Clark Key Terms 

Extracted by J Clark from MIL-STD-499B Draft – 1993. 
Provided with the permission of EIA from EIA/IS-632-1994.  

Copyright 1995 EIA.  All rights reserved. 

System Block Diagram 

System Context Diagram 

15 



August 21, 2019 Subject to the restrictions on the Copyright Pages August 21, 2019 Subject to the restrictions on the Copyright Pages 

What is a System? (cont) 

System and System Element Relationship 

ISO/IEC TR 24748-1 

Provided with the permission of ANSI from ISO/IEC  TR 24748-1.  
Copyright 2010 ISO/IEC.  All rights reserved. 
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The Hierarchy Within a System 

 

 

 

Provided with the permission of INCOSE from INCOSE SE Handbook, Version 3.2.2. Copyright 
2011 by INCOSE. Refer to the SE Handbook V4.0 figure 2.1, Hierarchy within a system 

 

System of systems applies to a system-of-interest whose system elements are themselves 
systems; typically these entail large scale inter-disciplinary problems with multiple, 
heterogeneous, distributed systems. (INCOSE SE Handbook, V3.2.2, V4.0) 

INCOSE SEH V3.2.2 

What is a System? (cont) 
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What is a System? (cont) 

 

• An integrated composite of people, products, and processes that provide a capability to satisfy a 
stated need or objective. System Elements - The basic constituents (hardware, software, facilities, 
personnel, data, material, services, or techniques) that comprise a system and satisfy one or more 
requirements in the lowest levels of the functional architecture. (SEH V1) 

• These include hardware, software, firmware, people, information, techniques, facilities, services, 
and other support elements. (V2, V2a) 

• A combination of interacting elements organized to achieve one more stated purposes. System 
Element – A member of a set of elements that constitutes a system. (SEH V3, V3.1) 

• A combination of interacting elements organized to achieve one more stated purposes. An 
integrated set of elements, subsystems, or assemblies that accomplish a defined objective. These 
elements include products (hardware, software, firmware), processes, people, information, 
techniques, facilities, services, and other support elements. (INCOSE) An example would be an air 
transportation system. System Element – A member of a set of elements that constitutes a system. 
A major product, service, or facility of the system, e.g. the aircraft element of an air transportation 
system (commonly used, but subsystems can be used instead of elements). (SEH V3.2, 3.2.1, 
3.2.2) 

• An integrated set of elements, subsystems, or assemblies that accomplish a defined objective. 
These elements include products (hardware, software, firmware), processes, people, information, 
techniques, facilities, services, and other support elements (INCOSE). A combination of interacting 
elements organized to achieve one or more stated purposes. System Element – A member of a set 
of elements that constitutes a system. (ISO/IEC/IEEE 15288-2008 & 2015). 

 

 
    

 
 

 
Software and Systems Engineering Vocabulary (SEVOCAB), http://pascal.computer.org/sev_display/index.action 

INCOSE SE Handbook Definitions of System 

SEVOCAB, EIA, ANSI, IEEE, 
ISO/IEC/IEEE 
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Typical System of Systems Environment 
INCOSE SEH V3.2.2 

Enabling 

Systems 

What is a System? (cont) 
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• An interdisciplinary approach encompassing the entire technical effort to 
evolve and verify an integrated and life-cycle balanced set of system 
people, product, and process solutions that satisfy customer needs.  
Systems engineering encompasses: 

a. the technical efforts related to the development, manufacturing, verification, deployment, 
operations, support, disposal of, and user training for, system products and processes; 

b. the definition and management of the system configuration; 

c. the translation of the system definition into work breakdown structures; and 

d. the development of information for management decision making.  

(EIA/IS-632-1994) 

• None  (ANSI/EIA-632-1998) 

• An interdisciplinary collaborative approach to derive, evolve, and verify a life 
cycle balanced system solution that satisfies customer expectations and 
meets public acceptability.  (IEEE 1220-1994) 

• None  (IEEE 1220-1998 and IEEE 1220-2005) 

• Interdisciplinary approach governing the total technical and management 
effort required to transform a set of stakeholder needs, expectations, and 
constraints into a solution and to support that solution through its life. 
(ISO/IEC/IEEE 15288:2015) 

 SEVOCAB: Software and Systems Engineering Vocabulary, http://pascal.computer.org/sev_display/index.action  

Provided with the permission of EIA from EIA/IS-632-1994.  Copyright 1995 EIA.  All rights reserved.  

Provided with the permission of IEEE from IEEE 1220-1994.  Copyright 1995 IEEE.  All rights reserved. 

Standards Definitions 
EIA & IEEE 

  

What is Systems Engineering? 
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• Systems engineering is an interdisciplinary approach and means to enable 
the realization of successful systems. It focuses on defining customer needs 
and required functionality early in the development cycle, documenting 
requirements, and then proceeding with design synthesis and system 
validation while considering the complete problem: operations, cost and 
schedule, performance, training and support, test, manufacturing, and 
disposal. SE considers both the business and the technical needs of all 
customers with the goal of providing a quality product that meets the user 
needs. (INCOSE) 

Provided with the permission of INCOSE from INCOSE SE Handbook, Version 3.2.2. 
Copyright 2011 by INCOSE.  

What is Systems Engineering? (cont) 

INCOSE SE Handbook Definition of Systems Engineering 
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JOC Problem and Solution Space for Systems Engineering 

  

Systems 

Engineering 

Translate to Problem Space Solution Space 

Systems Engineering is the process of translating the problem space 

to the solution space. (John Clark) 

What is Systems Engineering? (cont) 
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Definition 

Element 

Definition 

Capability 

Definition 

Requirement 

Definition 

The SE Processes are Iterative, Recursive, and Concurrent (In Parallel) 

What is the SE Process? 
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Iteration 

R
e

c
u

rs
io

n
 

Concurrency 

What is the SE Process (cont)? 

Excerpts reprinted with permission, A Primer for Model-Based Systems Engineering, 2nd Edition, David Long and Zane Scott. 

Copyright © 2011 Vitech Corporation.  All rights reserved. 

What are Iteration, Recursion, and Concurrency? 
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(SERIAL SE) (CONCURRENT SE) 

Excerpts reprinted with permission, A Primer for Model-Based Systems Engineering, 2nd Edition, David Long and Zane Scott. 

Copyright © 2011 Vitech Corporation.  All rights reserved. 

Expanded on next 

slide. 

What is the SE Process (cont)? 

27 



August 21, 2019 Subject to the restrictions on the Copyright Pages August 21, 2019 Subject to the restrictions on the Copyright Pages 

DoD 5000 

DAU SE  

Fund. 

 DAG 

EIA/IS-632 

1994 
IEEE 1220 

1994, 2005 

Customer 

SE Docs 

INCOSE SE 

Handbook 

EIA-632 

1998 

ISO 15288 

2003,2008 

CMMI 

ISO TR 19760 

2003 

DoDAF 

Classical 

Systems Engineering Process 

MIL-STD-499 

ISO TR 24748 

-1, -2, -3, -4 
V-Models 

Textbooks 

Corporate  

Handbooks 

Multiple views provide a comprehensive view. 

EIA-731 

SE Process 

Standards 

Systems 

Analysis & 

Control 

Synthesis 

Requirements 

Analysis 

Process Output 

Functional 

Analysis/ 

Allocation 

Verification 

Requirements 

Loop 

Design 

Loop 

JOC 

Process Input 
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Center figure from MIL-STD-499B Draft:1993 and also provided with the permission of EIA 
from EIA/IS-632-1994.  Copyright 1995 EIA.  All rights reserved. Updated by J. Clark 

Design 

Definition 

ISO 15288 

201x 

INCOSE SE 

Handbook V4 

Requirements 

Definition 

Modern 

Systems Engineering Process 

What is the SE Process (cont)? 
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What is the SE Process (cont)? 

MIL-STD-499B 

EIA/IS-632-1994 

MIL-STD 499B and EIA/IS-632 SE Process 

MIL-STD-499B. Provided with the permission of EIA from 
EIA/IS-632-1994.  Copyright 1995 EIA.  All rights reserved. 

            PROCESS OUTPUT 
• Integrated Decision Data Base 

   - Decision Support Data 

   - System Functional &  

     Physical  Architectures 

   - Specifications & Baselines 

• Balanced System Solution 

        Requirements Analysis 
• Analyze Missions & Environments 

• Identify Functional Requirements 

• Define/Refine Performance & Design 

  Constraint Requirements 

      Functional Analysis / Allocation 
• Decomposition to Lower-Level Functions 

• Allocate Performance and Other Limiting 

  Requirements to Lower-Level Functions 

• Define/Refine Functional Interfaces 

• Define/Refine/Integrate Functional Architecture 

Verification 

                            Synthesis 
• Transform Architectures (Functional to Physical) 

• Define Alternative Product Concepts 

• Define/Refine Physical Interfaces (Internal/External) 

• Define Alternative Product & Process Solutions  

Systems Analysis 

& Control 

Requirements Loop 

Design Loop 

• Select Preferred  

   Alternatives 

• Trade-Off Studies 

• Effectiveness Analysis 

• Risk Management 

• Configuration Management 

• Interface Management 

• Data Management 

• Performance-Based Progress 

Measurement 

   - SEMS 

   - TPM 

   - Technical Reviews 

 

 

   PROCESS INPUT 
• Customer Needs/                 

Objectives 

• Requirements: 

   - Mission/Operations 

   - Measures of 

     Effectiveness 

   - Environments 

   - Constraints 

• Technology Base 

• Prior Output Data 

• Program Decision 

Requirements 

• Requirements from 

Tailored Standards  

   and Specifications 
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MIL-STD-499B. Provided with the permission of EIA from EIA/IS-632-1994.  
Copyright 1995 EIA.  All rights reserved.  Modified by John Clark. 

PROCESS OUTPUTS 
• Requirements, Functional &  

Physical Architectures &  
Baselines 

• System, Subsystem &  
Component Specs (SSS/ SSDDs ) 

• Reqs Verification Matrix 

• FCA & PCA Reports 

Customer Needs/                  PROCESS INPUTS 
• 

Objectives 
• Legacy Requirements 

• Subject Matter Expert 
Defined Requirements 

• Technology Base 

• Prior Output Data 
• CDRL Definition 

• Standards 

• EIA/IS - 632 
• IEEE 1220 

Verification Loop: 
• Develop Verification Framework 
• Define Key Performance Parameters 
• Define Verification Methods 
• Develop Requirements Verification Matrix 
• Trace Requirements Verification Matrix to Test Procedures 
• Conduct Functional and Physical Configuration Audits 

Requirements Analysis 

Functional Analysis / Allocation 

Verification 
Loop 

• Functional Architecture 
• System/Subsystem Specs (SSS) 
• Requirements Traced to Functions 

• Functional Baseline 

Synthesis (Design) 

Systems Analysis &  

Control 
• Trade - Off Studies 
• Configuration Management 
• Interface Management 
• Data Management, etc. 

Systems Analysis &  

Control 
• Trade -Off Studies 

• Configuration Management 
• Interface Management 
• Data Management, etc. 

• Physical Architecture 

• Component Specs/SSDDs 
• Functions Traced to Components 

• 
Allocated Baseline • 

Product Baseline 

Requirements Loop 

Design Loop 

• 
• 
• 
• 
• 

Requirements Architecture 
System Requirements Doc (SRD) 
Interface Requirements Specs 
Capabilities Traced to Requirements 

Requirements Baseline 
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MIL-STD-499B and EIA/IS-632 SE Process,  

 John Clark Amplified Version 
EIA/IS-632 & JOC 

R12 R21 

R2 R1 

Sys 
I/F I/F 

R22 R11 

Interface Design Specs 

• 

Customer Needs/                  

C12 C21 

Sub2 Sub1 

Sys 
I/F I/F 

C22 C11 

F12 F21 

F2 F1 

Sys 
I/F I/F 

F22 F11 

• Define Requirements and Interfaces 

• Allocate Capabilities to Requirements 

• Decompose and Derive Requirements 

  to Sub Requirements 

• Allocate Sub Capabilities to Sub 

  Requirements 

• Define Requirements Architecture 

• Develop Requirements Traceability 

• Establish Requirements Baseline 

• Define Functions and Functional Interfaces 

• Allocate Requirements to Functions 

• Decompose and Derive Functions  

  to Sub Functions 

• Allocate Sub Requirements to Sub 

  Functions 

• Define Functional Architecture 

• Develop Functional Flow Block Diagrams 

• Establish Functional Baseline 

• Define Elements and Element Interfaces 

• Allocate Functions to Elements 

• Decompose and Derive Elements  

  to Sub Elements 

• Allocate Sub Functions to Sub  

  Elements  (and thereby Sub Requirements) 

• Define Physical Architecture  

• Develop Physical Flow Block Diagrams 

• Establish Allocated Baseline 

• Establish Product Baseline 

In
s
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e
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u

t 

What is the SE Process (cont)? 
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PROCESS 

INPUTS 

Requirements 

Analysis 

Requirements 

Validation 

Functional 

Analysis 

Functional 

Verification 

Synthesis 

Design 

Verification 

Requirements baseline 

Validated requirements baseline 

Functional architecture 

Verified functional architecture 

Physical architecture 

Verified physical architecture 

Control 

PROCESS OUTPUTS 

Requirements trade 

studies and  

assessments 

Functional trade 

studies and  

assessments 

Design trade 

studies and  

assessments 

Requirement  

and constraint 

conflicts 

Requirement  

trade-offs and impacts 

Decomposition 

and requirement  

allocation alternatives 

Decomposition/ 

allocation trade-offs 

and impacts 

Design solution 

requirements and  

alternatives 

Design solution 

trade-offs  

and impacts 

System 

Analysis 

IEEE 1220-1994, 
1998, 2005 

Provided with the permission of IEEE from IEEE-1220-2005.  
Copyright 2005 IEEE.  All rights reserved. 

IEEE 1220-1994, 1998, 2005 SE Process 

What is the SE Process (cont)? 
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Acquisition
Process

Supply
Process

Acquisition
& Supply

Technical Evaluation

Systems
Analysis
Process

System
Verification

Process

Requirements
Validation
Process

End Products
Validation
Process

Technical Management

Planning
Process

Assessment
Process

Control
Process

System
Design

Requirements
Definition Process

Solution Definition
Process

Product
Realization

Implementation
Process

Transition to Use
Process

Plans,
Directives
& Status

Outcomes
&

Feedback

Requirements

Designs

Products

Acquisition
Request

System
Products

ANSI/EIA-632-1998 

INCOSE SEH V2a 

Provided with the permission of EIA from ANSI/EIA-632-1998.  
Copyright 1999 EIA.  All rights reserved. 

ANSI/EIA-632 Relationship of Processes for Engineering a System 

What is the SE Process (cont)? 
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What is the SE Process (cont)? 

ANSI/EIA-632 Requirements for Engineering a System ANSI/EIA-632-1998 

Provided with the permission of EIA from ANSI/EIA-632-1998.  
Copyright 1999 EIA.  All rights reserved. 
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Role of Specified Requirements ANSI/EIA-632-1998 

Provided with the permission of EIA from ANSI/EIA-632-1998.  
Copyright 1999 EIA.  All rights reserved. 

What is the SE Process (cont)? 
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What is the SE Process (cont)? 

ISO/IEC TR 19760-2003 Application of Technical Processes to  

Engineer a System of Interest 

Provided with the permission of ANSI from ISO/IEC TR 19760.  
Copyright 2003 ISO/IEC.  All rights reserved. 

ISO/IEC TR 19760-2003 

35 
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Left side (15288:2008 Processes) excerpted, modified by J Clark, and used by permission from: What is ISO/IEC 15288 and Why Should I Care? INCOSE Webinar, 

Garry Roedler, US Head of Delegation for ISO/IEC JTC1/SC7/WG7, US TAG TG7 Lead, Senior Program Manager, Systems Engineering, Lockheed Martin 

Corporation, February 18, 2009. Right side (15288:2015 Processes) developed by John Clark based on INCOSE SE Handbook V4.0, October 8, 2015. 

15288:2008, SEH V3.2.2:2011 

Configuration 

Management 

Risk  

Management 

Decision  

Management 

Project  
Assessment  

& Control 

Project  

Planning 

Measurement 

Information 

Management 

Project 
Processes 

Quality 

Management 

Human Resources 

Management 

Project Portfolio 

Management 

Infrastructure 

Management 

Life Cycle Model 

Management 

Org. Project- 
Enabling 

Processes 

Supply 

Acquisition 

Agreement 
Processes 

Disposal 

Maintenance 

Operation 

Validation 

Transition 

Verification 

Integration 

Implementation 

Architectural  
Design 

Requirements  
Analysis 

Stakeholder  
Reqts Definition 

Technical 
Processes 

15288:2015, SEH V4.0:2015 

Configuration 

Management 

Risk  

Management 

Decision  

Management 

Project  
Assessment  

& Control 

Project  

Planning 

Measurement 

Information 

Management 

Technical 
Management 

Processes 

Quality 

Management 

Human Resource 

Management 

Portfolio 

Management 

Infrastructure 

Management 

Life Cycle Model 

Management 

Org. Project- 
Enabling 

Processes 

Supply 

Acquisition 

Agreement 
Processes 

Knowledge 

Management 

Quality  

Assurance Disposal 

Maintenance 

Operation 

Validation 

Transition 

Verification 

Integration 

Implementation 

Architecture  
Definition 

Stakeholder Needs 
 & Reqts Definition 

Technical 
Processes 

Business or  
Mission Analysis 

System Reqts  
Definition 

Design  
Definition 

System Analysis 

What is the SE Process (cont)? 
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The End! 
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