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DARPA Roboatics Challenge (2)

o8, 2013
:l,ine Teams Break into the Next Round
of the DARPA Robaotics Challenge

Chelsea Lag, Managing Editor
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TUT — Prof. Gordon Cheng’s Lab. The Fourth Paradigm

+First Paradigm

» Over the last few thousand years, it was empirical science
describes natural phenomena

»Second Paradigm
» Over the last few hindered years, the second paradigm of theoretical science using
models and generalizations has occurred
+Third Paradigm
» Within the last 50 to 70 years, the third paradigm of computational science has
developed to simulate complex phenomena.
»Fourth Paradigm

» The fourth paradigm (also known as eScience)has developed to unify theory,
experiment, and simulation,
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What is the story?
What is the outcome?
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Headlines

How is knowledge different from data, and how is
wisdom different from knowledge?

What does a network society mean? — Infrastructure,
Interfaces, Interaction and Individuals (I*)

The Japan’s need for a network society that can nurture
values of societies and individuals through their
sustainable/lifelong development

Domain Examples

Political campaign and other social activities

Innovation in learning and its possible outcomes

System design and management for social and other kinds of systems
Hurman-robot interaction and human-agent interaction

Open access data and journals: Will the concept of scientific
knowledge change?

Cognitive characteristics in thinking and social cognition
Cognitive science as the scientific basis

1. How is Knowledge Different from Data, and
How is Wisdom Different from Knowledge?

How is Knowledge Different from Data?

Knowledge is an organization of information created,
maintained, developed and made usable for action
meaningfully in an individual’s mind, particularly in memory,
through his/her internal cognitive processes that memorize,
store, associate, organize, confirm, reorganize and
reconfirm information from the inner and outer
environments.

Data are information with particular forms, denoting some
attributes or relations of objects or those of events, that
can be used by an individual to acquire and use knowledge
if properly processed in his (her) cognitive processes.
Knowledge can be shared by people only through
appropriate (linguistic or non-linguistic) communication.
Data can be shared by people if they can possess them and
know their denotations simultaneously.

Examples of Relations for Organizing Information/Data

to Generate Knowledge
Cause — Result
Result — Cause (Causal Attribution)
Means = Ends
Hierarchy
Inclusion
Category
Spatial, Temporal, Perspective
Similarity, Analogy
Actor —Action
Possibility, Necessity
Intention, Belief
Emotion, Mood
Cognitive basis of communication
Social relation
Procedural relation
Negation
Meta-relation
Others

How is Wisdom different from Knowledge?
(From Bertrand Russell, Knowledge and Wisdom, 1954.)

Most people would agree that, although our age far surpasses
all previous ages in knowledge, there has been no correlative
increase in wisdom. But agreement ceases as soon as we
attempt to define ‘wisdom’ and consider means of promoting
it. | want to ask first what wisdom is, and then what can be
done to teach it.

Sense of proportion

A certain awareness of the ends of human life

Emancipation, as far as possible, from the tyranny of the here and now.
It is true that the kind of specialized knowledge which is
required for various kinds of skill has very little to do with
wisdom. But it should be supplemented in education by wider
surveys calculated to put it in its place in the total of human
activities.

The world needs wisdom as it has never needed it before; and
if knowledge continues to increase, the world will need
wisdom in the future even more than it does now.

Wisdom, Knowledge and Language

Two (Apparently) Contrasting Views of Knowledge
it OL\Thhbhﬁ‘fﬂ-}tL\é EDTATIE, bhbhhOERE

N vt A R A A S
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‘Well the title of the talk raises a more substantive question. The phrase ‘Language

RE2006 (RE1999))

and the Cognitive 5cience Revolutions' presupposes that language exists. That is,
that it exists as an independent object of serious study and not as just some
arbitrary collection of various phenomena and processes more or less like, say,
today's weather — there's no science of today's weather, although there may be of
the many factors that enter intoit. {N.Chomsky, Language and the Cognitive
Science Revolution(s), Lecture given at Carlton University, April 8, 2011.)

arently) Contrasting Views of Language
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2. What does a network society mean?
Infrastructure, Interfaces, Interaction and Individuals (1) What does a network society mean?

* Infrastructure: Ultra-fast digital devices and communication lines, " P »

IPV6, Ultra-large databases, Clouds, Data centers, Devices (ex. Chromimpmracr ymuiglog i 4 |l Gt chasse’, Foutiscis 2012)
smartphones, wearables), Sensor networks, Industrial standards
(ex. LTE), IPR and other legal specifications, etc.

* Interfaces: Document management and formatting (ex. HTMLS,
EPUB3) , Communication tools (ex. LINE, Facebook), Ultra-fast
and efficient retrieval/machine-learning/translation/multi-modal
systems, Human-centered interactive systems, etc.

For well over a hundred years, all developed countries were moving steadily
toward an employee society of organizations. Now the developed countries,
with the United States in the lead, are moving fast toward a Network Society in
respect to the relationship between organizations and individuals who work for
them, and in respect to the relationship between different organizations.

Most adults in the U.5S. labor force do work for an organization. But increasingly

* Interaction: Peer-to-peer interaction, SUCi?l Capitf-ﬂ development, they are not employees of that organization. They are contractors, part-timers,
ECGanIIC aFtIVItIES, Political a_n_d diplomatic T'_Ellatlons,l Concepts termporaries. And relations between organizations are changing just as fast as
of organizations and Cﬂmrf'!l-!nltles, Qpportumtles fOl" jobs and the relations between organizations and the people who work for them. The
works, Democracy and political/social systems, Multi- most visible exampleis “outsourcing,” in which a company, a hospital, or a
Iaj(erql |z_at|qn, quba I |z§tlon, The flat society, Mobs, government agency turns over an entire activity to an independent firm that
Discrimination, Disparity, etc. specializes in that kind of work. Even more important may be the trend toward

= |Individuals; Lifelong learning and development, Rights and alliances. Individual professionals and executives will have to learn that they
responsibilities for individual’s growth and contribution to others, must take responsibility for placing themselves. This means above all they must
Human rights, Rights and responsibilities for living, healthcare know their strength and look upon themselves as “products” that have to be
and education, etc. marketed.

Abstract
. Knowledge in the globalized society is not one traditionally
called ‘knowledge’ in the past. In the globalized socief
GIObaI KnOWIedge Sharl ng knowledge is digtributed 51 a second to every nook algly corner
n d in the world, and shared easily in the next second by anyone
a who wants to share that knowledge.
i The impact of this mega-scale knowledge sharing that may
FUture ROIES Of Ed"_lcat_lonal and caust]e u_nderstal;‘dilng and m&sundegstgm%n%among hillitlms of
people is overwhelming, and may be beyond our géneral
Research Institutions Fabination for the acquisition ahd unadrstanding of
nowledge.

In particular, millt_as of qi:llucatigt:}al gng restl_aarﬁh inhslitutigns,
i ; such as universities, will possi e drastically change
_ Yuichiro Anza_' _ under this stream of g!obgl knowledge sharing.“r o
Japan Society for the Promotion of Science The talk addresses what the new roles of those institutions
will be and how they can function effectively in the future,
based on my experience in research on infarmatics and
cognitive science, university administration, and the
management of a representative research funding agency.

invted Lacture
ktenational Sypasiun on Global Knowledge Circulation
Designing Integrated Sucial Inrastnacturs

The Graduate University for Advanced Studies

Decerber 14, 2012, Shonan Vilage Center, Kanagawa

Global Knowledge Sharing: Roles of E&R Institutions
Knowledge Source Model Institution as Source of Knowledge

Knowledge Interaction Model  Interaction of Institution and Community

From Digital Data Sharingto = **

* Books, dictionaries and documents

* Libraries and museums

Knowledge Globgliz_ali on Modfel o . » Maps, blueprints and prototypes
Institution-Community Interaction in Knowledge-Sharing World ] 2 A R .

+ Environmental data (cities, organisms, agriculture, fishery,
forestry, atmosphere, ocean, space, meteology, seismology,
disaster ...)

+ Data from political, diplomatic, economic and social factors
* Data of IPRs, legal cases and ethical misconducts
+ Data from human living and medical care

institution community
Value of original P and Standards
Real-time collaboration for global interests
All depend on information securi

# Respect for Values of Originality and Creativity * Data of research and development
# Nurturing Humans with Global Knowledge, Wisdom and * Textbooks and educational materials
Sincerity * Open learning environments (ex. Massive open online
# Globally Significant Academic Production and Archiving course; MOOC)
4 Social Innovation and Contribution to Global/Local Societieg * New search methodologies (ex. Google’s Knowledge Graph)

# Collaboration for Solving Global/Local Issues
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The Change of the World, and of Knowledge
1985 Plaza Agreement: Liberalization of exchange rates
1989 Fall of Berlin Wall: End of the Cold War
mid 1990's Release of the Internet to market: Beginning of the
loosely connected open society
1. Increasing size and complexity of data shared across
borders and people consequences the change of
knowledge.
2. Increasing multi-polarity and complexity in politics,
economy, foreign policy and social systems (nation,
ethnicity, language, culture, religion and other

thinking style to deliberate but swift decision making.

3. Increasing speed and personalization of information
media consequences the change of how to acquire and
use knowledge.

dimensions) consequences the necessity of the change of

3. The Japan’s need for a network society that can
nurture values of societies and individuals through
their sustainable/lifelong development
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D ERE L (2011) Domain Examples A:
Political Campaign and Other Social Activities
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The Lack of Opportunities for Learning?
<2$¢r§?a§g§a§§§% And unlike in elite European and U.S. universities, pedagogy in China, Japan,

and South Korea relies heavily on rote learning; students are passive listeners,
and they rarely challenge one another or their professors in classes. Learning
focuses on the mastery of content, not on the development of the capacity
for independent and critical thinking.
The traditional Asian approaches to curricula and pedagogy may work well for
training line engineers and midlevel government officials, but they are less
suited to fostering leadership and innovation.

I, €. Levin, “The Rise of Asian Universities”, Foreign Affairs, May/Iune Issue, 2010,

The Lack of Opportunities for Intellectual Work?
* some national research systems, such as that of Japan, are not

particularly flexible and discourage scientists from spending too much time
abroad.

-Mature Vol 490, No. 7420 p.310, October 18, 2012, Editorials "The Changing Map of Science”
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Massive Open Online Courses: MOOCs
(HTEF UMV TERLSFBRE)
1. itﬁf:b\)\ld:%ﬁtt. LWDOTHECTHESDA—ATHE

SoENTE FTELGETESABELEOE
FetATRY SRR CESES PROR

2. fh'@%‘éi\iiﬁ'@%‘ FUORBEHAL. BRTH
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5. 20128 REOH

» Kahn Academy

» MIT OpenCourseWare, JOCW

» edX (Harvard/MIT)

» Coursera(Stanford)

» Keio University SFC-GC (Global Campus)
# Others

MOOCs Ranking by BDPA (Black Data Processing Associates)
Detroit Chapter July 2013

* Udemy Free Courses {Online courses, anytime, anywhere)
* |TunesU Free Courses

* Stanford Free Courses (Coursera: Take the world's best courses, online,
for free.)

* UC Berkeley Free Courses

* MIT Free Courses {edX: Take great courses from the world’s best
universities.)

* Duke Free Courses

* Harvard Free Courses

* UCLA Free Courses

* Yale Free Courses

= Carnegie Mellon Free Courses

* Udacity {Learn, Think, Do.)

* Futurelearn {Learning for life)

+ Khan Academy (A free world-class education for anyone anywhere})

KEDOERABIZELDH:
College Scorecard (¥ &) College Portrait (&)

L g bt e ¢

ollegaportraits org/

i G P e

X%@Fﬁﬂﬁﬁh-@lb@{ﬂ Unistats (Z[E)

http://unistats.direct gov.uk/

UnlstatswﬁJFﬁT—‘S‘ﬁ'l

http:f{registrari
{posted May 15, 2013)

Since its Faunch i 'r}eptembe 2012 the Unistats web-site

5 @
entation. A separate report by the Higher
3 Agency [HESA) focuses on the
ws of higher education institutions

(a long time compared with use of other web-sites).

u ane of its key strengths.

Prospective students, cument students ond porents were
more positive obout rhe site than coreers ad\
tevchess and higher education staff ond rmore kel to
describe the site 0s luseful’ and ‘easy to get amund’

ik o1 R

At the Heart of the Higher Education
Debate, The Times Higher Education, 2012.11.15
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Domain Example C:
System design and management
for social and other kinds of systems
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BARMNSBANDBZEUDERE
(2010FEDBEEH.2000EDBZFEEMR) A or u***
(D= MI2010ED FFHEMT. 20108210004 L EFFLEESOH B

« FUF 142(20842):

E 1.22(16,808), BE 1.87 (1,147), &7 1.26%** (2,302)
+ 3—0Ow/%0.94(10,215):

#[E 0.62 (3,851), FA* 1.05 (2,135), 75/ R 1.21(1,743)
s FET=7 1.18(3,401):

F—2ZSY7T 1.10(2,413)
- 4tk 0.49 (23,387);

*E 0.46(21,290), HH¥ 1.42(2,097)
« hEg¥ 1933 (174)
- BEH 1.86(41)
+ F2J'JA0.00(0)

B &t 0.76 (58,060) KEZEERLVF=/E 1.23 (36,770)

*Source: “Open Doars™ for US, Ministry of Ed. for China, Ministry of Ed. for Taiwan, OECD Ed. ata Glance for
OECD countries {except CBIE data 2001 for Canada 2002 & 2003}, UNESCO Inst. for Statistics for athers.

** The approx, number of lapanese 18-yrs-olds in 2010/that in 2000 = 1.22M/1.51M = 0.81.

SER2010/2002

BENBE LI, ?

1. EIE(EROMARELBARNE, A . BLE. A
BBz TINAEEZONARKMLTZ)IZD
WTHREL.

DHMBFEHY HEMEHERELI-SAT.

LOZLORMEPEFRPRAIZET SR UL (BES
NOHL. NFUAOENE) #RETIZEIZEST,

4. FLWMEREEHHT (EZBEEERT LD
LWVMERZEAHT)

BEOILE, 52198 % | (rational thinking) EFF5%,

s WAWALGEOTEICHLTEADEIRDHLA TN
AEE EDEFEFMAEO LA -E>TRET AL
#REHEE | (logical thinking) &EFESS,

« [EEMNES | LMHENERS |TE®RISRERLD,

YARATLTHAEFEN?

System design refers to an activity, by creating new, or
receiving given goals and functions, to realize a unique
concrete figure of a system that may achieve them, as a
result of deliberate consideration into the dynamic
balance of virtually all the factors that possibly affect the
system’s performance, such as its goals, functions, future
environments, customers’ tastes, and others.

DATLIRDARER A ?

System management refers to an activity to create,
plan, organize and perform various actions in
coordinated and integrated fashion for achieving
and maintaining goals of the system, by keeping
creating its appropriate goals and functions, while
coping with uncertainty, unpredictability and
changes of environments.

ERBB R SIR 2T LT A PRI TR RRMELY

Domain Example D:
Human-robot Interaction and Human-agent Interaction
Human-Robot Interaction

by Information Sharing
Yuichiro Anzal Japan Society for the Promotlon of Science

The 6™ AQVAEEE int'| Cord. on Human-Rabet Interaction March &, 2013 National hus ergng Seience and innovation, Tokys

Sharing X

]
ROBODEX2000

Project History
= Project PRIME {Physically-grounded human-Robot Interaction in Multi-agent
Environment)started in 1991,
« A more recent project is ongoing at Imai lab (formerly Anzai-lmailab), Keio University

= The present goals are to develop advanced HRI and HAI systems, while payingattention
to both of interaction and technology.

*  Dne feature in common (from my point of view): Sharing ¥
Thanks are due to N. Hagita, K Hiraki. M.Imai, H.ishiguro, M. K.'lmaf.hlm: T.Kanda,
T.Kashiwabara,N. Narumi, T.0no, H.Osawa, 0. M.Sato, K.5 I
¥¥amamoto, N ¥amasaki and other of Imai lab || y Anzai-imai lab), colle |gup-. |I ATR
Laboratories, and others invohed in our project,
What is Interaction?
+ Interaction is defined as inter-action of at least two information
agents.
* An action is defined as an operation that may change the internal
state of another agent.
What is Sharing in interaction?
+ Sharing X in interaction refers to mutually knowing (or believing) of
the interacting agents, in which one agent knows X, the other agent
knows X, and each agent knows that the other knows X.

Examples of Results from the Project

= Sharing behavioral protocols (social rules)

= Sharing attention

* Sharing word meanings

= Sharing cognitive space

= Sharing gestures

* Sharing affect

* Sharing goals or (apparent) intentionality (1)
* Sharing goals or (apparent) intentionality (2)
 Sharing gaze
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A Model of Information Sharing
J» k, m and n below may be very large numbers. Possible states
and actions may be availed by mining or accessing to a cloud.

Action from
: __________ |

State i State’ ! State
i Estimation °

Spi,...pm i : Sql,...qn

A Model of Information Sharing: Example
- A Robot Wants to Give a Chocolate to a Human -

Action: Affective 6,%
Robot o %, % . Human
obo @;oé request Ty 8

Action from Q@\ﬂ
k)
Qqi,..,qk

= Human'’s £state
= Human’s Gstate

GoalState: : |:> l Emotional State:
Give_a_gift i State I Affective
EmotionalState: i Estimation | GoalState:
Affective - I Receive_the_gift
i o p— i ity
Robot's Gstate Action: Affective ‘ii"";i:"o
= Robat's Estate appreciation

=] =5 z
1 %R(zonﬁ)

Funding | Funds / | Funded
Agencies| Articles | articles

Domain Example E:
Open access data and
journals: Will the concept
of scientific knowledge

[An.idn Funded \|

M | 663 1615 24 627| 946%

[Jopan(Total)| 70671 97.077] 1.4 41547 5884
change? [ Bickgy | a4 621] 15 274 662
[Bccrammoite| 4005] 7950 18| 3288 8024
[ Natwe | 71] 305 si] 72| a8
[ science | 7| 280 35| [ sam
[univ. Tokyo | 6899 17.462]  25] s5.130] 749

Funding | Funds / | Funded

Articles Aarick Artioles. | artiolos Funded %
- it (BRI PLOSONE (<519 5 8 TE 4102
Japan 663 1615 24 627 sagy| HEERMTWsONChORS T aN
SA 5.357] 14,459 27| 5131 958%  japan 35 —2011,200242 4298, I EH
England | 1.281 4127 32 1213 ea7y SHRE
P.R China | 1548 4481 29 1493 0964%
[ Total [12011] 34209] 2] 12181 0434

Domain Example F: Cognitive Characteristics

ex.1 Cognitive Characteristics in Thinking
1. Perceptual characteristics such as mere exposure effect
2. Memory characteristics such as limitation of working memory capacity
3. Emotional and social characteristics such as uneasiness, envy, scorn,
hatred, obsequiousness, desire for showing-off, seeking and keeping
stability, seeking and keeping for status, and anticipation for reward or
punishment
Characteristics in thinking:
Causal reasoning, attributional reasoning, metaphorical thinking
Preconceptions, overconfidence, egocentric bias by self-images
Availability heuristic, representativeness bias, anchoring bias, consistency
bias
Asymmetry bias
Neglect of probability distribution
Loss aversion
Avoiding cognitive dissonance
Many others
Characteristics in learning such as understanding, proceduralization,
expertization and professionalization

L

[ R T

ex.2 Cognitive Characteristics in Social Cognition
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5. Cognitive Science as the Scientific Basis
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#t £ fx{R ER (Social Brain Hypothesis)
[0 Rl R ) 250
o YRy H="uyk37 LOBE (Theory of
Mind) 1978
o N — HtEDEREEE 1976
o N=U=RayTY TERLAUMEE 19808
[As: £ 3
 JS¥—X HERRE 1990
o Hiai— HLi—8 19905
o YWtSuFao5 IS5—"a—02 1995051 LAWRENCE LESSIG
o 270y BORIERH 1960E/MD
ANy ALARTHILE—T I 1970F K
v ==~ — thEOEROERME(H)—
L7 R 19205 ERTE :
o J—— {EOEREMHE 1933 =
o beEOs HEFELSHBER 1990F K& i

ABS59a

=i
& oea

ERORVARILERTHEBETHO=

(3R [BE)

The train came out of the long tunnel into the
snow country.

(Edward G. Seidensticker “Snow Country” }
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Z73
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Theory of computation (Turing, Post, Church ... 1936}

Theory of communicationand control (Wiener, 1943~48)
Theories of information and communication (Shannon, 1948)
Theories of representation and interaction (Minsky, 1960's~)
Th;or\; of causal reasoning and Bayesian networks (Pearl, 1980's

Others
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ZEH#ITE) (Action)

HEORRHSLUTOEARL. HREAECOMOTRRTHILBAZLNTRTHS. BAS
DEEFINEG. TNEFECERLFATHEOEMLHS, TOEMI, RO LILITHUTHS.

1. HEOFEICHDTANRNEEERLITARIARTSD.

2. WRNFECRGETANENFELRLHTARRHRETHS.
3. BEALHE. ChIEBEOER 8/, B, RELS) THH.
4. fREHOWM. ChIXEBOBRE (EERE. R, MRS THA.

3. FERARICETAICETHTHER L ERRBES ChEfis. HECHEH ARANERETFCLERAD,
mnm&“ Observation

Real Information
Existent Ko ledge,

Existent Artefact

Existent

Objects and Aims of Science

\\"-\ Aims Analytical Science Synthetic Science

"
Objects ™. | S4iBe BEOHEHIEE WEDRN RIS 9
9 eroduction™, Qutbeund S Markating
- logisties lagistics - Sales

Physical Value Chain of Business (Michael E. Porter)
Science : 5
Real nformation | i

TR E: E Existent Extracted®
t 5 | Supply Routes to After Sales

e (BT [
lE-THRIRE MR OIS RT3 (e TaHe | e MR A Value Chain of Innovative Manufacturing {Univ. Cambridge)
HERE ANEEE MMT20EFEY R F DM RS

Role of S&T in Innovative Value Chain

1 A/A—Lavit, Wa—Fr—OEEEAThThoi
FERLTIEZESTERZRSD,
2. FERIHSMCHMLTEY. BEDERIZHOHTE

Information

MR B |\ Existent * :
— R ptesd Data base BTHD.
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Role of S&T in Innovative Value Chain

Inbound Production ™ Sutbound S Markating
logisties lagistics - Sales

ValueChain of Business (Michael E. Porter)

Production ) outesto After Sales
Mlnuom on| markat Service

ValueChain of Innovative turing (Univ. Cambrid,

1 A/A—Lavit, Wa—Fr—DEEENThThOE
HERETCHETERERA.

2. FERIHSMCHHMLTEY. BEDERIZLHTE
EThd

3, HEHEWCERTAA/A—230Tld, BEMRERIHA
ERTHA.

Connection of Analysis and Synthesis
Relativisation of Discipline by Information Science

Scientific

Knowledge
acquisition
ina discipline

Real
Action
(Advice)

nformation

Real
Existent

Knowledge
ja drscipiife)

Extracted1

Real

K1|u-.:.‘hw\gz* Action

{Insight for
action)

tent i J
e ' Collection of

knowledge

(Advice]

Construction
of data base

Cyber Physical

System Big data

Extracted 1: Systematic extraction for disciplinary knowledge  [xiracted 2: Random extraction for independent data

@
i 5 % . Basic Types of Design
Transition of Thinks in Design(HY) Typ 8
“Square of Concepts” B 5 p——=5| |p 5 p—=5]| |p 5
\ \
Paradigm{ideas) Desif J ™ & T
e {Choude Levi Strauss . . |
composition literarily nomed:) i ~
_— An entity
Sivities = bricoleur's design F m F m F m F m F m
decomposition =selection —composition serendipity bricaleur engineer engineer-baicoleur  bricoleur-engineer
5
engineering design E 4 - .
=({encounter synthesis) — TFetequirement 7 [ Ferequirement
s -§ = (o RO VRS (A i of requi
HIE 25 - ; ol :
= | E = When a theory for design is F 3 o 4 i P
E||E Ik not available, the design must (BRI I RIEL ST DWEI] fenviies that respectively satishy
E ] create 2 “path® of concepts Lz t@ b paradigm ) elements of requirement, structured
connecting function and 5 me=metamodel entities are called a paradigm)
entity, There seems to be two (RO RIS || mometamodel Ao
connecting paths by which P, W DB LN bk bty
design is possible. Al least, W o S=solution (43) -~ atmbuws |n preliminary discipline is called
Setor encounter o one abduction appears in F— .m metamadel.
gl —— both cases metamodel \ S=solution
ons. e Properties e -

Requirements(concepts) Metamodel{a context of disciplin esf]

S IREREC LA BRI R NIRRT TOE NI ERETEML RS
(61 - B RO ER0% SRIRE, 17 5. ERSY SRR RS

Design Square:
Two paths of design: Bricoleur and Engineer

Bricoleur =
Collection of elements into . kS
_h Ltol o A Selution:
gu::r Satisfactory
(Dfoundation house
Eumbrella
(Sstructure & ki

ﬁ f ; \ preliminary
Elaboration | (Disolate, Din-out, * wall illar | discipline
of required %"""’;"g'““f"“- l—lfW[ P “house”
function B00d-for-rain, i
©strength- | foundation | Amaquette
against-outer-force —0
— g Top Separation
5 - Separation | | (stop-rain)
Living space to Side Separatiol
| Support{strength)
isolate people (stop-wind) Bottom separation Erai
from suter pace to walk) npness
et — adhesion
Fix strength Fixx to the ground
Ground /

metamodel —
evo!uhcn ofmammadel

Knowledge used in Design

Elements

Realisation of m
composition
0] ( & AC

maquette [Quantitative relation
between attribute
composing a maguette)

Requirement
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Identification of Design Requirements

Functional requirements

Individual functional

Set of e
functional requirement to deswgn
Social Wish social wish

HERH

e

Massive To design square
aggregates of
personal wishes

floatingin society

Data science

embedded system
of social wish

@ Functionalsocial wish

= Elementary function

Big data

HEWHFORR

Knowledge Scientific
acquisition Knowledge Disciplin-
Experiment ina discipling arization

Real
Action

nformation
Knowledge
a discipliiie),

Real nformation
Extent Extracted1
[Advice)

Real
Action
(Advice)

Information
Knowledge
(data base]

Real

Existent

Information

Knowledge
(Insight for
action)

Extracted2

Cyber Physical Construction
System of data base

HPICBTSERORHRE

Design and Manufacture in Broad Meaning

Analytical Science

f @'. ion

Physics : Nature = Law of Existent
Linguistics : Language < Law of Speech
Biology : Life—Law of Living Beings
Psychology : Mental = Law of Human Sprit

Synthetic Science

Design : Requirement = Solution
Palicy : Plan =» Enactment

Esthetics : Imagination = Works
Education : Passion/Theory = Lecture

Information Science

Data Informational function

Information Information

4Y—EX
TEIREMIR

4.Design and manufacture of service
No Distinction exists between Industries of
Manufacturing and Service

Service industry Manufacturing Industry

o~

f \\\: )d_/ pb
(=] \‘f{
@ T WC’B@

Design/! f e C————y Use
Stock, transport, sale v,

4
%ﬁ’f/\‘
‘]sr“

Design/manufacturing and use of
\_ product occur simultaneously /

In service industry the service by a donor reaches a receptor directly. In manufacturing
industry the service reaches indirectly through stock, transport and sale. The difference
between them is only directedness and thus there is no fundamental distinction from
the viewpoint of transmission of service which is substantial for both industries.

Servicing Process as Functional Flow

l% m: mativation
v v supplying speed of latent function
Fo: Latent function of donor
= e wi funclional gap
Fo w 12 speed of functional flow
O o - Fr: Acquired function by receptor
; 4 J_ Fa {latent and gradually changes into
latent * acquired efect)
Tunction function

flows of function

sovnsave_(feepr)

A simple fluid-dynamics model of service

f=drojdt |

fekw
w=Fo—Fsr |

Adonor's ivation*(subjective) is s d into function (objective) at the first stage of
service design. Function is input to themselves(donor] increasing the potential of katent function.
‘When the potential exceeds the receptor’s potential of latent function, a service starts.

*Mativation is subjective but function is objective (R.Merton)
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Service in Society

ofa danori its
latentfunction and when it exceeds the
latentfunction (same kind) of a
receptor, functional flow (service) starts.
Rate of flow is proportional to the
functional gap and admittance of the
path. A society is composed of people
with different latent function of a kind.
Also, each member has its capacity of
receiving the function (admittance). As

of products {amount of manufacture:
GDP) for indicating the wealth of society.

<

the result, system of functional flow in . import of
the society is decided. { service
i Iesnurce
The total of functional flow {amount of
i t lace the total $
service in a sotiety) can replace the total # waste of

5. {8750 BEMEE

Internet: Clouds, Social Networking Service, Net Shopping, -----
and “A Functional Cyber Physical System in 1970"?

@yvind Bjgrke X IB D £ E S AT L (1970~)

15705%. LD r— BN IRO ERNFEEL - TTLVC, TOXE
FI, MIREETH -1 TRIEE T, thign A~ 0 (F0E0
[CEEESAULLLIROTH ST,

VHEICHRTEESL

2) &5y TR — B0 BERE L ARE S

3) SIS PABIEL ML, SRENITS

4) EHREF—2OWAH T T TR ESN. WHITTSND,

5) ifaahid 3 M3y MO TR BT » TR T

bhd,

&) TN, TEMTRS,

COLAFLBEBEL T FA—HIL IO O RFRRE SO,
1TOEY MBS RO AT LR BRO S0 732F
S5Fr=THIARE RIEWE@-T, RSBTIATBEMRSIILLD
LOTH oM, HBF/LDx—(EADBOAAN, BEE#TIEL
(B#387. /L2 z—32Fkm2) (S HML. SUTAR RTINS
WRTH7 0, EFRRERHL NS TRCEEDII- 0D,
HERIER MEMIER RO TH T,

Ll CITEATE

WiEE FOSLoLL"RE TH IS MTBE BRI, BRICMF-LD
1980 ERCRNSBRFORERALCHMARO 17— o EMELBEERLTHY. ALHO
CETIRROMUKBUHDRALL FETHD. WY =T DA ELISTERNTS
Y LIH T MERDOSRERAIDATEREG O/ 27 THS.

O FIC. £ O RiEE 268D

ETHS. RN,

Pyvind Bjgrke, Computer aided part manufacturing, Computers in Industry, Vol.1, Issuel, 1979

e alome
7o
C

Fig. 2. The NTH-SINTEF Cell Core.

¢yvind Bjprke, Computer aided part manufacturing,
Computers in Industry, Vol.1, Issuel, 1979
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Robotic Services
AaRykH—EX
systems, devices, and robots
with three functions:

- sensation
- actuation
- control

IEEE Network Magazine

Cloud Networked Robotics

Koy Kamaei, Shuichi Nishio, and Norihiro Hogita, Advanced Telecommunications Research
Institute International (ATR)
Miki Sota, DENSO Corporation

IEEE Network Magazine, vol. 26, no. 3, pp. 28-34, May 2012
Special Issue on Machine and Robotic Networking
hitp:/idx.dol.org/10.1109/MNET.2012.6201213 15
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1. AT LAKHE (system information)
2. AEid (persondetection)

3. Af# Y (person localization)
4. i A F7E (person identification)

5. i (face detection)

6. EifT i Eit (face localization)

7. H# ¥ (sound detection)

8. B Rt (sound localization)
9. H =B (speech recognition)

10. Lx AFvEMk(gesture recognition)
11. T & & Rk (speech synthesis)

12, B EM1E (reaction)

13. +E 4 —i3 (navigation)

14, B (follow)

15. B (move)

Chiol, MEOHRIBREL—FEBHRIOVF—F 2L TERETS
HELRESh TV, 55

RolS(ZfE AR MM TEITE. ALY—ERFFUXTOR VM
THORYF2TERMETED LIS D.

o)

Y—ER
PITUT—2a>X

b—-E2
FPTUTr—2aX

) - | RSO
128712
RFID == | REMEHRIT SR
-
HRII> 3522
DRy k2

UNR-PFIZRoIS#F#E Z (£, O w4 —E RDHREALLT <5,
= AVROELICEALTTVESMATEADLIIZHSD,

MIBnSEES—EZRT NN [2]1B L X ES—ERTTU24
BELTHOEMEREER-TD Ay OBESHERIE TS
RybEROORIMEEEZDLS S RAICEADLEEERARTTT
1=%% e VERRT BT IR TEDESID

' >
IS DA —da
UNR-PFR -—--—--—--
(ar+aa
FukO—4
afizk 1 | ot
= P9k
a =< 71—4) T e
*--ﬁ
& s
: | vu-amm | seen ot |
ok
TN

§7

Oy bH—EREH AT L F—FTIF v (SBHEE) IRE

. . = | BaonfurigEsieds
{"ﬁ'-EX?j'J’T—VEJE J 771).-;-"—9395:[”6
__
-]
UNR-PF =
FRHFLELT, L FROT—20
(H—ERFTVEAA—FUE | purura-d sHEEE
DIEEL)
- T

||
ofRyvbarR—R B
(ARy O R—R o MER)

| BGMEDRY —EAESICET
#42 onfyb \—F9zFHYTI+
T ERRTES,

EREEEIh-ORYNF—E EEV AT L
(201343 A ITU-T, SG16, Q25(IoT) TENIEAEII)

JO0—18ILTSsb 73— L Ll_!;ﬂsl AR (bR
;Le—é_f itk [ l—g| H—ER At SERERED |
i | 26 | 2l |EiDo T
: oS A U -2ERERD |
|\ 1 A0
< * * :
O—hF5uh74—1
(i s2B) ' }iﬁ‘!zg
— ot uEn
2HAK lsg & ?/;gl;gg £otop | v—aee

ORy b —ERER S ZATLOT —FT0F v (3@HE)
{ - 'ﬁfﬁﬁzf;ﬁﬂwvadﬂ <> J
1 l ]

YUNR-PFIi
TO—)S. Loy -7 KRR (el :
& Lt ”, ok =]4'<L:J "J’*tfl AR i i E
:I.l:: .'“@ 2 St 7‘9“}5?%”@1‘ 3
(UNRL,PF); i :

B=hil ‘ R
E

Exa:u-ﬁ—qumnﬁl,)t

r' Hti’f'ﬂ.—?‘vtl
116 f#) Faroe

Pk —

g v —zEn

- :unt-?n—n )

A0 -

CRDS-FY2013-WR-05

IR TTBUA AR SR MREME HRERSIEEY 5 —

47

SERuEREN - Wi EAR DY I



NERIARREBO—IY3vT

MRIDIVE =T 1 VT — AEEBHIHEITDHEEBIE L T—1 Wisdom Computing Summit 2013

ORyh—E EES R T LT —X T oFr SEEEL O BER
[rusare omeep}

= Rols
WEEEEL
& e ]
il it oUW |
T 12— (IR
\Blt L GiesD LBk P et
AP FSub T4
TS i R
v Aot
=1 Oifioh | FAL=8 | 9 B |
| | DB ]
S S P WL L) Ry

- RolS: stz 155 ' 2 Robotic InteractionService

+ RLS:O#K - (i}l ¥ —F 2 Robotic Localization Service B91—3
T T cCauRe TR <y xemnr v uman
\ - FUSN-NRP (UNR-PF) ITU-Tii% 8i3Ubiquitous Sensor Network 2012.7 RFIE X Talfk, 201341 A BRELBF
: d services for network| 1 oy i B
: - UNR.PF Ubiquitous Network Robat Platform o8 MREOLPTE g;?_"_?ﬂ T Db WEE Y —E RE ML TR
\:- ................... b o S A b . (A B R) (RolS) FUTRENTED.

ARy, TH—ERTEDL
FOAorH# ™ M

3 HHETHOHTIFNBHRTLRD, RER
BRERATY EME® e mahec

AORBRIEIZELT FHEIE TS
(HEIOL, MER a8l — ASKEULT, MCETBETRLIELA,
Wiz, &) H—EAERMTES,

b = <l £ 1
BRUMEREORL  Borel R o n .

FLAAL—8 A%
L ATREH2E ;;*“bﬂ? THRA—MEBIESE BRI RETRE

1L LB ERTHE)
i H—EZXa— FAE. OFvMERGEEEELNRAER
YERHAME Z_ .l Ll %

o iz oo, H—ERBEREAOFRuE, £H—FubD
BmRoLets  DTUMHEAY R (A—F, TR ERI L

&AKA NOVATION wa

X BA S R=2avnTF

o RBEOWMAEKEREOS S0 KR GERR:S
BE) 37 —C 7RSI

R—18—n\vhy
2013%¥58118

Rt E3.) e Yo —

“_,-',__ I_ '.' v

SNEDO! 4 EFIEORYRERETOS TR
SRS B URRE S E RS GRS SRS S N

& {# Ry, EFZXFOAVEDISODIS 13482+ 1 FBREH ER
@ http:/Aww.nedo.ge jp/news/press/AAS 100179 html

- (*1)[SO/DIS - F I r POt £ 1HCBAT SEMRRIEFE. 20130

EHRICERABELTRITENIZENRATNTINA.

) i=SAAD JOAIZEIERIE T -2 FExdof  Eaaliv -
EEROf

UNR-PFED#RED —HEREL
UNR-PF ahR & B % - — B2 B8

B UNR-PF o liZ— 2583 54l
+ Z{ORBEICHALTELL, S—EAF I r—avénfivbafi—Fok
EEWNERETD,
¢ BONEEREOROM—EREES AT AOBRBRIEEBRIZT—E3wILT,
B RERET 5.

UNR-PF aff/7+2x7 . REORBROFAY O OR v R—R b —ERTT
Yo —Lan @Y TOYSLE T2 PV EE201267 20 81— B4R,

X RS, Y27 TV r—a, O CLal—b, St IO S L T,

J

20124 7H20A (ZABAL-H0D .

J5to=7 | -UNR-PF af /{"'”_t ArNr—am
- ERMEE 2T LY

i e L] vl UNR-PFJE

0454 |-autt—zAESE ¥ (8 2T 2o DASEL)

FFaisb | -F50rT7a—L, ZHMEHETTR

)

(DN R — A E)

BEDI—FTaTIL -
&ﬁwx'(?i;&/’;—‘r;&ﬂ) i \r‘u;ﬁybjzﬁﬁ_*ybg

J

UNR Platform ahft 2012478 A6

= URL
— http:/iwww.irc.atr.jp/std/UNR-Platform.htm|
» Alpha Release includes...
— Platform System
— Spatial Master Database System
— Sample Programs
+ Sample Component and Service
» Sample Scenario for Component Allocation
— Documents
« User Guide (How to setup and execute sample programs)
+ Programming Guide (How to use AP! libraries)
» Technical Documents (Class Diagram, Sequence Diagram)
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Commercialization of DustBot Project
Peccioli testing: new road signs

‘Attention. Area
subject to robotic
testing. Yellow lane

< -
‘Attention. Robot
crossing. Yellow

used by robots’. lane used by
robots’sg
- &

RobolLaw (FP7)
2012-2014

Project title: Regulating Emerging Technologies in Europe: Robotics
Facing Law and Ethics
Funding scheme: Collaborative project
Call Identifier: FP7-SCIENCE-IN-SOCIETY-2011- 1
EU Financial Contribution:1.497.966 EUR
Duration: 24 Months
Starting date: March 1st, 2012
Name of coordinating persen:
Prof. Erica Palmerini (Scuola Superiore Sant'Anna, Pisa, Italy)
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I The Internet of Things is ... EP

‘A world where physical objects are seamlessly
integrated into the information network, and
where the physical objects can become active
participants in business processes.

Services are available to interact with these
‘smart objects’ over the Internet, query and
change their state and any information
associated with them, taking into account
security and privacy issues.'

RFID, Sensor Networks etc. are just enabling technologies!

:

Internet of Things

* Integral Part of the
Future Internet, with
specific aspects

— Real-World Integration

— Heterogeneity of , Devices”
and Networks

— Mobility
— Managing Scale

— Continuous Sensemaking
— Distributed Intelligence
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Future & Real World Internet g)

Monitoring & Awareness
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——— )

SAP®M L 3Heterogeneity®Devices® NRS(network robot systems)¥*Cloud
Networked Robotics(CNR)IZ T HHHTEHA---
——— TECHNOLOGY ROADMAP: THE INTERMET OF THINGS
l Heterogeneity ¢
ZhivsdMsmart mediak b = —= — i
Smart systems#% 81443 < ”7’ f v " e
#iAdplatformAS o>~ EMaksL T 7 - 1 IJ/ 2
ChETORYFCHRLE 7 |
UNR-PF (AT LO@HPTE), -
RolS (O T o074 5k Davicas Networks
AR T <E0RTro 78 At :::«. 8 ctustors B m‘;‘;"m": =
Rlllﬁﬁ. Mobile Phones = Wireless Sensor & Actuator
~ PLCs & Embedded Systems Networks
UNR-PF RolS N
UK ST —dafunn R E ST
O ARRAT LOT =R 7P IR R —EATTUHAY ST DR |
pravention Supply-Chain Helpers
2000 2010 2020 Tima
Source: SRI Consulting Business Intelligence
April 4, 2008
Towards a Networked Robot Architecture for Distributed Task Towards a Networked Robot Architecture for Distributed Task
Executionand Knowledge Exchange(ATR) (1/3) Executiomd Knowledge Exchange(ATR) (2/3)

Great and ik F help 8 reeded

spokeiText  Helo, IMAME Eani helpyou?
outputsCrested: TRESPONSE
typa SpeechSythesis

Questontor pradct ocaten

wvakiatodn  IREGPONGE
supurecratsad

: roagcT
iyt Quastion for preduct weatn?

)
=/
- product cntology
properties and I
- : —£’q / FrTT——
.~ i o~ .- - %

e | . . f
- - %
F‘ = e
Robot knowledge Task is defined abstractly Boers .
motion patterns [4‘ \_i} A= l"“ in the knowledge base and #pekenTeat: TOBECT can ba lound st TSTORAGE_ LOC
ol can be edited remotely woe Speschsyrihesis

Towards Robot for DI and
{Moritz Tenorth, Koji Kamei, Satoru Satake, Takahiro Miyashita, Nerihire Hagita), in Third International \'Ml‘klfln?.?ﬂ 78
Standards and Common Platforms for Robotics (SCPR 2012), in conjunction with SIMPAR 2012, 2012,
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po: based task system

RoboEarth action recipe
execution engine

qgeneric service appication
- exacuition flow derived from

Earth &1 ===

n
~add or modify actans

- Service application

Task: Claaning the oor

Impiementation: Java.
Service application
Task: Greeting a person

Implomentation: C++

Service API

UNR Piatiorm
msouIce Mocation
itributed execution and
coonlination

-----------

CamponnnlAPl

Towards a Networked Robot Architecture for Distributed Task
Executionand Knowledge Exchange(ATR) (3/3)
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Foomba component
(RolS)
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Kinect companent
(RolS)

Robot component

Conventional UNR-PF
service applications
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+ Decomposition by Dynamic I[nverse
* Structural Change
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BEHARANOREBE: Ageregated Level Story on Productivity Paradox
Productivity Paradox:
) 2 d | TEP *R.Solow remarked in1987 that “you see the
. | computer revolution everywhere except in the
2295, | Labor L TFP productivity data.”
s || mput | == . i Conceptualization Problem:
( % Labor * Greenspan pointed out that the negative trends
ar. } : _1"9“' o in measured productivity in many service
s7% / [RGBl (et L sectors seemed inconsistency with the facts that
i e T Labor fhey rafnked among the top computer-using
Input industries.
e g Do, * Questions raised by_ Gl:eenspan on the accuracy
Contribution Contribution of the computer price index.
(Real GDP Growth =1.0 during 1975-90) . 0
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R&D Capital Stock
at the beginning of the year t-t
Lo(tt+1) S;o(t-1) is assumed to create pro-
rtionally knowlgdge capital
ice stock K ™¥(t-1)

\ Knowledge capital stock is

IWM accumulated by R&D
- investment flow

R&D Investment, lm(t/

for the basic science,

by government and R&D Knowledge Stock

Industry At the beginning of the year t
Selt) K M&(t+1)

Knowledge Capital Servicze:

Big-Data ®F| A=k
MEERDREDEBESTOBLEN
Ré&D Investment

Knowledge Stock
—> Knowledge Capital Service

Outcomes:
Reference Spillover
( Outcomes: ¢ Effects among
Output: Patents, i industries as
Academic Software & ¥ process &
Journals Other products
Intangible Innovation
Assets Industry Linkages
Science Linkages T ——
- i Outcomes:
Economic & Social Structural
Changes: Productivity &
Competitiveness
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Goal
This is the end point, where the client wants to be. The goal has to be defined in such a way that it is very
clear to the client when they have achieved it.
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Reality
The Current Reality is where the client is now. What are the issues, the challenges, how far are they away
from their goal?
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Obstacles
There will be Obstacles stopping the client getting from where they are now to where they want to go. If
there were no Obstacles the client would already have reached their goal.
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Options
Once Obstacles have been identified, the client needs to find ways of dealing with them if they are to make
progress. These are the Options.
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Way Forward
The Options then need to be converted into action steps which will take the client to their goal. These are
the Way Forward.
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[1] Y.Baba and H.Kashima: Statistical Quality Estimation
for General Crowdsourcing Tasks, In ACM SIGKDD, 2013.
[2] H.Kajino, Y.Tsuboi, and H.Kashima: A Convex
Formulation for Learning from Crowds, In AAAIL 2012.

(3] SN, P 7 70 Ry —v v 7 LS, NL
KRB R3S, 27(4), 2012.

[4] PREFVE, FRHAOAT, BEAR: 7 Z7 0 RY—2 72k
F2U—H—TTA N ERELIWEEM, T ¥ T E
W~rY Ay MIBT 57+ —7 (DEIM), 2013.
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EZIIINETIZ, ANLYOMREE ANMOIFEENZER L, £ b2 ErIcRR TE 5555 L5
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[1] K. B. De Greene, Sociotechnical systems: factors in analysis, design, and management, Prentice-Hall (1973).

[2] P. Vermaas, P. Kroes, 1. van de Poel, M. Franssen, W. Houkes, A Philosophy of Technology: From Technical Artefacts to
Sociotechnical Systems, Synthesis Lectures on Engineers, Technology and Society, 14, Morgan & Claypool Publishers,
(2011).

[3] Y. Kitamura, R. Mizoguchi, Ontology-based systematization of functional knowledge, Journal of Engineering Design,
15(4), pp. 327-351, Taylor & Francis (2004)

[4] Y. Kitamura, R. Mizoguchi, Characterizing functions based on phase- and evolution-oriented models, Journal of Applied
Ontology, 8(2), pp. 73-94, 10S Press (2013)

[5] Y. Kitamura, M. Kashiwase, M. Fuse, R. Mizoguchi, Deployment of an Ontological Framework of Functional Design
Knowledge, Advanced Engineering Informatics, 18(2), pp. 115-127, Elsevier (2004)

[6] S. Nishimura, Y. Kitamura, M. Sasajima, A. Williamson, C. Kinoshita, A. Hirao, K. Hattori, and R. Mizoguchi, CHARM
as Activity Model to Share Knowledge and Transmit Procedural Knowledge and its Application to Nursing Guidelines
Integration, Journal of Advanced Computational Intelligence and Intelligent Informatics, 17(2), pp. 208-220 (2013).
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Shoji Mochizuki. The Power of Integrated
Abstraction for Data-centric Human/Machine
Computations. VLDS2011, pp. 5-9, Sep. 2011.
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[3] L-Crowd: EREX 7 T T KV = v 7.
http://crowd4u. org/lcrowd.
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[7] Atsuyuki Morishima. CyLog/Crowd4U: A Case
Study of a Computing Platform for Cybernetic
Dataspaces. Handbook of Human Computation
Springer, 2014. (Invited Chapter, to appear)
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