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One cannot understand a part of a

system without at least a rudimentary T

understanding of the whole. E A M
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Functioning in an interdependent T
environment requires that every team i A M S
possess a holistic understanding of the FOR 4 o OR R A8
interaction between all the moving parts. CENgg, L X Wopy N1
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People can only be empowered if they > Arm, Rt.,,.r(_lTAL

have enough context to make
good decisions.
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Revisiting the "Beloved” Systems Vee
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Time Line Development Processes




Revisiting the "Beloved” Systems Vee

------- SYSTEMS
System Verification Plan ‘System
ﬁutiﬁ;g:@)_,:i r ENGINEERING
Verifcaton Plan (OUR CONTRIBUTION)
— AND —
ENGINEERING
SYSTEMS
_— m'gmmm (THE GREATER LIFECYCLE)
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Systems Engineering is a transdisciplinary and integrative

d.iw/ynﬂmzz-a-p-pfe-a-eh-to enable the successful realization, use, and
retirement of engineered systems, using systems
principles and concepts, and scientific, technological, and
management methods.
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Looking Inward

Informing Our Processes, Methods,

and Tools
PROGRAMMATICS
PROBLEM BEHAVIORAL ARCHITECTURE
A System’s
WHY A System’s WHAT
VR |
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A System’s
PROOF A System’s HOW

VERIFICATION

PHYSICAL ARCHITECTURE

Anawymicat A System’s PHYSICS

ARCHITECTURE
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Systems Engineering

INCOSEE= HANDBOOK

SYSTEMS ENGINEERING HANDBOOK

A GUIDE FOR SYSTEM LIFE CYCLE PROCESSES AND ACTIVITIES

FIFTH EDITION
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Looking Inward
Advancing Our Core and Technical Competencies

CORE COMPETENCIES

Core competencies underpin enginearing as well as sys-
tems engineerng.

Systems The appllcation of the fun-

Thinking (ST) damentsl concepts of sys-
tems thinking to systems
engineering,

Life Cycles (LC) Selectlon of the appropriate
Iife cycles In the realization
of a system;

Capability &n appreciation of the role

Engineeri the system of Interest plays

ng (CF) In the system of which It Is
a jpart;
General Fowndational concepis In
Engineeri mathematics, scence and
ng (GE) engineerng and thelr ap-
plcation;

Critical Thinking (CT) The objective anahysis and
evaluation of a toplc In or-

der to form a Judgement;

Systems Modeling Provislon of rigorous data

and Analysis (SM) and Information  including
the use of modeling to sup-
port technlcal understand-
ing and decision making.
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Rigorous and Pragmatic Methods & Tools

Looking Inward \u =2 O
Solidifying the Foundation \\.__/ €™ — &
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TECHNICAL MANAGEMENT PLANNING

PROBLEM w SYSTEM w SYSTEM | ?; SYSTEM w SYSTEM
VERIFICATION

DEFINITION SYNTHESIS ANALYSIS VALIDATION

Knowledge Ontology
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Network Biology
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SYSTEMS SCIENCE
AND THEORY

SOCIAL &
HUMAN SCIENCES

NATURAL
SCIENCES
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& INFO SCIENCE
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Looking Inward
Digitizing and Digitalizing Our Discipline




Systems Engineering is a transdisciplinary and integrative
approach to enable the successful realization, use, and
retirement of engineered systems, using systems

principles and concepts, and scientific, technological, and
management methods.

INCOSE
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Looking Outward and Upward

Moving from Mono- to Multi- Lingual and Phase across the Lifecycle
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Looking Outward
and Upward

Advancing Our Greater
Competencies

MANAGEMENT COMPETENCIES

The ability to perform tasks assocated with controling and
managing Systems Engineenng activiies. This Incudes
tasks assoclated with the Management Processes dentifled

In the INCOSE SE Handbook.

Planning {PL) nnﬂ.ﬂn&gcmrdmg ﬂ
workable plans across maultl-

pie disciplines;
Monitoring and Asseszment of an ongoing
Control (MC) projact to see H the curment

plans are aligned and fea-
sibie;

Decision The structured, analytical

framework  for
Management (DM) identifying,  charactertzing

and evaluating & set of atber-

natives;
Concurrent & work methodology based
Engineering (CE) on the paralleliz atlon of tasks;
Business and The consideration of meeds
nd reguirements of other
ml tegration (BE) :rlerrl.alﬂuenuidem as part
of the system development;
Acquisition Obitainin pravidi

Risk and Oppaortunity ~ The identification and reduc-
Management (RO) fion In the probablity of un-
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Looking
Outward and

Upward

Embracing the
Paradoxical Mindset

Helix Credit: Art Pyster, Deva Henry, Nicole Hutchison.
Steven Institute of Technology, 2014

M Important Characteristics of Effective
Systems Engineers

ol O BT R Bl ] ) S B e W
Aezmmich Cantmr

1. Paradoxical Mindset 3. Flexible Comfort Zone
— Big Picture Thinking and Attention to — Open Minded
Datail
— Ratlonal Risk Takin
— Strategic and Tactical 8

— Multidisciplinary

— Analytic amd Synthetic
— Enjoys Challenges

— Courageous and Humble

— Methodical and Creative
4. Smart Leadership

— (uick Learning and Abstraction
— Knowing when to stop

2. Effective Communication
— Maodes [oral and written; good speakers

and listeners) — Focused on “Vision® for System
— Audience (bridge between probiem — Ability to Connect the Dots
domain and solution domaoin _ patience

— Content (soctal, managerial, technical)

— Purpose (understanding needs,
negotiotion, information brokering, 5. SelfStarter
technical arbitration, driving consensus) — Curiosity

— Passionate and Maotivated
— Eilﬂ'E'f ko Learn

Hiplin Wiorkskhon, ‘Washingion OC July 3, H1i4d
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Looking Outward and Upward
Keep/ng the Black Box Opaque

v' Design envelope X Traceability X Risks
v' Interfaces X Abstractions X Concerns
v" Role X Alternatives X Design journey
X Analysis X Other SE tools,
techniques,

and details

UTILIZATION &
CONCEPT PRODUCTION
SUPPORT




Looking Outward and Upward

Avoiding the Trap of Silos of Excellence

CONCEPT DEVELOPMENT PRODUCTION
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Looking Outward and Upward

Connecting the Engineering Lifecycle

Stakeholders

* Auditing
Estimating
» Business — Financial
Management
» Contracting
« Engineering
« Facilities Engineering
» Industrial Contract
Property Management
* Information Technology
« Lifecycle Logistics
« Production, Quality
& Manufacturing
« Program Management
« Purchasing
« Science & Technology
Management
« Test & Evaluation

Production &
Deployment (P&D)
Phase

Materiel
Solution

Technology
Maturation & Risk
Reduction (TMRR)

Phase

Engineering &
Manufacturing
Development (EMD)
Phase

Operations
& Support (O&S)
Phase

D

Analysis (MSA)
Phase

A&;oﬂt’aﬁ -

Image Credit: US Department of Defense, 2018

Stakeholders
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" DIGITAL

ENGINEERING
STRATEGY

An integrated
approach using
authoritative data
and models as a
continuum across
disciplines and
across the lifecycle

Department of Defense
Digital Engineering Strategy
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Looking Outward and Upward
Transforming the Engineering Lifecycle through Digital Engineering
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MBSE Systems Engineering
connective tissue of the technical connective tissue of oxygen fueling 21t century
Digital Engineering environment the project team engineering and operations

20



Looking Outward and Upward

Positioningnotaste Watchmaker but as the Beekeeper

Be bright
Be brief
Be gone!

3 Bs credit David Walden, Sysnovation
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Looking Outward and Upward

Focusing on the Business Value of Systems Engineering

100% —
90%
80%
T0% —
60% —
50% —
40% —
30% —
20% —

10% —

Cumulative percentage life cycle cost against time

0% —

— 05%

Committed costs

v Understanding the problem
v Integrating the team
v Defining the seams
v Addressing the gaps
v Guarding the why

Time

Credit: Defense Acquisition University
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Looking Outward and Upward E

Informing and Influencing in Context _ J

The product seamlessly integrates into the customer’s workflow and systems,
reliably meets all their needs, and delights the customer

The key performance parameters ensure robust delivery of clear market
differentiation

Technical scope/program work is clearly tied to market impact
Technical risks are retired early and robustly

Creative ideas come from everyone, and designs are optimized across
organizational boundaries

Design decisions are clearly identified and closed in a timely fashion
(and stay closed)

Designs integrate easily

Quality problems (when they exist) are found and resolved early and few
design issues escape to the field

Institutional knowledge is available to everyone when and how they need it

Adapted from Chris Unger, GE Healthcare, 2014
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Leveraging Our Frames,
Embracing Our Responsibility

ot WY Systems Engineering

MANAGEMENT

R Q CYBER- o AND o
Engineering Systems

SECURITY
ENGINEERING a e

BIOLOGY SYSTEMS PSYCHOLOGY/
ﬁfo‘ ENGINEERING Bl
DATA

22t | Embracing system, lifecycle,
= soFTwRs enterprise and society

ENGINEERING

ENVIRONMENTAL '
SCIENCE

z MANUFACTURING

= Optimizing systems engineering by

 SEvision 2038 suboptimizing systems engineering

All rights reserved.
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Questions and Discussion

David Long, ESEP

President, Blue Holon

Director for Strategic Integration
Past President (2014/2015)
Fellow

703.304.4425
david.long@incose.net
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