Manufacturing _as_a_service:
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Summary of the course

This course intends to introduce a global approach to manufacturing-as-a-service based on
a network of services that can be instantiated by cyber-physical systems (CPSs) or entire

collaborative plants worldwide. In either case, the focus is on the design of new production
arrangements using knowledge and knowledge management and combining design
methods for automated processes and workflow management with ambidextrous
innovation. The course will be offered starting in March by the Graduate Program in
Mechanical Engineering, Escola Politécnica, USP (https://ppgem.poli.usp.br).

Prof.Jose Reinaldo Silva

2025
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Modules of the course

The course is divided into four modules with the following topics:

Service-oriented manufacturing, agent-based manufacturing, manufacturing-as-a-
service;

Cloud Manufacturing (CMfg) concepts and design;

Systems Design methods applied to cloud manufacturing service (CMfgS);

Digital Transformation, Artificial Intelligence, roadmap design for 14.0.
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Other papers and references will be suggested during the course.
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For each module we will have:

o A lecture;
o A sub-lecture;

e A discussion highlighting specifc topics.







Gradings

Grades will be based on the composition of the position papers
(three at the end) and a final four-page article combining all
previous positioning or pointing to new perspectives from the
student's point of view. The final article will be in the format of
an IFAC (Int. Federation of Automatic Control ) event, the
IFAC Workshop on Intelligent Manufacturing Systems (IMS).
It is a biannual event currently being held in Koszalin, Poland,
this year and will be repeated in 2026 in a place that will be
defined this year. Extended versions could also be submitted to
Polytechnica Journal (Springer), whose aims and scope are on
https://link.springer.com/journal /41050 /aims-and-scope.
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Manufacruring_as_a_Service (MaaS) is a recent topic of industry evolution strongly related to similar attempts of the past of industrialization. The most
prominent evolutionary link is with the Virtual Enterprises launched in the late 1980's. Another important characteristic of MaaS is its strong relation with the
academy and the studies toward Industry 4.0 (14.0) and its practical impact, which is also linked with 14.0 through digital transformation (in the digitalization
phase) with the lloT. The perspective from the academy does not conflict with the market view (https://www.rtinsights.com/manufacturing-as-a-service-
production-without-owning-machines/), including the possibility of encouraging emerging tech startups (https:/www.startus-insights.com/innovators-
guide/5-top-emerging-manufacturing-as-a-service-maas-startups/). However, there is a discomfort to look at this two (or three) different viewpoints as
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Schedule

1st. Position paper : 04/01 (not a joke)
2nd. Position paper: 04/29
3rd. Position paper: 05/21

Final paper : 06/17

June 2025
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Service-oriented manufacturing, agent-based
manufacturing, manufacturing-as-a-service;
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Service appears in the Agricultural Revolution
12.000 years ago.




Evolution of economy in US: The Managerial
Revolution
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I 14.0 is at the end of the tunel, what is on the way?
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S. Huang et al. « Industry 5.0 and Society 5.0—Comparison, complementation andco-evolution ».
In : Journal of Manufacturing Systems (2022).
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Can you measure the new services economy the same old way?

Doug Morse
12/17/2014
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Employment by economic sector, United States. 1840 to 2015 Sl
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1.Employment in industry, agriculture and services - 2013
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China's GDP Composition

94.52%

m Agriculture ®mIndustry = Services

Source: National Bureau of Statistics of China, China Briefing




, and
ice

ineering
the Serv

» -I@

Toward a Service Theo

lum

Service Science, Management, Engineering, and Design (SSMED):
Outline & References

Sympos

Jim Spohrer Stephen K. Kwan

in

ineering

Systems

10N

,Menagement and Eng

lonal Journal of Informat
Science

ICE

Internat

IBM Research
spohreri@us.ibm.com

Abstract

The growth of the global service economy has led
to a dramatic increase in our daily interactions with
highly specialized service systems. These daily service
interactions are both frequent and diverse, and may
include retail, financial, healthcare, education, on-line,
communications, technical support, entertainment,
transportation, legal, professional, government, or
many other types of specialized interactions. We often
play the role of customer in these interactions, but we
also play the role of provider at home and work. The
purpose of these many interactions is to create (or
sometimes to mitigate the destruction of) value of some
type. On those especially busy days of creating or
salvaging value, we all come to realize, perhaps
reluctantly at first, that we live, work, and play by
taking on a great many roles in a great many service
systems, and that we are all, in fact, individual service
systems ourselves - increasingly complex, multitasking.
highly specialized, knowledge-intensive human service
systems - in ‘business’ to interact with others and co-
create value. And yet swrprisingly few students
graduating from universities have studied anything
about service systems.

Service Science, Management, Engineering, and
Design (SSMED), or service science for short, is an
emerging discipline aimed at wunderstanding and
innovating service systems. Service systems are
ancient, since the dawn of specialized knowledge and
the division of labor, and are now rapidly evolving as
costs plummet due to information and communication
technologies (ICT) innovations that accelerate the
creation of and sharing of specialized knowledge
assets. Informal and formal service systems have been
coevolving at an accelevating rate. Informal service
systems depend more on traditional social systems and
authoritative political systems (superordinate goal —
which is why authority may appear “unfair”), and
formal service systems depend more on monetary
economic and strict adherence to legal system
judgments (process without utility comparison — which
is why bureaucracy may appear “unreasonable’ or
“out-moded’).  Service systems exist and expand
because of the value of the growing body of specialized

San José State University
kwan s@cob._sjsu.edu

knowledge assets distributed across a growing
population of specialized people, and because of the
mathematical advantages of dependent win-win value
co-creation (value propositions) and collective-win
(governance mechanisms) interactions over purely
independent  ‘do-it-all-myself” activities. Service
systems (normatively) co-create value by applying
specialized knowledge of diverse capabilities (provider
perspective}  and  reciprocal needs  (customer
perspective) as they interact with and establish
relationships or one time encounters with other service
systems.

This paper sketches an outline and preliminary set
of references to provoke discussions about the difficult
challenge of integrating multiple disciplines to create a
new and unigue service science. The sketch outlines
the theoretical and practical foundations of the
emerging field of service science, as well as the types
of expertise (both broad interactional and deep
contributory) that are important to service science
professionals. Service science professionals seek to
create and improve service systems (and their
associated value propositions, governance
mechanisms, and service networks). A service science
lab network is also described, that could someday
provide real, virtual, and simulated world experiences
to educate and provide practical work experiences for
future service scientists, and students of other
disciplines seeking a better understanding of service
systems as well.

I. Theoretical and Practical Foundations

Today we increasingly depend on interactions with
others to survive and thnve. Mass collaboration and
competition with people from anywhere on the planet
i1s becoming “the new normal.” As customers,
interdependent on and demanding more of others and
oursclves, we live in and cocreatc a world of
accclerating  social,  technological,  cconomic,
environmental, and political complexity. We seck to
change these aspects of our world to better meet our
wants, nceds, and aspirations. Individually and
collectively, we, as customers, demand and participate

Sector 1.3 (2008).[5] white paper. « Succeeding from Service Innovation ».

J. Spohrer et S. Kwan. « Service Science, Management, Eng

Design ».In

Cambridge Serv

(2007).
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January, 2008
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Succeeding through service innovation

A service perspective for education, research, business and government

A White Paper based on




"Service systems are dynamic configurations of people,
technologies, organizations, and shared information that create
and deliver value to customers,providers, and other stakeholders.
They form a growing portion of the world economy and are
becoming central to the way businesses, governments, families,
and individuals work. Innovation, a term applied almost

exclusively to technologies in the past, is increasingly used Iin
relation to service systems.”
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The Foundations of Service
Engineering and Management

N\l HERY , , ,
L Service Is considered as a transformation process in
== which both the provider-side and the customer-side
wiey  PEOPIE participate interactively, applying relevant
Knowledge, skills, and experiences in order to co-
create mutual benefits for the service providers and
their customers. lechnically and socio-economically,
the transformation process encompasses a series of
service encounters that can be direct or indirect,
consecutive or intermittent, physical or virtual, and
oriet or intensive. The value of the service depends
on the socio-technical efficacy and effectiveness of all
of the service encounters experienced throughout the
service lifecycle.




Resuming its characteristics,

e service Implies automated processes 1o fit a modern
approach ;

® N its systemic view, service design should start composing
viewpoints for the interaction between the service provider and
contextual environment (customers included) ;



¢ the beneficial service relies on a transaction between the
service provider and service customer that takes into account the

"automation bias’’;

® N a more abstract view, the provider IS a service network (a
service composed of service organizations and agents), and the
consumer Is also segmented as a network (including individuals).



The Automation Bias




Service IS a transformation process in which provider and customer
networks participate collaboratively, applying relevant knowledge,
skills and experiences, and sharing resources to co-create mutual
benefits from their coupling. Technically and socio-economically, the
transformation process encompasses a Series of service encounters
that can be direct or indirect (including other components from the
contextual environment), consecutive or intermittent, physical or
virtual, and brief or intensive. The value of the service depends on the
soclo-technical efficacy and effectiveness and should fit what was
previously established in the design phase
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How to design service arrangements (federatiions)?




The functional-oriented approach
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Organization and Production change

Toward 4.0 oo » Evolution and agile innovation

From 13.0 or lower

Vertical and horizontal evolution demand radical and
INncremental innovations



Object-Oriented Design

Object Oriented Design
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Object-Oriented Design
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Why service destgn needs
Rwowledoge weore than
functionality?
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Given the application diversity, Service Science
should provide a conceptual structure to
services applied to any sector of the economy



Service Science Ontologicaland conceptual
descriptions

Service
Management and  eqjon methods
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Service arrangements should operate processes ,
eventually with hardware resouces of agents, and
also deal with interactive transactions. That lead to
the use of IT.



INFORMATION TECHNOLOGY ENABLED SERVICES
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Systems engineering (SE) is
a transdisciplinary approach
and means to enable the
realization of successful
systems. Successiul
systems must satisfy the
needs of their customers,
users, and other
stakeholders

Released 06 May 2024

Guide to the Systems
Engineering Body of
Knowledge (SEBoK)

I



INCOSE definition could sound abstract and obvious at
a first glance. On the other hand, If it Is difficult to reach
a successful target in product dominant approaches (it
IS different for software and |T), it IS even harder to have
that to as a result of a trnsaisciplinary approach, dealing
with a target tha is hybrid, mixing product and (I1-
enabled) service.




Conclusion

We have enough reasons to summarize our lecture today saying that :

Service-orientation is a tendency almost ubiquitous, reaching several areas of research,
production, business, and education, participating in all economic activities:

Such tendendcy is supported by the dominance of service in the economy, especially
in the third sector:

The evolution in production follows a line that conducts to digitalization, turning to
have information as a basis in the current stage, and preparing to include back the
humans in the future 15.0/12] ;

Considering the complexity and interdisciplinary capacity, a Service Science Theory
needs to be developed based on a consistent set of service concepts ;

Service Management and Engineering should rely on Service Science and look for
suitable methods to develop transdisciplinary I'T-based arrangements to implement
service ;

Methods to support Service Design should merge with Systems Design and look for
approaches that privilege knowledge over functionalities. The goal-oriented method
1s a good candidate, especially in the early requirements phase.




In next sub-lecture we will In more practical aspects of
service design methods and architectures, specially
the agent-based architecutecture and its relation with

topics of the transdisciplinary approach, as Artificial
Intelligence and 14.0.
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Concluding today’s class...

e Service IS closely related to production and
soclety and stands for 12.000 years;

* [he way it contributes evolves with
production mode and strategy, and the
Engineering methods follow;

e Future 14.0, 15.0 and Society 5.0 will be
strongly based on (automated) service



Concluding today’s class...

e [herefore, it Is a challenge design services on
current transdisciplinary perspective, which
demands new methods and approaches;

e (Goal-oriented is an alternative to introduce
more Knowledge on service design;

 New methods should be flexible and adapt to
iIntensive innovation;



In the next class, we will advawnce ow the
matching between senvice and systems
destgw, introduciing agent-based
manufacturing and tts closure on
manuftacturing as a service.






