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

Digital transformationis characterized bghe 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 includesultural changecentered on alignment across leadership, strategy,
customers, operations, and workforce evolution.

Accordingly, DAU is sponsoring reseamtth a focus on providing relevant and timely education
and trainingin 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 seriegjital Readiness
sponsored and hosted dyAUand delivered by th&ystems Engineering Research Cerater
Stevens Institute of Technology.
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Digital Readiness Webinar Series

Focused Topics in Three Areas of Strategic Importance
to the Department of Defense
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Webinar Series Framework and Dates

U Three Webinars Per Strategic Area
- Webinar 1- StrategicArea:Introduction andOverview
- Webinar 2¢ StrategicArea:Current State oPractice
- Webinar 3¢ StrategicArea:Recent Application/Futur®irection
U Webinar Series Dates by Strategic Area
- Digital EngineeringJuly 9, July 16, JUB
- Digital Analyticg July 30, August 6, August 13
- Artificial Intelligence/Machine LearnirggAugust 20, August 27, September 3
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Moore’s Law — The number of transistors on integrated circuit chips (1971-2018)

Moore

law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years.
This advancement is important as other aspects of technological progress — such as processing speed or the price of electronic products — are
linked to Moore's law
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En gi neeing

n. 1. Originally, the art of managing engines; in its modern and extended
sensethe 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 sensgethe application of mathematics or systematic
knowledgebeyond the routine skills gdractise for thedesign of any
complex system which performs useful functiomsay be considered as
engineering, including such abstract tasks as designing software
(software engineering).

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

© Jon Wade 2020 7
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JACGBSSi?DLD:?N%EEEHING Foundatlons Of Englneerlng

A 1631:ClavisMathematicae The Key to MathematicdVilliam Oughtred- Algebra

A 1684:NovaMethoduspro Maximiset Minimis(A new method for maxima and
minima)¢ Gottfried Leibniz Calculus

A 1687:PhilosophiadNaturalis Principia Mathematic@Mathematical Principles of
Natural Philosophyg Sir Isaac Newtoq Newtonian Physics

A 1817:The U.S. Military Academwest Point, NYFirst US Engineering Program

To

1824:Reflections on the Motive Power of Fh8adiCarnot¢ Thermodynamics

A 1862:Morrill LandGrant Acts provided land and money to states to found
colleges that focused on agriculture, engineering, and military tactiéducation

A 1865:A Dynamical Theory of the Electromagnetic Fgeldmes Clerk Maxwael

Electrical Engineering
© Jon Wade 2020
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1424:Treatise on the Circumferendd| Y daKYonRx; Ki & Trigonometric
tables to 8 digits

1632:ClavidVlathematicae (The Key to MathematicsWilliam Oughtred
Modern Slide Rule

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

1880s: Punch Card Tabulation, Herman Hollerith, electromechanical »
Cal CUIatO rs A riffinromefy

1927: Differential Analyzer, H. L. Hazen ¥adnevaBush, analog
computing

1963:FridenEC130, first solidstate calculator

1972: HP35, first pocket calculator with scientific functions

1977: Apple Il, affordable personal computing

© Jon Wade 2020 9
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Wright Brothers

lterative Design

A

A

o Do Do Do D»

pre-1899: design kite using Lilienthal Tables (1889)
and Smeaton coefficient (1759)

189990: biplane kiteg 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 validatior
(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

© Jon Wade 2020 10



~ Serial
numbernote 2]
SAS500F

SA500D
SIGT
SA501

SA502
SA503
SA504
SA505
SA506
SA507
SA508
SA509
SA510
SA511
SA512
SA513

SA514

SA515

Mission

Apollo 4
Apollo 6
Apollo 8
Apollo 9
Apollo 10
Apollo 11
Apollo 12
Apollo 13
Apollo 14
Apollo 15
Apollo 16
Apollo 17

Skylahl

Apollo SaturrV lterative Rocket Design

Launchdate UTC)
Facilities integration

Dynamic testing

All Systems Test
November 9, 1967
12:00:01
April 4, 1968
12:00:01
December 21, 1968
12:51:00
March 3, 1969
16:00:00
May 18, 1969
16:49:00
July 16, 1969
13:32:00
November 14, 1969
16:22:00
April 11, 1970
19:13:03
January 31, 1971
21:03:02
July 26, 1971
13:34:00
April 16, 1972
17:54:00
December 7, 1972
05:33:00
May 14, 1973
17:30:00

Unused

Unused

Pad

39A

39A

39A

39A

39B

39A

39A

39A

39A

39A

39A

39A

39A

Notes

Used to check precise fits and test facilities operation on Pad 39A before a flight model was ready. First s
scrapped, second stage converted3d-F/D, third stage on display Eennedy Space Cenfétl

Used to evaluate the vehicle's response to vibrations. On display at.theSpace & Rocket

Center Huntsville Alabama?4l

First stage used for static test firing at Marshall Space Flight Center. On disiglaynatly Space Centié#

First uncrewed, allip test flight; complete success.

Second uncrewed test flight:2Jengine problems caused early shutdown of two engines in second stage, al
prevented third stage restart.

First crewed flight; first translunar injection of Apollo Command/Service Module
Crewed low Earth orbit test of complete Apollo spacecraft with LM
Second crewed translunar injection of complete Apollo spacecraft with LM; Only Saturn V launched from |

First crewed lunar landing, &ea of Tranquility
Vehicle was struck twice by lightning shortly after liftoff, no serious damage. Precision crewed lunar landir
near Surveyor 3t Ocean of Storms

Severepogo oscillationsn second stage caused early center engine shutdown; guidance compensated by
remaining engines longer. Third crewed lunar landing mission was aborted by Service Module failure.

Third crewed lunar landing, neara Maurg Apollo 13's intended landing site.

Fourth crewed lunar landing, &tadleyxcApennine First extended Apollo mission, carrying lunar orbital Scient
Instrument Module and_unar Roving Vehicle

Fifth crewed lunar landing, @iescartes Highlands

Only night launch. Sixth and final crewed lunar landing,catrugLittrow.

Uncrewed launch of the Skylab orbital workshop, which replaced the third stdy&%.3, on display atohnsor
Space Centdf Originally designated faranceled Apollo 1.8

Originally designated for canceled Apollo 19; never used. First stdGd 4$on display alohnson Space Cenje
second and third stage{$14, SIV-14) on display akennedy Space Centé#l

Originally designated for Apollo 20, later as a backup Skylab launch vehicle; never used. The first stage w
display atVlichoud Assembly Facilifyuntil June 2016 then was moved to thé¢=INITY Science Ceriter
Mississippi. The second stagek$5) is on display at Johnson Space Center. The third stage was convertec
backup Skylab orbital workshop and is on display atthgonal Air and Space Museui
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https://en.wikipedia.org/wiki/Kennedy_Space_Center
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i e NASA Computing
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NASAcomputing group, circa 1955 NASARealTimeComputing Center (RT1958
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General Info
Launched late 1971
Discontinued 1981

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

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

I OO2NRAY 3 (2 [“yy [ 2y ol éZ
RSaAdy 2F +x[{L aeaidsSvya g2
VLSI was limited by engineering, not by technology.

© Jon Wade 2020
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Architecture - Computer Science

Logic — Computer Science

Device Properties — Device Physics

Material Properties - Material Science

© Jon Wade 2020
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INTRODUCTION mW@] SYSTEMS

The Power of Abstraction
For VLSI - 1979
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e Mead Conway Impact

aSIR 9 /2yéleQa YSUK2Ra 6SNX ad
1980 and made visible through a set of courses reaching 120
universities within two years.

Concepts such as simplified design methods, new, electronic
NELINBaASYiUldA2ya 2F RAIAGIEE RS&aaAa
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.
az22NbQa [l 6 oI a4 dzy AYLISRSR 08& Sy
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VLSI Technology, Born of Apollo

Moore’s Law — The number of transistors on integrated circuit chips (1971-2018)

Moore's law deseribes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years.

Our World
in Data

This advancement is important as other aspects of technological progress — such as processing speed or the price of electronic products — are

linked to Moore's law,
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Data source: Wikipedia (hips://en.wikipedia.org/wiki/Transistor_count)

The data visualization is available at OurWorldinData.org. There you find more vi

isualizations and research on this topic.

Licensed under CC-BY-SA by the author Max Roser,
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e Digital Engineering

Digital engineering (DE):
Aan engineering approach that captures and analyzes data that

IS In a digital format which is semantically rich and
Interconnected

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

- SandyFriedentha] SERC DE Workshop, Nov. 15, 2019

© Jon Wade 2020 17
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Richard Feynman

© Jon Wade 2020

61 v

0 2

Jurassm Park

Thinking Machines1990

YIF1S

Y OKAYS

Marvin Minsky

0 KI

[j

18



momse CMEB: January 1991

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

Result:Systems upgrades
initiated on schedule with
predicted results

Connection Machine 51990

© Jon Wade 2020
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Stakeholder
Requirements
and
Implementation

TOO LATE! Validation

Customer Confirmation

Verification and >
Validation Planning ’—

F3

Customer
Confirmation

Customer
Confirmation

Verification
Planning

Opportunity
and Risk
Investigation
Anomaly
Investigation

Y

Solution Realization =——————

© Jon Wade 2020 Sourcewpedia.qoo.ne.jp/enwiki/Dual Vee Model
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Systems Stack
Cost Analysis

Performance analysi
Application Tuning
Runtime software
OSsupport
Diagnostics
VLSI Design
PCB Desiy
Mechanical design

To To Do To Do To Do Do Do Ix

Manufacturing

il

v

ENTITY test
port a: in;
end ENTITY;

~L_LA

System
Specification
v
Architectural

Design
¥
Functional Design

and Logic Design

Circuit Design

and Signoff
v

Fabrication

v
Packaging
and Testing
v

Chip

© Jon Wade 2020

Physical Design

Physical Verification *

System & VLBlesign Cycle

; Partitioning

Floorplanning

A\ 4

Y

Clock Tree Synthesis

Yy

\ A
Signal Routing

Y

} Timing Closure

ThinkCAD
Simulations
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THINKING MACHINES SHIPS UECTOR CHIP SETS NEW STANDARDS FOR
PERFORMANCE AND EFFICIENCY CAMBRIDGE, Mass., Aug. 24 1992/PRNewswire/
Following the public debut of its vector technology at thé 2 (1  toifdrdnke &t

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 genergdurpose performance and benchmarkise 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 nodéMs5 that is seven times faster than the largest GMOn a
dynamic mesh climate model application, it is more than 23 times faltercompany's

CM2 is already the reigning champion in the IEEE contest as the fastest supercomputer in
the world. a

© Jon Wade 2020 22



e BOGING 777 19908

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
Apreassembledodo on t
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 23
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Digital Transformation

J"DIGITAL

| TRANSFORMATION
D b '@’ o ;

© Jon Wade 2020

24



UC San Dieg . .
oo st Seltorganizing Complexity

A
A .e.E 1086 | technologists
108 | ' é
o society J! 2 industrialists
X ; D ~
o j b
@ QW
5 animals ; E > 10% |
\ L
S 104 \ >0 agriculturists
2 ; 2
‘@ plants : 2 hunter-gatherers
S i w0
S ' 104
E 102 L L 1 Ly
> 300 150 0
E i Time (kya)
w | . e
N Milky Way .
12 9 6 3 0
Time (Gya)
{2dNDSY a9ySNHe wliS 58yarde +a | /2YLX SEAGE aSiNAO meAR 902t dzZiA2y |l NE 5NR G

Tufts University, Medford, Massachusetts and Harvard College Observatory, Harvard University, Cambridge, Massachusetts.
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Softwarefree Cars
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