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0ll) Pervasive Computing as: Convenient access, through a new class of
appliances, to relevant information, with the ability to easily take action on
it when and where you need. (IBM0101)
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— Ubicomp Comparisons (BartonU)
Physical Scale
Communication vs Computation Focus (Social vs Personal)
Component Systems : Central, Distributed, Autonomous, or Unaffiliated.
Depth of Physical Integration
Degree of Spontaneous Interaction
Embedded, Mobile or Both

- Ubiquity On Many Scales (BartonU)
Global
Environmental
Spatial
Personal
Handheld
Wearable
Embedded
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- “Ubicomp Project Comparisons” (BartonU)
Kind of System
Innovation Focus : Technology (a new thing)
System (a new way to put things together)
Human Factors (shaping systems for people)

Tools for Ubicomp Research
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— The rate that small, task—oriented computing devices are entering our lives is
astonishing. (Sparling99)

— The average automobile has more computing power than NASA did during
the Apollo days! The age of information at our fingertips is upon us, and

components will play a huge role in this wave of pervasive computing.
(Sparling99)
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- 0l= 19654 14E0l 280 =DtetCle =J19 WS £AGH 2d0ldl, Xkt
308 2t2 Gordon Mooreo Y=o et
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- STE AMAES otLte #0l E8E = As Jl==2 2o, &2 3J12 AA-S
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I Z Ml Al (processor)0ICE. (Z&0IPervC)
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- MEEXIOF JtA0l RO0tXL2, EE0l sHUEHA pervasive Z2=E X0 A S
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Conventional RFID

Low Cost RFID

Mode of Use

Re—-used, usually

Disposable, usually

Typical Shape

Pendants, nails, boxies of
electronics, contactless
smart cards, glass beeds

Labels, laminates

Typical
Frequencies

Low(123 ~ 135 KHz) to
keep system cost low
where there are few tags
per reader

High (13.56MHz, 2.45GHz)
to keep system cost low
where there are many tags

Security printers, paper,

Typical packaging and label
Suppliers and | Electronics companies and manufacturers, new
Value—Added some label makers start—-ups. Sometimes

alue e electronics companies

Users supply the naked tag called

“inlet”
Typical End Manufacturers, heavy
Users and logistics (e.g. brewers), Airlines (baggage), laundry,
Uses of the farming, car keys, financial toys, libraries, passports
System cards
. Reduced losses,
I;rgypblgilk Greater security, better flow | entertainment, automation,

anti—counterfeiting
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W E 3 (sensor network)”)

> agelal 2E TS Jls(MA 2 computing power)2 S
SEH2 CIOIEl EciE(data traffic)S F2otl], UERI OBIIEX
0

(network architecture)lilE ¥&tS OIXIH =

3) Computing Power2l Networking

ZEIDICIO

gt

eamless Service

Ubiquitous
Max 100Mbps
Average 20Mbp

(01E&0304)

4G2l J|2Concept

/| Nsst
Person—to—mac:hmesDAB/DVB
StatE 5}
DHY TV
VOD, BICI2 AE|Y
Person—to—person ¢ ;- xu ~ £~
eaa EE PN 'E,]_
QreiCtess .m
=4
AMPS(1984) CDMA(1996) 1XEV-DO(2002) WCDMA(2003)
=REES XM= 9| Data HEIDICIO HEIDICIOf
9.6kbps ~ 64kbps Forward 2.4 Mbps 384 Kbps
Reverse 307kbps ~ 2 Mbps
Average 600kbps
> SUIAEA ITY I8 2= Computing Powerdt A2
HA g =(integrated) 24, = NetworkingOl 3 A
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S
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2E ITRAE S8tol= A(integration) =2 I E®39
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InterconnectivityOil 2|6}
- HERAN HZX L2 EHE SHAHA FEE0| OfLICH (WERZA/
A M

Computing Power, AIZ2 CE dg= +dot== & H = Computing
power s HEH A2 S = el 2H)2 WERKIAY
SHIZE0 otLlet == 29 ASIhsHE(communicability), LEOFD}
Crest 2=F 0| [(f3tetal, = T2 EZ(protocols; = EZE3H)9
ZFMENX OIHXIH S

- NEo ME2HIN HEAMHS LS = U= SAAHE0| 22 (ME2=0209)

- OH=20f H2lJlSS 2D MM OE A0{0IE ChSaH Lot 4 U0{0F
(M240209)

- o =S8HAH0| B0 (H=2£0209)

UAMOI A2, J|J| E= 220 20HE Computing PowerJt

HIERIAZ Interconnected &= A2 st JIs2 AI=20|ILE D[],

2| B2t EFER(E=E 1O JIs)0| A2 Z2ELo &ss £

ASE 2olgr (“Jls(functions)e E87)

- — — — future forms of everyday objects that represent a merging of current
everyday objects (tools, appliances, clothing, etc) with the capabilities of
information processing and exchange (based on sensors, actuators,
processors, mircosystems, etc). - - — — These artefacts have the
capability of communicating with other artefacts based on local
(typically wireless) networks, as well as accessing or exchanging
information at a distance via global networks. In this way, these
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artefacts posses the capability of both local and global inter—working.
(Wejchert)

Home Networking 2t& 0l M = Ubiquitous Computing

Ubiquitous Computing

- Embedded S/W, SOC,
-——— = B R RIX S Jlgk D)
- N 22| et
STy : -IT, NT, 8BTSl &S
~  Ubiguitous Networking \ -I/F Device J|=9] & Al

-0/8 S J1& 2x2 =E

- E2EHCES) -
/ 7 Home Networking “\N/w @1 Zz}e]
l, -Oxgs ,gg

COZES / (Elcts 212t & p
Jle S ) ADSL, VDSV
HE=3 , P
=& J/Ié’gl 7

=R -

/L -

Hi 2= 8H(0212)

> These connections are fundamentally unlike those we associate
with networks. = “The Internet of Things” (Suno1w)

(2} Rather than using the network to connect computers that are
being used directly by people, the coming age of
Internet—connected appliances will usher in a time when most
of the communication occurring over networks is between
machines and programs that are not directly monitored by
people. (Sun01w)

— The refrigerator will not send information to a human who is monitoring its
performance at the manufacturer, but rather to another computer that is
running a program monitoring all of the refrigerators made by the
manufacturer. The appliances in our homes will not communicate to someone
working for the electrical utilities, but rather to a computer (or set of
computers) running programs that regulate the flow of energy to all of the
utility's customers. (Sun01W)
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(L}) In addition, the majority of these communications will occur in
an end-to—end structure that does not include a human at

(Sun01Ww)
(ChH) This can be seen from the simple mathematics of the Internet
(Sun01W)

any point.

The number of machines connected to it has been increasing
at an exponential rate for some time.

— It will continue to grow at this rate as the existing networks of embedded
computers, including those that already exist within our automobiles, are
connected to the larger, global network, and as new networks of embedded

(Sun01W)

devices are constructed in our homes and offices.
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L. Computingdt AI=2| Z§&!

Ar22l XIsst

Embedded
M22 JI1s9 8} \ Computing

yz2to By w

MZ2 Al=2 &

TS Chete =Y

Ubiquitous

Inter— |T Context

connectivity —awareness
with Mobility with Sensing

— Computing Power2 =&t

>| Calm (Invisible) IT

> WESD 2yYAol v

1) A2 Xsst

> “SHIFAEA"S E2 =2=, AI=(things or objects)0l Computing
PowerE 28020 A2 XHIDE XIsstEl=e A0 =32 %D

o|l=2
M

|
prm
0
>
]
=)
C
—
0
=
Jn
2
ror
E
}A

- “Asse iy

A2 £92 Embedded EI FEHAUCEN))

- information artefacts are future forms of everyday objects that represent a
merging of current everyday objects (tools, appliances, clothing, etc) with the
capabilities of information processing and exchange (based on sensors,
actuators, processors, mircosystems, etc). (Wejchert)
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1o

In this vision, the technology providing these capabilities is
(Wejchert)

(BTH&0312)
it disappears into the background, taking on a role more similar to electricity

places becomes infused and augmented with information processing and
unobtrusively merged with real world objects and places, so that in a sense

exchange.
— an invisible pervasive medium.

A

Y
— A vision of the future is one in which our world of everyday objects and
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T 2B EE, SAJJ| S)E0 OfLIZ JIE MELH|, LAROI

HE3 A2 S0 1ITOF E8&8lie A2 238 =F9
XY X 2lJ|S(information processing), 22 H& S9o ZZFH
Jls0l =dt= JlsE(computing power)0| B 2% = AE 2l0|&

— The rate that small, task—oriented computing devices are entering our lives is
astonishing. (Sparling99)

— PalmPilots, WorkPads, PalmPC's, television set—top boxes, game consoles,
automotive navigational devices and so many other neat formats are now
considered commonplace devices. (Sparling99)

— The average automobile has more computing power than NASA did during
the Apollo days! The age of information at our fingertips is upon us, and
components will play a huge role in this wave of pervasive computing.
(Sparling99)

et BA “XsE” Something(Oll, XNIsE WaD, XIsdE MHEDI S
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NMES IT(RHIZEA JI&8a)= DM S0l OtLiet
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A2 CHAO] IT2H Z2&0ol= A2 Z= Computing Power(EE=

ANsS)IF AI2 E= A9 =2eoist Heolse 2 Qole

- 0|2 &2 Z&E2 Computing Powerdt JIE9 Jls0ll &% =(embedded)
22 LEWE 21
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JIE Jls(functions)0l2lel ME22 Jls ££0| JtssHH &2 ol&

— As a consequence, human-centered notions, such as real objects and
everyday settings, can come into foreground, rather than the
computer—centric ones which have determined the evolution of the
computer—as—we—know it. It offers the opportunity of seeing how objects can
become augmented with new properties and qualities and how these can be
designed to enrich everyday living in completely different ways. (Wejchert)

— collections of artefacts will represent a “radical distribution” of computing and
information processing that can inter—-work to deliver new functionality and
lead to new patterns of behaviour. It is the integration of these concepts
with real-world settings and with real objects, that offers opportunities for
new ways of supporting people's everyday activities — ways that go above
and beyond what the pc can offer today. (Wejchert)

Embedding into everyday objects : In order to make information
artefacts, the IT components will have to fit them unobtrusively.
This will require research into ways of merging information
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technology with objects and materials, including for example:
(Wejchert)

(J) Methods and techniques for adding—on or embedding IT
components.

(LI) Techniques for miniaturising components so as to allow easy
embedding

(Ch) Coating, or sticking components onto objects, or interweaving
them with their constituent materials.

- Research could also consider approaches that would make it easy for
people to embed IT components into everyday objects themselves, for
example, with “do-it-yourself” toolkits.

SRS A
AN

Embedding IT (Wejchert)

MED AS0 Mz ZEES(HE6tH= 0l AZ20ILE CHAO
= | RLA(Z computing powern)Jt HHEKIAE S5t A2
HED = H)CEMN S 22 ME2 JIs4d0l E€2:
— These properties lay the basis for collections of artefacts to be able to
behave as a complex interacting system. The main aim of this objective to
see how to take advantage of this inherent complexity so as to allow for

the behaviours and functionalities of collections artefacts to be changeable
and emergent. (Wejchert)

(OF) LAXOl AF22 ¥ A XIs3t (They can adapt and learn from
)

previous events (Wejchert)

(L}) AF20ILF THAMS S A A A (identity) AlY (They are modular
(Wejchert))

(CH A2 tHatel Bish

Jm

A8 2tAl(sensing, tracking, tracing)

el



(2 AI29 B3, Z2201SS XA AH, JI2 KX (They can be
placed in various locations (Wejchert))

(0F) AF23F & AFOI(thing—to—thing)2l 2AAIAS (They can
communicate with others (Wejchert))

(HH) AFS(CHAH D CHEOIYSH WERISZO0ILE ITAIAEIDIS oA

(A 248t AF2E0 0lS(mobility) ¥ E XA =A(identification)
20

— Because artefacts can be re—configured, or recombined by people and
because they can adapt and evolve, their collective behaviour is not
static, and collections of artefacts can evolve to produce new behaviours.
(Wejchert)

— This is not just a random behaviour, but one that is guided by how artefacts
are used or configured by people. (Wejchert)

— As a consequence, people are given “things” with which to make “new
things” rather than only being supplying with fixed and un—changeable
tools. This requires a “re—think” about the ways in which tools should be
conceived of and designed. (Wejchert)

°|:||-_T’1E'|£ TS =0l et 2Mot=E JIEL LAIXOl AFZ0ILE J]J],
el ME32t0Me 2 8Bel 59 otLte, U |
< ot Bd% AOIOI LIERZE Sote J1sd 2 A ((functional

relations)Jt A4S0l Met M5 M2 HI32l JIs0| A= (generate)

4 Qs 2S BHD UTHE HY

=

lll|0

A cloud representing an emerging functionality (Wejchert)

— In this respect, one can imagine groupings of artefacts could substitute
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some of the functions that the personal computer (pc) can perform today,
however in a more distributed fashion and based a more natural form of
interaction. In other cases, one can imagine groupings of artefacts
designed to take advantage of the new context and support people's
activities in a completely different ways. (Wejchert)

AL

- 0l &2 Jtsd0l #8E = U= A2 A= 2= 2= 1Tt A2 HAHEZE
o 2 |

39 JIs0l Z2XEI =2

| J1(appliance), & Hl(facilities),
8ot J1&29 J|=(functions)Ol

—/ =
Zdole U2st VsS4 Zgotes 20| Jisoid

Individual artefact: N Groups : “Collective”
general/specific functionality emerges
- M2 Jls2 T&6t)| f/didesE JI1E M20 IT(£= computing power)E
MEZSI AFS2He 2HE TSSOz MW JisolH E:

(O}) Working together (Wejchert) : Artefacts will have to be able to
work together in order to allow new “collective” functions to
emerge. As a basis for this, research will be needed into

_ b .
'\"

Artefacts working together (Wejchert)

The ways in which artefacts communicate with other artefacts or other

information sources (either globally or locally) and the protocols they
should use.

The structuring of different kinds of artefacts into collections or
“families” each with a different role and level of influence.

The design of new forms of “adaptive operating systems” that would
provide a platform for more general software across a range of
artefacts.

(L}) Emerging Functionality (Wejchert) : Given that artefacts can
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communicate, adapt and are modular, the specific ways in
which functionality can be designed for collections of artefacts
have to be researched. This should consider the ways in
which functionality can be constructed and the specific ways
or conditions for new functionality to emerge. Some
indications are outlined below:

Because artefacts are modular means that parts of them (either from
the software, hardware or physical aspects) can be constructed,
deconstructed or mixed, or added on to other artefacts. These kinds
of changes would in turn create a new hybrid artefact with a new
functionality. Combinations or various artefacts would lead to new
functionality that would go beyond what individual artefacts could do.

The fact that artefacts can communicate and can be aware of other
artefacts, means that under certain conditions, artefacts could
“synergize” to produce new properties and behaviour that they
otherwise they would not exhibit. — — — —. This principle “non-linear
addition” or synergy could also be applied to certain groups of
artefacts interacting over a distance.

The fact that an artefact can learn or adapt from a history of past
events, means that this knowledge can trigger new functionality that
for example, emerges with time. An individually adaptive artefact may
also communicate with other adaptive artefacts so that a group would
produce a more complex behaviour.

)+ © ~

%

Q)+ ~>
R O:
q;

Combining artefacts to get new functionalities (Wejchert)

o) JIE2 ME)|IsS T==ol= HE DU Computing Power, A, HUER At
2eotHA, st 22J|s1 e—Business &0 HHE £ AN &

S AF2(thing)2l =Z=0lA, Sol X229 AR IT(E= computing
power)Jl ZEE ME2 JISS XN E8AH ME2 25 I

AC O|l=2-
L M

(O} New software and hardware architectures (wireless,
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re—configurable / context sensitive...) (Wejchert)

& o
T—1--- |
[

o3

a new architecture (Wejchert)

— These artefacts have the capability of communicating with other artefacts
based on local (typically wireless) networks, as well as accessing or
exchanging information at a distance via global networks. In this way, these

artefacts posses the capability of both local and global inter—working.
(Wejchert)

(L}) Embedding into everyday objects (adding on, coating,
inter—-weaving... / miniaturising... ) (Wejchert)

= n.- ¥ .
] Lyl = -
'_,'G'l___:]

Embed into an object (Wejchert)

P

Z=Z(man-made things)2l Z<2, H& Al 1 Ar22 |

S(function)0ILt S=6l= BHpurpose)Xl et HESH EHE D

A0l P2A0| XAHBI| W&, IT(E= computing power)2 0]l

T2t M2 JIs0l 2ot J1ES JIs0| & 2 1 Jisol

et 1 225 UHR D JIEQ JIsSHX MZO0| HetE = U2H,
0

R0 Metde MZ2 X222 HEte X2 gaos

#
\ o create artefacts (Weijchert)
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— Artefacts will be able to adapt and change, not just in a random fashion but
based on how people use and interact with them. Together, new
functionalities and new forms of use will emerge that will enrich everyday
life, resulting in an everyday world that is more “alive” and “deeply
interconnected” that our current day understanding. (Wejchert)

FOl IT(£38] Computing PowerlLt 4l A (sensor)) 2t
H2e XY IJtsd(“1Ilsst”, “D8IXISH)0]

Tl= JIs0l 0l0let B2 JI&2 Z20ILt SERel gt glol

- In the vision of the “disappearing computer”, information artefacts
are future forms of everyday objects that represent a merging of
current everyday objects (tools, appliances, clothing, etc) with
the capabilities of information processing and exchange (based on
sensors, actuators, processors, mircosystems, etc). (Wejchert)

MZ0| S&otH 2 AtS(artefacts)S=2 J1==Q2l Jis&0l 26t
KA Q0| SHGIIIECH=E 212H0ILE AFEIJF 1 IT28F OfLict ME&
Jl=g I8l g

22 HEH ALSotAHl 2 Aol Tet 20|

— one can imagine groupings of artefacts could substitute some of the
functions that the personal computer (pc) can perform today, however in a
more distributed fashion and based a more natural form of interaction. In
other cases, one can imagine groupings of artefacts designed to take
advantage of the new context and support people's activities in a completely
different ways. (Wejchert)

S
gk

&
F‘:n )

S

?Q ﬁﬁ

People's Experience (Wejchert)
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- It is therefore necessary to address ways in which people's activities can be
supported or enhanced in such new environments. The basis for this is to
consider how to design artefacts or how to design for collections of them.
Furthermore it is important to see how they can lead to coherent experience
in real world settings and how people can participate in them. (Wejchert)

(JF) Designing and prototyping artefacts (Weijchert)

lterative design of an artefact and its functionality

— The nature of information artefacts, — — — — pose a number of challenges as
regards how artefacts should be designed. This includes for example:

How to design an individual artefact, and how to integrate utility design
with software/hardware constraints.

The design of the functionality of an individual artefact and how this can
be combined with that of others.

Research on how to design for collections of interacting artefacts and how
to design in the context of a collective and emerging functionality.

The use of iterative prototyping and new evaluation methods.

(LI) Coherence (Wejchert)

L
Coherence in space and time (Wejchert)

— metaphors, cognitive models / artefacts and real locations / seamless in
space and time

- A world full of interacting artefacts could easily confuse people. Research will
be needed in order to make sure that environments will be coherent and
understandable. This could include for example:

Ways to integrate artefacts with real places and locations.
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The use of metaphors, cognitive or semantic models, to guide the design
of environments.

Approaches that ensure “seamless interaction” for example, for an activity
that takes place across different locations and different stages in time.

(C}) Engagement (Weijchert)

Interactive narratives (Wejchert)

group interaction / appropriate engagement / “interactive narratives”

In contrast to concentrated engagement in one location (as with a pc), the
distributed nature of a collection of artefacts in real locations leads to a

range of research issues on how to support people's activities in this
context, for example:

The ways in which both individuals and groups of people can participate in
such environments.

The design of engagement that is appropriate to an activity. This includes
active engagement that requires concentration, through to relaxed
participation that is “laid—back” enjoyable or fun.

The ways in which sequences of interaction and experience can be
structured. For example, the use of “Interactive narratives” that can guide
or engage people in space and time, and the ways in which such

narratives can encompass pre—scripted elements as well as emergent, or
unexpected events.

> M=o F2, O NHE=S UFHU 22lcte 2401 Baotd| 20
XA = 0l EH%EPE Al XRHAILE 22X Ee)hAl Bste = UAS

\Y4
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ot O AI2S —S—%‘ = 2Al0l S &6 Xl 2(complicated), 1
T4 (complexity)2 LAXO=Z A0l =&H CIE £ U= SHHE
H& JIs40l UAS

_].nH. Ol
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Ct2 A (variety, diversity)t 0| & A (heterogeneity)S S 2o6tH E

249 ot

— Even when clients don't move, they will change over time. As new kinds of
client devices are brought to market, the heterogeneity of the edge will
increase. (Sun01Ww)

— New processors and operating systems will change the environment of the
edge of the Internet at a faster and faster pace, especially as innovations in
hardware and the embedding of computing into devices that are not
generally thought of as computers (such as appliances and automobiles)
becomes more common. (Sun01W)

> The creation of artefacts will require research on new software and
hardware architectures, particularly ones that:

(J}) Accommodate trade—offs between networking, computing, and
power consumption. (Wejchert)

(L) Form part of an open system that allows for wireless
communication with other artefacts, for example to connect
with global networks. (weijchert)

(CH) Allow for adaptive behaviour, for example through the design
of adaptive software architectures, or re—configurable
hardware. (Wejchert)

(2h) Allow for an awareness of their context, for example with a
system of sensors. (Wejchert)

(OF) Enable an artefact to be modular, either from the software or
hardware points of view. (Wejchert)
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— Much of our life in business and academia is spent listening to and
recording, more or less accurately, the events that surround us. It is often
desirable to recount those past events but our imperfect recording practices
make this difficult. Several researchers have investigated the use of
ubiquitous computing technology to support this general problem or
recording, or capturing, experiences to facilitate later access to that
information. (Abowd99)
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Ofow

— An obvious part of the physical context is location and orientation, and many
researchers have investigated both infrastructure and applications that benefit
location—aware computing. (Abowd99)
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4) Context E29| &1} Customization

> Context—awareness= oY Contexts@ X2 A (unigqueness)
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Ill|0
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2t. Interconnectivity of all IT's

— F24&71712 Computing XI& €

— XIS3HE AF2D 1012 e Empzddse
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HotERYAC &% A
Jlsol E8t.88
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1) Personal System2| &1t X3}
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|
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=3J|, Jtoict, Estald, MP3 Player S)
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OlSd(mobility) 2t SHAE0] 2XE
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S
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> Personal SystemOl = =
SHGIHA SAYUMUYNHE 2 HIIE NS
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> 0l Hatel XA ek OlHl= PCe HHAHE XU *-2E S&<
“Personal System” HHZ &ANED JUAS
— Terminal Convergence : 22 OlsHZIls + ZHZE Jt&IIS  (Sun01W)

- Sensing 219 D&3 @ |SEIAEHA sensing, BHHXIAZAR, S4 L ZHO|H QA

(Sun01W)

- OHoIA Dl &€& @ CPU/OS, 1 chip RF, 8= CIAZEd 0|, Wearable &2
Jl=, HHEl2l =% (Sun01w)

> Personal System2l J|s0| 1= &&Z|HA Personal System2
01 & (mobility) 2+ £ IHs 4 (portability) ol Cht 2Hai0l S4B

- 02D DT SitsAS 20loteE “Wearable System(E= HEH)” & 012
22 e ZERE £ AUs =Y 24

Personal

=
Systemo 2L DT SAIISS RN 0ol M2t AHY & S
= 2

— Access to the Web will be through a multitude of devices, from the
ubiquitous personal computer to personal digital assistants (PDAs), cell
phones, and pagers. In addition, many of the devices we use in everyday
life, including our automobiles, televisions, most appliances, and homes will
be able to access the Internet. (Sun01W)
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— In fact, this access will be so common and pervasive that we will be
surprised only when we don‘t have it, much like we are now surprised when

we find ourselves without access to the phone system or electrical grid.
(Sun01W)
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> UIERKAI0 26t AISDH AI2 AOID} JDISEHOZR S8CBA SR
Ar2(E &= appliances, facilities)2l JIs(E£= 1 MBIA)0l CHE
A=2(EE= appliances, facilities)tl 215t H=& &= AS  (“Transfer
of Functions”)

?X0I=S
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integration)0l OIROIXIE 1O 1 JISS AHBGHS 0I8RS BAR IR (ES
Locations)Oll (tet XHRED Belst QEHOIAS Meig & US

- 0220 JI¥el £ QEMOIMNIN S E WEUS CNEES Iis, 2=
WEST Qimatel Sr&Mo Mhat JHE M0 Ot 22 YIER At s
20l ZRHND AN SHIAEA UEAZD S 20l 612 U2,
ZIHoz: RUIAHA BEYS NFSD US  (HH=80212)

- HAN U SREA UEHBHOAR ALIHE HAR ST AL, AIBTIC
#ol0 Mt CIXE TR SH DI0I3% ATIHE Jt2teH ZXR MPA =
MBIASHCE  (HH==8t0212)

Individually, artefacts may have a small range of capabilities but together can

exhibit a much broader range of behaviours. Alternatively, in certain cases,
they may be designed to individually have a wider range of functions, but

still working within an ensemble.

IIH
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=2
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= N2 =
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otAl =

A HHE

I—|

—/

Computing IS0l UIERZAE
of ITS Jl=
2B & A(convergence) 2 DFXl 0|04

i) (e
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ﬂlIO

(Wejchert)
E5104
A

N |
=

S& = K (integrated) UDI

Jl=s2 E&H(functional integration),

A o2

MO

- — — — the examples — — — These include connecting refrigerators to the
Internet so we can find out, via cell phone or PDA, what is in our own
refrigerator while we are at the store. Likewise, our stove will conspire with
the refrigerator to decide what recipe makes the best use of the available
ingredients, then guide us through preparation of the recipe with the aid of a

network—connected food processor and blender.
to find an open parking space or the nearest vegetarian restaurant.

In fact,

My car will use the Internet
(Sun01W)

it is both highly likely that our appliances will be connected to the
Internet, and highly unlikely that those connections will be used in the ways
that have been mentioned. Rather than connecting the refrigerator to the
Internet so | can find out what | need to buy when I'm at the store, the
connection will enable the manufacturer to monitor the appliance to ensure
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that it is working correctly and inform me when it is not. Rather than my
stove and refrigerator conspiring in an effort to determine what | will eat,
they will conspire to optimize the energy usage in my house (neighborhood,
region). My car will connect to the Internet to allow the manufacturer to
diagnose problems before they happen, and either inform me of the needed
service or automatically install the necessary (software) repair. (Sun01W)

> InterconnectivityOil 218t J|s2] S&H(functional integration), £=
AHEAE JF MZ2 Jls(functions) E£= artefactse &2
ol0|sho|= &

— The functionality of an artefact corresponds to the range of functions it
exhibits or the experience it provides. In reality we may expect a range of
different kinds of artefacts, some general purpose and some quite specific.
Even if an individual artefact has limited functionality, it can have more
advanced behaviour when grouped with others. The aim is to look at how
collections of artefacts can be made to work together, and in particular how

they provide behaviour or functionality that exceeds the sum of their parts.
(Wejchert)
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A2 Mug Ol 1DEdtote 210t 2 &= US
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EZX0l A2 =2 (compression of time & space)QJ &2
2= UAH =
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— For at least the past two decades, networks have been a part of computing.
(Sun01W)

— Local area networks have allowed users to share peripherals and files. The
Internet has enabled communication with electronic mail, remote access via
telnet, and management at a distance. (Sun01W)

> UIERKIAE So6t0 Interconnected® UI& £= ==(nodes)E2
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tHesE LA3st =2 IT(even disposable IT) S WWESILD Ul 20
(=, Computing PowerE JIXID U1 012101 AZE DI WHE0),
SUIAEHA TS =& Computmg Power_J 2 &H(distribution) =
= &bK 2l (distributed processing)Ofl CHst =22 0|0 &

|
=)
_\-9

2HSH Client-Server, P2P, GridS2| =292 0|0 Xl= U
= Jls, deld 010l 2 & Computing Power?t ASsE22H S2
18t Computing Power2l LHE0 CHEI =2|5t{0F &

— There are a number of ways that a portable computing device can
interoperate with a system, but it really comes down to one simple
question: will the computing device generally be connected to the network,
intranet or Internet? (Sparling99)

— This one question will help to determine if only the presentation is pushed
down to the portable device or if processes will have to execute on the
portable device as well. (Sparling99)

— |If the device will be connected to a server at all times, or reviewing cached
static data is sufficient, the device needs to manage only the presentation
services layer. (Sparling99)

— Presentationtil siEYE = WHE0 SLIIJIHMN CHEA 2 B2, Presentation?
LH=0l 21212 &=FLF I HS Web browsingll 28t LIt &2 EHUA OE
J10l12, Presentation2 W&0| JIJILt MUlIA S0 S 2t6HA

282 = JA00 =

Interconnectivity@l MZ& WEX, Computing powerdt &aE F =5t
XNs8 2HOF HERK3A stlA stz HZE D 20 J|E2
FSAXeIAAE M= X0 JF US:

b

Oh) ¢xo=z2 HEHSI 22 LS (8=2-0209)

— Soon, there will be more processors connected to the Internet than there are
people in the world. And the rate of increase of computers will be faster
than the rate of increase of the human population, so the disparity will
continue to grow. It is just a matter of time before most of the traffic over
our networks is sent from, received by, and interpreted by programs that do
not forward that information to a human recipient. (Sun01W)

(Lh) 2oz ARH2S 2AJF 2L EEGHH AW US

> EAs SENS OFI|E! X (architecture)Jt Dominatedtils %S 210/Ut
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J

kol

S#EUHAM A2 Inter—-networked &= Computing

Powerl W&, &, 0ls4d S92 BHales UWERZIDS S& &0l Helz
Ol XI] US

— All aspects of the network —— the devices that are connected, the way in
which services are offered, the kinds of services offered, and even the
connecting tissues of the protocols and physical transports used by the
network itself —— are changing. (Sun01W)

— This edge of the network requires a new kind of infrastructure than what we

have used in the past.

In particular, the heterogeneity and transient nature

of the participants on the edge require different approaches than previous
networks, which had relatively homogeneous participants and a somewhat
stable infrastructure. (Sun01W)
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(2h) Ubiquitous teleportation
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- — — — to develop infrastructure to support mobile computing and
distributed computing resources. That line of Infrastructure research is, of
course, necessary for the advancement of ubiquitous computing, but it is not
sufficient to we must also examine higher—level issues such as ignore the
kinds of tasks and interaction patterns that emerge as the user is allowed to
break away from the desktop. (Abowd99)

— Rather than requiring explicit installation and removal from the network, this
kind of edge calls for components that are able to join and leave the
network in a far more ad hoc fashion. Since the services on the network
will need to be found by programs rather than humans, a new way of
describing and locating those services must be designed that is centered
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around nonhuman participants. (Sun01W)

— Plug and Participate (283212)
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This framework also allows services to evolve over time without disrupting
their clients. If a service that once offered only printing now wishes to also
offer color printing (or faxing) of documents, it registers with the lookup
service under the new (extended) type. Any client that previously used the
service can still do so, since the service continues to support the original
printing interface. But now, services that need the new color printing or
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faxing interfaces can use them as well. (Sun01W)

— In this way, additional functionality can be introduced, without disrupting
current clients or requiring they be updated in a coordinated fashion with the
new service. This evolution is also a characteristic of the large—scale
networks that we are beginning to see, and is another requirement for
change in such networks. (Sun01Ww)
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— The switch from human—centered interactions to program-centered
interactions is supported — — — by how it identifies services in the system.
Rather than using their names (as in naming systems) or descriptions (as in
directory systems), the Jini lookup service (J/ERZFS 24/ 4) identifies
services by their Java language type. It does this because, while humans
are very good at understanding names and textual descriptions, programs
that can do this are not yet generally available. But today’s programs are
very good at understanding type systems. They must be told that something
named “printer” will produce a hardcopy when requested, but they already
understand that the function will be performed by something that supports
the printing interface. (Sun01W)

> f==8 Computing Power £= S #22 FEXNE0l MAHH2Z
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- Not only is the network we call the Internet becoming unimaginably large, it
is also becoming much more heterogeneous than networks have been in the
past. (Sun01w)

— The technology we developed for computer networks assumes that the
machines connected by the network are desktops or servers. While there may
be significant differences between such machines, they are all reasonably
competent with regards to the amount of computation they can do,
reasonably unlimited in terms of the amount of memory and electrical
power available to them, and connected by networks that are generally static,
and in which bandwidth is high and growing fast. (Sun01wW)

— However, all of these characteristics are about to change. The kinds of
devices that will be used to access the Internet are no longer confined to
desktops and servers, but include small devices with limited user interface
facilities (such as cell phones and PDAs); wireless devices with limited
bandwidth, computing power, and electrical power; and embedded
processors with severe limitations on the amount of memory and computing
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power available to them. Many of these devices are mobile, changing not
only geographic position, but also their place in the topology of the network.
(Sun01w)

— Such a network requires that we rethink how we approach the organizing and
constructing of networks. In a network that is in constant flux, with new
kinds of devices coming into the network and old devices leaving, our
methods for administering the network must change dramatically. If they
don‘t, we are doomed to spending all of our time doing network
administration.

SUIFAEA IT 8F0AS XN HM HS = CH2ot] P8t
Computing PowerE g, HAZ35
S&H(complexity) @2 0|0 & £

— In a network where the differences in available computing power, memory,
and stable storage differ by multiple orders of magnitude, we must control
where computation happens, as well as where information is located. And in
a network where most of the communication is done by computing elements
(hardware or software) rather than people, we need new approaches to the
ways in which information and services are discovered and described, ways
that are appropriate for the skills of the computing elements involved.
(Sun01W)
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become a feature of everyday life,

allowing the publishing and finding of information in ways that had

been dreamed of, but never realized.
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- the Internet is now more than a way of connecting computers (and the
people who use them). (Sun01W)

— Rather than being an infrastructure for computers and their users, the Internet
is an infrastructure for everyone. The way in which people connect to the
Internet is a secondary consideration. (Sun01W)

- Instead, the fact that the connections can be made has taken on a life of its
own, leading to new ways of thinking about how we work, how we are
educated, and how we can use the Internet itself. (Sun01W)
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— All of these requirements can be supported by Jini (network) technology.
(Sun01W)

— Instead of registering devices in the lookup service, software components get
registered. Each component is found by the interfaces that it supports,
allowing components to be found by other pieces of software. Alternate
implementations of the same interface may be registered. This allows an
implementation to be removed in an ad hoc fashion from the network, and
replaced by an updated implementation. (Sun01Ww)

— Since all interaction is via proxy objects registered by various components,
such changes are transparent to other components. If a component must be
changed to support additional or enhanced (extended) interfaces, existing
components can use the enhanced component just as they used the original.
New components may be introduced at will to exploit new functionality.
(Sun01W)

— In this case, Jini (network) technology is being used to build ad hoc
networks of software components rather than devices. (Sun01W)

— These software services live, not on what we generally think of as the edge
of the network (that part of the network that mediates between services and
end users), but on the edge that is the membrane between the network and
back end services offered on the network. Both edges are subject to radical
change over the lifetime of network components, requiring that the overall
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network continue to function in the face of change. The particular kinds of
change seen on the two edges are different, but the need to react and
adapt to those changes is the same. (Sun01W)
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No matter how reliable a particular component or network link is, there is no
way to make them perfect. This is why the reliability of a component is
always stated as a probability that the component will be available. (Sun01W)

— Overall Reliability of Networks

1 component = 99.999% reliable
100 components = 99.99% reliable
1 million components = .0045% reliable

— The best we can do is add additional nines to the percentage of uptime (five
nines is the current norm, meaning the probability that the component is up
is 99.999 percent, and some components claim a sixth nine). The probability
of all the components of the network being available is the product of the
individual probabilities. Given that the reliability of a component is never
going to be 100 percent, this means that the larger the set of components,
the less likely it is that all components will be available. (Sun01W)

— Thus the basic mathematics of probability tell us that as the network gets
larger and larger, the chance of some component failing increases. Assuming
a network in which all networking links are completely reliable and all
components joined by the network have a reliability of 99.999 percent, a
network of 10 components will have a reliability of 99.99 percent. Such a
network with 100 components will have a reliability of 99.9 percent, still
acceptable. But the kind of networks we are talking about on an Internet
scale have millions of machines. A network with one million machines will
have a total reliability of .0045 percent. In other words, something is failing
all the time. (Sun0O1W)

— What this means is that the participants in the network can change over
time, whether by design or by accident. Just because a particular service
was available on the network at some time in the past is not a guarantee
that the service will continue to be available. When failures occur, services
may be unavailable. As we know, one of the most common causes of
accidental change is failure of a component or network link. (Sun01W)
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— A final form of change will be seen in the network itself. Unlike the networks
we are used to, which are carried on cables and tend to speak a single
network protocol, the edge of the coming Internet will have a variety of
networks, both wired and wireless, using a variety of protocols. The kind of
network being used for communication will change from place to place and
over time, as various protocols are enhanced, invented, or optimized for the
new situations and traffic that will characterize the network. This type of
change has not occurred in our previous experience with networked systems.
(Sun01W)
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— Access to the Web will be through a multitude of devices, from the
ubiquitous personal computer to personal digital assistants (PDAs), cell
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phones, and pagers. In addition, many of the devices we use in everyday
life, including our automobiles, televisions, most appliances, and homes will
be able to access the Internet. (Sun0O1W)

— In fact, this access will be so common and pervasive that we will be
surprised only when we don‘t have it, much like we are now surprised when
we find ourselves without access to the phone system or electrical grid.
(Sun01W)
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— Each edge must face the challenges of change, which may manifest
themselves in slightly different ways, but are basically the same. This reveals
the fractal nature of the network; every point in the network is an edge,
confronted with a set of problems revolving around change that, while not
identical, are similar. (Sun01W)

— One way to envision what this new environment will be like is to imagine
what life will be like at the edge of the Internet. (Sun0O1W)

— Today, the edge is that part of the network mostly filled with clients. It is
predominantly made up of desktop—class machines accessing the Web
through browsers. Whether the edge is thought of as the machine, browser
software, or user is irrelevant. The edge is made up of components that
have these characteristics in common:

Access to high levels of computing power, reliable energy sources, and
reasonable (and rapidly growing) network bandwidth.

Used by people (or are people) who are looking for read—mostly
information.

Change slowly, are not used as a source of information, and stay in a
constant location (at least as far as the network is concerned).

- SHIAEHA T2 2635t Computing Power2l Hat= &S 22 UWESRIT,
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> A more straightforward characterization is to note that the edge is
subject to radical and nearly constant change. This includes the
kinds of processors and capabilities that are available to devices
on the edge, the kinds of networks that are used for connection
on the edge, and the kinds of information that are sent from the
edge. (Sun01w)

— Indeed, even the greater number of faults and movement of components on
the edge can be thought of as system-wide change in the participants and
their locations. (Sun01W)

> One way to envision what this new environment will be like is to
imagine what life will be like at the edge of the Internet. (Sun01w)

— Today, the edge is that part of the network mostly filled with clients. It is
predominantly made up of desktop—class machines accessing the Web
through browsers. Whether the edge is thought of as the machine, browser
software, or user is irrelevant. The edge is made up of components that
have these characteristics in common:

Access to high levels of computing power, reliable energy sources, and
reasonable (and rapidly growing) network bandwidth.

Used by people (or are people) who are looking for read—mostly
information.

Change slowly, are not used as a source of information, and stay in a
constant location (at least as far as the network is concerned).

> SQHIAEHA T2 238t (computing powerQ]) Y& AN He =
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— Not only is the network we call the Internet becoming unimaginably large, it
is also becoming much more heterogeneous than networks have been in the
past. (Sun01w)

— The technology we developed for computer networks assumes that the
machines connected by the network are desktops or servers. While there may
be significant differences between such machines, they are all reasonably
competent with regards to the amount of computation they can do,
reasonably unlimited in terms of the amount of memory and electrical power
available to them, and connected by networks that are generally static, and
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in which bandwidth is high and growing fast. (Sun01w)

- However, all of these characteristics are about to change. The kinds of
devices that will be used to access the Internet are no longer confined to
desktops and servers, but include small devices with limited user interface
facilities (such as cell phones and PDAs); wireless devices with limited
bandwidth, computing power, and electrical power; and embedded
processors with severe limitations on the amount of memory and computing
power available to them. Many of these devices are mobile, changing not

only geographic position, but also their place in the topology of the network.
(Sun01W)

— Such a network requires that we rethink how we approach the organizing and
constructing of networks. In a network that is in constant flux, with new
kKinds of devices coming into the network and old devices leaving, our
methods for administering the network must change dramatically. If they
don‘t, we are doomed to spending all of our time doing network
administration. (Sun01Ww)

> SHIAEA ITS Computing Power S0l= 1 #2LF E&E0| CHESI
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— The problem with this perception is that the infrastructure on the small
devices was insufficient to allow those devices to be full participants in a —
— — network. Most of the devices cannot run a Java environment, and those
that can often run a truncated version that does not allow the safe
downloading of code into the device. (Sun01W)

— More troubling is the fact that many of these devices have a very limited
amount of memory available for programs. Moving more objects (such as the
proxies for services) into such devices only postpones the point at which
those devices will fail from lack of memory to some indeterminable time in
the future, until an object that exceeds the device‘'s memory capacity is
downloaded. (Sun01W)
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— Two technological answers are proceeding in parallel to answer these
problems. The first is the effect of Moore‘s law on small devices, which
while remaining small in comparison to desktop and server machines, are
nonetheless becoming more powerful. Combined with the shrinking size of
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the Java environment, this means even small devices will soon be able to
participate fully in a — — — network. (Sun01W)
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— a service on the network offers itself as a home for objects representing
small devices that cannot host a full Java environment themselves.
Surrogates will be loaded and run in the host's address space. Because the
surrogates originate with the small devices, they know intimate details about
their hosts. By moving an object away from the memory—limited device onto
a host with a full Java environment, the limited device ensures its integrity.
The surrogate can join the — — — network from the host machine. Services
are connected to the limited device through the surrogate. (Sun01W)
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- In a network where the differences in available computing power, memory,
and stable storage differ by multiple orders of magnitude, we must control
where computation happens, as well as where information is located. And in
a network where most of the communication is done by computing elements
(hardware or software) rather than people, we need new approaches to the
ways in which information and services are discovered and described, ways
that are appropriate for the skills of the computing elements involved.
(Sun01W)

— This edge of the network requires a new kind of infrastructure than what we
have used in the past.

In particular, the heterogeneity and transient nature of the
participants on the edge require different approaches than previous
networks, which had relatively homogeneous participants and a
somewhat stable infrastructure. (Sunoiw)

Rather than requiring explicit installation and removal from the
network, this kind of edge calls for components that are able to
join and leave the network in a far more ad hoc fashion. Since the
services on the network will need to be found by programs rather
than humans, a new way of describing and locating those services
must be designed that is centered around nonhuman participants.
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(Sun01W)

> A more straightforward characterization is to note that the edge is
subject to radical and nearly constant change. This includes the
kinds of processors and capabilities that are available to devices
on the edge, the kinds of networks that are used for connection
on the edge, and the kinds of information that are sent from the
edge. (Suno1w)

— At any given point in time, this change is a defining characteristic of the
edge of the network, and is even more pronounced when we look at the
edge over time. Moore's law tells us that, over any given 18-month period,
the basic hardware components used in devices at the edge will double
i(Sun01W)

— Either of these developments will allow new kinds of devices and services to
be added to the edge of the network. And this constant change must be
absorbed without the network itself ever being taken down. All of the
components that exist on the edge of the network should be designed for
constant change; those that are not will be obsolete before they can be
produced. Further, the infrastructure to which those devices are connected
must allow for this constant change, without requiring alternations in the
infrastructure itself. (Sun01W)
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— However, as we move to a world where the Internet is used as an
infrastructure for embedded computing, all this will change. As we connect
our appliances, automobiles, and homes to the Internet; as we begin to
access the Internet with mobile, hand—held devices; and as we use the
Internet for activities such as environmental monitoring and automated remote
diagnostics, the edge will be made up of components with these
characteristics:  (Sun01W)

(Jh) Many will have small, inexpensive processors with limited
memory and little or no persistent storage. (Sun01w)

(L) They will connect to other computing elements without the
direct intervention of users. (Sun01Ww)

(CH) Often, they will be connected by wireless networks. (Sun01w)
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(2t) They will change rapidly, sometimes by being mobile,
sometimes by going on and offline at widely varying rates.
Over time, they will be replaced (or fail) far more rapidly than
is how common. (Sun01W)

(0} They will be used as a source of information, often sending
that information into the center of the network to which they
are attached. (Sun0o1w)
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With the ability to take corporate and personal process and data with you,
no matter your destination, opportunities abound for improving and enhancing
your personal and professional life. (Sparling99)

Picture the sales representative who undocks a portable device each morning
before heading out on his route. As he travels his territory he's able to
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transact with his customers either in real time or cached for his eventual
return. (Sparling99)

— Imagine finishing the last of the milk in the carton and casually swiping the
bar code across a reader mounted on the refrigerator. The next time you
enter the grocery store to shop, your PalmPC reminds you that you need
milk or, better yet, if you don't find a trip to the market to be therapeutic
your household point—of—-presence server simply forwards the milk request to
the grocers and the required milk is delivered in the next shipment to your
home! (Sparling99)

Olgd EXMle SHIRAEA ITQ AHME 25 SXH2 220 s
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— Pervasive and nomadic computing are terms used to describe a class of
computing device that doesn‘t fit the form factor of the traditional personal
computer. Where a desktop computer uses a familiar keyboard / monitor /
mouse interaction model, pervasive computing devices interact in a variety of
different ways. They may use handwriting recognition, voice processing,
or imagery. They're often portable and may or may not have a persistent
network connection. (Sparling99)
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- — — — edge of the network requires a new kind of infrastructure
than what we have used in the past. In particular, the
heterogeneity and transient nature of the participants on the edge
require different approaches than previous networks, which had
relatively homogeneous participants and a somewhat stable
infrastructure. (Sun01Ww)

— A pervasive computing device is meant to integrate into your lifestyle and to
extend your reach into a global network of computing, allowing the average
person freedom from deskbound application interaction. (Sparling99)
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> Rather than requiring explicit installation and removal from the
network, this kind of edge calls for components that are able to
join and leave the network in a far more ad hoc fashion. Since the
services on the network will need to be found by programs rather
than humans, a new way of describing and locating those services

must be designed that is centered around nonhuman participants.
(Sun01Ww)

> As the clients at the edge of the network become more and more
mobile, the act of moving from one location to another on the
network will create change at the edge. (Sun0o1w)

- Where a client is located may well determine at least some of the services

that are visible to it, as well as alter preferences for which services are used.
(Sun01W)

— If | am using a service only to perform some transformation of information, |
don‘t care where on the network that service exists. If the service produces
something physical (like a printed page), | may care very much where the
service resides. (Sun01Ww)

— A compute engine in France may well serve my purposes no matter where |
am. But if | am in Boston, | don't want to use a printer in London. Location
changes must be reflected in the network, and — = = . (Sun01W)

2) Ad—hoc Networking?l 2t

> UIERKAS 2F 0 A Nomadic AMHIAE &S| A= Access
PointsL WIER 32 2F = Nomadic &30 H&Es5I== &E6H0 0k
=2 ool
- SHIAEHA 32 AKX =AXIF (HSE peer to peer SAEA D A X}

HOME AANA & == JA= nomadic BES IJtHEotD UL (S30302)

—

0f = D0 24
=
(=}

- A2 A= u-UERZS JleXde BN Jis, S24 SEUNA 22



Ol2X SA2 AUlA, CHESH ALSl AIAEDS A4S 254, Ho A CHFA 0|
=S WS HY, NRED P 9= JEX 0|2, HosD AF¥s N
E20H 02D ol2X #HYU9 B S0 RPA=CE  (3H70302)
> Computing Power2l SHAS B&06IGHEIE, Ol Z2=2 HERK A
=58 AR SUHAZ2 20|16t THE0 AtaA Computing Power8)
S HI0I1J|2CH= Hot spotsS |SHIAEA 4222 0|0HXIH,
Nomadic€ =dlH2tE 2= UEAI(E= H=2A)O Nomadicl2
OlHE =20 88 ((=2M&0312)
> Nomadic IT2 IE2 22HCE FHSAI|I=0 2ot HELEE =
UOH, RPHESAS 2HUANUHAE Ad-hoc HIERZ SFE Sot0
Ilsoll &
> 2 Access? S4=2 z|Ust €26t 0|sX=2 Nomadic 4=
HHAECZE =28 = UNOF &
- AMAIZ2ZE Olsoles ML JIDI82 S82Z HAZ6l= Ad-hoc UWESRA JIsk
O (2TS0312)
- Ad-hoc WER3A : 0|sHL=0| SH=0 SO Js=2 SAUH =35I
OlstHa=0toz HERZA 46t AIAE (ZTM&0312)
- &M 2t AIEEQ OIlssSdAIAEHHAME S20to2= HWERAD #4401 20t
(OIX=0] E=) (2M&0312)
D> A2 X2 CIZAIES ASEEQ|ILE J|J|2 AsSEHEE X|&06HD| &t
2He| RASEAD|=0] 2R (2WE0312)
- SHIFAEHA ZEE S et 28I|= U2 (ATHR0312)
= ey ZICHAC s Hl D
Bluetooth 2.4GHz 10m 1MHz IEEE8B02.15.1
UWB 110Mbps (10m)
WPAN-HR(high rate) 3.1~10.6GHz 10m 290Mbps (4rm) |[EEE8B02.15.3
ZigBee 2.4GHz 250Kbps
WPAN-LR(low rate) 868/915MHz 30m 20.40Kbps IEEEB02.15.4
- 22 AN=EE 422 HEols A2 2)ls (ATHE0312)




=2 Bluetooth, UWB, Zigbee S0l 1124 (Bluetooth, ZigBee
0|22 J1J| M2 Sof &&otd, UWB(Ultra—WideBand)=
)

AN = (2T &0312)
> UIERK3S FJIE N&H0|D REGHH XAE = UO0OF &

(ZMH&0312)

- =AZ HHE=E HUIA EHel W OHMS

o
=

IERIDZ S0 & (2T&0312)

Q

o) S0l JAS 22 AHAE=Z I 2
HERAZIE SAI210 HAUHe Ul
HER/RZ & (ZME0312)

Im FE
i
e}
-

- UERIDE Fdot= JHM=2 LE0 2dolc UWEKIAE M40l JIssS
S Aot OF & (2T &0312)

Olgd ITAHIA(computing power)2l H3tE QIEY 20l A
0|20 &ICt= HOA HEKI(EE= 0 HEAl

AN

S = 2 (terminations) Ol 6H5*6PE Cst JIDI0AN =2 2XED

UsE UER(F, 2= ITAMHIAE CHSH J1J1L £4I, JdelD EEH

S22 S0l M2E=E %= %'Jﬂ = 21)2 Nomadic ITQ =41

Zgdst o

- HEKAN EXE AEiZ2 Olsdl SUAHE2S &E6le 10| SUIAEHA T
2HAGIH DAL O ol SRE B22 otuteltd & = AUS

OIIN eIt =26l 242 THEst J|JI(devices) 2t dIA S9

SIS 4 (portability) 2t SAUHIERAS ER4A0|H, 0|2 ot

EMOl LHE20| M A2 s240 Us SH

Hel S+AN A2 proactive, self-tuning 21s2 X2 AIEXA

Ctat)|ol M2 AHIE AN SHCE  (2&0IPervC)

Sedlo) e O =D, JiHE ysos
| JIs

T
MNAEE IO 2 = proactive, self-tunings2l J|

- 108 -



- &9 2ZERN 2N dE AAEE MAE = UAse IS0l 7EHLD UL

(Z&0|PervC)

0) Energy—aware memory managementJt otLES| Ol OF
WAl (refresh) =l 010 ol S2l&E HZ22lS =228
(Z&0|PervC)

- 0122

=
=
20l oHE 2

(012440304)

St = N U gt
M ABRE =0|0X ol Y- 0| pervasive Z2EE9 J|2 E30QI
invisibilitytll == S &
AEX olE, FE HEE 0|20t 2
Surrogate? smart space J|&2 0|28 &M Mok 4l
224 S=(remote execution)t HHE 2l (battery)=2 1

> OlssSA2 AHHIAS &St
2 A& Access )= =N HES

(bps) A

155M / WLL
= B-
20M (LMDS W=-ATM | g I\i ultimedia
(2005~) | (EZ=H HZ)
4G0IsS& &
10M e W (2008~)
24d SHAAES, SUTV
oM (22 e
1x EV-DO, WCDMA (2003 ~ )
™ C PMSB ,
— WWW, E-mail,
115K - ~ E-Commerce,
Bluetooth ) ms, &=,
cdma2000 1x ) MOD/GOD
Y \\\‘
64K | Ty 1S-958 )
9.6K ( IS-95A
N
Home | Buiding | »u | ma== | == | 2=
Indoor Outdoor

- 109 -




gt IT2 Ar=d &0

o Ht&E3st-A=3t

. b
i “ .

o7 %y, Embedded
S e s o k Computing

4
i o |

§ | ma NEEH P
]

C. =Y} Intents_J O 2l
Y
-

I ee. 2210 XHSat !,

¥ Ubiquitous

%. >

‘9, _‘rd_‘;-‘
Context
ITOl connectivity —awareness
Invisibility with Mobility with Sensing

1) AIAEIS S&H 25

D> SHIRAEA ITQ 280l F==otl= 22 Computing PowerJt
AE0l CIXIGHK £2ot= MEHOIA CHSE D
(autonomous)O0l 2 HIJIAI & (invisible)@! SEi2 AME= e 274

rc
e
3
Mo
o
=
ol
L=
=
12
re

HRAEA AEEUHA BEE= HADIIS JHE0] OF
= = | J101" (AT &0312)
- HIZ2 AU}

0
NEHZE =

tLICI 2t JIZ0 A0l I/OEUIA =2 ok A O
HSOZM Q2T CIEIHOIAN X2 HIE =

- 0|2 &2 Computing Power2l LHES “Pervasive”st 2122 &AYst10 UAS

> &3t AL ITAHES £H0| &gl Tt ToF Xt= Al
£ A0l It 2 =M 2 ottt 2



(9h

Fe| MEI32t0 Crest HENS 1T S8, Z2HSs 992
HEBSAAIAE, J|J|(appliances), &Hl(facilities) (LIOHIF S A
MHIA) S0| O XHSHCR2 S&EGD 20| HRHE =0t
otLlet
- MEZ2 e ITot SdEol et =0l E2 =2 Computing PowerJt
AN JHEE D ALES =& ot ottt ZFES01 JHgE 2

(Lt) OIS0l UERIAE Sdto

interconnected)0fl @2t ©< 1T

SH4H0| Jlotss822

QAEMOZE= I HI(
102 0|0t &

2
A

TS| &<
System2l T3}
HERKI =&

JIs® st

ITAIAEIS] S&E

R

=0

IT X&-299)
(Invisible, Autonomous)

ITe &S

(@)

o

o

|8l SEE ITAAES A0l &F X
SYUEO0 O 2S0X12, SEHE =
E1 4= KNollole Ol=JF 2 A

A= 3t

Ol ZO0IcHE 0l THet TIF &l M

- 111 -

|(inter—linked and
A9 =& 0|laCe=z |ITY

T III-
EII-/\-I
g o

COAFE-IT
Interface 2l
2ot St

Interface®l User—friendly
(X9l th=3})

=02 HEoHAH 3
%, 2Eol0oF BtHH,
AU 20l Loled 1T



- Ar= ke ZHAI0 U
Sa2 AZ0A =
X

Ke]
XA ©170F MBS ULt (22FL6)

o
e
0%
|0
Hu
oy
3
@
10
19
OII
)
T
Qb
=}
o
_('_l_

S o

o

TS DESHEBEAAIAES DTS HEJIS =&,
Interconnectivity2l Xlcl& J|s& &, CRAAAEQ D

)01| _Jo}04 QIZ2H-IT CIHHO[AN HHL HE& |
SotdA ot =H0| IT 2Ee &8 = otUt=2A il

- 1T D= A0] Q12|

QI 2k—IT | A0 Z22l= fotE =011 |
S0 A ITE 0188 = W ot A2
Hetols AE Q0™

—

u
B
FOII
@
=]
S
Q
Q
5
-]
23
0
M
ﬁ
1
<
2

Ole ITIF 8 SEHUHANH AAZ &Sol= A2 4(proactiveness =

autonomy)s =&ol

WI'

SHABHA SH0UAM= AHIA MBI MElA OIEXE AOIS
XOI&EO| HLBZ Xt=s MHlA M-ot0| B0+, IHUEE A
S0 SIHEQ MHe It 282 A%t= /dl:ll_§ S880=Z
X&) M= 0128 AMHIA MH L AMUHS proker EHC
MBIt OtLiet 2t &HI2] autonomous action0l 25 0 HOF StC
(X=350302)

) Ohils B, etF0 2=

FOHE HESKIN 856t HH
CHECHESH DHOHMIOICH.  (3HR 70302)

P
(_>-|'

- 112 -



— StH y-{E20|9A B2 L2/LietIF MAHIEQ ZAEE| AD| W20 2
U-HE2U0|AHAE F=0 S jeole 8= =&ol0F SCh. (ot 70302
- SA0, u-HE20|HAE 2 SUHEW 22 SAlE s HHE! IPve
JlEo =82 228 S4ld|ls, &= X(sensing), 2 Xl == (tracking), JHelol=
2MI1s S0| JI2do=z EMEHOF 6t=0 0] &4 Z2JI 25 E=2 22
Helol FeH(as, 22200 U2t 283t Jisote=2 dH T 0oF sttt
(5+2770302)
2) ITS X4 Invisibility
> 2 XZO| th=3l= 2= QI2H-|T QEHOoIAS HSIE 20|6tL,
CtS1 22 User—friendlyst J|=H3slE 2|0|&

=2
SOtotd, Atgel LFHUAM ArE0l &

(L}) ==& (output process)2l Proactiveness
(CH A2 Hel(information processing)2l Proactiveness

TS XtE4(proactiveness) 2Me= MZ & EHEHS IT E2=20 U
Xl =(intelligence)0|l £ &= 21 90|&

-T2 & 48+04 Az3Ee (2IB)Xs0l AKX & OICI2 Aelots 22
HE X2, IIMEeE XIs(intelligence)s AAZ AXGH =0 mHeh &
O| AFZE A (decision—making)0l OIF0 X o2 &H REE

rl:l

— “Proactiveness’= A& S ot ZR& 220 A Q12T QITEH Ol A

- 113 -

A=
=

S0

tOd



AL dSHES ot UHK= 25 ITAIAEH 2ot AAEE2=2

ol
W
5
il

I/0( &) UAN Xs(intelligence)sS TSole 242 LA £=9|

Computing Powerg &

i)
Qj
=)
0ot
|0
HU
=
N
or
%
o T

- Pervasive =8 StEUA= 22t2 EHH 80| MAslzZ dE = JIs0l A
)

SotE A=z OAECH  (Z&0IPervC

- XSOl OlofE A|AEE 0I2t9] XAH| HUT X L= NsSsE AIAES o9
otLIOICEH.  (Z&0IPervC)

- 2tME AsstE MES olAdes dAHED A (actuator)E0| IS
ASEHOF otd, B0 = S AMEN HEEI| |oHA 23 JI==0] 0=
A= A5, FEAXMOR2 T O{0F 8L (2&0IPervC)

(ON(Y WA 9| proactiveness)= XS §}5| Sensing(E= 0|2 g8t

context—awareness)0ll 215t Jt=oll

o

I%% S0 24 elgull 524 & 4Al(augmented
X

—~
‘_
——
~—
—~

=2 N 9| proactiveness)= 212H0] 2E X&5IEH HES JAHE
X

XU Jls(actuator) Eot0

IPEik(automation)_‘Zl SN2 g4dot)| RlAM MAFEQ grAlo] 2 X X & (Xl
2 On/Off)&28t otLlet JIH A Q! Actions/Reactions® O0I2UHHOF &Ci=
|

OFL A
7é.*OﬂA-I JIAAEC 220 e D HoHA OIFOHMOF &

et &2 UA Q| ProactivenessE o= JIAHEC JIs0l XSS
E & A= Mechatronics221 IT( HIE%IE)_J 280 ExHol
220/, 0|2 &#&H6Id MEMSS 250t ot B2=2Y

(OhH2t (LHY Q12T I HIOIA(I/O)(E= Xl s(intelligence)) 2Ch
(CH(ESE HE9 #&)9 Proactivenesss, MEHEQI [TAIAEIQ
S0 st M pd I AJARZEREU U 22 EHECs
HOHM IT JIs8Alo EQF 2202 ZLOISHAHOF & 210IH, Ol
A0 Al(artificial intelligence)2 28t 220 HES0HE AL

- 114 -



A& ™ol XIs(intelligence)lt AMAIA 2t2 MM MDD A=
(@]

ﬂ

I

D

=2t =22 420 HNE UXoHA ES2=2M IT 2E0A =il
|

|
£g2 = W He X

> O0IEXt MBIAE AE AMEote Q020 = ITAIAE2 =40l

Ol5l] IT 2€0l 012N E  (“minimal human-IT interactions”)

- IT, = Computing Power?t HIERIDZ P4 &= A
Power)l2l 9 Xt&4 (autonomy)Oll 25t RS £=0| HZ D AL DS

HSHE2 FAEH0 4

H
o
ol

- OIIM =2 &l= Q2T QI HIOIALS BT 02 20 =ASHE At T
A0l Sl £ Al(communications) il 2t&t LY

TetMd ITAIARIS X&, 20 U ASFS A&l A Hete

- A0 EHFHEU ol 22 €2 ot B2 €2 = JYste 2280l
FHAE 2HZNH U 20 2-Te A2 0 CIEHHOIAS E A0
22 X0l HGIDF eraist

S48 Computing0| 2&iE=s 2= WA, O|HE, ¢ S20M SHLH

otLiol XS NES AI20l SHiots HEHAM HHUA =
ITAIAE Sl = XA (autonomy)0] B0 E

¢ AEEH = Computing Power2l &N &= J|s0l
Olah AtEtol &= = Algtel 220|LE 0ldH (understanding) 0l 2=
SEHE |SASE ERI Sles EUAH H2 HIIE HAEs = UAS

bl
e

(autonomous) ITAIAE Al

|
SYCI0f A0l Q4G DEtet HEHZ DB ISH0| US

- 115 -



tHZ =+ AHAI2l &0

110

et AEXZ

c
—

zo
= —

S (Invisibility) :

oF
s

i LEA

- =

oll

E=n

AETHOIH S LER

FH=

24
(=]

KIF

H

ol
oF

R0

(Z&0|PervC)

0l
o8

~
5

0o

=
o

O
Of Mct 20T QAEHOIA HE

==
T O

> OIEX-ITS AHMBOIAIN HXl ITAIARS &

=3=

OH

SHOZ

SHELZM, 0IESXt2 LE0A

220 ITAIAEO| Xt
HIJIAIA)

A €7 (invisibility;

SO0IXl &

— 3
—

ol

- pervasive Z =&

INE=P\PIE=V)IDNEES
(Z&0IPervC)

Ct.

0l
<

el ol 2

=10l Ct

i
[

H

=
—

JF
=

oI
KO
uir

U
7o)
(HO

-

Kr

Ol
(H0

ot

Fusers)0ll 2

I (autonomous) ITAIAEO|ILF Computing PowerJl A&

ESKe)
—/

- A=

Ell

i
80
o.:

1o
RD

Kl

0l0
o3

3+

oll

H0

0l
B

Ju

S22 UCIAIIE s HKIALE AL

Ubiguitous

“

| —
—

- 0|2 &2 Computing Power L= ITAIAELl Invisibility

ol LH=0lct

o

SGHAIA O
= =

Computing” 2l

=
[

Ha=2d
Cle &l & Qilz

“
—

> “Invisibility”2l LIRS 22I1=e2 20X Y=Lt

ol
A

0l0

2= A

ol
=2 =2

S0l 0K

==

ot
s

X

20

o2

-

X
Y

=cl

B
e}

00

ol

2 Xl pervasive Z2EE J|=

20let) MCH.

=<

—
—

- Mark Weiser

(Z&0IPervC)

i
[a—

X = ot

J

-

Al

ol
U

J

ol

(BIHZ0312)

J

oI

gHot0 20A HZE “Invisibility”2l HEX 0/2

A

> =HIFARA TS

OH

ol
I

00

(1]l

KD
ol

-

Kl

0l
0

"
ol

ALK
(Z&0IPervC)

- 116 -



> A0l EEE(E= computing power)E SAHILE HOGH)| {8t
Edl(communications)2 EHEE BHH, ITAIAE WOl Tt
Computing Powerlt IT 24 A0Sl LHXHE X224 (embedded
autonomy or proactiveness)2 IAH sUHE2ZM AIAE LHA
(computing power 2t2]) S4lI2 238l s0HLIA &

D> SHIRAEA IT 882 ITS &6t A BEH, 12l A=
A2t HARLIAHOIAZ EO0|otAH ol= 212 A9 s EEE
BHEE QOg =% UL, Q12 MES 2 H2 £20| AN=ssE
JIAHEC @AM 2ot HREC=E EUA SC2tdo & OlollE =%
o=
AM O
- AP FEEHZ2EC HIFLIAHOIE : Multimedia user interface (BClI)

- Al2l ZRE2ZS HRLIA0E

ZFEZ2S HRLAOE : O0ls BRE

2
=
| >
0z
o JA

o | & (systematic risk)2 25|
SHLU=O, OH2 AL LA e SR8 S0l AFEO0|
(o] =

J0

0
3
2
x

3
=

o 1> ou
0
2

J T 0%
10
I
Qﬂ
rr
0x
0w
|
M

Hir
(=
paa
rr
wY
|0
HU
=
o =
o mr

= |
9
>
i
L

\Y4
0
0
>
@)
>
D
X
Q
=
Q
3
-]
D
[7)]
23
o
Of
Qﬂ
@
i
In
rin
0x
HT
I

J
il]
0
ron
0z
(]
10
L
o
2
=
A
-
1)
Ja
o
K
Ja
[}
Ql
N
L2
0l0
ol
E
40

- 117 -

Lol T2t AFSIE & (soci

DD NEE IJs40l =CMH, LA4MEO0]

ial



EEEHAL
(L) &8(0I2X, oI8Xe &5, && )0l Tet

i |'H
%

A(
MHIA)E X8 X O 2(differentiated) HI-Q—&E GI A

010
0

— There is much more, however, to a user's context (time, mood, history) that
can be observed and used to better tailor and adapt computational services
to better suit user needs. (Abowd99)
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— As mobility increases, it becomes possible to customize the interface in
accordance with the user's changing physical context. (Abowd99)
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— Scalable Interfaces: As the number of devices we interact with increases, so
too does the complexity of the task of providing similar computational
services for each device. It is inconvenient to provide similar yet isolated
services on multiple devices.

0l) - - — take the task of scheduling. Scheduling services are available on
desktop platforms and personal digital assistants and soon will be
available with phone interfaces. However, most of these scheduling
services work in isolation, meaning that in order to keep each service in
synch with the others requires extra effort by the user.

— A scalable interface to a scheduling service would provide a unified
service with multiple device interfaces. The challenge in this case is to
provide programming capability to enable radically different interaction
methods with the same underlying data and service.
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— Whereas wearable computing takes the approach of attaching computation to
the user, the approach in ubiquitous computing is to provide computational
services in more and more those parts of the environment that the user
naturally encounters. There is, therefore, a contrast in emphasis but a
common goal of augmenting the capabilities of people as we perform tasks
in everyday life (Abowd99)
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> Thing with Web Presence (Barton02WNC)
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> Place with Web Presence (Barton02WNC)

<a:place xlink:href=.../>
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> Physical vs. Virtual navigation (Barton02WNC)

Web Pages

Web F\
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Exhibit
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