
Digital transformation is changing the way work will be done across a wide range of government 
agencies, industries, and academia. 

Digital transformation is characterized by the integration of digital technology into all areas of a 
business, changing fundamental operations and how results are delivered in terms of new value to 
customers. 

Digital Transformation includes cultural change centered on alignment across leadership, strategy, 
customers, operations, and workforce evolution.

Accordingly, DAU is sponsoring research with a focus on providing relevant and timely education 
and training in three specific areas of strategic importance (ASI) to the Department of Defense: 
Digital Engineering, Data Analytics, and Artificial Intelligence/Machine Learning

An element of this sponsored research has resulted in this webinar series on Digital Readiness, 
sponsored and hosted by DAU and delivered by the Systems Engineering Research Center at 
Stevens Institute of Technology.  



Digital Engineering (DE) is ‘‘an integrated digital approach that uses authoritative sources of systems’ 
data and models as a continuum across disciplines to support lifecycle activities from concept through 
disposal. A DE ecosystem is an interconnected infrastructure, environment and methodology that 
enables the exchange of digital artifacts from an authoritative source of truth” (DAU, 2017).

Data Analytics is the science of analyzing raw data in order to make conclusions about that 
information (Investopedia, 2019). Data scientist—that is the professional using Data Analytics— works 
at the intersection of information technology, machine learning, statistics, and business.

Artificial Intelligence (AI)/Machine Learning (ML) systems are programs continuously evolving to 
behave differently based on more input data and statistical, logical, and knowledge-based inference 
become able to perform tasks normally reserved to humans.

Digital Readiness Webinar Series

Focused Topics in Three Areas of Strategic Importance 
to the Department of Defense 



➢Three Webinars Per Strategic Area:

- Webinar 1 - Strategic Area: Introduction and Overview

- Webinar 2 – Strategic Area: Current State of Practice

- Webinar 3 – Strategic Area: Recent Application/Future Direction

➢Webinar Series Dates by Strategic Area:

- Digital Engineering - July 9, July 16, July 23

- Digital Analytics – July 30, August 6, August 13 

- Artificial Intelligence/Machine Learning – August 20, August 27, September 3 

Webinar Series Framework and Dates
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Digital Readiness: Age of Digital Engineering
Jon Wade, PhD

Director, Convergent Systems Engineering
University of California, San Diego

March 9, 2020
© Jon Wade 2020
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• Digital Engineering 

• Digital Transformation 

• Digital Engineering Competencies & Education

Outline

© Jon Wade 2020
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Digital Engineering

© Jon Wade 2020
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En`gi`neer´ing

n. 1. Originally, the art of managing engines; in its modern and extended 
sense, the art and science by which the properties of matter are made 
useful to man, whether in structures, machines, chemical substances, 
or living organisms; the occupation and work of an engineer. In the 
modern sense, the application of mathematics or systematic 
knowledge beyond the routine skills of practise, for the design of any 
complex system which performs useful functions, may be considered as 
engineering, including such abstract tasks as designing software 
(software engineering).

https://www.webster-dictionary.org/definition/Engineering

© Jon Wade 2020

https://www.webster-dictionary.org/definition/Engineering
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Foundations of Engineering

• 1631: Clavis Mathematicae, The Key to Mathematics - William Oughtred - Algebra

• 1684: Nova Methodus pro Maximis et Minimis (A new method for maxima and 
minima) – Gottfried Leibniz - Calculus

• 1687: Philosophiæ Naturalis Principia Mathematica (Mathematical Principles of 
Natural Philosophy) – Sir Isaac Newton – Newtonian Physics

• 1817: The U.S. Military Academy, West Point, NY - First US Engineering Program

• 1824: Reflections on the Motive Power of Fire  - Sadi Carnot – Thermodynamics

• 1862: Morrill Land-Grant Acts - provided land and money to states to found 
colleges that focused on agriculture, engineering, and military tactics. - Education

• 1865: A Dynamical Theory of the Electromagnetic Field – James Clerk Maxwell –
Electrical Engineering

© Jon Wade 2020
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Engineering Tools

• 1424: Treatise on the Circumference, Jamshīd al-Kāshī – pi & Trigonometric 
tables to 8 digits

• 1632: Clavis Mathematicae, (The Key to Mathematics) - William Oughtred, 
Modern Slide Rule

• 1820:  Arithmometer, Thomas de Colmar, Digital Calculator (mechanical)

• 1880s: Punch Card Tabulation, Herman Hollerith, electromechanical 
Calculators

• 1927: Differential Analyzer, H. L. Hazen and Vannevar Bush, analog 
computing

• 1963: Friden EC-130, first solid-state calculator

• 1972: HP-35, first pocket calculator with scientific functions

• 1977: Apple II, affordable personal computing

© Jon Wade 2020
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Iterative Design
• pre-1899: design kite using Lilienthal Tables (1889) 

and  Smeaton coefficient (1759)

• 1899-90: biplane kite – test wing warping 

• 1901: larger biplane kite – 50 to 100 flights (Two 
iterations of design had 1/3 less lift than expected)

• 1902: Built & used wind tunnel for design validation 
(Smeaton coefficient was wrong).

• 1902: new glider, 700 to 1000 glides

• 1903: assemble engineer & test powered first flight 
12-59 seconds

• 1904: new, heavier machine, 5 minute flight

Wright Brothers

© Jon Wade 2020



11

Serial
number[note 2] Mission Launch date (UTC) Pad Notes

SA-500F Facilities integration
Used to check precise fits and test facilities operation on Pad 39A before a flight model was ready. First stage 
scrapped, second stage converted to S-II-F/D, third stage on display at Kennedy Space Center.[74]

SA-500D Dynamic testing
Used to evaluate the vehicle's response to vibrations. On display at the U.S. Space & Rocket 
Center, Huntsville, Alabama [74]

S-IC-T All Systems Test First stage used for static test firing at Marshall Space Flight Center. On display at Kennedy Space Center.[74]

SA-501 Apollo 4
November 9, 1967

12:00:01
39A First uncrewed, all-up test flight; complete success.

SA-502 Apollo 6
April 4, 1968

12:00:01
39A

Second uncrewed test flight; J-2 engine problems caused early shutdown of two engines in second stage, and 
prevented third stage restart.

SA-503 Apollo 8
December 21, 1968

12:51:00
39A First crewed flight; first translunar injection of Apollo Command/Service Module

SA-504 Apollo 9
March 3, 1969

16:00:00
39A Crewed low Earth orbit test of complete Apollo spacecraft with LM

SA-505 Apollo 10
May 18, 1969

16:49:00
39B Second crewed translunar injection of complete Apollo spacecraft with LM; Only Saturn V launched from Pad 39B

SA-506 Apollo 11
July 16, 1969

13:32:00
39A First crewed lunar landing, at Sea of Tranquility

SA-507 Apollo 12
November 14, 1969

16:22:00
39A

Vehicle was struck twice by lightning shortly after liftoff, no serious damage. Precision crewed lunar landing, 
near Surveyor 3 at Ocean of Storms.

SA-508 Apollo 13
April 11, 1970

19:13:03
39A

Severe pogo oscillations in second stage caused early center engine shutdown; guidance compensated by burning 
remaining engines longer. Third crewed lunar landing mission was aborted by Service Module failure.

SA-509 Apollo 14
January 31, 1971

21:03:02
39A Third crewed lunar landing, near Fra Mauro, Apollo 13's intended landing site.

SA-510 Apollo 15
July 26, 1971

13:34:00
39A

Fourth crewed lunar landing, at Hadley–Apennine. First extended Apollo mission, carrying lunar orbital Scientific 
Instrument Module and Lunar Roving Vehicle.

SA-511 Apollo 16
April 16, 1972

17:54:00
39A Fifth crewed lunar landing, at Descartes Highlands.

SA-512 Apollo 17
December 7, 1972

05:33:00
39A Only night launch. Sixth and final crewed lunar landing, at Taurus–Littrow.

SA-513 Skylab 1
May 14, 1973

17:30:00
39A

Uncrewed launch of the Skylab orbital workshop, which replaced the third stage, S-IVB-513, on display at Johnson 
Space Center.[74] Originally designated for canceled Apollo 18.

SA-514 Unused
Originally designated for canceled Apollo 19; never used. First stage (S-IC-14) on display at Johnson Space Center, 
second and third stage (S-II-14, S-IV-14) on display at Kennedy Space Center.[74]

SA-515 Unused

Originally designated for Apollo 20, later as a backup Skylab launch vehicle; never used. The first stage was on 
display at Michoud Assembly Facility, until June 2016 then was moved to the INFINITY Science Center in 
Mississippi. The second stage (S-II-15) is on display at Johnson Space Center. The third stage was converted to a 
backup Skylab orbital workshop and is on display at the National Air and Space Museum.[74]

Apollo Saturn-V Iterative Rocket Design

https://en.wikipedia.org/wiki/Saturn_V#cite_note-serialnote-8
https://en.wikipedia.org/wiki/SA-500F
https://en.wikipedia.org/wiki/S-II
https://en.wikipedia.org/wiki/Kennedy_Space_Center
https://en.wikipedia.org/wiki/Saturn_V#cite_note-displays-78
https://en.wikipedia.org/wiki/Saturn_V_Dynamic_Test_Vehicle
https://en.wikipedia.org/wiki/U.S._Space_%26_Rocket_Center
https://en.wikipedia.org/wiki/Huntsville,_Alabama
https://en.wikipedia.org/wiki/Alabama
https://en.wikipedia.org/wiki/Saturn_V#cite_note-displays-78
https://en.wikipedia.org/wiki/Kennedy_Space_Center
https://en.wikipedia.org/wiki/Saturn_V#cite_note-displays-78
https://en.wikipedia.org/wiki/Apollo_4
https://en.wikipedia.org/wiki/Apollo_6
https://en.wikipedia.org/wiki/Apollo_8
https://en.wikipedia.org/wiki/Apollo_9
https://en.wikipedia.org/wiki/Apollo_10
https://en.wikipedia.org/wiki/Apollo_11
https://en.wikipedia.org/wiki/Sea_of_Tranquility
https://en.wikipedia.org/wiki/Apollo_12
https://en.wikipedia.org/wiki/Surveyor_3
https://en.wikipedia.org/wiki/Ocean_of_Storms
https://en.wikipedia.org/wiki/Apollo_13
https://en.wikipedia.org/wiki/Pogo_oscillations
https://en.wikipedia.org/wiki/Apollo_14
https://en.wikipedia.org/wiki/Fra_Mauro_(crater)
https://en.wikipedia.org/wiki/Apollo_15
https://en.wikipedia.org/wiki/Hadley%E2%80%93Apennine
https://en.wikipedia.org/wiki/Lunar_Roving_Vehicle
https://en.wikipedia.org/wiki/Apollo_16
https://en.wikipedia.org/wiki/Descartes_Highlands
https://en.wikipedia.org/wiki/Apollo_17
https://en.wikipedia.org/wiki/Taurus%E2%80%93Littrow
https://en.wikipedia.org/wiki/Skylab
https://en.wikipedia.org/wiki/Johnson_Space_Center
https://en.wikipedia.org/wiki/Saturn_V#cite_note-displays-78
https://en.wikipedia.org/wiki/Canceled_Apollo_missions
https://en.wikipedia.org/wiki/Johnson_Space_Center
https://en.wikipedia.org/wiki/Kennedy_Space_Center
https://en.wikipedia.org/wiki/Saturn_V#cite_note-displays-78
https://en.wikipedia.org/wiki/Michoud_Assembly_Facility
https://en.wikipedia.org/wiki/INFINITY_Science_Center
https://en.wikipedia.org/wiki/National_Air_and_Space_Museum
https://en.wikipedia.org/wiki/Saturn_V#cite_note-displays-78
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NASA Real-Time Computing Center (RTCC) - 1958NASA computing group, circa 1955

NASA Computing

© Jon Wade 2020
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First MicroProcessor Intel 4004 

General Info
Launched late 1971
Discontinued                1981

Performance
Max. CPU clock rate    740 kHz
Data width 4 bits
Address width 12 
RAM                             640 bytes
Min. feature size 10 µm
Transistors 2,250
Successor Intel 4040

While architecturally simple, the 4004 design implementation and 
fabrication details were obscure to most computer scientists. 

According to Lynn Conway, the question back then was ‘‘whether the 
design of VLSI systems would be possible outside Intel moving forward’’.  
VLSI was limited by engineering, not by technology.

© Jon Wade 2020
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The Mead Conway Revolution

The Power of Abstraction

For VLSI - 1979

© Jon Wade 2020
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Mead Conway Impact

Mead & Conway’s methods were suddenly brought forward in 1978–
1980 and made visible through a set of courses reaching 120 
universities within two years. 

Concepts such as simplified design methods, new, electronic 
representations of digital design data, scalable design rules, ‘‘clean’’ 
formalized digital interfaces between design and manufacturing, and 
widely accessible silicon foundries suddenly enabled thousands of 
chip designers to create tens of thousands of chip designs. 

A completely new way of creating VLSI systems on silicon was born.

Moore’s Law was unimpeded by engineering capability.

© Jon Wade 2020
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VLSI Technology, Born of Apollo 

© Jon Wade 2020
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Digital Engineering

Digital engineering (DE):

• an engineering approach that captures and analyzes data that 
is in a digital format which is semantically rich and 
interconnected

• enables people to leverage the power of computing, 
visualization, and communication to significantly enhance 
efficiencies, quality, and innovation across the complex system 
development lifecycle

- Sandy Friedenthal, SERC DE Workshop, Nov. 15, 2019

© Jon Wade 2020
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Thinking Machines - 1990
“We want to make a machine that will be proud of us.”

Richard Feynman

Danny Hillis

Marvin Minsky

CM-5

Jurassic Park© Jon Wade 2020

CM-2
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CM-5: January 1991

Connection Machine 5 - 1990

Goal: Architect, develop & 
Deploy 10x Improvement in 
floating point performance 
in 18 months

Result: Systems upgrades 
initiated on schedule with 
predicted results

© Jon Wade 2020
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Conventional Approach

Source: wpedia.goo.ne.jp/enwiki/Dual_Vee_Model

1 2

TOO LATE!

TOO

LONG!

© Jon Wade 2020

http://wpedia.goo.ne.jp/enwiki/Dual_Vee_Model
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System & VLSI Design Cycle

Systems Stack
• Cost Analysis

• Performance analysis

• Application Tuning

• Run-time software

• OS support

• Diagnostics

• VLSI Design

• PCB Design

• Mechanical design

• Manufacturing

ThinkCAD
Simulations

© Jon Wade 2020
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Results

THINKING MACHINES SHIPS CM-5 VECTOR CHIP SETS NEW STANDARDS FOR 
PERFORMANCE AND EFFICIENCY CAMBRIDGE, Mass., Aug. 24  1992/PRNewswire/ --
Following the public debut of its vector technology at the “Hot Chips” conference at 
Stanford University, Thinking Machines has formally announced that the new chips are 
being shipped with installation at customer sites to begin this month. Destined to have a 
fundamental impact on general-purpose performance and benchmarks, the chip performs 
at levels of efficiency that were not previously thought possible. 

"On a 3D irregular finite element code used in aerodynamics, we have already achieved 
performance on a 1024 node CM-5 that is seven times faster than the largest CM-2. On a 
dynamic mesh climate model application, it is more than 23 times faster. The company's 
CM-2 is already the reigning champion in the IEEE contest as the fastest supercomputer in 
the world. “

© Jon Wade 2020
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Boeing 777: 1990-98
The Model 777, the first entirely new 

Boeing airplane in more than a 

decade, was the first jetliner to be 

100 percent digitally designed using 

three-dimensional computer 

graphics. Throughout the design 

process, the airplane was 

“preassembled” on the computer, 

eliminating the need for a costly, full-

scale mock-up.

In 2006, the 787 Dreamliner went through the first-ever virtual rollout which was a virtual 

simulation and validation of the entire manufacturing process. Accurate, intuitive 3D 

models are used as the primary means for communicating design and production 

planning information throughout a program. 

© Jon Wade 2020
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Digital Transformation

© Jon Wade 2020
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Source: “Energy Rate Density as a Complexity Metric and Evolutionary Driver”, E. J. CHAISSON Wright Center and Physics Department, 
Tufts University, Medford, Massachusetts and Harvard College Observatory, Harvard University, Cambridge, Massachusetts.

Self-organizing Complexity

© Jon Wade 2020
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Software-free Cars

© Jon Wade 2020
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Source: Alberto Sangiovanni-Vincentelli, EE249 Course

Automobiles: Cyber-Physical Systems

© Jon Wade 2020
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The Future Mobility Ecosystem

© Jon Wade 2020
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Rate of 

Change Platforms: 10-50+ Years

Infrastructure: 10-25+ Years

Mobile Weapons: 5-20+ Years

Electronics: 1-5 Years

IEDs & Software: days to months

Self-Adaptive: ms to seconds

The environment is adaptive and 
quickly evolving

Uncertainty in our new 
environment is 

demanding a rapid response

Yet we are often constrained by 
legacy

Accelerating Rates of Change

© Jon Wade 2020
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Growing Levels 
of System 

Complexity

Source: INCOSE Vision 2025

Cynefin Framework

© Jon Wade 2020
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It is not the strongest of 
the species that survives, 
nor the most intelligent 
that survives. It is the one 
that is most adaptable to 
change. 

– Charles Darwin

Adaptability is 
Key to Survival 

If the rate of change on 
the outside exceeds the 
rate of change on the 
inside, the end is near. 

– Jack Welch

© Jon Wade 2020
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Col. John Boyd, fighter 
pilot, “40-second Boyd”, 
inventor of OODA Loop

Transition from Open-Loop to 
Closed-Loop Systems

© Jon Wade 2020
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Digital Convergence

Cloud 
Computing

Big Data
Analysis 
(AI/ML)

Internet 
of Things

Thomas Siebel, “Digital Transformation: Survive and Thrive in an Era of Mass Extinction”, 2019.

Model-Driven 
Architectures

Data-Driven 
Decisions

DoD definition of model as ‘a physical, mathematical, or 
otherwise logical representation of a system, entity, 
phenomenon, or process’ (DoD 1998)

© Jon Wade 2020



35

The Power of the Network

© Jon Wade 2020
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The Power of Digitalization: extracting value from data

V
ir

tu
a

l
P

h
y
s

ic
a

l

Dynamic 

System

Validation

Exploiting the digital power of 
computation, visualization and communication 

to take better, faster actions

© Jon Wade 2020
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Potential competitive advantages

 

Sophistication of intelligence 

Autonomous                                                      Machine learning                        
analytics                                                          "What can we learn from the data?" 

Prescriptive                                                   Optimization  

analytics                                             "What's the best that can happen?" 

Experimental design 

 "What happens if we try this?"  

Predictive                                         Predictive modeling 
analytics                                      "What will happen next?" 

Forecasting/extrapolation 

"What if these trends continue?" 

Statistical analysis 

"Why is this happening?" 

Descriptive       Alerts   

analytics             "What actions are needed?"                                                                                                       

Query/drill down 

"What exactly is the problem?" 

Ad hoc reports 

"How many, how often, where?" 

Standard reports 

"What happened?" 

C
o

m
p

et
it

iv
e 

ad
va

n
ta

ge
 

Source: Competing on Analytics, 
T. Davenport, et al, 2017.© Jon Wade 2020
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Who are the winners in value extraction from data? 

Rank

1
Apple Inc.
1,576,000

2
Microsoft
1,551,000

3
Amazon.com
1,432,590

4
Alphabet Inc.
979,700

5
Facebook, Inc.
675,690

World-wide ranking of public corporations 
by top market cap

Company VC ($B)

Tesla Inc TSLA: NASDAQ 257.6$     

Toyota Motor Corp ... TM: NYSE 205.8$     

Honda Motor Co Ltd... HMC: NYSE 46.7$       

Daimler AG DDAIF: NYSE 45.5$       

General Motors Com... GM: NYSE 36.0$       

Ford Motor Company F: NYSE 24.3$       

Nissan Motor Co Lt... NSANY: NASDAQ 15.7$       

© Jon Wade 2020

https://en.wikipedia.org/wiki/Apple_Inc.
https://en.wikipedia.org/wiki/Microsoft
https://en.wikipedia.org/wiki/Amazon.com
https://en.wikipedia.org/wiki/Alphabet_Inc.
https://en.wikipedia.org/wiki/Facebook,_Inc.
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From: Systems Engineering 1.0

• Systems built to last

• Opinion-based decision making

• Paper-based documentation

• Deeply integrated architectures

• Hierarchical organizational model

• Satisfying the requirements 

• Phase-based Verification & Validation          

To: Systems Engineering 2.0

• Systems built to evolve

• Model and Data-driven decision making 

• Simulation-based documents

• Modularized architectures

• Ecosystem of partners

• Constant experimentation and innovation

• Continuous Verification & Validation

The Transition

© Jon Wade 2020
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Agility is Critical: 
Continuous Learning System Engineering

4. Systemic Learning – System is used as an 
environment to conduct experiments and learn

5. Continuous Learning System – System 
autonomously conducts experiments for system 
optimizations and/or guides experiment decision-
makers and concept designers 

Based on Jan Bosch’s “Stairway to Heaven”

1. Agile Software Development  – agile 
development limited software

2. Agile System Development – Entire 
organization is agile, reducing the risk in any 
particular interval

3. Continuous Deployment – System can be 
updated at any time, DevOps blurs boundary 
between development and operations

© Jon Wade 2020
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INCOSE Response: Systems Engineering
Ends: The ability to create systems that continually evolve to 
meet their customers’ needs under their timelines while being 
trustworthy, economical and sustainable.

Means:  
1. Develop and implement SE Methods, Processes and Tools 

(MPTs) that are relevant to complex/non-deterministic 
systems

2. Create expertise of evolving systems (e.g., architectural 
archetypes) that are appropriate for the domains of interest

3. Ensure that we have a workforce that is capable of applying 
these MPTs to the systems of interest

4. Broadly apply the systems approach to a broad set of domain 
areas and scales

© Jon Wade 2020
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DE Competencies & Education

© Jon Wade 2020
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Context: DoD-I 1400.25 vol 250
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DOD-wide Competency Taxonomy

Tier 1: Core Competencies

Apply across DOD regardless of component or occupation, e.g., 
DOD leadership competencies 

Tier 2: Primary Occupational Competencies

Apply across discrete occupational series/functions, i.e., one or 
more functionally related occupations that share distinct, 
common technical qualifications, competencies, career paths, 
and progression patterns

Tier 3: Sub-Occupational Specialty Competencies*

Unique to sub-occupational specialty, e.g., set of geo-technical 
competencies within the civil engineering occupation

Tier 4: Component-Unique Competencies*

So unlike any of the other competencies identified that they exist 
at the component level and are unique to the context or 
environment in which the work is performed.

Tier 5: Position-Specific Competencies*

Required for a particular position within an occupation and are 
not addressed in the Tiers above, e.g., a specific civil engineer 
may require financial management competencies

Competency Title

Competency Definition

Proficiency Level Definition/ 
Illustration

Job Tasks

Five-Tiered Competency Framework

Competency Components

Each competency in the Five-Tier Framework is 
described by the following components:

Level 1 = Awareness

Level 2 = Basic

Level 3 = Intermediate

Level 4 = Advanced

Level 5 = Expert

Proficiency Levels (tied to assessments) indicate 
the degree to which employees performed a 
competency.

* To be developed at a later date

Tier focused on:
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ENG Career Field Competency Model
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Use Cases

DECF use cases are a critical input into its design, structure, and scope. The critical objective is for the DECF 
to enable transformation of the acquisition workforce – in particular the ENG workforce – for successful 
acquisitions in a digital engineering environment. The following are some of these avenues:

• Increase skills of current workforce

―Workforce evaluation 

―Career Planning

―Creating DE training programs 

• Grow workforce

―Creating Position Descriptions

―Hiring for Digital Engineering Positions

• Transform organization

―Identifying Critical Roles 
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Proficiency Level Definitions

Proficiency Level

0 1 2 3 4 5

None Awareness

Basic
General 

Knowledge
(Entry)

Intermediate
General 

Knowledge
(Junior)

Advanced
Detailed 

Knowledge
(Senior)

Expert
In-Depth 

Knowledge
(SME)

Definition

No experience 
with or 
knowledge of 
the competency.

Applies the 
competency in 
the simplest 
situations.

Applies the 
competency in 
somewhat 
difficult 
situations.

Applies the 
competency in 
difficult 
situations.

Applies the 
competency in 
considerably 
difficult 
situations.

Applies the 
competency in 
exceptionally 
difficult 
situations.

Requires close 
and extensive 
guidance.

Requires 
frequent 
guidance.

Requires 
occasional 
guidance.

Generally 
requires little 
or no guidance.

Serves as a key 
resource and 
advises others.

Demonstrates 
awareness of 
concepts and 
processes.

Demonstrates 
familiarity with 
concepts and 
processes.

Demonstrates 
understanding 
of concepts 
and processes.

Demonstrates 
broad 
understanding 
of concepts 
and processes.

Demonstrates 
comprehensive
, expert 
understanding 
of concepts 
and processes.
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DECF Competency Categories
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Competency Category Definitions

Groups Description

1. Digital Literacy

Ability to communicate, locate, protect and preserve information on 
digital platforms.

Digital literacy means having the skills you need to live, learn, and work in 
a society where communication and access to information is increasingly 
through digital technologies. Digital literacy looks beyond functional IT 
skills to describe a richer set of digital behaviors, practices and identities. 

2. Software Literacy

Ability to understand, apply, problem solve and critique software in 
pursuit of particular learning and professional goals.

Technical expertise in various software or coding languages will be 
necessary for many roles in a digital engineering environment. This ability 
may range from simply opening documents within specific software to 
creating, supporting and maintaining applications. 



52

Competency Category Definitions (cont.)

Groups Description

3. Data 
Engineering

Ability to acquire, curate, compress, secure and prepare data.

This group includes any competencies related to acquiring, curating, 
compressing, securing and preparing data resulting from a digital engineering 
environment, along with the ability to create or support such data-focused 
processes. 

4. Modeling

Ability to use digital models to describe and understand phenomena of 
interest.

This group encompasses competencies related to the use of digital models to 
describe and understand phenomena of interest from initiation of the effort 
through the entire life cycle maturation. Some level of model literacy is 
required to move into more advanced skills such as the ability to build a model 
using appropriate tools, standards, and ontology to creating a modeling 
environment. 
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Competency Category Definitions (cont.)

Groups Description

5. Decision Making

Ability to use analysis tools and techniques to make appropriate decisions.

This group encompasses competencies related to using data of all sorts to
perform analysis and make decisions in a digital environment. This includes
the ability to correctly leverage digital resources to make and effectively
relate decisions. This includes the abilities to use analysis tools and
techniques to make appropriate decisions.

6. Engineering Methods

Ability to use engineering methods and their artifacts to support the
engineering and system lifecycle.

This group encompasses skills related to the critical need to adapt and
leverage traditional engineering methods and processes to a digital
environment. This includes the creation and use of digital artifacts throughout
the project or system lifecycle to document progress and keep shareholders
informed. This encompasses the abilities to use engineering methods,
processes and tools to support the engineering and system lifecycle.
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Competency Relationships Among the Three Strategic Areas

Digital Eng AI/ML Data Analytics

Engineering Processes N/A N/A

Social & Ethical Issues and 

Implications

Diagnostic, Predictive, and 

Prescriptive analytics

Human-computer Interaction
Exploration, Mining, and 

Visualization

Action Execution Patterns
Data drivien Systems:     

Bottom-up Machine Learning

Data Engineering

Software Literacy

Digital Literacy Prerequisite Prerequisite

Computer Science

Decision Making

Modeling

Data Engineering: Collecting, Transmitting,                   

Preparing & Organizing data

Algorithm & Modeling for Knowledge Representation

Natural Text Processing - NLP

Learning Patterns
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Cutting Edge Curricula

Instructor Experience

Experiential Learning

Complete Lifecycle
Lifelong Community of Excellence

Attributes of Digital Engineering Education

Learner Centric

© Jon Wade 2020
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Battle for AI Talent

• Google & Facebook hire 80% of machine learning PhDs

• Since 2000, number of AI startups increase by 14x

• Jobs requiring AI skills increased by 4.5x since 2013

• 2018 LinkedIn: data scientist roles increased by 500% since 2014, 
and machine learning by 1,200%

• Need “translators” McKinsey 

How many SE’s are experts in Artificial Intelligence and Data Science?  
Systems are limited by systems engineering capability, not technology.
Source: “Digital Transformation”, Thomas M. Siebel.

© Jon Wade 2020
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Key Lessons from Mead  & Conway

“Thirty years later what has remained the same includes: 

(1) the importance for interdisciplinary approaches to research 
and development, 

(2) the continuous quest for new vertically-integrated scalable 
design methodologies, and 

(3) the need for open standards and interchange procedures 
that foster innovation by enabling collaborative engineering 
across institutions and beyond geographic constraints. 

- Prof. Luca Carloni, Columbia University, USA

Panel: The Heritage of Mead & Conway, What Has Remained the Same, What Was Missed, What Has 
Changed, What Lies Ahead

Carver Mead

Lynn Conway
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The AI-Intensive System Stack

The Power of Abstraction

For AI Systems - 2020

?

Validating & Deploying AI System – Systems Eng

Determining HW Platform – Computer Eng

Choosing and training Algorithm – AI/CS

Setting Up Training Data – AI/CS

Engineering Features/Outcomes – Data Science

Collecting Data – Data Science

Determining Critical Data – Systems Eng

Understanding Value Chain – Systems Thinking
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Education as Living Research Lab

Lynn Conway, MPC Adventures: Experiences with the Generation of VLSI Design and 
Implementation Methodologies, 1981.
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Future Work
There is much work to be done…
• Develop new vertically-integrated scalable design 

methodologies

• Define layered abstractions with orthogonalized 
concerns

• Create open standards and interchange procedures 
that foster innovation by enabling collaborative 
multi-disciplinary engineering across institutions 
and beyond geographic constraints

• Write “the Book”

• Create the courses

• Start the revolution Thank you, Lynn & Carver!
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Questions?
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