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Health Care Systems Agility

A Viewed at almost any levelindividuals, products,
enterprises, market segments, or soctelealth
Care appears as a vast and com@gstem

Copyright © 2016 by W. D. Schindel. Permission granted to INCOSE to publish and use.



'b\ ” N Health Care Systems Agility

A Sincethere are countless challenges and
opportunities for progress, how can an enterpris
iIndustry, society, or individual systematically plal
and manage future progress and innovation?

I Where can we best apply the principles and lessons
Systems Engineering, deeper Agility, or Lean Metho

to make optimal progress today, tomorrow, and in the
future?

I Is there a systemic approach to magaking for
planning thigprogress?

016 by W. D. Schindel. Permission granted to INCOSE to publish and use



Health Care Systems Agil

Aw2dZAKf & aLISlF{1Ay3IZT AY NBTFS
to respond effectively to the challenges of uncertainty at
rates of change in environment, stakeholders, competiti
technologies, capacities, capabilities.

ANotedza i a32Ay3 FlLAUSNEOD
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Health Care Systems Agility

A Thissession will include both an introduction
to the INCOSE Agile Systems Engineering Llift
Cycle Model (ASELCBBIng developedy the
INCOSE ASELCM Discovery Project,

A...andan2 LILIZ NLidzy Alée 02 &
break2 dz0 G Sl YZ G2 YI LI O
aLJ204a¢ | yR 2 LJJ2 NI dzy A i
the landscape of health care systems.



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

A During 201516, the INCOSE parent society is
sponsoring the Agile Systems Engineering Life Cycle
Model (ASELCM) Discovery Project, based on a serl
of workshop clinics being held at host example
discovery sitescross the U.S. and Europe.

A This project, now underway, will provide INCOSE
Inputs to a future version of 1ISO 152&8,improve
explicitunderstanding 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 Engineerir

Life Cycle Model Discovery Project

A Announced at IW2015

A Built around a series of discovery clinics being conducted
example host sites during 2041%

A Discovery clinics in 2015:
I Navy SpaWar/MITRE, San Diego, CA,
I Northrop Grumman, Vienna, VA,
I Rockwell Collins, Cedar Rapids, IA,
I Lockheed Martin, Ft. Worth, TX,
A You and your company can host or participate in 2016!

A Su
'|'

pportfrom INCOSE Agifeystems WG and PatteriéG:
R. Dove, project lead, deads K.Forsberg, H. Lawson, J

Ring, G. Roedler, B. Schindel
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What are Agile Systems? Why do they matte

Longer history than just Agile Software Development
Methods :

Enfegrlllgerise General Agile

Systems Agile Syste ms
Origins Software Engineering
(c. 199x) Methods (c. 201x)

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

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

I Problem space: Challenges of uncertainty and rates of ch:
In environment, stakeholders, competition, technologies,
Ol LJ OAUASax: OlFLIN oAt AULASAD



IS this your tomorrow, or a distant vision

CNEY GCKS | NRSFINB WSVl A:
F2NJ DI TIReEIVSSa[il Stréex Journdlarch 23, 2015:

GwSOSyGfez Fa L 3IFT SR Ayd2 0(G§KS LINP
of the future. | saw an age in which new productsctual, physical electronics
productg will go from idea to store shelves in a matter of months. A future|in
which warehouses and distribution centers cease to exist, because factories
produce finished goods from raw materials on demand, and they never stop
moving through the supply chai@nly it turns out all of this is possible today
¢tKS GaKIFNRglINBE NBYFAZalyOSéeé O0KIG oS
years, born of rapid prototyping technologies, has become something mugh
larger and more important. It has been a sea change._in every stage of

LIN2E RdzOAy 3 LIKEeaAOlf 2062S0Gaz FNRY |[A

-- Christopher MimsThe Wall Street Journa B1,6, March 23, 2015
-- emphasis added
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Agile Systems Architecture Pattern (R. Do\

The S*ASELCM Pattern captures (in a formal S*Model) the key ide
associated with the prMBSE Agile System Architecture:

I As in (Dove and LaBarge, 2014)
Mudulesa’ﬂ:::mp nents

:,.a' x‘_ { “ '."-'-=_-' r v
Integrity 3@ _} # “ i Jmners .-!u-:les

Management Gears/Pulleys Motors Wheels Tools Small Pariz Structural Material

- —I— Product System Eng.

—— Retail Distribution Process —

= Module mix evolution

= Module readiness

- System assembly OwnerBuilder
= Infrastructurs evolution . Product Manager .y I
Aciwe = F{ oy
i = u!
b T | L | . )
Infrastructure = b gl
Passive T . .
'If Plane Helicopter Mobile Radar
F F
e————— Sockeiz FPariz Interconnect Standards
Signals Control Protocol
e Security = (Mong) X
e Safety Harm-Proofing Standards t
— Service Frocess Rules & ConOps e
Eee——= Radio Control Standards
Rules/Standards -

11

Copyright © 2016 by W. D. Schindel. Permission granted to INCOSE to publish and use.



Optimized Feedback & Correction Cycle Rate:
A Hallmark of Agile Methods & Problem Space

An Apollo 11 Mission QuestioWwhy was the Saturn V
NPO] SO SYyaAySaQ RANBOUGAZYI
throughout the Ascent Phasez-secondsbut the

update cycle period of course direction during the Free
Flight Phase was26 hour® 24

Ascent Phase Updates:
Saturn V Launch Vehicle
Engine Gmbal Feedback

Gontrol Loop Update Period
nt ~2 seconds

Fee Hight Phase Updates:
Time to Mid-Course Correction:
nt ~26 hours, 44 minutes

MQCC

Copyright © 2016 by W. D. Schindel. Permission granted to INCOSE to publish and u
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System Life Cyclérajectories in S*Space

A Configurations change over life cycles, during development and subsequently
A Trajectories (configuration paths) in S*Space

A Effective tracking of trajectories

A History of dynamical paths in science and math
A Differential path representation: compression, equations of motion

Fuel Economy

(mpg) 1 System Configuration Map—

Two Degrees of Freedom

Vehicle Cost (S)

Path as a series of system configurations,
through iterations of the SE process

“Delta” Descriptions Further Compress Trajectory Representations

=== ="
HEEEHEHE
HEEEEEE
HEHHEHE I 4 -
HE HEE ~
= ]
T — Improve SONHIU
= o = Paltgn SBoENe
. Nk
e s o s NS
A T TTTITITIT SR
e e e e Pattern Class Hierarchy
Roles
Role Attributes
St te
hhhhh | |
1
T

Co-Evolution of Interacting Systems

Copyright © 2016 by W. D. Schindel. Permission granted to INCOSE to publish and use.
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How are Agile Systems Related to MBSE

1. Basics Usingexplicit models MBSE/PBSEflds clarityto pre-model descriptions
of Agile Systems and Agile-SEproves understanding of Agile Systems.

2. More important:. MBSE/PBSE complements and improves the capability of A
Systems and Agile Systems Enginee&ring
AAgility requires persistent memory & learnindpeing forgetful/not learning impacts agility

APattems capture & retain learning, as persistentusable, configurable, modelspdated
as experience accumulates

AS*Patternsare configurable, reusab®*Models

>
PRy

~

6PBSE as Agile MBSE SYSNB S& | acofpetingor aglithdécomeK Sy
reality for competing, competent players:
iLYLINROSRY a2 KSNB | NB| 6SKE
iLYLINRODSRY a2 KSNB I NB gaslor Sgrgmjoifeqapprgaches
iLYLINROSRY a2SQ0S 0SSy KSNB 06ST2NB
I Improved: Understanding of response.
|
|
|

I Improved: Understanding of mission envelopesyita| for Response Situation
I Improved: Ability to assess agility Analysis (RSA)
I Improved: Ability to plan agility

14
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o Po Po Po o Do o Do

Mapsvs. ltineraries -- SE Informationvs. SE Process

ltinerary # Map!
A 3 NENC
(What am | doing?) (Where am I?) @¥22". %
B NP SN :
When they eventually did emerge, maps represented
a newer idea of the nature of “where”.

The SE Process consumes and produnfeamation.
But, SE historically emphasizgecessoverinformation. (Evidence: Ink & effort spent
describing standard process versus standard information.)
Ever happen?? Junior staff completes all the process steps, all the boxes are check
but outcome is not okay.
Recent discoveries about ancient navigators: Mapd#ineraries.
The geometrization of Algebra and Function spaces (Descartes, Hilbert)
Knowing where yoare, not just what you areloing.
Knowing where you are going, not just what you are doing.
Distance metrics, inner products, projections, decompositions.
David Hilbert
Rene Descartes 1862 - 1943

1596 - 1650

Geometrization of Algebra, by Rene Descartes Geometrization of Function Space, by David Hilbert 15
———s . del. Permission ]




Mapsvs. ltineraries -- SE Informationvs. SE Process

Innovation Process

T -
0
\lern Ldngu 1;_.,( [ (Sl ”R] lllll( s 2
e ()h,n One nted Software
4
Christopher Alexander
Sara lshikawa  Murray Silverstcin
Max hacobon Ingrid Fiksdabl-King s
Shibem Amzed —
Civil Architecture Software Design Systems

Formal Patterns In Human-Performed Engineering Processes

Pattern-Based = | Reevarmantf— | Sokaider
Engineerin a (PBSE)
Processes

Pattern Man gml
Proce: B

li

4 s
+

4

'

|nformat|on Passmg Through
the Innovation Process

Pattemn Class Hierarchy

Evolving Families of Systems, Pattern-Based Systems Engineering (PBSE)

A Model-basedPatterns inS*Space.

A Interactions as the basis of all laws of physical sciences.

AwStFaA2yakKALAZ y2i LINPOSRAZNBazX | NB (KS
al Esz f Qa 9ljdzr A2y ao

A Immedlate connection to Agility: knowing where you-asearting with better definition of
g K| Eo RSN ad ¢KSNBE_ Aa | YAYA \GﬂO\zﬂdescaﬂaStlyfaz
way to capture, record, andnderstand 0 KS davYl ffSaiuo Y2RS{t 27

A Not giving up process: MBSE/PBSE version of ISO/IEC 15288. 16
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What Is the Agile Systems Engineerin
Life Cycle Patterh

3. System of Innovation (SOI)

Learning & Knowledge 2. Target System (and Component) Life Cycle Domain System
Manager for LC Managers

of Target System

Life Cycle Manager of
LC Managers

Learning & Knowledge 'ﬁ l
Manager for Target
Systems LC Manager of
= f Target System
@ .- 1. Target System
- 4 -
i:-,.

(Substantially all the ISO15288 processes are included in all four Manager roles) Q‘ el

Environment

A A key subset of the ASELCM Pattern is
the system reference boundaries . . .

Copyright © 2016 by W. D. Schindel. Permission granted to INCOSE to publish and use.
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The Agile System Domain Model

A We will particularly refer tdhree major system
boundaries

I To avoid a confusion bog of loaded terms, we could ha\
2dza i Yyl YSR UKSY a{é&ausSy
and proceeded to define them behaviorally.

I The definitions ardehavioralbecause these arn@qgical
systems, performing defineles

I However, we will also give them more specific names
but make sure you understand tliefinitionsof these
systems, which are more important than their names . .

18
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The Agile System Domain Model

System 1TheTarget System (and Components)Definition) The logical

system of interest, whichesultsfrom, or is subject to, innovatian

I Its behavior, characteristics, or performance are targﬂtthe mnovatlon

6 OKIl y3aSxz
I Itispotentiallyagile. (Assertion: for SE to be fully agile, so must its targe

FRIFLIWGFOGAZ2Y D0

LIN2 OS & &

G S C

I Examples potentially include aircraft, automobiles, satellites, the human
population, software, restaurants.

3. System of Innovation (SOI)

Learning & Knowledge
Manager for LC Managers
of Target System

(Substantially all the 1ISO15288 processes are included

Life Cycle Manager of
LC Managers

ERFe - TS

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

v

Learning & Knowledge
Manager for Target
Systems

‘ t

]

LC Manager of
Target System

Ct

in all four Manager roles)

[

1. Target System |
-

Target
Environment

Copyright © 2016 by W. D. Schindel. Permission granted to INCOSE to publish and use.
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The Agile System Domain Model

System 1TheTarget System (and Components)Definition) The logical
system of interest, whichesultsfrom, or is subject to, innovation

I The Components maintained for integration into a Target System, but no
yet integrated, are included in this domain.

I Notice that this idea can apply at multiple additional levels (e.g., System
Systems, System, Subsystem, Component, etc.)

3. System of Innovation (SOI)

Learning & Knowledge
Manager for LC Managers
of Target System

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

Life Cycle Manager of
LC Managers

1. Target System
Q i_

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

Environment

t

. a Learni &*K led ﬁ l
.- ,' ' earning nowledge !
I _‘.' - Manager for Target
oc > Systems LC Manager of
* E s B Target System
I‘-
'I ,' 2ol

", "":-

20)
v
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The Agile System Domain Model

System 2:TheTarget System (and Component) Life Cycle Domain System
(Definition) The logical system withivhich theTarget Systenwill exist during
Ala ftAFS 0eO0fSTI gKSY aAyYy &S aladossS ¢
with which the Target System will directly interact during its life cycle

I This includegamong others) angystem that directly manages the life cycle ¢

an instance of a Target System (or a Componeptpduction and integration
systemsmaintenance, support, andperations systems, and others.

3. System of Innovation (SOI)
Learning & Knowledge 2. Target System (and Component) Life Cycle Domain System
Manager for LC Managers
of el System L|fe Cycle Manager of

LC Managers *

Learning & Knowledge 'ﬁ l
Manager for Target
Systems LC Manager of
FEEN Target System
@ N - 1. Target System
o "- 4
'I N -’l

L e 2

(Substantially all the ISO15288 processes are included in all four Manager roles) Q‘ Target
Environment

O puplisn and USE.

21




The Agile System Domain Model

The System 2 model recognizes three systems besides the Target Systen
A Target Environment: Target System Life Cycle Domain Actors

A LC Manager of Target System (also manages Target System Components)

A Learning & Knowledge Managers for Target System (and Components)

3. System of Innovation (SOI)

Learning & Knowledge 2. Target System (and Component) Life Cycle Domain System
Manager for LC Managers

of Uelfe System Life Cycle Manager of
7PN LC Managers *

= 4
PO Learning & Knowledge 'ﬁ l
," Manager for Target
== > Systems LC Manager of
* TSy Target System *
@ o ) 1. Target System
1 .

ina r Manager roles) t ;(\\.Em}%gﬁem

Copyright © 2016 by W. D. Schindel. Permission granted to INCOSE to publish and use.
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The Agile System Domain Model

The System 2 model recognizes three systems besides the Target Systen

A Target System Life Cycle Domain Act8isactors with which the Target System v

directly interact during its life cyctethose in its operational domain as well as al
other direct actors.

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

3. System of Innovation (SOI)

Learning & Knowledge 2. Target System (and Component) Life Cycle Domain System
Manager for LC Managers ‘

of Target System

Life Cycle Manager of

LC Managers

Learning & Knowledge 'ﬁ l
Manager for Target

Systems LC Manager of

A Target System

1. Target System

Fo %

i_-,.

(Substantially all the 1ISO15288 processes are included in all four Manager roles) ‘Q\i Target
Environment

23
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The Agile System Domain Model

The System 2 model recognizes three systems besides the Target Systen

A LC Manager of Target Systeilanages 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.

i 1 20SOSNE Al FRRNBaasSa 2yfteée al t NBF R&it]
does not include responsibility of learning new things about them . . .

3. System of Innovation (SOI)

Learning & Knowledge 2. Target System (and Component) Life Cycle Domain System
Manager for LC Managers

of Uelfe System Llfe Cycle Manager of

LC Managers * l
Learning & Knowledge 'ﬁ '
Manager for Target
Systems LC Manager of

Nt Target System *

@ I 1. Target System
t = )
4

cr <
L.
—ed

Environment

(Substantially all the 1ISO15288 processes are included in all four Manager roles)
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The Agile System Domain Model

The System 2 model recognizes three systems besides the Target Systen

A Learning & Knowledge Manager for Target System (and Componédresponsible for
learning new things about the Target System, its Components, and its Environment. Tt
Include extraction of patterns or other knowledge from observations, planning experim
and extracting conclusions from their results, and other forms of learning. It also includ
responsibility for accumulation and persistent memory of those learnings, and for provi
the resulting knowledge for use by the LC Managers of the Target System.

3. System of Innovation (SOI)
Learning & Knowledge 2. Target System (and Component) Life Cycle Domain System
Manager for LC Managers
of Velrget System L|fe Cycle Manager of
72INI LC Managers
.- Learning & Knowledge 'ﬁ
s Manager for Target
== > Systems LC Manager of
* AZETNN Target System
@ N ) 1. Target System
i.-—,
(Substantially all the ISO15288 processes are included in all four Manager roles) @Em’:f‘g?‘?em
25
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I Again, remember that these ateqgical(behavioral) roles. In realized
systems, a singleghysicalkystem may behave as both a Target Systen
and a system that produces, modifies, reconfigures, or otherwise
manages a Target System, by having roles from each allocated to It.

I Forpurposes of thisogical roles descriptiorthey have beemdentified
separately.

I We introduce the physical components into the model later.

3. System of Innovation (SOI)

Learning & Knowledge 2. Target System (and Component) Life Cycle Domain System
Manager for LC Managers

of Target System

Llfe Cycle Manager of
LC Managers

= (4
- o ’ Learning & Knowledge 'ﬁ
I3 __,' - Manager for Target
o > Systems LC Manager of

TN Target System

t — Y
== ,';‘i— ‘/‘- ”
"’ l‘ - "

1. Target System

fo %

i:-.

— .

Environment

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

26
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System 3TheSystem of Innovation(Definition) The logical system
responsible for managing the life cycles of instances of any (System 2) Ta
System LC Manager.

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

" 4

Learning & Knowledge 2. Target System (and Component) Life Cycle Domain System
Manager for LC Managers

of Target System

3. System of Innovation (SOI)

Life Cycle Manager of
LC Managers

Learning & Knowledge 'ﬁ l
Manager for Target
Systems LC Manager of
= f Target System
@ - 1. Target System
[} : -:'-:"
1 :" o" g Q i"

N

(Substantially all the ISO15288 processes are included in all four Manager roles) Q‘ el

Environment
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The Agile System Domain Model

The System 3 model recognizes two ssystems of System 3:
A Life Cycle Manager of LC Managers
A Learning & Knowledge Managers for LC Managers of Target Systems

3. System of Innovation (SOI) ‘

Learning & Knowledge 2. Target System (and Component) Life Cycle Domain System
Manager for LC Managers

of Target System

Life Cycle Manager of
LC Managers

v

Learning & Knowledge 'ﬁ l
Q Manager for Target

Systems LC Manager of
oy Target System

1. Target System

o <

&

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

Environment

28
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The Agile System Domain Model

The System 3 model recognizes two ssystems of Systers:

A Life Cycle Manager of IManagers Manages all life cycle aspects of the LC Managers o
Target Systems, as recognized by ISO 15288. Note that this is more than just developr
systems engineeringit includes their design or acquisition, maintenance, configuration
management, and all the ISO System Management Functional Areas.

i 1 20SOSNE Al FRRNBaasSa 2yfteée al t NBF Ra&it]
does not include responsibility of learning new things about them . . .

3. System of Innovation (SOI)
Learning & Knowledge 2. Target System (and Component) Life Cycle Domain System
Manager for LC Managers
of Target System L|fe Cycle Manager of

LC Managers *

)
- Learning & Knowledge 'ﬁ l
s Manager for Target
= > Systems LC Manager of
* FZETN N Target System
@ 0 ; 1. Target System
1 .

O >

&
(Substantially all the 1ISO15288 processes are included in all four Manager roles) Qj Target
Envwggment
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The Agile System Domain Model

The System 3 model recognizes two ssystems of Systers:

A Learning & Knowledge Managers for LC Managers of Teygtems Responsible for
learning new things about the LC Managers in System 2. This may include extraction c
patterns or other knowledge from observations, planning experiments and extracting
conclusions from their results, and other forms of learning. It also includes responsibilit
accumulation and persistent memory of those learnings, and for providing the resulting
knowledge for use by the Life Cycle Manager of the LC Managers.

3. System of Innovation (SOI)

Learning & Knowledge 2. Target System (and Component) Life Cycle Domain System
Manager for LC Managers

Life Cycle Manager of
LC Managers *

Learning & Knowledge 'ﬁ l
Manager for Target
LC Manager of
FZETS, Target System
@ i 1. Target System
1 ' 1 o
— @

—

Environment

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

LaYa
oVU
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A Summary so far:

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

I System 3, the System of Innovation, produces and modifies instance
System 2, the Target LC Managers, and also learns new System 2 tl

3. System of Innovation (SOI)

Learning & Knowledge 2. Target System (and Component) Life Cycle Domain System
Manager for LC Managers

of Targ et System

Llfe Cycle Manager of
LC Managers

{‘f‘;:; - *
- ’ Learning & Knowledge 'ﬁ
s __,' - Manager for Target
o > Systems LC Manager of
AN Target System
¢ — )
e ,.&*‘/’ '—'
'o’- ,' 2ol

t

1. Target System

fo T

&
(Substantially all the ISO15288 processes are included in all four Manager roles) Q\. Target
Environment
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. SKAYR UKS AaAO2yAO¢
MBSENodel thatdescribegshe ASELCM Pattel

3. System of Innovation (SOI)

Learning & Knowledge Manager for Provides . a
LC Managers of Target Syster e 2. Target System (and Component) Life Cycle Domain System

(substantially all ISO15288 processes)

Provides Observationsto

Describing Gonfigured Instances of-

I"LC Managers of Target !
System !

L(

Observes

(substantially all 1ISO15288 processes)

Pattern Repository,
Describing Knowledge of Families of:

il al
I Target System |
Life Cycle Domain|

Target System
o Component

Observes

TProvides Observationsto

Life Cycle Manager of LC Managers Manages
Pattern Repository, Describing ) Manages Life Gycle of
P substantially all ISO15288 processes; 3
Knowledge of Families of: ¢ g 5 ) Life Gycle of
,,,,,,,,,,, Learning & Knowledge Manager for
| LC Managers of Target | Target Systems (and Components) Provides
onfigured Models Repository, Knowledge to

LC Manager of Target System
(and Components)

(substantially all ISO15288 processes)

Gonfigured Models Repository,
Describing Configured Instances of:

T 1
‘ Target System |

|
| }Life Cycle Domain|
li

Target System
Component

Manages

Life Gycle of

1. Target System

DTarget System

Target System
Component

Observes

Observes

iSome of these life cycle management roles may be assigned

Life Cycle

Target System

Domain
D Actor

Copyright © 2016 by W. D. Schindel. Permission granted to INCOSE to publish and use.
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Example: Health care domain, top level

3. System of Innovation (SOI)

Learning & Knowledge
Manager for LC Managers

I

of Target System

Life Cycle Manager of
LC Managers

(Substantially all the 1ISO15288 processes are included

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

v

P

Learning & Knowledge
Manager for Target

I

in all four Manager roles)

LC Manager of
Target System

e

v

1. Target Svstem

Environment
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