
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 DAUand delivered by the Systems Engineering Research Center at 
Stevens Institute of Technology.  



Digital Engineering (DE)ƛǎ ΨΨŀƴ ƛƴǘŜƎǊŀǘŜŘ ŘƛƎƛǘŀƭ ŀǇǇǊƻŀŎƘ ǘƘŀǘ ǳǎŜǎ ŀǳǘƘƻǊƛǘŀǘƛǾŜ ǎƻǳǊŎŜǎ ƻŦ ǎȅǎǘŜƳǎΩ 
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 
ŜƴŀōƭŜǎ ǘƘŜ ŜȄŎƘŀƴƎŜ ƻŦ ŘƛƎƛǘŀƭ ŀǊǘƛŦŀŎǘǎ ŦǊƻƳ ŀƴ ŀǳǘƘƻǊƛǘŀǘƛǾŜ ǎƻǳǊŎŜ ƻŦ ǘǊǳǘƘέ ό5!¦Σ нлмтύΦ

Data Analyticsis the science of analyzing raw data in order to make conclusions about that 
information (Investopedia, 2019). Data scientistτthat is the professional using Data Analyticsτworks 
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 



üThree Webinars Per Strategic Area:

- Webinar 1 - Strategic Area: Introduction and Overview

- Webinar 2 ςStrategic Area: Current State of Practice

- Webinar 3 ςStrategic Area: Recent Application/Future Direction

üWebinar Series Dates by Strategic Area:

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

- Digital Analytics ςJuly 30, August 6, August 13 

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

Webinar Series Framework and Dates
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ÅDigital Engineering 

ÅDigital Transformation 

ÅDigital Engineering Competencies & Education

Outline

© Jon Wade 2020
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Digital Engineering

© Jon Wade 2020



7

En`gi`neeŕing

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

Å 1631: ClavisMathematicae, The Key to Mathematics - William Oughtred- Algebra

Å 1684: Nova Methoduspro Maximiset Minimis (A new method for maxima and 
minima) ςGottfried Leibniz - Calculus

Å 1687: PhilosophiæNaturalis Principia Mathematica (Mathematical Principles of 
Natural Philosophy) ςSir Isaac Newton ςNewtonian Physics

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

Å 1824: Reflections on the Motive Power of Fire  - SadiCarnot ςThermodynamics

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

Å 1865: A Dynamical Theory of the Electromagnetic FieldςJames Clerk Maxwell ς
Electrical Engineering

© Jon Wade 2020
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Engineering Tools

Å 1424: Treatise on the Circumference, WŀƳǎƘơŘal-YņǎƘơςpi & Trigonometric 
tables to 8 digits

Å 1632: ClavisMathematicae, (The Key to Mathematics) - William Oughtred, 
Modern Slide Rule

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

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

Å 1927: Differential Analyzer, H. L. Hazen and VannevarBush, analog 
computing

Å 1963: FridenEC-130, first solid-state calculator

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

Å 1977: Apple II, affordable personal computing

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

and  Smeaton coefficient (1759)

Å 1899-90: biplane kite ςtest wing warping 

Å 1901: larger biplane kite ς50 to 100 flights (Two 
iterations of design had 1/3 less lift than expected)

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

Å 1902: new glider, 700 to 1000 glides

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

Å 1904: new, heavier machine, 5 minute flight

Wright Brothers

© Jon Wade 2020
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Serial
number[note 2] Mission Launchdate (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 toS-II-F/D, third stage on display atKennedy Space Center.[74]

SA-500D Dynamic testing
Used to evaluate the vehicle's response to vibrations. On display at theU.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 atKennedy 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, atSea 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, 
nearSurveyor 3at Ocean of Storms.

SA-508 Apollo 13
April 11, 1970

19:13:03
39A

Severepogo oscillationsin 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, nearFra Mauro, Apollo 13's intended landing site.

SA-510 Apollo 15
July 26, 1971

13:34:00
39A

Fourth crewed lunar landing, atHadleyςApennine. First extended Apollo mission, carrying lunar orbital Scientific 
Instrument Module andLunar Roving Vehicle.

SA-511 Apollo 16
April 16, 1972

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

SA-512 Apollo 17
December 7, 1972

05:33:00
39A Only night launch. Sixth and final crewed lunar landing, atTaurusςLittrow.

SA-513 Skylab1
May 14, 1973

17:30:00
39A

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

SA-514 Unused
Originally designated for canceled Apollo 19; never used. First stage (S-IC-14) on display atJohnson Space Center, 
second and third stage (S-II-14, S-IV-14) on display atKennedy 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 atMichoudAssembly Facility, until June 2016 then was moved to theINFINITY Science Centerin 
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 theNational 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 MicroProcessorIntel 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. 

!ŎŎƻǊŘƛƴƎ ǘƻ [ȅƴƴ /ƻƴǿŀȅΣ ǘƘŜ ǉǳŜǎǘƛƻƴ ōŀŎƪ ǘƘŜƴ ǿŀǎ ΨΨǿƘŜǘƘŜǊ ǘƘŜ 
ŘŜǎƛƎƴ ƻŦ ±[{L ǎȅǎǘŜƳǎ ǿƻǳƭŘ ōŜ ǇƻǎǎƛōƭŜ ƻǳǘǎƛŘŜ LƴǘŜƭ ƳƻǾƛƴƎ ŦƻǊǿŀǊŘΩΩΦ  
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



15

Mead Conway Impact

aŜŀŘ ϧ /ƻƴǿŀȅΩǎ ƳŜǘƘƻŘǎ ǿŜǊŜ ǎǳŘŘŜƴƭȅ ōǊƻǳƎƘǘ ŦƻǊǿŀǊŘ ƛƴ мфтуς
1980 and made visible through a set of courses reaching 120 
universities within two years. 

Concepts such as simplified design methods, new, electronic 
ǊŜǇǊŜǎŜƴǘŀǘƛƻƴǎ ƻŦ ŘƛƎƛǘŀƭ ŘŜǎƛƎƴ ŘŀǘŀΣ ǎŎŀƭŀōƭŜ ŘŜǎƛƎƴ ǊǳƭŜǎΣ ΨΨŎƭŜŀƴΩΩ 
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.

aƻƻǊŜΩǎ [ŀǿ ǿŀǎ ǳƴƛƳǇŜŘŜŘ ōȅ ŜƴƎƛƴŜŜǊƛƴƎ ŎŀǇŀōƛƭƛǘȅΦ

© Jon Wade 2020
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VLSI Technology, Born of Apollo 

© Jon Wade 2020
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Digital Engineering

Digital engineering (DE):

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

Åenables 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
ά²Ŝ ǿŀƴǘ ǘƻ ƳŀƪŜ ŀ ƳŀŎƘƛƴŜ ǘƘŀǘ ǿƛƭƭ ōŜ ǇǊƻǳŘ ƻŦ ǳǎΦέ

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



20

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
Å Cost Analysis

Å Performance analysis

Å Application Tuning

Å Run-time software

Å OSsupport

Å Diagnostics

Å VLSI Design

Å PCB Design

Å Mechanical design

Å 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 άIƻǘ /ƘƛǇǎέ 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. ά

© 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 

ñpreassembledò 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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{ƻǳǊŎŜΥ ά9ƴŜǊƎȅ wŀǘŜ 5Ŝƴǎƛǘȅ ŀǎ ŀ /ƻƳǇƭŜȄƛǘȅ aŜǘǊƛŎ ŀƴŘ 9ǾƻƭǳǘƛƻƴŀǊȅ 5ǊƛǾŜǊέΣ 9Φ WΦ /I!L{{hb ²ǊƛƎƘǘ /ŜƴǘŜǊ ŀƴŘ tƘȅǎƛŎǎ 5ŜǇŀǊǘment, 
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


