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Preliminaries

nat is the INCOSE ASELCM Discovery Project?
hat are Agile Systems, and why do they matter?

nat is the INCOSE ASELCM Pattern?

Different users, and different views, of this model.
S*Models, S*Patterns: Using the S*Metamodel

Pattern hierarchy and model configurations

Before, during, and after the initial ASELCM workshops

W
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hat is the status of the ASELCM Pattern?
nat comes next?

nere can | learn more?
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What is the INCOSE Agile Systems Engineering
Life Cycle Model Discovery Project?

e During 2015-16, the INCOSE parent society is
sponsoring the Agile Systems Engineering Life Cycle
Model (ASELCM) Discovery Project, based on a series
of workshop clinics being held at host example
discovery sites across the U.S. and Europe.

* This project, now underway, will provide INCOSE
inputs to a future version of ISO 15288, to improve
explicit understanding of principles and practices of
agility as applicable to systems engineering across
different domains.

http://www.parshift.com/ASELCM/Home.html ,



http://www.parshift.com/ASELCM/Home.html

What is the INCOSE Agile Systems Engineering
Life Cycle Model Discovery Project?

Announced at IW2015 January

Built around a series of discovery workshops being
conducted by example host sites during 2015-16

Discovery clinics in 2015:
— Navy SpaWar/MITRE, San Diego, CA, August

— Northrop Grumman, Vienna, VA, August
— Rockwell Collins, Cedar Rapids, IA, September
— Lockheed Martin, Ft. Worth, TX, October

You and your company can host or participate in 2016!
Support from Agile Systems WG and Patterns WG:

— R. Dove, project lead, co-leads K.Forsberg, H. Lawson, J.
Ring, G. Roedler, B. Schindel
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What are Agile Systems? Why do they matter?

Longer history than just Agile Software Development
Methods :

Enf;grgerise General Agile

Systems— Agile Sy_ste m.S
Origins Software Engineering
(c. 199x) Methods (c. 201x)

— For history and background, see Dove and LaBarge, 2014
— Agile software methods, by far better known, are related.

— General Agile Systems Engineering is the related broader
subject of the INCOSE ASELCM Project.

— Problem space: Challenges of uncertainty and rates of change
in environment, stakeholders, competition, technologies,
capacities, capabilities. Not just “going faster”.



Agile Systems, Pre-MBSE Pattern (R. Dove)

The S*ASELCM Pattern captures (in a formal S*Model) the key ideas
associated with the pre-MBSE Agile System Architecture:

— As in (Dove and LaBarge, 2014)
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What is the Agile Systems Engineering
Life Cycle Pattern?

3. System of Innovation (SOI)

Learning & Knowledge 2. Target System (and Component) Life Cycle Domain System
Manager for LC Managers v
of Target System Life Cycle Manager of
720N LC Managers
el — g !

A 4

\“-?\zfg;z‘/ o "
- T Learning & Knowledge 'ﬁ
s _',' - Manager for Target
=< Systems LC Manager of
N Target System
t = s }

S s 1. Target System
o= 7 ’ —::"'
4 -
— >

(Substantially all the 1ISO15288 processes are included in all four Manager roles) Qw Target

Environment

Y

A general description of agile life cycle management systems (S2) supporting an agile target
system (S1), plus the systems for adapting and managing those life cycle processes (S3).

In the context of an arbitrary target system (S1) in a challenging environment (S2).
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What is the Agile Systems Engineering
Life Cycle Pattern?

Expressed as a re-usable, configurable, MBSE Pattern,
capable of being specialized into different Agile System
Engineering Life Cycle Model archetypes and
configurations for different situations, methods,
domains, and forms of agility.

Directly tied to the ISO 15288 life cycle management
processes standard, also expressed in the model.

A point of accumulation for what we are learning
about Agile Systems Engineering Life Cycles.

Part of the related project inputs to INCOSE and future
generations of ISO 15288 or other standards.
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 The underlying ASELCM Pattern is expressed as an S*Pattern,
independent of specific modeling languages and tools.

e Expressible in popular modeling languages and COTS tools,

* Scope includes multiple levels of model view detail, for different

PUrposes an d audiences. Detail views and descriptions are in references.

3. System of Innovation (SOI) B. System of Innovation (SOI)
Learning & Knowledge 2. Target System (and Component) Life Cycle Domain System ST g o Tooe e Kn:ﬁg‘:fm 2. Target System (and Component) Life Cycle Domain System
Manager for LC Managers (subsiantially ol IS015288 processes) i

Tie Cyele Manager o LC Wansgers
of Target System Life Cycle Manager of Fattern Repository, Describing Wianages Tife Cycle o
LC Managers Knowledge of Families of: Gife Cycle of

Tearing & Rowledgs Hanager for

Learning & Knowledge ‘ﬂ (‘/—\ . Knaw\zﬂtuo
v
Manager for Target e )  pattemRepastory, L Manager of Targe Syse
Systems LC Manager of ! }“M*";’ijj;”"g"} > (st TR Manages
2 N | I ; ]
t 8 Profides Observations to | T symem |
¢

h v
T Target System | Tegesysen | ilwrecyuenamam} 1. Target System
| tor
r 7
Lbsevves | oo | T
P |
ﬁ " 7777777 s J
| 8 i;\_ Tage ystem |

: Observes Target Syilcr‘
Target

to.the same. as the Target System, I

(Substantially all the 1ISO15288 processes are included in all four Manager roles)

Environment

Traditional Scrum Sprint Perspective raditional Scram Sprint Perspective
(Summary State Machine) (Activity Diagram, with Swim Lane Roles)
Frject
nthred
Target
Stakeholder Product Scrum [Development|  [pevelopment] [ Target
_ S - Perform Developmental Task” ey nclud. a3 approprte, lincl. Gustomer) e e e Environment| | Systom System
stem of Innovation Features wing Profe any team:selected tak from the 150 15288 Techmical
Model Learning System Observation Reactive Irojet e o Ve teton . [Pl Proreet
Feature Feature y Tesing, ec) i [imate Produer Backiog
Syst
Model Learning Feature Perfarming SSpRAT(TTe LiFed) Pariffming & Sy (r{ne Limted)
= Piannl sprint
| agel L Nanager Target LC T oo TSt Themati Goal—— ]
odel Learning Feature Opservai s T T 1
. [ Forecast Spiint Content s ] =
iS*15288 Pattern Features B [T — I - N
| . print Time
| Se i Tt Gou i
| Deveipménta Tosk
H o) it (Management) Pattern Features =
| T TracK Dy Progress
| ife Cycle Scrum-Scrum
| S— > 1 I Feedback Looy
! LC Management (El) iy Furure Sprnt B4kiog T I 4
| Feature 1 [ vl e FULIFS Tem Requiements ]
| Recurements I s i
i (Management of System 2 > [ S Werge, Rescope Fiiufe Tems |
| over its Life Cycle) e Frum I == == =
U seestasasspattem Waintenance [ Operations | = <
| Feature Details) Feature Feature - P! ! t
| ? e i |
| y ‘[H LR i e I T I : >Mem -
- s pecT Prodi cedback Looy
Security Management| o pactad Pt | = = Feedback Loop
Feature Retrospectve Coricing So Reaay I ]
Completedt Proces Revbspesive ot "Done’) RS
Produc Reves Gonducti Sprnt Process Relrospectve
Management Feat e eview Protess & Environen
anagement Feature — p— I FoviewPrsces ¥ Evvrommen:
Inspected Product aclon
Profect Ready for Release L prosue
Configuration (Done) Reloase ProdueT ] =
Management Feature T i — .
Subsequen Raeass i e
e ar (H = | I & (e
Mana Fea roduct ke
I — f— ]
neracion I Piovide In-Service Feedback 1]
¥ T % u == T
Fosdbark [ t N/ i

R — 10 ~

Copyright 2015, ICTT System Sciences

schindel@ictt.com 812-232-2062, attributed copies permitted




Different model users will need (very) different
model views, of the same underlying model

Increasing Detail and Complexity

<

For the person riding on an elevator with you;
For a one hour introduction to Agile SE;

For someone selecting an Agile SE approach
(including none) to fit their situation

For participants in an Agile SE project

For someone organizing, managing, or supporting an
Agile SE project

For a methodologist, tool builder, or reference
author

11
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 Qur core interest is in the general ASELC Model, but then ...

 Then different configurations and views of that model, for
different methodologies, users, and situations:

ASELCM General
Pattern: Iconic
Elevator View
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S*Models, S*Patterns: Using the S*Metamodel

* The model is being constructed as an S*Model:
That means it will conform to the underlying S*Metamodel (see Refs);
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This is about including the minimal underlying concepts necessary to

describe any system for engineering or scientific purposes;

Not about a modeling language: S*Models can be expressed in any of a

number of contemporary modeling languages and toolsets; we may
provide at least two such renderings for appeal to different groups;
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The S*Metamodel is also the basis of the INCOSE Patterns WG’s work.

What Is the Smallest Model of a System?

William D. Schindel
ICTT System Sciences
schindel@ictt.com

Copyright @ 2011 by Willizm D. Schindel. Published and used by INCOSE with permission

Abstract. How we represent systems 15 fundamental to the history of mathematics, science,
and engineering. Model-based engineering methods shift the nature of representation of
systems from historical prose forms to explicit data structures more directly comparable to
those of science and mathematics. However, usmg meodels does not guarantee sumpler
representation--indeed a typical fear voiced about models 1s that they may be too complex

Mimumality of system representations 1s of both theoretical and practical interest. The

mathematical and scientific interest is that the size of a system’s “minimal representation’” is
one defimtion of its complexity. The practical engineering interest is that the size and
redundancy of engineering specifications challenge the effectiveness of systems engineering
processes. INCOSE thought leaders have asked how systems work can be made 10:1 simpler
to attract a 10:1 larger global community of practitioners. And so, we ask: What is the smallest
model of a system?

Introduction and Background: Size Matters!
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S*Models, S*Patterns: Using the S*Metamodel

 An S*Pattern is an S*Model of a system family, product line, platform,
or other similar systems.

 An S*Pattern can be configured to produce an S*Model of a specific
system type within the family.

 The ASELCM Pattern, represented as an S*Pattern, will be configurable
to each of the special case forms of Agile Systems to be studied:

’
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S*Models, S*Patterns: Using the S*Metamodel

 An S*Pattern is an S*Model of a system family, product line, platform,

or other similar systems.

 An S*Pattern can be configured to produce an S*Model of a specific

system type within the family.

 The ASELCM Pattern, represented as an S*Pattern, will be

configurable to each of the special case forms of Agile Systems to be

studied:

MBSE Pattern-Based System Engineering (PBSE)

Adapted from: Schindel, Bill. 2005.

An Insight from Model-Based System

From R. Dove’s ASELCM
Project Summary:

Best Paper award.

Pattern
Class
Hierarchy

Notes:

Level 2 examples are just some

workshop experiences that
are sought and considered
relevant.

Level 3 may or may not

use MBSE language
for descriptions

Requirements Statements Are Transfer F
s Eng
INCOSE International Sympeosium, Roche:

unctions:
inee

ring.
ster, NY. July 10-15.

Agile PBSE Patterns

ICSM QRC/RDY ---?7--- | Wave

Some Candidates:
ICSM: Incremental Commitment Spiral Model
OSA: Open System Architecture PM concept

EVO: Evolutionary Project Managment

Level 1

RD: Rapid Development/Fielding
QRC: Quick Reaction Capability
LVC: Live-Virtual-Constructive
Scrum: Scrum PM concept

Wave: Wave model

Level 2

LvC

Case Studies

Level 3

rick dove@parshift.com, atfributed copies permitted
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S*Pattern Class Hierarchy

initi Entity-
More Abstract/General lat DTfm'téoT_ of Relationship -
A Relational Modeling Paradigm
Minimal System S*Metamodel:
Definition of (Elementary) System, S*Metamodel
Material Cause EDiE
YAN
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Purpose, Stakeholders, Innovation, Final :('):’:“t‘:’“'
. . attern
Cause, Formal Cause, Efficient Cause
Emergence & ZT :
Definition of Agile Genera

v ASELCM Pattern
Systems

More Specific
/Gpen System | |Ev utionarw
Architecture Maragement
(OSA) Pattekn
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Product Line Rapid Development/ || Quick Reaction Live-Virtual-
Engineering Fielding Capability Constructive Scrum Pattern Wave Pattern
(PLE) Pattern (RD) Pattern (QRC) Pattern (LVC) Pattern
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More Abstract/General

=

v

More Specific

S*Pattern Class Hierarchy

Definition of
Relational Modeling
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Definition of (Elementary) System,
Material Cause
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schindel@ictt.com 812-232-2062, attributed copies permitted

18




Embedded Intelligence (El) Pattern

* Express patterns important to life cycle
management, complementary to ISO 15288 (also

used here

Management of system Performance, Configuration,
Security, Faults, and Accounting (SMFAs, from ISO

10040)

2014 NDIA GROUND VEHICLE SYSTEMS ENGINEERING anp TECHNOLOGY
SYMPOSIUM
SYSTEMS ENGINEERING (SE) TECHNICAL SESSION
AucusT 12-14, 2014 - Novi, MiCHIGAN

Pattern Based Systems Engineering — Leveraging Model Based
Systems Engineering for Cyber-Physical Systems

Bill Schindel Troy Peterson
President Fellow & Chief Engineer
ICTT System Sciences Booz Allen Hamilton
Terre Haute, IN 47803 Troy, MI 48084
ABSTRACT

As a nerwork of interacting elements, cyber-physical systems (CPS) provide iremendous opportunities 1o advance
svstem adaptability, flexibility and auronomy. However, they also present exrremely complex and unique safery,
security and reliability risks. The Department of Defense is seeking methods to deliver and support trusted systems
and manage risks associated with mission-critical fimctionality. Technical thought leaders have discussed the need
to address 10:1 more complex systems with 10:1 reduction in effori, using people from a 10:1 larger communiry
than the “sysiems expert” group. This paper briefly summarizes the approach of Paftern-Based Systems
Engineering (PBSE), which leverages the power of Model-Based Systems Engineering (MBSE) to rapidly deliver
these benefits to the larger systems community. This order-of-magnitude improvement is especially necessary to
address the rapidly increasing complexity of today's and future cyber-physical systems. While appl) PBSE
expresses many patierns, this paper introduces the Embedded Intelligence (El) Partern, particularly relevant to
cyber-physical systems such as autonomous ground vehicles.

02TB-87

Results of Applying a Families-of-Systems Approach to
Systems Engineering of Product Line Families

Copyright © 2002 Saciety of Automotive Engineers, Inc.

ABSTRACT

Most of the history of systems engineering has been
focused on processes for engineering a single
complex system. However, most large enterprises
design, manufacture, operate, sell, or support not cne
product but muitipie product lines of related but
varying systems. They seek to optimize time to
market_costs of development and producfion

William D. Schindel
ICTT, Inc. and System Sciences, LLC

Vernon R. Smith
Caterpillar Inc.

groups into a team effort forming a structured development
process that proceeds from concept to production to
operation. Systems Engineering considers both the
business and the technical needs of all customers with
the goal of providing a quality product that meets the user
needs.” [53]

Another way to think about the purpo f systems
engineering [2. 3_52] is that it attacks th blems we

schindel@ictt.com 812-232-2062, attributed copies permitted



Embedded Intelligence (El) Pattern—
Summary of Feature Portion

* Features express —
nagement)
selectable stakeholder Feature
values, system capabilities.

* Expressing value of

Fault Performance
performa nce Of Management Feature Management Feature
development/ innovation (FAULT MoMT CAPABILITY ) PERF MGMT CAPABILITY

[ Performance Attribute ) C Performance Attribute ]

/ life cycle management
processeS. Security Management

Feature
e Specialized in ASELCM
Pattern to capabilities that
differentiate various agile |
methods, and how to .

Configuration
Management Feature

SECURITY MGMT CAPABILITY CONFIG MGMT CAPABILITY
[ Performance Attribute J [ Performance Attribute J

Attention
Management Feature

select the most fitting one - ommenme (pefomane At
in different circumstances.
20
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Embedded Intelligence (El) Pattern

 The State Model portion of the El Pattern provides insight into
the nature of the “regulatory” role of embedded intelligence.

 These show numerous “situation resolution cycles” that drive
the managed system to nominal states, when various situations
are encountered:

— Major mission cycles, from mission start to completion

— Fault resolution cycles, other lesser or minor situation resolution
cycles

— Configuration change cycles, including adaptations
— Fulfillment of requests for services
— Security condition resolution cycles
— Other situation resolution cycles

e Specific or general situations
* Describe agile responses

Sample EI Situation
Resolution Cycle

21
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Embedded Intelligence (El) Pattern

« A system that is capable of not only traversing a situation
resolution cycle, but also recognizing that a triggering situation
has arisen in the first place is said to be “Situationally Aware”:

— Ifa

human operator control panel has a “mode switch”, the system relies

on the human to be aware of situations, launching the appropriate cycles

— More advanced systems recognize these situations autonomously—also
leading to EI Attention Model recognition of finite system resources.

Attention
Management Feature

En

_;y=
=
vironmental System
Subject System O
T O

i .
Actor 1 Actor 4 Next, we add learning

. — (accumulation of experience)
Actor2 through the emergence of the

Systems of Innovation Pattern . ...

Actor 3

22
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More Abstract/General
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Systems of Innovation (SOI) Pattern

* Focuses on Feature “selection” as paradigm for
exploratory learning and improvement—whether
by markets, designers, managers, competition, or

Nature, in fitness (Feature) space.

* Emergence of

Purpose

Systems of Innovation I:
Summary Models of SOl Health and Pathologies

Bruce C. Beihoff ‘William D. Schindel
SYSDYNETIX ICTT System Sciences
bbeihoff @ sbeglobal net schindel@ictt.com

Capyright © 2012 by Bruce C. Beihoff and Williaza D. Schindel. Published and use

INCOSE with permission.

Abstract. Innovation is critical to viability in changing environments. In living ecosystems,
innovation adapts to changes by predators, prey, and the rest of the environment (e.g.
geology). For engineered systems, innovation exploits market interests in new capabilities,
creates new markets, develops competitive advantage, and adapts to changes in technologies,
infrastructure, regulations, and commercial environment.

In all these domains, the process of innovation may itself be described as a system—the System
of Innovation, and studied by natural scientists, engineers, and technologists. The relative
effectiveness of different systems of innovation impacts the competitive viability of the
resulting series of innovated systems.

Modeling pathologies improves understanding of healthy systems, assessment of
effectiveness, and ability to prevent or correct pathologies. “System pathologists™ are found in
medicine, field support and maintenance organizations, agriculture, the natural sciences, and
other domains. This work is concerned with modeling Systems of Innovation. including
characterizing their pathologies and health.

Systems of Innovation Il:
The Emergence of Purpose

William D. Schindel
ICTT System Sciences

schindel@ictt.com
Copyright © 2013 by Wiktam D Schindel. Pubished and used by INCOSE with perrizzion.

Abstract. Engineers design mindful of the purpose of a system. So. engineermg conceptual
definitions of the concept of “system” frequently include the idea of purpose.

However, we also use “system” to describe things net human-designed. We might refer to
purpose in living systems. as in the immune system. but biologists use “function” to aveid this.
What about inanimate natural systems? Do Saturn’s rings have a purpese, or function? And
whar about pathologies, when systems don’t work as they “should™? Do all these “systems”
terms and concepts serve us well across these different domains, or are some force-fit?

Using the language of Model-Based Systems Engineering (MBSE) and Pattern-Based Systems
Engineering (PBSE). this paper describes a framework in which “system™ and “purpose’

emerge at different levels. apply uniformly. naturally. or not at all, and inform. The framework
is the Systems of Innovation (SOI) Pattern. Practical benefits include msights info the nature of
innovation across these domains, improving ability ro perform innovat Stems engineering.
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2015 NDIA GROUND VEHICLE SYSTEMS ENGINEERING ano TECHNOLOGY
SYMPOSIUM

SysTEMS ENGINEERING (SE) TECHNICAL SESSION

AuGusT 4-6, 2015 - Novi, MICHIGAN

Re-Uniting Decision Analysis with Systems Engineering:
Explicating System Value through First Principles

Troy Peterson Bill Schindel
Technical Fellow President
Chief Engineer ICTT System Sciences

Booz Allen Hamilton
Troy, MI 48084

Terre Haute, IN 47803

ABSTRACT

System complexity continues 1o grow, creating many new challenges for engineers and decision makers. To
maximize value delivery. amidst this complexity, “both” Systems Engineering and Decision Analysis capabilities are
essential. For weil over a decade the systems engincering profession has had a significant focus on improving
systems engineering processes. While process plays aw important role, the focus on process was ofien at the expense
of foundational engineering axioms and their coniribution 10 sysiem value. As a consequence, Sysiems Engineers
were viewed as process shepherds which dilued their rechnical influence on programs. With the recent shift toward
Model Based Systems Engineering (MBSE) the Systems Engineering discipline is “getting back 1o basics” focusing
on_value delivery via eering axioms built_wpon first principles,_usine esablished laws of

24




Iteration Loop

Architecture

Ot/
S. <
ul‘e ~ -
Purpose
Component
Purpose
\
| \\
| \
1 } \\
Identify Define Define System Synth.e5|ze | Synth<_35|ze | Decompose | Opt|.m|2e | Select
Stakeholders — Stakeholder Requirements —»  Logical »  Physical » and Allocate » Attribute » (Deselect)
Requirements Architecture Architecture Requirements Values Solution
Y Y Y Y
Tuning

Iteration Loop

Purpose

Signaling loop diagram

Iteration Loop

Innovation Environment

System of Innovation (SOI)

Operational / Metabolic Domain System

Target System

A J \]

Performance Observation /{*

Measurement Role

Variation
Generation Role

Selection Role

=

Innovation |
Regulation Role |

‘D |

Instantiation
ol

{ Stability /

Stakeholder Role

Parent System

Innovat

d (i
y

P

Repair Role

Role |

Functional Role

Target System

Target System
Physical Entity

Physical Enity Attibute )

Emergent Innovated|

Q
Environmental Actor
Functional Role

schindel@ictt.com 812-232-2062, attributed copies permitted




Systems of Innovation (SOI) Pattern
(more on this later in ASELCM Pattern)

Model Learning
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Before, during, after initial ASELCM host workshops

2H2014: Initial work by leads of ASELCM Project (and the Patterns WG) to start a
preliminary ASELCM Pattern draft, for testing. Several reviews in late 2014, before
IW2015.

Jan, 2015: Presented part of it (system boundaries) at the IW2015 MBSE
Workshop session on Agile Systems, for feedback.

Initial workshops contributed to, or affirmed:

— Host workshop 1: System 1, 2, 3 reference boundaries; awareness and
attention model (management and team)

— Host workshop 2: Explicit partner risk allocation and spreading; Scrum model
— Host workshop 3: Product Line Engineering (PLE / PBSE)

— Host workshop 4: ASE assimilation in a defense acquisition environment;
Information Debt in addition to Technical Debt

Oct, 2015: Presented Introduction version to INCOSE Great Lakes SE Conference,
obtaining feedback

Jan, 2016: Joint review with Patterns WG and Agile WG at IW2016, seeking
feedback.

Future workshops: Will similarly configure and test against what we see, while
extending and refining. 28
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Testing &

improving the

model
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Testing & improving the model

Test planning, criteria, fitness for use
Checking against:
— The studied site hosts’ information
— The existing agile literature
— Other sources

The same comparison feedback loop is also used to improve the
pattern, ongoing.

Underlying model aspects to test:

— Qualitative elements, relationships, structures

— Including causal loops (what is impacted by what), principles

— Quantitative gaps: If we can obtain quantitative data from hosts, or
plan other experiments

Testing of the “views” of the model:
— Simple enough? Expressive enough? For the intended uses and users
— Recognition of configured cases by the host organizations we study
— Recognition of the principles and configured cases by the study team

schindel@ictt.com 812-232-2062, attributed copies permitted
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What is the status of the ASELCM Pattern?

Pattern high level (HLR) constructs:

— Includes System boundaries, Features/Feature Attributes,
Architectural Relationships, Interactions, States, Interfaces

— ldentified and relatively stable

Pattern detail level (DLR) constructs:

— Includes Requirements, 1/Os, Systems of Access, Attribute
Couplings

— Much of this still to be worked, although details less interesting to
some audiences

Pattern specializations to Agility Archetypes:
— Likely to include at least Wave, Scrum, LVC, PLE, others
— Will continue to evolve as host sites are visited

— We are only part way into visiting variant sites—need commercial
examples and more domains to test

Also reviewed in 1S2016 papers.
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What is the status of the ASELCM Pattern?

* Languages and tools:

— Most likely language targets are SysML and IDEF
(because of handbook), but others are possible if there
is strong enough interest

— The underlying S*Metamodel on which the ASELCM
Pattern is based is mapped to target schema, making
the ASELCM Pattern relatively portable.

— Probably will target two COTS tools in resulting
deliverables.

* Portability and access:

— We don’t expect to make this pattern directly available
on public COTS tools until reported out of the project

— Initial pattern snapshots availability within the two
collaborating INCOSE Working Groups

32
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What comes next?

More host sites or other access to commercial
and other domains, agility approaches.

More detail level (DLR) insertions to model
Migration to targeted languages and COTS tools.
Specialization to agility archetypes

Generation of report, with configured examples

Access
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The Agile
Systems Pattern
A Reference Model for
Agility in Systems

Bill Schindel, ICTT System Sciences

Where can | learn more?

http://www.omgwiki.org/MBSE/doku.php?id=mbse:p
atterns:patterns challenge team mtg 01.30-31.16

schindel@ictt.com
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26" Annmal INCOSE Internationzl Symposim (IS 2016)
Edinburg, Scotland, UK, July 18-21, 2016

Introduction to the Agile Systems Engineering
Life Cycle MBSE Pattern

Rick Dove
Paradigre Shift, nternational Inc.
rick dove g parshift com

Bill Schmdel
ICTT Systemn Sciences
sehindaliaiett.com

Copyriglhl © 2015 by Bill Sclendel wnd Rick Dove Publshed and wead by THDOSE with persissios

Abstract. Enginested and other systems are under pressme te adapt, from epportunities or
compettion, predaters, changing enviromment, and physical or cyberattack., Abality to adapt
well enough as conditions change, sspectally m presence of uncertainty, 13 valued Systams
(including developmental and hife cyele management) that adapt wall enough, 1 time, cost,
and effectivensss, are zometimes callad “agzile”.  As emvirommental changs or uncertaimty
increase, agility can mean survival. Agile systems and agile systems enpineerng are subjects
of an INCOSE 2015-16 discovery project, described elsewhers This paper imtroduces the
mnderlying MBSE-bazed Agile Systems Enginesring Life Cyele Patterm bemg used to caphws,
analyze, and comnumicate key aspects of systems being studied. More than an ontology, thus
medel halps us understand necessary and sufficient condtions for azibity, different approaches

The INCOSE ASELCM Pattern:
A Reference Model for Agility in Systems
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REVIEW OF PATTERN CONTENT:
January 31, 2016, Patterns WG Meeting
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January 30 - February 2, 2016
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to 1, and underlying relatiomships, performance couplings, and principles. This paper
introduces the framework, while specific fimdmgs zbout methods and practioms enterprizes
studied wall be reportad separately.

Agile Systems, Agile Systems Engineering, and Why They Matter

Agls systems-engineering and agile-systems engimsering are two different concepts
iHaberfallnar and de Waek Y0051 barr both 2ra desiomed for chanza Thavw oz be s11mmeantad
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Current draft of the ASELCM Pattern

 The general ASELCM Pattern

* Host site archetypes/configurations of pattern

(observations):

— Wave/Navy SPAWAR

— Scrum/Northrup Grumman

— PLE/Rockwell-Collins

— Adapted SAFe®/Lockheed Martin
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Current draft:
The general ASELCM Pattern

 Views included in current draft:

HANRNRNNNNRRN

Managed Information Model

Patterns Hierarchy

Domain Model / System Reference Boundaries
Multiple S*Metaclass overview across systems
Logical Architecture Model

Physical Architecture Model

Stakeholder Features Model

Attribute Couplings Model

States & Interactions Model

Requirements Model
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General ASELCM Pattern:
Domain Model / System Ref. Boundaries

S*Models define a system as a set of interacting
components:

- System
External .-~
“Actors” .

System
Component

By “interact”, we mean exchange of energy, force,
mass, or information, resulting in component change
of state.

By “state”, we mean the condition of a thing that
influences its behavior in subsequent interactions.

37
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The Agile System Domain Model

* This portion of the Agile Pattern identifies system
boundaries (scope) and a few main system names:

— Rick’s differentiation of the two systems in 1S2014 Agile
Systems, Parts 1 and 2 papers, important to the domain
model--even though we intend to “make both of those
systems agile”--

 Process ~ Product
Operational Environment Operafional Environment
Engineenng Engineered
Syslem sSyslem
In Operation in Operation
Uncertain  Unpredictable Uncertain  Unpredictable
Hisky Variable Hisky Variable

Figure 1: Two different operational environments defining
necessary agile counterpoint for the systems they encompass.

From: Dove & LaBarge, “Fundamentals of Agile Systems Engineering—Part 2”, 1S2014. 28
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The Agile System Domain Model

 We will particularly refer to three major system
boundaries:

— To avoid a confusion bog of loaded terms, we could have
just named them “System 1”, “System 2", and “System 3”
and proceeded to define them behaviorally.

— The definitions are behavioral because these are logical
systems, performing defined roles.

— However, we will also give them more specific names —
but make sure you understand the definitions of these
systems, which are more important than their names. ..

39
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Behind the

f

iconic

ASELCM Pattern
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The Agile System Domain Model

System 1: The Target System (and Components): (Definition) The logical
system of interest, which results from, or is subject to, innovation.

— Its behavior, characteristics, or performance are targets of the innovation
(change, adaptation) process we’ll introduce later.

— It is potentially agile. (Assertion: for SE to be fully agile, so must its target)

— Examples potentially include aircraft, satellites, the human immune system,
software, restaurants, birds, and the health care delivery system.

3. System of Innovation (SOI)
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The Agile System Domain Model

System 1: The Target System (and Components): (Definition) The logical
system of interest, which results from, or is subject to, innovation.

— The Components maintained for integration into a Target System, but not
yet integrated, are included in this domain.

— Notice that this idea can apply at multiple additional levels (e.g., Parent
System of Systems, Target System, Target System Component, etc.)
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The Agile System Domain Model

System 2: The Target System (and Component) Life Cycle Domain System:
(Definition) The logical system within which the Target System will exist during
its life cycle, when “in service” or otherwise. This domain includes all actors
with which the Target System will directly interact any time during its life cycle:
— This includes (among others) any system that directly manages the life cycle of

an instance of a Target System (or a Component)—development, production
and integration systems, maintenance and operations systems, and others.

Knowledge to

(substantially all ISO15288 processes; )

3. System of Innovation (SOI)
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The Agile System Domain Model

The System 2 model recognizes three systems besides the Target System:
* Target System Life Cycle Domain Actors

* LC Manager of Target Systems (and Components)

* Learning & Knowledge Managers for Target System (and Components)
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The Agile System Domain Model

The System 2 model recognizes three sub-systems besides the Target System:

* Target System Life Cycle Domain Actors: All actors with which the Target System will
directly interact during its life cycle—those in its operational domain as well as all
other direct actors.

* The next system is a special case of those actors.. ..

3. System of Innovation (SOI)

Learning & Knowledge Manager for

LC Managers of Target System Provides 2. Target System (and Component) Life Cycle Domain System

Knowledge to
(substantially all ISO15288 processes)

Life Cycle Manager of LC Managers Manages
P i ibi Manages Life Cycle of
attern Repository, [?e_scrlblng (substantially all ISO15288 processes) - g ¥
Knowledge of Families of: Life Cycle of

Learning & Knowledge Manager for
Target Systems (and Components) Provides

Knowledge to

(substantially all 1ISO15288 processes)

Pattern Repository,
Describing Knowledge of Families of:

onfigured Models Repository,
Describing Configured Instances of:

LC Manager of Target System
(and Components) Manages
Life Cycle of

System |
all 1IS015288 processes)J

[
¢

(substantially all ISO15288 processes)

Proyides Observations to 1‘ I Target System 1\

|
} Target System | }Llfe CyAcl?DErvomam} Configured Models Repository, l : Targ et SyStem
- ‘::::i s Describing Configured Instances of:
Observes | VGRS 7 ] Target System
Component | | | Target System | Y
********* Target System | |Life Cycle Domain|
TProvides Observations to &
| | Target System
| Target System | Component
Observes ST
\M

Target System

Life Cycle Domain
D Actor

Observes

iSome of these life cycle management roles may be assigned |
tto the same physical system as the Target System !
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The Agile System Domain Model

The System 2 model recognizes three systems besides the Target System:

 LC Manager of Target System: Manages all life cycle aspects of the Target System, as
recognized by ISO 15288. Note that this is more than just development or systems
engineering—it includes manufacturing or acquisition, operations, maintenance,
configuration management, and all the ISO System Management Functional Areas.

— However, it includes only “already known” aspects of System 1 and Domain Actors—it
does not include responsibility of learning new things about them . ..

3. System of Innovation (SOI)

Learning & Knowledge Manager for

LC Managers of Target System Provides 2. Target System (and Component) Life Cycle Domain System

Knowledge to
(substantially all ISO15288 processes)

Pattern Repository, Describing
Knowledge of Families of:

Life Cycle Manager of LC Managers Manages
Manages Life Cycle of
Life Cycle of

Learning & Knowledge Manager for
Target Systems (and Components) Provides
Configured Models Repository, ) Knowledge to
Describing Configured Instances of (substantially all ISO15288 processes)
- Pattern Repository, . LC Manager of Target System
Describing Knowledge of Families of:

(and Components) Manages
77777777 B |
|

Life Cycle of
I Target System

(substantially all ISO15288 processes)

| LC Managers of Target |
| System |

| LC Managers of Target !
System !

L(all 1S015288 processes)}

(substantially all ISO15288 processes)

Proyides Observations to } I 1 T S
Target System | Life Cycle Domain| ) . . D
| | } Actor | Configured Models Repository, argE t yStem
- ‘::::i ====————" Describing Configured Instances of:
bbserves Target System T t Syst
———————— W arget System
Component } | } Target System | get=y
********* | Target System | |Life Cycle Domain |
- - | I Actor |
TProwdes Observationsto || ————————2 ————————~
********* | Target System
Target System Component
Component
Observes _,,,E,,,,
\%

Target System

Observes Life Cycle Domain
] . Actor
iSome of these life cycle management roles may be assigned |
|
i

ito the same physical system as the Target System
A7
T7
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The Agile System Domain Model

The System 2 model recognizes three systems besides the Target System:

* Learning & Knowledge Manager for Target System (and Components): Responsible for
learning new things about the Target System, its Components, and its Environment. This may
include extraction of patterns or other knowledge from observations, planning experiments
and extracting conclusions from their results, and other forms of learning. It also includes
responsibility for accumulation and persistent memory of those learnings, and for providing
the resulting knowledge for use by the LC Managers of the Target System.

3. System of Innovation (SOI)

Learning & Knowledge Manager for

LC Managers of Target System Provides 2. Target System (and Component) Life Cycle Domain System

Knowledge to
(substantially all ISO15288 processes)

Pattern Repository, Describing
Knowledge of Families of:

Life Cycle Manager of LC Managers Manages
Manages Life Cycle of
Life Cycle of

(substantially all ISO15288 processes)

Configured Models Repository,
Describing Configured Instances of:

| LC Managers of Target !
System }
L(all 1S015288 processes)J

Learning & Knowledge Manager for
Target Systems (and Components) Provides

Knowledge to

| LC Managers of Target |
| System |

(substantially all ISO15288 processes)

Pattern Repository,
Describing Knowledge of Families of:

LC Manager of Target System
(and Components) Manages
Life Cycle of

(substantially all ISO15288 processes)

Proyides Observations to cTT T | ‘7T7ar795 gygtgm7 |
} Target System } }Life Cycle Domain} . N l Targ et SyStem
I Actor | Configured Models Repository,
== ‘::::4— s Describing Configured Instances of:
bbserves Target System T t Syst
77777777 T ————1 arget System
Component } | } Target System | gersy
********* | Target System | |Life Cycle Domain|
- - | I Actor |
TProvldes Observationsto || ————————2 ————————~
********* | Target System
Target System Component
Component
Observes _,,,g,,,,J
Observes

Target System

Observes Life Cycle Domain
] . Actor
iSome of these life cycle management roles may be assigned |
|
i

ito the same physical system as the Target System
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— Again, remember that these are logical (behavioral) roles. In realized
physical systems, a single physical system may behave as both a Target

System and a system that produces, modifies, reconfigures, or otherwise

manages a Target System, by having roles from each allocated to it.

— For purposes of this logical roles description, they have been identified
separately.

— We introduce the physical components into the model later.

Learning & Knowledge Manager for
LC Managers of Target System

(substantially all ISO15288 processes)

Pattern Repository, Describing
Knowledge of Families of:

| LC Managers of Target |
| System }
| (all 15015288 processes),

Proyides Observations to

3. System of Innovation (SOI)

Provides
Knowledge to

Life Cycle Manager of LC Managers

(substantially all 1ISO15288 processes)

onfigured Models Repository,
Describing Configured Instances of:

| LC Managers of Target !
System }
L(all 1S015288 processes)J

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

Manages

Manages Life Cycle of

Observes

Life Cycle of

Learning & Knowledge Manager for
Target Systems (and Components) Provides

Knowledge to

(substantially all 1ISO15288 processes)

Pattern Repository,
Describing Knowledge of Families of:

1
} | } Target System
| Target System | ‘LlfeCycIeDomam\
Actor |

1
|

‘ Target System

Observes

Component

-

TProvides Observations to

LC Manager of Target System
(substantially all ISO15288 processes)

Configured Models Repository,
Describing Configured Instances of:

T 1 Target System
| | Target System | ]

Target System | |Life Cycle Domain|

(and Components)

Manages

Life Cycle of

Target System
Component

1. Target System

Target System
Component

i

Observes

Observes

iSome of these life cycle management roles may be assigned |

tto the same physical system as the Target System

Target System

Life Cycle Domain
D Actor
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System 3: The System of Innovation: (Definition) The logical system
responsible for managing the life cycles of instances of any (System 2) Target
System LC Manager.

e (Recall that those System 2 Target System LC Managers include Target
System development, production, integration, maintenance, operations,
and other management systems.)

3. System of Innovation (SOI)

Learning & Knowledge Manager for

LC Managers of Target System ETovIdes 2. Target System (and Component) Life Cycle Domain System

Knowledge to
(substantially all 1ISO15288 processes)

Pattern Repository, Describing
Knowledge of Families of:

| LC Managers of Target I
| System }
! (all IS015288 processes),

Life Cycle Manager of LC Managers Manages
Manages Life Cycle of
Life Cycle of

(substantially all 1ISO15288 processes)

Configured Models Repository,
Describing Configured Instances of:

I'LC Managers ¢ o?T;rEeT}

| System |
L(all 1S015288 prv:x:esses)J

Learning & Knowledge Manager for
Target Systems (and Components) Provides

Knowledge to

(substantially all ISO15288 processes)

Pattern Repository,
Describing Knowledge of Families of;

LC Manager of Target System
(and Components) Manages
Life Cycle of

(substantially all 1ISO15288 processes)

Proyides Observations to } T\ | Target System 1\ 1. T t Syst
Target System | Life Cycle Domain| N . . B
| | | Actor Configured Models Repository, argE ys em
== ‘::::4— e Describing Configured Instances of:
bbserves | Target System TEETR SR
T 1 arget System
Component | | Target System | Iy
********* Target System | |Life Cycle Domain |
Actor
TProvides Observations to
| Target System
Target System Component
Component
Observes
\%

Observes Target System

Life Cycle Domain
_ ; Actor
iSome of these life cycle management roles may be assigned 3
ito the same physical system as the Target System !
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 Summary so far:

— System 2, the Target System Life Cycle Domain System produces and
modifies instances of System 1, the Target Systems (and Components),
and also learns new things about System 1 and its environment.

— System 3, the System of Innovation, produces and modifies instances of
System 2, the Target LC Managers, and also learns new System 2 things

3. System of Innovation (SOI)

Learning & Knowledge Manager for . N "
LC Managers of Target System Provides 2. Target System (and Component) Life Cycle Domain System
nowledge to

(substantially all ISO15288 processes)

Life Cycle Manager of LC Managers Manages

; 8 o Life Cycle of
attern Repository, D.e.scrlblng (substantially all ISO15288 processes) 'Manages U
Knowledge of Families of: Life Cycle of

Learning & Knowledge Manager for
Target Systems (and Components) Provides

Knowledge to

(substantially all ISO15288 processes)

Pattern Repository,
Describing Knowledge of Families of:

77777777 1
|

Configured Models Repository,
Describing Configured Instances of:

LC Managers of Target |

| System |
| (all 15015288 processes),

LC Manager of Target System
(and Components) Manages
Life Cycle of

(substantially all ISO15288 processes)

. . 1
Proyides Observations to | | Target System

| . . A
} Target System | |Life Cy:(ljo?omam} Configured Models Repository, 1 Targf,t System
———= ‘::::4— ====————" Describing Configured Instances of:
Observes TargetSystem | ) oo T T 1 Target System
Component } | } Target System |
********* | Target System | Life Cycle Domain
- - | I Actor |
TProwdes Observations to 2T <L
Target System
Target System Component
Observes . Eoingoineimi —
\M

Observes Target System

Life Cycle Domain
_ . Actor
iSome of these life cycle management roles may be assigned |
|
|
|

ito the same physical system as the Target System
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Why are the learning capabilities of
System 2 and System 3 differentiated from
other capabilities in System 2 & 3 models?

* Especially for Agile reasons:

— We want to understand what capabilities can exist for
“agile movement within what is already known”, for
both System 2 and System 3, in nearly all of the ISO
15288 process areas, and . ..

— We also want to explicitly understand what is meant by
“learning” in nearly all of the ISO 15288 process areas.

* Note that learning includes ideas such as
experimental discovery, questioning, observation,
noticing differences from what is known, etc.

52
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Example: Health care domain, top level

3. Health Care System of

Innovation (SOI)

Learning & Knowledge Manager for
Health Care Delivery Systems

Pattern Repository, Describing
Knowledge of Families of:

| Health Care Delivery
System

Provides
Knowledge to

Life Cycle Manager of Health Care Delivery

Manages

2. Patient Health Life Cycle Domain System

System

Manages Life Cycle of

Configured Models Repository,
Describing Configured Instances of:

Provides

Observations to

Life Cycle of

Learning & Knowledge Manager for
Target Systems (and Components)

(substantially all ISO15288 processes)

Pattern Repository,
Describing Knowledge of Families of:

Observ

Pharma Molecule
Database
Health Care
Research Web Site

Best Medical
Practices Database
Evidence-Based
Medicine Repository

Practice
Management
System Supplier

Health Care Delivery
Investor
Pharmaceutical
[ Supplier

Medical School

Patient
Environment

Patient
Component

Contract Research
Organization (CRO)

Crowd-Sourced
Health Care Web Site
Health Care Expert

Medical Devices and
Equipment Supplier

Orthopedics
Manufacturer

Medical Information
Technologies
Supplier

Contractual Medical
Trials Business

Nursing School

Teaching Hospital

Health Care
Organizational
Change Consultant|

Medical Practice

Provides

Knowledg% to

1

bserves

Health Care Delivery System

(Health Care equivalents of Agile (extended)

1SO15288 Model, including HC equivalents of

Performance, Fault, Configuration, Accounting,
and Security Management Processes)

Configured Models Repository,
Describing Configured Instances of:

Patient
Environment

Patient
Component

Manages
Life Cycle of

1. Target System

Patient

1

v

Patient Subsystem

A
‘ Caregiver }7

Health Care
Organization

Life Sciences

Life Sciences Repository

HC Education
Service

Obsﬂr I

Observes

Health Care
Practitioner

Installation

Health Care Regulator
w

Health Care Licenser
Medical Products
Marketing

Health Care

Certification Agent

Facilities and
Infrastructure

Consultant Textbook \ Medical Records
Health Care Payer
Contractual Medical System Private Practice
Health Care Products Developer fnsuring Diagnostic =
Delivery Holding —— ‘ }77 rvi m
Con{pany 9 Contract Medical Employer =3 Cacrz ?(:nte
Health Care anufactrey Insuring Family Development
Systems Therapeutic
A A Health Care Systems . .
!;Z:n%njeelrmg, Maintenance & Business Office Service System
abrication, Support
Construction & Pharmacy

‘ HR Role

—

Transcription

Patient
Environment

Home
Environment

Iy

]

School
Environment
Extracurricular
Environment

Occupational
Environment

Service System

Health Services
Marketing

}7{ Coding Process ‘

Safety, Quality Health Care
Assurance Equipment

Health Care Domain Reference Boundaries:
IAgile System Life Cycle Management Perspective

V1.3.1
Medical Device

INCOSE Patterns Working Group

10.28.2015
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System of Innovation (SOI) Pattern Logical Architecture

Organizational
Project-Enabling
Processes

Project Portfolio
Management

Infrastructure
Management

Life Cycle Model
Management

Human Resource
Management

Quality
Management

Knowledge
Management
Process

Agreement
Processes

Acquisition

Supply

_

(Adapted from ISO/IEC 15288:2015)

Project Processes

: f Project Assessment L. i

Project Planning g Decision Management Quality Assurance
and Control Process

Risk Management Configuration Information

Measurement

Design: Top System TeChnlcaI Processes

Business, Mission
Analysis

Stakeholder Needs,
Requirements

Definition Validation
System
Requirements
Definition
Architecture System
Definition Analysis

(by Analysis &

Realization: Top System

Verification : ot
(by Test) Solution Validation

Integration

Service Life

Transition

Operation Maintenance

Design: Subsystem 3

Realization: Subsystem 3

Design: Subsystem 2

Realization: Subsystem 2

Design: Subsystem 1

Business, Mission
Analysis

Stakeholder Needs, .
. Requirements
Requirements Validation
Definition
System
Requirements
Definition

Architecture System
Definition Analysis
Design Definition

Verification
(by Analysis &

Realization: Subsystem 1

Verification
(by Test)

Solution Validation

Integration

Component Level Design,
Acquisition, Fabrication

Implementation

Disposal
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Desiagn: Top System

Business, Mission

Analysis

Stakeholder Needs,
Requirements

Requirements

Definition Validation
System
Requirements
Definition
Architecture System
Definition Analysis

Design Definition

Verification
(by Analysis &
Simulation)

.“IIIIIIIIIII‘IIIIIIIIIIIII

Ny
Ny
ny
ny
by
by
by
......
gy
ny
by
by
by
Ny
Ny

L2

The ISO 15288 System Life Cycle
Management framework outlines
much of what the LC Management

. .
., Systems in the ASELCM Pattern
. .
., are supposed to do—without
“‘ demanding any particular
*. sequence, while still indicating
. . . . .
s,information inter-dependencies.
‘
.
.
.
.
'y
.
‘A
System of Innovasion (SOI) Pattern Logical Architecture
(Adaﬁ@d from ISO/IEC 15288:2015)
N Project Processes
[ e = ‘
A
| -. Technical 'Processes
A
Organizational

Project-Enabling
Processes

Aareement
Processes
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SOl Pattern includes a model for each of the 1SO15288 Processes

* Example: Verification Process e

==
=

* Each also includes options for MBSE and PBSE methods )

[
Bt

Verification Process

Verification by

: Design Review -
Logical Review
Architecture] Review & Verify Added /
Requirements = Parasitic
4 Decomposition Behaviors |
( [}
Requwremegts Review H - I
Allocation Allocation of : Cfr:;fn\’;m Design Review, Design
ot :_> .
Requ\remenls Capabilities vs. Res#’@ Review
to Physical Requirements Model
—
Stakeholder Architecture f_'_> I

Requirements \ \
N Generate
System
Alternative J f Failures Model
Designs Review

Physical Vi Physical
Architecture Architecture N

4 Phyfical
Architpcture

5 Verification Plan Verification
Model

Verification by \

S Eail Failure
ﬁ@%m@ Analysis
alysis Model

Simulation, Test
Generate Create System |__| perform System |_! I
1 System Verification )( Simulations Simulations
IConcepIs Plan
A N Express I
e = Margins, Gaps, |_Test & Simulation Test&
Y A and Effects in Results S'”‘”‘alt“’"
Generate 1= Create System Stakeholder Results I
™| System Test ct atio Perform System Metrics
Plan n Plan (DOE, [ Characterization I
m etc.) Tests

l—.| Create System L,.| Perform System

|
|
|
|
|
|
|
I Tests Tests
| 7y /
I : ng Test Plan
| f |
I H Baseline
H Generate Package I
I H \. > Baseline
I : Document (Consistent)
H \ Package Baseline I
1 H Document
I E ‘ Package I I
I E : Approve
' e ] g Baseline 1 I
| H ’ H Document 1
I MNeeeeens ' [ Package
I 3 : 1/
Reugable Compgjonent Documenty 1
I Patfern Capdbility Temp\ates: II
I Dita Refergnces H 5 6

e e o e e e

schindel@ictt.com 812-232-2062, attributed copies permitted



Process vs. Information: System of Innovation (SOI) Pattern Logical Architecture

(Adapted from ISO/IEC 15288:2015)

The S*Metamodel describes Project Processes
the MBSE information that
passes through life cycle —
processes, as S*Models. Otaanizationa
Using PBSE accelerates this p—
process, by basing S*Model

information on knowledge-
managed S*Patterns.

None of this requires any
specific sequence or order
of processes, which may be
concurrent or otherwise,
depending on strategy.
What is the “agile

Aareement
Processes

f [ Stakeholder |
. ” WS,T:“fZ,?L‘?SgJ Requirement ‘—\ Stakeholder Feature
trajectory” through
* S Funcv[iopal ..
S*Space? e

eeeeeeeeeeee

Agile strategy typically to
advance short distances in

System of
Interface H Access

S*Space, with limited time, R

resource, and risk budgets. [t S '

How are the “trajectory e | [ i -
' e o

deltas” planned for each
incremental advance? (S*Metamodel Summary) 57
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same Life Cycle Processes.

Managing Pattern Life Cycles

In effect, a System Pattern is subject to most of the

ISO 15288 KM represents the notion of managing that

knowledge, but in PBSE this can be viewed as

“unfolding” the KM process to find another copy of the

LC management processes, operating on the pattern.

This is being used in enterprises using S*Patterns to

manage platform life cycles.
It means that the individual system instance life cycle

processes are executed much faster and with greater

content coverage and consistency, because they start
by configuring learned portions of the S*Pattern.

General
System
Pattern

-----

/A

Product Lines or
System Families

s

Secccccscaae

Individual Product

or System Configurations

Pattern Class Hierarchy

-

(Adapted from ISO/IEC 15288:2015)

System Life Cycle Management System
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B. System of Innovation (SO0} " —— o~

Tern X Pt Vanmar 1o — -~
LE Mg o 11 i g [ Frimides S 2. Target System (and Cumgpnam] Life Cycle Domain System ‘\
\

o 5 b ]
fasterarsiny 04 1501 529 procemaes - ~
G ¥ e

System 2 \

ah ke

Flr-wmﬂ‘ﬁ
e

]

G N |

Performs most of these 1SO
= pkocesses, to manage what is being
1\ learned about 51 space.

LT Marwger o Terg ot Brwien
Py

Sysiof Lifa 1 i v g s v vl m
e e RV 1 K 31
:'
Systerh 3 | , , [
: ll Elﬁ'l'_::ﬂ'k?f::_n-_u;ﬁuﬂ_mmlﬁlu_m_;u I =
e aarrs plrpecsl wyslors e he Targed Gewmn
: X - = Systeim
1 [ I A1 Family
1 |
\ \ Performs mos{of these IS0 Patterns
“ ll processes, to¥manage 51 -
t‘ 'Ii instances, usingu‘f“:l patterns
! 1 S
\‘ \‘ e
\‘ “ Manages LC Management
\ AN System Family Patterns
\ b
\ \\ ke mgrad o, I SOSEC 15580 3845
A .
LY -
\\ *‘hh
~y
N H"‘-,
o --..,______
'\“‘ ---------------
h"'l-
‘h.‘h‘
Performs+agst of these ISO
processes, to ﬁ’i'anﬂge_iz__ T
instances, using S2 patterns “|® CaT Je—T2) - 7 Performs most of

these 1SO
processes, to
manage what is
being learned
about 52 space.
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General ASELCM Pattern:
Stakeholder Features Model

* Since the Stakeholder Features for a system are used to
configure that system’s pattern for a specific case, we can
expect to add System 2 features during this project:

— For selecting an Agile methodology type (or non Agile
approach), depending on external environment, internal

capabilities, and other Agile Systems parameters identified by
Rick Dove and colleagues in Agile SE literature

* This project also brings increased emphasis to earlier

System of Innovation interest in System 2 features that help

us know:
— Where are we in S1 space? In S2 space?
— Where are we going in S1? In S27?

— What do we “optimally” adjust / vector, in S1? In S27?, in light of

risk and other parameters.
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Agile System Pattern: Major Feature Groups

 System 1 Features: Stakeholder capabilities of the Target
System—the system we ultimately want to respond (with help
from Systems 2 and 3) in agile fashion:

— Example: Autonomous Vehicle Navigation Feature

* System 2 Features: Stakeholder capabilities of the Target System
Life Cycle Management System. This includes all aspects of its LC,
a subset of which are relevant to the Agile Systems LC Pattern.

— Example: Vehicle Environmental Reconfigurability Feature

* System 3 Features: Stakeholder capabilities of the three
subsystems of System 3—concerned with observing and learning
about the Target System and its Environment, and about the
Target System LC Manager; also responsible for managing the LC
of the Target System LC Manager.

— Example: Vehicle Route Learning Feature

61
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Overview of System 1 Features
(and some related S*Metaclasses)

tem Internal States

Target System Features Target System Environmental States | [Target Sy:s

Target System
Feature
A

Feature Attribute

At-Risk Variable

Internal Component

Situation Failure Mode

Situation

—
e
Mission Performance
Feature
MISSION SITUATION Envn«onmental
1 Situati
: ituation

Supporting SITUATION TYPE

Feature

Failure

Impact
MISSION SITUATION

Impact Severity

Variability

Target System
Interaction

Target System
Functional Role

m’arget Syjtemm

Physical Entity
COMPONENT TYPE
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Subset of Features:
Life Cycle Management Features

* These represent the stakeholder level view of
capabilities to manage life cycles of either
System 1 or System 2.

* We are making use of the S*15288 Pattern,
which models ISO 15288 process capabilities:
— This pattern is a specialization of the more abstract

features of the generic Systems of Innovation (SOI)
Pattern (Beihoff and Schindel, 2012)
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Overview of System 2 Features  [xotsysen

Environmental

Situation
SITUATION TYPE
—Probablllty

Target LC Management System Features

S*15288 Feature | Proactive
A N Agility Feature
S*Embedded Intelligence
(Management) Pattern| Features

Technical (Management of
Management System 1 over its
Process Feature Life Cycle)

% Organizational Technical !
! Feature Process Feature i

Agreement
Process Feature

LC Management (El)

Feature

Reactive
(Management of System 1 Agility Feature

over its Life Cycle)

Performance 2 S
Management Feature e °
Security Management

Feature .
Agile Method

Maintenance Operatio
(See S*15288 Pattern Feature e e
Feature Details) -

Response Effectiveness

Accounting Type
Management Feature
Fault
Management Feature

Configuration
Management Feature

Attention
Management Feature
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Overview of System 3 Features

System of Innovation Features

Model Learning

Feature
A

Target System
Model Learning Feature

Target LC Manager
Model Learning Feature

System Observation
Feature
Target System & Environment
Observation Feature

Target LC Manager
Observation Feature

Agreement

Process Feature
Process

3 Organizational
3 Feature

(See S*15288 Pattern
Feature Details)

Technical
Management

(Management of
System 2 over its

Feature Life Cycle)

Agile Method

Type

£> S*15288 Feature

Technical
Process Feature

Maintenance
Feature

Operations

Proactive
Agility Feature

CAPABILITY TYPE

Reactive
Agility Feature

CAPABILITY TYPE

( Response Time ) (

Response Time

( Response Cost ) (

Response Cost

)
)

Response Effectiveness

Response Predictability
Response Scope

(Management) Patter

(Management of System 2
over its Life Cycle)

Performance

Management Feature

il Security Management
i Feature

| Accounting

I Management Feature

Fault
Management Feature

| Configuration
Bl Management Feature

S*Embedded Intelligence
n Features

LC Management (EI)
Feature

Response Effectiveness

Response Predictability
Response Scope
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M

PROJECT PLANNING
CAPABILITY

Overview of S*15288 Pattern Fea

Organizational

Agreement

Life Cycle Model
Management Feature

LIFE CYCLE MODEL
MANAGEMENT CAPABILITY

Infrastructure
anagement Feature

INFRASTRUCTURE
MANAGEMENT CAPABILITY

Feature

Process
Feature

Knowledge

Portfolio
Management Feature

PORTFOLIO MANAGEMENT
CAPABILITY

Human Resources
Management Feature

HUMAN RESOURCES
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System Patterns Answer a
Key Challenge to Agile Methods Adopters

* Another hallmark of agile methods is the repeated
iterative release of a “complete enough”

deliverables for some use to be made of them by
the customer.

* For those adopting agile methods, this can raise a
key question / challenge:

— How to produce a complete enough deliverable in each
(time limited) sprint, for a complex system?

* Answer: Configured Patterns as draft deliverables—
S*Patterns may be very quickly configured.
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PBSE is agile MBSE:

— A very small number of people can make a very large number of System 2
people much more agile: Learn the S1 Model, not S1 Modeling.
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Additional Trajectory-Based Concept:
Learning Curves, “S” Curves

Stage 4
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S g
= T Stage 2
= £
O Wireless kS Introduction
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= Q
Z °
8 8 Super 2 guper 3
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w Broadband S 4| Introduction (American Viscose, Dupont)
— @
o /. Commercial nylon introduction
E —_ Military nylon introduction
= Dial-up o (Cotton introduction ;| COTTON, | | |
0 25 50 75 100 125 150
> Cumulative R&D effort
TIME (OR ENGINEERING EFFORT) (millions of constant $)
(insert references) 69

schindel@ictt.com 812-232-2062, attributed copies permitted


http://vignette3.wikia.nocookie.net/future/images/f/fe/S-curves_tire_cords_Foster_1986.jpg/revision/latest?cb=20050908175507

General ASELCM Pattern:
States & Interactions Model

 The States & Interactions Model is currently
being pursued in the Wave and Scrum
specializations of the ASELCM Pattern:

— See |later sections below

— After some basic questions here are settled, will
insert a general one for the parent pattern
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ASELCM Pattern Configurations:
Initial workshops contributed to, or affirmed:

Host workshop 1: System 1, 2, 3 reference boundaries;
awareness and attention model (management and team)

Host workshop 2: Explicit partner risk allocation and
spreading; Scrum model

Host workshop 3: Product Line Engineering (PLE / PBSE)

Host workshop 4: ASE assimilation in a defense
acquisition environment; Information Debt in addition to
Technical Debt
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Site 1 / Wave configuration of ASELCM Pattern

lllustrates five interactions learned from Workshop 1 visit
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General ASELCM Pattern:
Attribute Couplings Model

From S*Metamodel
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Site 1 / Wave configuration of ASELCM Pattern:
Attribute Couplings Model

Although we don’t have quantitative values data to

share yet, these and other couplings are likely

candidates to model further.

They are also candidates for data collection during the

project, for purposes of quantitative calibration of the

couplings.
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Traditional Scrum Sprint Perspective
(Summary State Machine)

_ _ “Perform Developmental Task” may include, as appropriate,
PRI PiEes any team-selected task from the ISO 15288 Technical
— Project Processes that could be performed by the internal team
J Planned (e.g., Requirements, Design, Implementation, Verification

Testing, etc.)

J—{formng a Sprint (Time Limited) E )

Planning Sprint (Performing Sprint Development)
Sprint Time
Review Priority Items & . Attend Daily Scrum Window Ends
Set Sprint Thematic Goal #5 rint ’
Planne

- Perform 1
Forecast Sprint Developmental Task

Content Items
Track Daily Progress
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Not Ready for Release
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Conducting Sprint
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Review Process &
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Conducting Sprint
Product Review

Inspect Product
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Release Product Release Performing

Life Cycle Perform Target Product Product Release
Interaction Release Product
Provide In-Service
Feedback
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Traditional Scrum Sprint Perspective
(Activity Diagram, with Swim Lane Roles)
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Traditional Scrum Sprint Perspective
(Activity Diagram, with Swim Lane Roles)
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Traditional Scrum Sprint Perspective
(Simplified Model of Managed Information)

Is Approved For

Potentially Shippable
Product Increment
(Definition of Done)

Development
Product Release Resource Product Backlog
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An ASELCM Insight: Technical Debt vs. Information Debt--
More Than One Representation (Model View) of the Same Underlying Reality

We are dealing with four different representations of the same underlying reality:

1. The Scrum Pattern: Emphasizes time and feedback, focusing on processes for learning and
management of risk

2. The 1ISO15288 Pattern: Emphasizes types of processes, focusing on management of processes
3. The Agile Systems Engineering Life Cycle Pattern : Shows how (1) and (2) above may be seen as one
4. The S*Metamodel: Emphasizes the information flowing through all three of them: (1), (2), and (3)

System Life Cycle Manager: Logical Architecture
(Adapted from ISt 014)

Scrum Pattern ISO15288 Pattern

S*Metamodel

ASELC Pattern
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More Than One Representation
(Model View) of the Same Underlying Reality

The Scrum Model is actually an abstraction of the more complex-looking multiple
Processes of the 1ISO15288 System Life Cycle reference model:

— As indicated in the Agile literature, nothing about the Scrum Model is intended to

prevent things like Requirements Analysis, Verification (Test), or even aspects of Project
Management, . ..

— But those activities are shared by the small team members who play many individual
roles, and the simpler-looking Scrum model “gives us permission” to “do what is
needed” in a given situation, in an “agile way”.

Scrum Pattern

ISO15288 Pattern
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More Than One Representation
(Model View) of the Same Underlying Reality

The Scrum Model also abstracts complex learning behavior, into simple-looking
form—but it is still strongly expected to occur as part of the Agile Process, and is
more explicitly represented in the ASELC Pattern, as capture of Pattern
information—not assumed to be only in human minds.

Learning

Scrum Pattern

ASELC Pattern

S*Metamodel

Learning often in upper-most S1,2,3 Pattern, but can
also be in specializations and configurations below it.
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Learning and 15288 Processes

Although “Knowledge Management” appears as a single process in the
2015 version of ISO15288, the System of Innovation Pattern shows that

(technical) learning actually occurs across substantially all of the Technical
Processes of ISO 15288.

System of Innovation (SOI) Pattern Logical Architecture
(Adapted from ISO/IEC 15288:2015)

Project Processes

‘ Stakeholdes
Organizational et

Project-Enabling
Processes

Adreement
Processes
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