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Al We Got
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Al and the Fourth Industrial Revolution

First Second Third
revolution revolution revolution

Fourth
revolution

1784 1870 1969
Steam Electricity Information
Power Technology

Today

Artificial
Intelligence

+ robotics, nanotechnology,
guantum computing, biotechnology,
loT, 3D printing and autonomous
vehicles.
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Augmented Intelligence in SE: Beginnings

 INCOSE Challenge Team, Augmented Intelligence for Systems Engineering
e Chartered 2018:

...further the understanding of how computational approaches, such as artificial intelligence,
machine learning, and data science, can collaborate with human systems engineers to
measurably improve the system engineering effort. The challenge team will seek out
approaches that enhance human capabilities in systems engineering.

http://www.omaqwiki.org/MBSE/doku.php?id=mbse:augmented

e Related
» Digital Engineering / Digital Twin
* Agile SE
« MBSE
« Software 2.0


http://www.omgwiki.org/MBSE/doku.php?id=mbse:augmented
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Freestyle / “Centaur” Chess

Rules: {}

Centaur
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2005 Freestyle Tournament

Dark horse ZackS wins Freestyle Chess
Tournament

¢ Llikeit! | o Comments
6/19/2005 — The computer-assisted PAL/CSS Freestyle Chess Tournament, staged on
Playchess.com, ended with a shock win by two amateurs: Steven Cramton, 1685 USCF and
Zackary Stephen, 1398 USCF, using three computers for analysis, defeated teams of strong
grandmasters all the way to victory in the finals. We bring you a first flash report with games
and results.

O an an

Centaur | Centaur | Centaur | Centaur

GM + M + [] GM + Zacks”
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Insights from Freestyle Tournament

Q: What makes for a great freestyle operator?

KASPAROV: Someone who can work out the most effective
combination, bringing together human and machine skills. | reached
the formulation that a weak human player plus machine plus a better
process Is superior, not only to a very powerful machine, but most
remarkably, to a strong human player plus machine plus an inferior
process.

Kasperov’'s Law:

Weak Player + Al + Good Relationship
Outperforms
Strong Player + Al + Inferior Relationship



Augmented Intelligence



Augmented Intelligence: A Primer

What is Augmented Intelligence?

) A complement, not a replacement,

C to human intelligence |

< \\W-\\W\\\ﬁ‘\ll\_
4 Helping humans become faster and S
. A

smarter at the tasks they’re

performing
Aul = Human + Al b

> Human
> Al




Demystifying Al

What is Artificial Intelligence?

Using computers to solve

problems ey A ERAEBOES . iBENTE
~rdeanlearnin SE
*Human intelligence exhibited by machines” ngEP
Pyt - =i
e et ey pag g ata g

“Any program can be considered Al If it does
something that we would normally think of as
intelligent in humans”

2
>
E ;
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Two Categories of Al

Categories

Techniques

“Rules Based”
Explicit Knowledge

"_‘ infuit (
- turbotax

Del
Maximizs

* EXxpert Systems

* Bayesian

« NLP

* Genetic Algorithms
« Solvers

“Patterns Based”
Tacit Knowledge

 Machine Learning

* Neural networks

 Deep Learning

e Support Vector
Machines
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Augmented

Systems Engineering



Al in Systems Engineering

1 SIX :
OUR FIELD HAS BEEN STRUGGLE NO MORE! VONTHS LATER
STRUGGUING WITH THIS IT'™M HERE TO S0LVE WOL, THIS PROBLEM
PROBLEM FOR YEARS. IT \JITH ALGORITHIMS/ 15 REHU.Y’ HARD
You M V4

i

XKCD: Here to Help, https://xkcd.com/1831/
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ISO 15288 and SE Processes

ISO/IEC/IEEE 15288: “Systems and Software Engineering—-System Life Cycle Processes”

[1System Life Cycle Processes®

J=]Agreement*®

i—=lExternal Inputs and Outputs

4=l Organizational project-enabling®

=] Tailoring

~[_ITechnical Management*

"I Technical Process®

»[_]Acquisition

~LJSupply

= Human Resource Management
<« Infrastructure Management
| Knowledge Management
~[_]Life Cycle Model Management
‘L_Portfolio Management
JQuality Management

< Configuration Management
«Decision Management
v[—]Information Management
»L_IMeasurement

»[IProject Assessment and Control
~[_]Project Planning

“EJQuality Assurance

*CIRisk Management

<= Architecture Definition
+_Business or Mission Analysis
<] Design Definition
«—Disposal

[ Implementation

v L] Integration

»[_IMaintenance

=[_|Operation

~[_]Stakeholder Needs and Requirement:

~[]System Analysis

“[_]System Requirements Definition
*E]Transition

“CIvalidation

] Verification

Establishes a common framework for
describing the life cycle of a designed
system

Defines a set of processes and
associated terminology from an
engineering viewpoint

Can be applied at any level within a
system’s hierarchy structure and along
any stage of the system’s life cycle




Conceptual Model for Augmented

MBSE

3. System of Innovation (SOI)

Learning & Knowledge
Manager for LC Managers
ystem

Life Cycle Manager of

@ LC Managers
) :‘:, ,"‘

(Substantially all the ISO15288 processes are includec

_'- et ! Learning & Knowledge
;oo - Manager for Target
== B Systems

2. Target System (and Component) Life Cycle Domain System

g

LC Manager of
Target System

| in all four Manager roles)

1. Target System

Source: INCOSE Agile Working Group




Formal Domain Model

Augmented SE: Build

3. System of Innovation (SOI)

Learning & Knowledge | provides 2. T i i
. Target System (and Component) Life Cycle Domain System
Manager for LC Managers| Knowledge|to 9 y ( P ) y y
of Target System : Manages
_ 7__79_7_\_"\_\ Life Cycle Manager of Manages el o
~Pattern Reposito LC Managers Life Cycle of
Knowledge of Families of: — =
— _ ’/f Configured Models Learning & Knowledge Provides
LC Managers of _Repository, Manager for Target Systems| gnowledge to
Target System Configured Instances of: —
- / Pattern Reposnory\ LC Manager of Manages
LC Managers of owledge of Families of: Target System Life Cycle of
- Target System Targot “Target System e
Observations to — System — C)g:(l::oli:omaln \ oanz::Jesitor:, €ls 7 1. Tarth System
Observes Target System Configured-instances of: Target
I — — s s?em Life Cycle Domain
ilkrovidss ! Actor — % Target System
Observations to Target System c get oy
Observes - Component / omponent
Substantially all the 1ISO15288 processes B Observes F
are included in all four Manager roles. ob Target System | |
serves H
Life Cycle
Logical only: Somg Manager roles may be allocated > Domain Actorﬁ
to the same physical system as the Target System

Source: INCOSE Agile Working Group



Augmented Design in Software

To specify some goal on the behavior of a desirable program:

Resources

- 1SO15288 Option(s)
Constraints Process Area '

Software 1.0 - . /MethOdS

Software 1.0: Traditional design, code, compile, test
Software 2.0: Identify subset of program space to
search, and use the computational resources at our
disposal to search this space for a program that
works.

Program space

Software 2.0

ey
s

L "y

Challenges:

e Transparency

» Explainability

» Biases

» Contextualization

e Trust

Software 2.0, Andrew Karpathy °
https://medium.com/@karpathy/software-2-0-a64152b37c¢35
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Building an Effective Human Machine Relationship

Corollary to Kasperov’s Law:

Human-centered design - a well-designed decision environment - is a hecessary
for both the creation and deployment of algorithms intended to improve expert
judgment



Human Centered Design: Rules of Algorithm

The Algorithm should have:
Agency

Reflect the information, goals, and constraints that the
decision-maker tends to weigh when arriving at a
decision

Perspective

Analyze from a position of domain and institutional
knowledge, and an understanding of the process that
generated It

Relevancy

Anticipate the realities of the environment in which it is to
be used

Objectivity

Avoid biased predictors

Transparency

Be transparent, peer-reviewed or audited to ensure that
unwanted biases have not inadvertently crept in

Candor

Effectively present measures of confidence and “why”
messages (ideally expressed in intuitive language) =~
explaining why a certain algorithmic indication is what it is

10/29/2018 © 2017 SSI - UNCLASSIFIED

Why artificial intelligence needs human-centered
design - Deloitte Review, issue 22

22



Human Centered Design: Rules of User Environment

The User Environment should have:
Clarity

The algorithm’s assumptions, limitations, and
data features should be clearly communicated
through information visualization

Intelligibility
Algorithm end users should have a sufficiently

detailed understanding of their tool to use it
effectively

Methods

Guidelines and business rules should be
established to convert predictions into
prescriptions

Responsibility
Suggest when and how the end user might
either override the algorithm

Why artificial intelligence needs human-centered

design - Deloitte Review, issue 22
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Model A
Verification Procedures

Quality Assurance Evaluation Results

Quality Assurance Plan
Configuration Record
Survey

Complaints

Portfolio Evaluation Report
Needs Assessment
Measurement Procedures
Service Level Agreement
Use Case

Knowledge Management Records
Organizational Procedure

Model B

Verification Procedure
Qualification Test Report
Quality Management Plan
Configuration Status Report
Service Plan

Service Plan

Evaluation Report

Product Need Assessment
Measurement Procedure
Service Management Plan
Reuse Plan

Knowledge Management Record
Operational Test Procedure

Project Life-Cycle Policies and Procedure Life-Cycle Policy and Procedure

Other Plans

Operational Strategy
Test Procedure

Analysis of Metrics and Variations
Test Procedures
Complaint

Release Records
Organizational Procedure
Business Action Plan
Quality Assurance Plan
Disposal Records
Measurement Results
Measurement Strategy
Design Description

Service Plan

Operational Test Procedure
Audit Procedure

Risk Management Policy and Plan
Audit Procedure

Contract

Release Record

Operational Test Procedure
Installation Plan

Quality Management Plan
Disposal Record
Measurement Plan
Measurement Procedure
Database Design Description

Example — NLP Reconciliation of Model Elements

Model A

Knowledge Management Records
Verification Procedures
Measurement Procedures
Measurement Procedures
Measurement Procedures
Maintenance Procedures
Validation Procedures
Disposal Records

Release Records

Assessment Report
Assessment Report

Release Report

Customer Satisfaction Report
Customer Satisfaction Report
Customer Satisfaction Report
Information Security Plan
Other System Requirements
Specification

System Design Descriptions
System Design Description
Knowledge Management Policy
Measurement Data
Measurement Data

Survey
Budget
Standard
Skills

Score Model B

0.96
0.96
0.95
0.95
0.95
0.95
0.95
0.94
0.93
0.88
0.88
0.86
0.86
0.86
0.86
0.85

0.85
0.81
0.81
0.81
0.81
0.81

0.33
0.33
0.30
0.26

Knowledge Management Record
Verification Procedure
Measurement Procedure
Measurement Procedure
Measurement Procedure
Maintenance Procedure
Validation Procedure
Disposal Record

Release Record

Assessment Record
Assessment Record

Release Record

Customer Satisfaction Survey
Customer Satisfaction Survey
Customer Satisfaction Survey
Information Security Policy
System Requirements
Specification

Software Design Description
Software Design Description
Knowledge Management Record
Measurement Plan
Measurement Plan

Service Plan

Audit Report

Audit Plan

Personnel Skills Record



Case Study — Applying Aul

2. Target System (and Component) Life Cycle Domain System I SO 15288 : TeCh P roceSS : M ai nte n an Ce

Laaming&l( owledge ﬁ l
Manager for Target

Syslems

T arget Systam *

in all four Manager roles) Environment

(AIBLE L W N A ctuator SHA1 : Hydraulic Actuator SF1: Flap Performance requwement
] anical Povyer - . . .
diathanical Povegs Achieve > 90% fault isolation

Hwdraulig: Flup

M1 : Manifold

Constraints
- Flui Dﬁ: Pressure Sensor | : Discrete Digital Sensors can be placed on
i pump (1 T on ol hydraulic or mechanical
connectors

149% fault isolation



System 2 — Apply Maintenance Procedures

2. Target System (and Component) Life Cycle Domain System

1ISO15288: Tech Process : Maintenance

Learnin, Q&K nowledge
Manager for Target

Sysmms

f' ) & e 1. Target System

T arget Systam

v

i 1
T P

in all four Manager roles)

Fault Isolation
User: compare sensor sets parameters (coverage, size, weight, cost)

« Coverage § * Mumber of Sensors §
=] (=2}
| - |
----- t 14
g st &
t 2 et 3
rmcn Test poirs - rvmon ez o - [
uuuuuuuuu B0 & & & 07 & & 9 9 0 5 10
Coverage (%) Mumber of Sensors

Method: Genetic Algorithm

https://lwww.phmtechnology.com/made/what-made-does/case-studies/design-for-com.htmi
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System 2 — Learn Maintenance Procedures

2. Target System (and Component) Life Cycle Domain System

ﬁmg*m@l—* l

Manager for Target
I Systems

1ISO15288: Tech Process : Maintenance

LC Manager of
Target System

— @ |
t e Apply
emirmen User: compare sensor sets parameters (coverage,
size, weight, cost, reliability) - isolation %

in all four Manager roles)

Maintenance - = -

=

System

g
§

Learn: Sensor count - Reliability

Observe: Increased failure modes from sensors

https://lwww.phmtechnology.com/made/what-made-does/case-studies/design-for-com.htmi
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Conclusion SS9/

« Al winning narrow Intelligence, humans winning general intelligence
« Kasperov’s Law = Relationship key to human machine performance
« Kasperov’s Law has held in all domains tested

 Effective teaming is itself a difficult design problem

 What does MBSE look like in a teaming relationship?

Less: More:

e Direct modeling * Problem space & constraint definition
e Qualitative assessments < Formalization of domain knowledge
Use of patterns

Visualization of state space

Option sets



“Many jobs will continue to be lost to intelligent automation. But if you're
looking for a field that will be booming for many years, get into human-
machine collaboration.” -Kasperov, Deep Thinking
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