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Complex problems
(wicked or messy)

4 integrated concepts
* People

* Purpose

* (new) Process

* Performance
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SSSSSSS Some complex systems ?

» Globalisation, £
* Privatisation,
» Sustainability
» Democratisation,
* Creating share holder value _Increasing
: : Complexity

o Internet-communrcations
« Supply chain

e Safety constrained iaAnovation

-~ _|Interdependence of infrastructure



http://www.google.co.uk/url?sa=i&rct=j&q=tgv+train&source=images&cd=&cad=rja&docid=jxd1WsKyM1EKrM&tbnid=Iw7suGZXasHCIM:&ved=0CAUQjRw&url=http://planetapex.blogspot.com/2007/04/tgv-france-breaks-high-speed-trains.html&ei=SamlUYzYEe6r0gWpwIDQCA&bvm=bv.47008514,d.d2k&psig=AFQjCNFZFgLFFy5RU0LEWa71Esx5BXB-fw&ust=1369897623807794

Addressing whole problems
and needs

 We are living off our legacy infrastructure and it
is failing us economically. We have to do far
better for much less.

e Successful business will be businesses that can
LEARN better and faster TOGETHER than our
competitors.

e Otherwise the future is decline into a third world
economic performance
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Univers 15 March 2015
BRI



<l What do we mean by complexity?

Is this Complex?
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asill A Tree - Complex or Complicated?
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* |tdepends on your
point of view

* To the Ecologist it
is complex

* To the Structural
Engineeritis
complicated but
not complex to
analyse

University of
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It depends
upon your
point of view

Stakeholder’s points of view?
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=2 Need to manage uncertainty

SSSSSSSSS Engineers are increasingly concerned
with complex systems, in which the
parts interact with each other and with
the outside world in many ways — the
relationships between the parts
determine how the system behaves.
Intuition rarely predicts the behavior
of novel complex systems.”

Source: ‘Creating systems that work’ Royal Academy of Engineering 2007

Learn our way to success
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Systems Thinking is a way of
thinking used to address complex
and uncertain real world problems. e
It recognises that the world is g set | &=
of highly interconnected technical |
and social entities which are
hierarchically organised producing
emergent behaviour. S e

Usineg,

efinition

INCOSE UK Z7 Guide

http://www.incoseonline.org.uk/Documents/zGuid

BI Univert§ S Z 7_SYystems_Thinking_WEB.pdf
BRISTOL
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better

habit of mind.

Creative
problem
solving

Problem-
finding

Thinking like an engineer (2014) Royal Academy of Engineering
http://www.raeng.org.uk/publications/reports/thinking-like-an-engineer-
implications-summary






* Human-centric perspective
— Managing expectations

— Cognitive models for Human Robot
Interaction (HRI)

e Robot-centric view

— Integration of safety considerations — "
from the outset, i.e. “by design”

* Formalize safety requirements as
high-level policies to guide
learning!

Universityof Eder K, Harper C and Leonards U, Towards the Safety of Human-in-the-Loop Robotics: Challenges and 13
BRISTOL Opportunities for Safety Assurance of Robotic Co-Workers DOI: 10.1109/ROMAN.2014.6926328
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* Da Vinci Xi is a new surgical
robot

* replace open surgery with a
minimally invasive
approach

* |tislearning to do it under
supervision not control of

surgeon
Sunday Times 08/03/15
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New Process

* A holistic view of process
— people and physical processes
— consistency helps integrate hard and soft
— helps to align stakeholders to purpose

* Process define ‘How change happens’.
— includes natural, hard (physical) and soft
(people).
Why (purpose) is the driver

How is the means, operates on (who,
what, where and when)

%Um e Blockley D, The importance of being process. 2010, Taylor and Francis on line,
BRI DOI: 10.1080/10286608.2010.482658.
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Architecting Systems

INDUSTRIAL
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Quantitative
Measuring &
Qualitative Appraisal

Planning &
Managing Complex
Interdependent
Infrastructures

Understanding
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SYSTEMS

a®l \What has to be architected
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Problem
situation

Expected “value”

Gap to be managed

by optimisation and
2R
Wicked And the world moved on 2?7 adaptation in service

problem

Perceived “value”

Thi |:> Part that must Sustainment s
IS “ n .
decision be managed :> strategy Operatlon

is key!

NS ada
Transition .ee
Ea_tegy/_| Transition
[Pam‘ that can } VoV
be "solved Integration project Compliance to

| | IZ]? requirements?
g& O 2

Specs and contracts | | [ ] :{j\:{j\
| | l

Delivery projects Sub-Systems INCOSE UK Sillitto (2010)
Learning together
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Wicked
problem

N7

* Intervene to
manage the
changing
uncertainties

Purpose/Needs

Ethics
Knowledge

Strategies

wA¥G University of .
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ICIF Learning Journey Process

Supporting the way stakeholders learn together
to deal with uncertainty

N
N Structuring

Identifying Generating Knowledge, Performing and
Purpose Learning Power Experience and Evaluating
Data

- ICIF

Learning together ‘NTE‘M OCTURE FUTURES




Problem structuring

Shared model Building

A means of
— Aligning stakeholder objectives to purpose
— Establishing a problem structuring framework

— Engaging the organisation in performance
Improvement

— Identifying and dealing with unintended
consequences
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Knowledge

Example of shared model at Roll Royce
=== Accelerate improvement in Systems Engineering

Leammg :
‘if—ﬂ_'ay= KnO‘NIedge of 5 s ¥ 1 _ Evidence ¢ z] z - Coﬂr:'tm\l/n}lcate
= Systems Practice . = Application ~ e Value

. oS £
Lifecycle 7= == i wm = | Systems Practice

Working ~1 ImprovementJ
— LB B ]

/',’7
‘ A
|\ R 1
Ease of Tailoring Expertise Appllcatlon
the Systems ~
proach \
% Dtoes e Overall Quality of ‘\ B

/
~

Qu allty decay

Enthusiasm
Logisticgﬂ
Complexity Natural forgetting to
O L. use tools over time
- Use of Taught SE v P
S = i Technigues -

Engineers  Appreciation Sy, e AWS;i?eenii %
Appreciation of Engineering Engineering

Systems Practice

Frequency of
training events

Parsley A, York D, Dunford C, Yearworth M. Use of Systems Engineering Process Guide to accelerate improvement in Systems Engineering

Application and Expertise , Syscon 2013.
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Infrastructure interdependence, resilience and
== Cross-sectoral working [

15.28 ........ “The Interdependency Nag;
Planning and Management p]dngga Dy
Framework (IPMF), published in ﬁ T ety
November, enables the
identification and appraisal of
cross-sectoral delivery benefits
and facilitates engagement
between stakeholders. It was
developed in a joint research
programme between the
University of Bristol and
University College London.”

(
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Project#2

Wicked Project#1

Problem
Objectives Appraisal

Implementation

Monitoring Feedback

Stakeholder Needs
& Capability
Requirements

Primary
Goal 2

Appraisal
based on an
interpretation
of STEEPLES, 5
Capitals,
HalSTAR or
similar
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Engaging the public

and policy makers Disseminating

Taking professional
responsibility ie CEng

N\

Satisfying
Industry needs\
Leading and
influencing /

ther engineers Feeding

Applying R1 back
R2 research & | projects prac.tlce to
Systems design science
learning and
eadership /
Engineering System | que—

& Design Projects

|

Researching

R6
Academic &
rofessional

R5
Community
loop

Organisational
learning

Producing high quality
publications inc Thesis

evidence of IMPACT \

Industry cas
studies

Generating transformative change

Valuing and Using
systems design and
leadership in
Industry/Government
by policy makers

Communicating the
benefits, feeding back
generic learning

R3
Policy
influence

R4

Structuring Generic

Learnin
I'a G,
Nsesh,
Extending systems Ch af/'ug
o O
science knowledge fe

and models

Yearworth, M., Edwards, G., & Rosenberg, G. (2011). Systems Practice in
Engineering: Reflections on Teaching Research Methods and Contribution to
Methodological Development. Paper presented at the INCOSE 9th Annual
Conference on Systems Engineering Research (CSER 2011), Los Ahgeles, USA.
http://hdl.handle.net/1983/1721
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Integrating People, Purpose, Process
and Performance

PEOPLE
Arguing

Missing
opportunities

Not suggesting

collaborating
r improvements

i Not agreein
Agreeing Looking for greeing
what Y success
. opportunities o
is success \ criteria \
PROCESS
PROCESS Agreeing PEOPLE Inadequate Not agreeing
Strengthening measures/ Learning Structures Measures/
Structures assessments together assessments
Collaborating Not
Sharing Not sharing
benefit ) benefits
Suggesting
improvements
Integrating Deteriorating
& improving PERFORMANCE
PERFORMANCE Systems
Thinking
UNCLEAR
Enabling PURPOSE _ Sticking to rules, PURPOSE
judgement Firming the Agreeing & target incentives Weak
values Foundations

& discretio Foundations
& Building

trust

‘Good ‘

trust

Bad

Failing to
agree
values

Reducing /

After David
Blockley



Questions?



