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Is systems thinking learning 
and coevolving with the world?
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Expansion and collapse – 
Roman Empire (167 BC - 486 AD) c.f. Byzantine Empire (491 AD to 1025 AD)

Source: Atlas of Ancient Rome at 
https://commons.wikimedia.org/wiki/Atlas_of_Ancient_Rome; 
Atlas of the Byzantine Empire at 
https://commons.wikimedia.org/wiki/Atlas_of_the_Byzantine_Empire 

The extent of the Roman Empire in around 133 BC 
(red), 44 BC (orange), 14 AD (yellow), and 117 AD 
(green).

After the death of 
Theodosius I, in 395 AD.    
Western Roman Empire  
(dark red); 
Eastern Roman Empire 
(magenta)

The Byzantine Empire 
and its provinces at the 

death of Basil II, 1025

https://commons.wikimedia.org/wiki/Atlas_of_Ancient_Rome
https://commons.wikimedia.org/wiki/Atlas_of_the_Byzantine_Empire
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Complexity in social systems refers to 
differentiation and organization or to increasing organization.

[… The] Dominguez Ruin, a small 
pueblo ruin of the twelfth century A.D. 
in what is now southwestern Colorado.  
The structure is small, simple, and 
undifferentiated, reflecting the group 
that produced it.

[Contrast] between a social unit that was simple, in an anthropological sense, and one that is much more complex. 

Images: James Q. Jacob, Southwest Anthropology and Archaeology 
Pages (2013),  http://www.jqjacobs.net/southwest/anasazi.html .

[… The] Anasazi Heritage Center, 
where the remains of the prehistoric 
people are stored and studied.  It is 
many times the the size of the small 
pueblo, and requires a permanent staff 
and a fleet of vehicles.  The staff is 
hierarchically organized and 
differentiated by specialization.  The 
center's existence is authorized by the 
federal government, which provides the 
funds it needs.  The energy needed to 
heat and cool the building may well 
exceed what the entire prehistoric 
community consumed when the 
Dominguez Ruin was occupied.

The two 
structures 
reflect 
societies that 
are vastly 
differentiated 
not only in 
scale, but 
also in 
complexity.  
[p. 62]

Source: Timothy F. H. Allen, Joseph A Tainter, and Thomas W. Hoekstra. 2003. Supply-
Side Sustainability. New York: Columbia Univ Press.

http://www.jqjacobs.net/southwest/anasazi.html
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Systems thinking is a perspective on 
wholes, parts and their relations
containing 
whole

Function (non-living)

or role (living)

part 
A(t)

part 
A

(t)

part 
B

(t)

part 
A

(t)

structure

part 
A

(t+1)

process

Function
“contribution of the 
part to the whole”

Structure
“arrangement in 

space”

Process
“arrangement in 

time”

Source: Ing, David. 2013. “Rethinking Systems Thinking:  Learning and Coevolving with the World.” Systems Research and Behavioral Science 30 
(5): 527–47. doi:10.1002/sres.2229.  Gharajedaghi, Jamshid. 1999. Systems Thinking: Managing Chaos and Complexity : A Platform for  
Designing Business Architecture. Elsevier. http://books.google.ca/books?id=7N-sFxFntakC .

-

http://books.google.ca/books?id=7N-sFxFntakC
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In authentic systems thinking, synthesis precedes 
analysis and the containing whole is appreciated

containing 
whole

Function (non-living) 
or role (living)

part 
A(t)

Synthesis precedes analysis

1. Identify a containing whole (system) 
of which the thing to be explained is a 

part.

2. Explain the behavior or properties of 
the containing whole

3. Then explain the behavior or 
properties of the thing to the explained 

in terms of its role(s) or function(s) 
within its containing whole.

Source: Ackoff, Russell L. 1981. Creating the Corporate Future: Plan or Be Planned For. New York: John Wiley and Sons. 
http://books.google.com/books?id=8EEO2L4cApsC. 

-

http://books.google.com/books?id=8EEO2L4cApsC
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Complex systems → Network thinking
There is no generally 
accepted formal definition 
of “complex system”. 
Informally, a complex 
system is a large network 
of relatively simple 
components with no 
central control, in which 
emergent complex 
behavior is exhibited. Of 
course, the terms in this definition 
are not rigorously defined. 
“Relatively simple components” 
means that the individual 
components, or at least their 
functional roles in the system’s 
collective behavior, are simple with 
respect to that collective behavior. 
For example, a single neuron or a 
single ant are complicated entities 
in their own right.  However, the 
functional role of these single 
entities in the context of an entire 
brain or an entire colony is 
relatively simple as compared with 
the behavior of the entire system.

Source: Melanie Mitchell. 2006. “Complex Systems: Network Thinking.” Artificial Intelligence 170 (18): 1194–1212. doi:10.1016/j.artint.2006.10.002. Also 
as Working Paper. Santa Fe Institute. http://www.santafe.edu/research/working-papers/abstract/986548948d2c660564b407678933664d/ .

-

“Emergent complex behavior” is 
tougher to define. Roughly, the 
notion of emergence refers to 
the fact that the system’s global 
behavior is not only complex but 
arises from the collective actions 
of the simple components, and 
that the mapping from individual 
actions to collective behavior is 
non-trivial. The notion of nonlinearity is 
important here: the whole is more than the 
sum of the parts. The complexity of the 
system’s global behavior is typically 
characterized in terms of the patterns it 
forms, the information processing that it 
accomplishes, and the degree to which this 
pattern formation and information 
processing are adaptive for the system—
that is, increase its success in some 
evolutionary or competitive context. In 
characterizing behavior, complex-systems 
scientists use tools from a variety of 
disciplines, including nonlinear dynamics, 
information theory, computation theory, 
behavioral psychology, and evolutionary 
biology, among others.

The field of complex systems seeks to 
explain and uncover common laws for 
the emergent, self-organizing behavior 
seen in complex systems across 
disciplines. Many scientists also believe 
that the discovery of such general 
principles will be essential for creating 
artificial life and artificial intelligence.

Complex systems, as their name 

implies, are typically hard to understand. 
Traditionally the more 
mathematically oriented 
sciences such as physics, chemistry, 

and mathematical biology have 
concentrated on simpler 
model systems that are more 
tractable via mathematics. The 
rise of interest in understanding general 
properties of complex systems has 
paralleled the rise of the computer, 

because the computer has made 
it possible for the first time in 
history to make more accurate 
models of complex systems in 
nature.

http://www.santafe.edu/research/working-papers/abstract/986548948d2c660564b407678933664d/
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Rosen used modeling relations to describe science ideally as a 
commuting relation between natural systems and formal (mathematical) systems

Source: Kineman, John J. 2011. “Relational Science: A Synthesis.” Axiomathes 21 (3): 393–437. doi:10.1007/s10516-011-9154-z.

-
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Complexity in a natural system --> formal system?  Narratives?

Source: Allen, Timothy F. H., and Mario Giampietro. 2006. “Narratives and Transdisciplines for a Post-Industrial World.” Systems Research and 
Behavioral Science 23 (5): 595–615. doi:10.1002/sres.792.

-

Rosen (2000) insists that complexity is not a matter of degree. 
He says that complexity applies to things that cannot be 
modelled. This makes complexity a discrete category, 
because you can either model something or you cannot. 
Degrees of complexity would be at odds with Rosen’s statement, so what 
then is meant by the discussion of the various measures of complexity? A 
measurement indicates some version of degree.

Formal 
system

Natural 
system ?

It appears that we need a distinction between complexity 
ala Rosen and the measurable degree of elaboration that 
is called complexity in common parlance.

At one level, complexity in common usage means only 
complicatedness, but at another level that use of complexity has an eye 
on what is making the situation so complicated. Rosen addresses that 
larger cause. While we cannot model the complexity of Rosen, we can 
deal with it through narrative, which simplifies the situation enough for 
models to apply. Then we can look to see what had to be done to make 
the story work, and it is indeed these translations into narrative that give 
the degrees of so-called ‘complexity’.

Narrative

√
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Complexity is a matter of not having a paradigm.
The properties assigned to complex systems by lay and expert opinion alike 
are no such thing. They are what you do to make a system simple.

Source: Zellmer, Amanda J., Timothy F. H. Allen, and K. Kesseboehmer. 2006. “The Nature of Ecological Complexity: A Protocol for Building the 
Narrative.” Ecological Complexity 3 (3): 171–82. doi:10.1016/j.ecocom.2006.06.002.

-
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1998 – Timothy F.H. Allen: 
Complexity, complicatedness
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Complexity, complicatedness
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Uday M. Apte, Uday S. 
Karmarkar and Hiranya 
K Nath, “Information 
Services in the US 
Economy: Value, Jobs 
and Management”, 
Business and 
Information 
Technologies (BIT) 
Project, Anderson 
School of Management 
at UCLA, June 2007 
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Service systems (Cambridge IfM and IBM, 2008)

A service system can be defined as 
a dynamic configuration of resources 

(people, technology, organisations 
and shared information) that 
creates and delivers value 

between the provider and the customer 
through service.

In many cases, a service system is 
a complex system in that 

configurations of resources 
interact in a non-linear way. 

Primary interactions take place at the interface
between the provider and the customer. 

However, with the advent of ICT, 
customer-to-customer and supplier-to-supplier 

interactions have also become prevalent. 
These complex interactions create 

a system whose behaviour 
is difficult to explain and predict. 

(IfM and IBM, 2008, p. 6)

complex 
system

resources
is a 

dynamic 
configuration 

of

people

technology

shared 
information

organisations
are

value
provider

customer

creates 
and 

delivers
between

service

through

service 
system

can 
be a

interactions

provider - 
customer

customer - 
customer

supplier - 
supplier

has

at the interface between

Source: IfM, and IBM. 2008. Succeeding through Service Innovation: A Service Perspective for Education, Research, Business and Government. 
Cambridge, UK: University of Cambridge Institute for Manufacturing. http://www.ifm.eng.cam.ac.uk/ssme/ .

-

http://www.ifm.eng.cam.ac.uk/ssme/
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Service systems in our society can be ranked from 
concrete to abstract, as subjects for schoolchildren

● Transportation K

● Water and waste management 1

● Food and global supply chain 2

● Energy and energy grid 3

● Information and communications 
(ICT) infrastructure

4

Systems that move, 
store, harvest, 

process

Systems that enable 
healthy, wealthy and 

wise people

Systems that govern

● Building and construction 5

● Banking and finance 6

● Retail and hospitality 7

● Healthcare 8

● Education (including universities) 9

● Government (cities) 10

● Government (regions / states) 11

● Government (nations) 12
Source: Spohrer, James C., and Paul P. Maglio. 2010. “Toward a Science of Service Systems: Value and Symbols.” In Service Science: Research and 

Innovations in the Service Economy, edited by Paul P. Maglio, Cheryl A. Kieliszewski, and James C. Spohrer, 157–94. 10.1007/978-1-4419-1628-0_9

-
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The theory of firms adding value cost has given way to 
mobilizing customers towards creating their own value

Our traditional about value … [says] 
every company occupies a position on 
the value chain.  Upstream, suppliers 
provide inputs.  The company then adds 
values to these inputs, before passing 
them downstream to then next actor in 
the chain [whether another business or 
the final consumer].

… IKEA's strategic intent [is] to understand how customers can 
create their own value and create a business system that 
allows them to do it better.  IKEA's goal is not to relieve 
customers of doing certain things but to mobilize them to do 
easily certain things they have never done before.  Put another 
way, IKEA invents value by enabling customers' own value-
creating activities.  … Wealth is [the ability] to realize your own 
ideas.

Added value 
cost

Added 
value 

cost

Added 
value cost

Suppliers Service
Provider

Customer

Enabling interactive value creationAdding value cost

Source: Richard Normann and Rafael Ramirez. 1993. “From Value Chain to Value Constellation: Designing Interactive Strategy.” Harvard Business Review 
71: 65–65. http://hbr.org/1993/07/designing-interactive-strategy .

 

interactive value (in use)

(independent) 
value

(in exchange)

coproducing, with offering as input

produced, with 
offering as 

output

Beneficiary 
Stakeholders

Customer 
Signatory

Provider 
SignatorySupplier

inter-
active

non-
inter-
active

http://hbr.org/1993/07/designing-interactive-strategy
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Basic Concepts. If we are to understand human history as the evolution and design 
of value-cocreation mechanisms between entities, then where should we begin?

Source: Jim Spohrer and Stephen K. Kwan. 2009. “Service Science, Management, Engineering, and Design (SSMED): An Emerging Discipline - Outline & 
References.” International Journal of Information Systems in the Service Sector 1 (3): 1–31. doi:10.4018/jisss.2009070101 . 

Let’s start by understanding the following ten basic concepts:

 1. Resources Businesses may own physical resources or contract for physical resources, but as a type of resource they are 
themselves not physical, but instead a conceptual-legal construct. So in the end, all resources fall into one of four types: 
physical-with-rights, not-physical-with-rights, physical-with-no-rights, and not-physical-with-rights. 

 2. Service system 
entities

The most common types of service system entities are people and organizations. New types of service system entities 
are constantly emerging and disappearing. Recently, open-source and on-line communities have emerged as service 
systems entities. 

 3. Access rights “By what authority, do you use that resource?” Service system entities have four main types of access rights to the 
resources within their configuration: owned outright, leased/contracted, shared access, and privileged access. Shared 
access resources include resources such as air, roads, natural language, and internet web sites. Privileged access 
resources include resources such as thoughts, individual histories, and family relationships.

 4. Value-proposition-
based interactions

“I’ll do this, if you’ll do that.”  [….] Interactions via value propositions are intended to cocreate-value for both interacting 
entities. Both interacting entities must agree, explicitly or tacitly, to the value proposition.

 5. Governance 
mechanisms

“Here’s what will happen if things go wrong.” [….] If value is not realized as expected, this may result in a dispute
between the entities. Governance mechanisms reduce the uncertainty in these situations by prescribing a mutually 
agreed to process for resolving the dispute. 

 6. Service system 
networks

“Here’s how we can all link up.”  [….]  Over time, for a population of entities, the patterns of interaction can be viewed as 
networks with direct and indirect connectivity strengths. A service system network is an abstraction that only emerges 
when one assumes a particular analysis overlay on the history of interactions amongst service system entities.

 7. Service system 
ecology

“Populations of entities, changing the ways they interact.” Different types of service systems entities exist in populations,
and the universe of all service system entities forms the service system ecology or service world ….

 8. Stakeholders “When it comes to value, perspective really matters.” The four primary types of stakeholders are customer, provider, 
authority, and competitor.  In addition … other stakeholder perspectives include employee, partner, entrepreneur,
criminal, victim, underserved, citizen, manager, children, aged, and many others. 

 9. Measures “Without standardized measures, it is hard to agree and harder to trust.” The four primary types of measures are quality, 
productivity, compliance, and sustainable innovation.

10. Outcomes “How did we do? Can this become a new routine or long-term relationship?”   […]  Beyond a standard two player game, 
with a customer player and a provider player, ISPAR assumes there exists both an authority player as well as a
competitor-criminal player. 

https://www.academia.edu/266483/Service_Science_Management_Engineering_and_Design_SSMED_An_Emerging_Discipline-Outline_and_References
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Service systems worldview. These ten basic 
concepts underlie the service systems worldview ...

Source: Jim Spohrer and Stephen K. Kwan. 2009. “Service Science, Management, Engineering, and Design (SSMED): An Emerging Discipline - Outline & 
References.” International Journal of Information Systems in the Service Sector 1 (3): 1–31. doi:10.4018/jisss.2009070101 . 

… the world is made up of 
populations of service system entities that 

interact (normatively) via 
value propositions to cocreate-value, but often 

disputes arise and so 
governance mechanisms are invoked to resolve disputes. 

 1. Resources  

 2. Service system 
entities

 

 3. Access rights

 4. Value-proposition-
based interactions

 5. Governance 
mechanisms

 

 6. Service system 
networks

 

 7. Service system 
ecology

 

 8. Stakeholders  

 9. Measures  

10. Outcomes  

Formal service system entities are 
types of legal entities with rights and 
responsibilities, that can own property, 
and with named identities that can 
create contracts with other legal entities. 
[….]  Formal service systems exist within 
a legal and economic framework of 
contracts and expectations.

Informal service system entities 
include families ..., 
open source communities ..., and 
many other societal or social 
systems that are governed typically 
by unwritten cultural and behavioral 
norms (social systems with 
rudimentary political systems).

Natural history of service system entities.  Service science seeks to create an 
understanding of the formal and informal nature of service in terms of entities, interactions, and 
outcomes, and how these evolve (or are designed) over time. An initial premise is that the entities, 
which are sophisticated enough to engage in rationally designed service interactions that can consistently lead to 
win-win value cocreation outcomes, must be able to build models of the past (reputation, trust), present, and future 
(options, risk-reward, opportunities, hopes and aspirations) possible worlds, including models of themselves and 
others, and reason about knowledge value ….

https://www.academia.edu/266483/Service_Science_Management_Engineering_and_Design_SSMED_An_Emerging_Discipline-Outline_and_References
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Basic questions. A general theory of service system entities and networks 
formed through value-proposition-based interactions has four parts

Source: Jim Spohrer and Stephen K. Kwan. 2009. “Service Science, Management, Engineering, and Design (SSMED): An Emerging Discipline - Outline & 
References.” International Journal of Information Systems in the Service Sector 1 (3): 1–31. doi:10.4018/jisss.2009070101 . 

Science 
(improve understanding, 
map natural history, 
validate mechanisms, 
make predictions). 
What are service system 
entities, how have they 
naturally evolved to present, 
and how might they evolve in 
the future? What can we 
know about their interactions, 
how the interactions are 
shaped (value propositions, 
governance mechanisms), 
and the possible outcomes of 
those interactions both short-
term and long-term?

Sciences of the artificial.  Sciences of the artificial are different from natural sciences, and so it becomes especially important to 
consider these four parts – science, management, engineering, and design – as important knowledge components. In “The Sciences of the Artificial” 
(Simon 1996), Simon reflects “The world we live in today is much more man-made, or artificial, world than it is a natural world.... 

Service Science, Management, Engineering, and Design (SSMED) is emerging as one of the sciences of the artificial. 
Service science is knowledge about service system entities, value-proposition-based interactions (or value-cocreation 
mechanisms), governance mechanisms, and the other seven basic concepts. Following Simon even further, one could argue 
that service system entities are physical symbol systems, dealing with symbols that are named resources, and grounded in 
physical routines for carrying out the symbolic manipulations related to named resources.

… which directly lead to the four basic types of questions that SSMED seeks to answer.

Management  
(improve capabilities, 
define progress measures, 
optimize investment 
strategy). 
How should one invest to create, 
improve, and scale service system 
networks? How do the four 
measures of quality, productivity, 
compliance, and sustainable 
innovation relate to numerous key 
performance indicators (KPIs) of 
business and societal systems? Is 
there a “Moore’s Law” of service 
system investment? Can doubling 
information lead to a doubling of 
capabilities (performance) on a 
predictable basis?

Engineering 
(improve control, 
optimize resources).
How can the performance 
of service system entities 
and scaling of service 
system networks be 
improved by the invention 
of new technologies (and 
environmental 
infrastructures) or the 
reconfiguration of existing 
ones? What is required to 
develop a CAD 
(Computer-Aided Design) 
tool for service system 
entity and service system 
network design?

Design 
(improve experience, 
explore possibilities).
How can one best 
improve the experience 
of people in service 
system entities and 
networks? How can the 
experience of service 
system creation, 
improvement, and 
scaling be enhanced by 
better design? Can the 
space of possible value 
propositions and 
governance 
mechanisms be 
explored systematically?

https://www.academia.edu/266483/Service_Science_Management_Engineering_and_Design_SSMED_An_Emerging_Discipline-Outline_and_References
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Is thinking different across agricultural systems, 
industrial systems, and service systems?

Agricultural Systems Industrial Systems Service Systems(?)
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Can we build on Social Systems Science 
towards a new Service Systems Science?

person

social 
organization

machines

socio-psychological socio-technical

socio-ecological

contextual field

environment (for the system of interest)

beneficiary(ies), provider(s), 
designer(s)

construction, deployment, 
decommissioning

engagement (?) development (?)

enjoyment (?)

functionality, adaptability, sustainability

environment (for the system of interest)

commitments

offerings

customer 
signatory

provider 
signatory

Social Systems Science Perspectives Service Systems Science Perspectives (?)



February 2016Systems Coevolving: Sciences, Service, Smarter, Cognitive28 © 2016 David Ing

Design Thinking:  Divergent-Convergent, Synthesis-Analysis

Design thinking is different and therefore 
it feels different.  
Firstly it is not only convergent. It is a 
series of divergent and convergent 
steps. During divergence we are 
creating choices and during 
convergence we are making choices. 
For people who are looking to have a good sense of 
the answer, or at least a previous example of one, 
before they start divergence is frustrating. It almost 
feels like you are going backwards and getting further 
away from the answer but this is the essence of 
creativity. Divergence needs to feel optimistic, 
exploratory and experimental but it often feels foggy 
to people who are more used to operating on a plan. 
Divergence has to be supported by the culture.

The second difference is that design thinking relies 
on an interplay between analysis and synthesis, 
breaking problems apart and putting ideas 
together. Synthesis is hard because we are trying 
to put things together which are often in tension. 
Less expensive, higher quality for instance. [….]  

Designers have evolved visual ways to synthesize ideas and this is 
another one of the obstacles for those new to design thinking; a 

discomfort with visual thinking. A sketch of a new product 
is a piece of synthesis. So is a scenario that tells a 
story about an experience. A framework is a tool for 
synthesis and design thinkers create visual 
frameworks that in themselves describe spaces for 
further creative thinking.

Source: Tim Brown “What does design thinking feel like?” Design Thinking (blog), Sept. 7, 2008 at http://designthinking.ideo.com/?p=51 ; “Why Social 
Innovators Need Design Thinking”, Stanford Social Innovation Review, Nov. 15, 2011 at 
http://www.ssireview.org/blog/entry/why_social_innovators_need_design_thinking .

-

http://designthinking.ideo.com/?p=51
http://www.ssireview.org/blog/entry/why_social_innovators_need_design_thinking
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Paths to develop systems thinking
Episteme
(e.g. theoretical 
science, 
codified 
principles)

Techne
(e.g. methods 
and 
techniques, 
collaboration)

Phronesis 
(e.g. hands-on 
experience, 
values in 
practice)

Proposed path for
learning and 
coevolving 

Case 
domains 

□
(weak)

✔
(strong)

✔
(strong)

Induction: 
Why are the natures or 
behaviours of systems 
similar or dissimilar?

Service 
systems?

✔
(strong)

□
(weak)

✔
(strong)

Abduction: 
How are future systems 
to be developed or 
improved over current 
systems?

Ecosystems?

✔
(strong)

✔
(strong)

□
(weak)

Deduction: 
When, where and for 
whom are systems 
material and/or salient?

Governing / 
policy 
systems?
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Interdependencies of Systems Engineering and 
Systems Science

 

Figure 1. Diagram describing a spectrum of models, from conceptual to rigorous.  Adapted 
from IBM Research. 2006 Services science: A new academic discipline? 
http://www.almaden.ibm.com/asr/resources/facsummit.pdf, p. 49.  
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Agenda

1. Systems Sciences
2. SSMED

(Service Science, Management, 
Engineering and Design)

3. Service Systems 
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4. Smarter Planet, 
Smarter Cities

5. Cognitive Era
6. Service Systems 

Thinking
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The unobservable becoming observable

Our world is becoming
INSTRUMENTED

Our world is becoming
INTERCONNECTED

Virtually all things, 
processes and ways of 
working are becoming 

INTELLIGENT

World as 
invisible or unobserved

Analog / synchronous 
connections, 
person-to-person and 
machine-to-machine

Things as 
dumb or 
unresponsive to 
interaction

Converging physical and 
digital infrastructure

Pre-digital physical 
infrastructure
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US$54 trillion system of systems -- IBM

http://www-935.ibm.com/services/us/gbs/bus/html/ibv-smarter-planet-system-of-systems.html.
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The world's $4 billion challenge -- IBM

http://www-935.ibm.com/services/us/gbs/bus/html/ibv-smarter-planet-system-of-systems.html.
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Cognitive computing refers to systems that 
learn at scale, reason with purpose and 
interact with humans naturally. Rather than 
being explicitly programmed, they learn and 
reason from their interactions with us and 
from their experiences with their 
environment.  […]
Those systems have been deterministic; 
cognitive systems are probabilistic. They 
generate not just answers to numerical 
problems, but hypotheses, reasoned 
arguments and recommendations about 
more complex — and meaningful — bodies 
of data.

From the 2015 Cognitive_ColloquiumSF, at
http://research.ibm.com/cognitive-computing/#sf, 

http://research.ibm.com/cognitive-computing/#sf
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Eras of computing

●Single 
purpose 
mechanical 
systems

●Essentially 
calculators

●Digital 
computers

●If / then logic 
and loops, 
instructions 
coded in 
software

●Man-computer symbiosis in cooperative interaction 
(Licklider)

●(1) let computers facilitate formulative thinking, as they 
now facilitate the solution of formulated problems; and

●(2) enable men and computers to cooperate in making 
decisions and controlling complex situations without 
inflexible dependence on predetermined programs ...
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Predictions:  Courses & Cognitive (Jim Spohrer, IBM)
2015 2025 2035 ... 2055

Course: 
“How to build a 

cognitive 
system for Q&A 

task”
•9 months for 
40% question 
answering 
(Q&A) accuracy 
for corpus / 
textbook

•1-2 years for 
90% accuracy, 
mostly which 
user questions 
to reject

Course: 
“How to use 
a cognitive 
system to 
be a better 

professional 
X”

•Tools to 
build a 
student 
level Q&A 
from 
textbook in 
one week

Course: 
“How to use your cognitive 
system to build a unicom 

startup”
•Tools to build faculty level 
Q&A for textbook in one day

•Most people have at least 
one cognitive assistant 
working for them

•A cognitive mediator knows a 
person better than they know 
themselves

Course: 
“How to 

manage your 
workforce of 

cognitive 
assistants”

•Most people 
have 100 
cognitive 
assistants 
working for 
them

Cognitive Mediators:
Cognitive systems with deep 
knowledge of both customer 
(user) and provider (expert) as 
co-creators of win-win value

Smart Service System:
All entities in network 
use cognitive mediators 
to enhance value 
co-creation interactions

Jim Spohrer. 2016. “Open Innovation & Singularity: The Future of Industries & Business Models.” Panel discussion 
presented at HICSS, Kauai, Hawaii, January 5. http://www.slideshare.net/spohrer/spohrer-hicss-20160105-v2.
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UGBA 198, Fall 2014
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UGBA 198, Fall 2014
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UGBA 198, Fall 2014
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UGBA 198, Fall 2014
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UGBA 198, Fall 2014
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Agenda

1. Systems Sciences
2. SSMED

(Service Science, Management, 
Engineering and Design)

3. Service Systems 
Science

4. Smarter Planet, 
Smarter Cities

5. Cognitive Era
6. Service Systems 

Thinking
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The writing of 1975-1979 by Alexander was 
prescriptive; the 2012 is reflections on practice
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Pattern language presumes problem seeking as 
architectural programming, and problem solving as design

problem 
seeking

solutionproblem 
solving

Programming is a specialized and often misunderstood term.  It is “a statement of an architectural problem 
and the requirements to be met in offering a solution.  While the term is used with other descriptive adjectives 
such as computer programming, educational programming, functional programming, etc., in this report, 
programming is used to refer only to architectural programming.

Why programming?  The client has a project with many unidentified sub-problems.  The architect must define 
the client's total problem.

Design is problem solving; programming is problem seeking.  The end of the 
programming process is a statement of the total problem; such a statement is the 
element that joins programming and design.  The “total problem” then serves to point 
up constituent problems, in terms of four considerations, those of form, function, 
economy and time.  The aim of the programming is to provide a sound basis for 
effective design.  The State of the Problem represents the essense and the uniqueness of the project.  
Furthermore, it suggests the solution to the problem by defining the main issues and giving direction to the 
designer (Pena and Focke 1969, 3).
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Mainstream architecture and urban design are 
rationalistic and teleological; Alexander is ateleological

Lucas D. Introna 1996. “Notes on Ateleological Information Systems Development.” Information 
Technology & People 9 (4): 20–39. doi:10.1108/09593849610153412.

Attributes of the design 
process

Development philosophies

Teleological development Ateleological development

Ultimate purpose Goal / purpose Wholeness / harmony

Intermediate goals Effectiveness / efficiency Equilibrium / homeostasis

Design focus Ends / result Means / process

Designers Explicit designer Member / part

Design scope Part Whole

Design process Creative problem solving Local adaptation, 
reflection and learning

Design problems Complexity and conflict Time

Design management Centralized Decentralized

Design control Direct intervention with a 
master plan

Indirect via rules and 
regulations
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Pattern Name:  A name by which this problem/solution pairing can be referenced

Context
The circumstances in which 
the problem is being solved 
imposes constraints on the 
solution. The context is often 
described via a "situation" 
rather than stated explicitly.

Here is a short and necessarily incomplete definition of a pattern:

A recurring structural configuration that solves a problem in a 
context, contributing to the wholeness of some whole, or 
system, that reflects some aesthetic or cultural value.[1]

Source: [1] Coplien, James O., and Neil B. Harrison. 2004. Organizational Patterns of Agile Software Development. Prentice-Hall, Inc. 
http://books.google.ca/books?id=6K5QAAAAMAAJ .  [2] Gerard Meszaros and Jim Doble, “A Pattern Language for Pattern Writing”, Pattern 
Languages of Program Design (1997), http://hillside.net/index.php/a-pattern-language-for-pattern-writing 

Problem
The specific problem that 

needs to be solved.

Forces
The often contradictory considerations 

that must be taken into account 
when choosing a solution 

to a problem.

Solution
The most appropriate solution to 
a problem is the one that best resolves 
the highest priority forces as determined 
by the particular context.

Rationale
An explanation of why this 

solution is most appropriate for 
the stated problem within this 

context.

Resulting 
Context

The context that we 
find ourselves in 

after the pattern has 
been applied. It can 
include one or more 

new problems 
to solve

Related Patterns
The kinds of patterns include:
●Other solutions to the same problem,
●More general or (possibly domain) specific variations of the pattern,
●Patterns that solve some of the problems in the resulting context 

(set up by this pattern)

http://books.google.ca/books?id=6K5QAAAAMAAJ
http://hillside.net/index.php/a-pattern-language-for-pattern-writing
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127 INTIMACY GRADIENT**

Source: Christopher Alexander et. al. 1997, A Pattern Language: Towns, Building, Construction, Oxford Press.-

. . . if you know roughly where 
you intend to place the building 
wings -- WINGS OF LIGHT 
(107), and how many stories 
they will have -- NUMBER OF 
STORIES (96), and where the 
MAIN ENTRANCE (110) is, it 
is time to work out the rough 
disposition of the major areas 
on every floor. In every 
building the relationship 
between the public areas and 
private areas is most 
important.

* * *

Unless the spaces in a 
building are arranged in a 
sequence which 
corresponds to their degrees 
of privateness, the visits 
made by strangers, friends, 
guests, clients, family, will 
always be a little awkward.

In any building -- house, office, public building, summer cottage - people need a gradient of settings, 
which have different degrees of intimacy.  A bedroom or boudoir is most intimate; a back sitting room. or 
study less so; a common area or kitchen more public still; a front porch or entrance room most public of 
all.  When there is a gradient of this kind, people can give each encounter different shades of meaning, 
by choosing its position on the gradient very carefully.  In a building which has its rooms so interlaced 
that there is no clearly defined gradient of intimacy, it is not possible to choose the spot for any particular 
encounter so carefully; and it is therefore impossible to give the encounter this dimension of added 
meaning by the choice of space.  This homogeneity of space, where every room has a similar degree of 
intimacy, rubs out all possible subtlety of social interaction in the building. 

We illustrate this general fact by giving an example from Peru - a case which we have studied in detail. 
[….]  

The intimacy gradient is unusually crucial in a Peruvian house. But in some form the pattern seems to 
exist in almost all cultures. We see it in widely different cultures -- compare the plan of an African 
compound, a traditional Japanese house, and early American colonial homes -- and it also applies to 
almost every building type -- compare a house, a small shop, a large office building, and even a church. 
It is almost an archetypal ordering principle for all man's buildings. All buildings, and all parts of buildings 
which house well defined human groups, need a definite gradient from "front" to "back," from the most 
formal spaces at the front to the most intimate spaces at the back.

In an office the 
sequence might be: 
entry lobby, coffee 
and reception areas, 
offices and 
workspaces, private 
lounge.

In a small shop the sequence might 
be: shop entrance, customer milling 
space, browsing area, sales 
counter, behind the counter, private 
place for workers. 

In a house: gate, outdoor porch, 
entrance, sitting wall, common 
space and kitchen, private garden, 
bed alcoves. 

And in a more formal house, the 
sequence might begin with 
something like the Peruvian sala -- a 
parlor or sitting room for guests. 
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127 INTIMACY GRADIENT**
. . . if you know roughly where 
you intend to place the building 
wings -- WINGS OF LIGHT 
(107), and how many stories 
they will have -- NUMBER OF 
STORIES (96), and where the 
MAIN ENTRANCE (110) is, it 
is time to work out the rough 
disposition of the major areas 
on every floor. In every 
building the relationship 
between the public areas and 
private areas is most 
important.

* * *

Unless the spaces in a 
building are arranged in a 
sequence which 
corresponds to their degrees 
of privateness, the visits 
made by strangers, friends, 
guests, clients, family, will 
always be a little awkward.

Therefore: 
Lay out the spaces of a building so that they create a 
sequence which begins with the entrance and the most 
public parts of the building, then leads into the slightly 
more private areas, and finally to the most private 
domains.

Source: Christopher Alexander et. al. 1997, A Pattern Language: Towns, Building, Construction, Oxford Press.-

At the same time that common areas are to the front, make sure that they 
are also at the heart and soul of the activity, and that all paths between 
more private rooms pass tangent to the common ones -- COMMON 
AREAS AT THE HEART (129).  In private houses make the ENTRANCE 
ROOM (130) the most formal and public place and arrange the most 
private areas so that each person has a room of his own, where he can 
retire to be alone A ROOM OF ONE'S OWN (141).  Place bathing rooms 
and toilets half-way between the common areas and the private ones, so 
that people can reach them comfortably from both BATHING ROOM (144); 
and place sitting areas at all the different degrees of intimacy, and shape 
them according to their position in the gradient - SEQUENCE OF SITTING 
SPACES (142).  In offices put RECEPTION WELCOMES YOU (149) at the 
front of the gradient and HALF-PRIVATE OFFICE (152) at the back. . . .

* * *
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127 INTIMACY GRADIENT**

Source: Christopher Alexander et. al. 1997, A Pattern Language: Towns, Building, Construction, Oxford Press.-
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127 INTIMACY GRADIENT**

Source: http://www.lifewithalacrity.com/2004/08/intimacy_gradie.html 

http://www.lifewithalacrity.com/2004/08/intimacy_gradie.html
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Can we make better service systems, learning 
inductively from architecting built environments?

(2) Result:

Engaging with 
service systems can be 

reframed as experiences in 
places, spaces and paces

(1) Case:

Approaching the Eishin campus as a 
service system appreciates the practices of 

Christopher Alexander in creating a pattern language 
and combining systems of centers.

(3) Rule:

A service system can 
be enjoyed by a 

variety of parties with 
value(s) unfolding 

over time

Deduction == (1) rule, (2) case, (3) result; 
Induction == (1) case, (2) result, (3) rule; 
Abduction == (1) result, (2) rule, (3) case.
From Charles S. Peirce via Barbara Minto. 1976. 
The Pyramid Principle: Logic in Writing and Thinking.
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An unfolding is a process which gets you from one stage or 
moment of development to the next moment of development, 
in the evolution of a neighborhood or in the evolution of a building

Adapted from Christopher Alexander, “What is an unfolding?” at http://www.livingneighborhoods.org/ht-0/whatisanunfolding.htm 

1. An unfolding is a dynamic 
configuration that acts to 
generate form.

2. An unfolding arises from the 
particular whole in which it is 
forming. It is shaped by the 
whole, and acts upon the 
whole, and causes the 
rebirth of the whole.

3. An unfolding is by its nature 
personal, and requires 
human input and human 
feeling from the people 
doing the work, as an 
essential part of its 
contribution to the formation 
of the environment.

It is helpful to 
compare such 
unfoldings with 
similar 
phenomena in 
plant 
morphogenesis 
and embryology. 
Both in the 
angiosperm 
shown below, and 
in the embryo 
shown beneath it, 
you can picture 
each unfolding as 
a limited and brief 
process which in 
the first one 
gradually shapes 
the seed, and in 
the second, takes 
the blur that is the 
beginning of a 
hand in the 
embryo, to the 
next stage of 
development 
where the hand 
gets its first 
outline fingers.

Diagram of a typical angiosperm (flowering plant) unfolding

Photographs of a human embryo unfolding

Two photographs, three days apart, of a mouse foot unfolding

http://www.livingneighborhoods.org/ht-0/whatisanunfolding.htm
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The Eishin Higashino high school campus by 
Christopher Alexander opened in 1985
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The site originally was tea fields in Iruma, 
Saitama prefecture, northwest of Tokyo
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The entrance to the campus is on the east side
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The ridge and pond were enhanced on 
development
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The practices employed on the 1985 Eishin 
project can be traced with 8 activities

1. Interview on hopes and dreams

2. Make a “poetic vision” as first sketch of a pattern 
language

3. Make the rudimentary pattern language physically 
coherent

4. Refine the language through discussions

5. Obtain approval of the pattern language

6. Renegotiate pattern language with space and money 
within budget

7. Find systems of centers in (i) the notions in people's 
minds, and (ii) the places in the land.  Combine them.

8. Adjust the site plan on the site itself (not on models)
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Federated Wiki
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Seeking concurrence
●International Workshop, Jan 2014, Los Angeles
●International Symposium, June 2014, Las Vegas

●Human Side of Service Engineering, July 2014, 
Krakow

●ISSS 58th Annual Meeting, July 2014, 
Washington, DC

●Pattern Languages of Programming Conference,
September 2014, Allerton, IL

●Relating Systems Thinking and Design 
Symposium, October 2014, Oslo

●PURPLSOC Pursuit of Pattern Languages for 
Societal Change Conference, July 2015, Krems
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