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The Computer for the 21st Century

Á Ubiquitous Computing
(Mark Weiser, Xerox PARC 1988)

Á Calm Computing
(John Brown, Xerox PARC 1996)

Á Universal Computing
(James Landay, Berkeley 1998)

Á Invisible Computing
(G. Borriello, UoWashington 1999)

Á Pervasive Computing
(Academia, IBM 1999, SAP 2000)

Á Context Based Computing
(Berkeley/IBM 1999)

Á Hidden Computing
(Toshiba 1999)

Á Post PC Computing
(common sense)

Á Ambient Intelligence
(European Commission, FP5)

Á Everyday Computing
(Georgia Tech, 2000)

Á Sentient Computing
(AT&T, 2002)

Á Autonomic Computing
(IBM, 2002)

Á Amorphous Computing
(DARPA, 2002)

[Mark Weiser:

"The Computer for the 21st Century", 

Scientific American,

Vol. 265 No.9, pp. 66-75, 1991.]

Mark Weiser

(1952-1999)

ñThe most profound technologies are those that disappear.

They weave themselves into the fabric of everyday life 

until they are indistinguishable from it.ò

Ubiquitous Computing (since 1988, Weiser):

computers massively deployed, calm

ñeach person is continually interacting with hundreds of nearby 

interconnected computers without explicitly attending to themò

Augmented Environments (since 1993, Wellner):

(ñBack to the Real Worldò, CACM July 1993)

interaction with accustomed physical/tangible environment

Distraction Free (since 2002, Garlan):

beyond Mooreôs Law: increasingly the bottleneck in computing is not 

disk capacity, processor speed or communication bandwidth, but 

rather the limited resource of human attention
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The 1st Epoch: Wireless Communication
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The 1st Epoch: Growth and Shrinking

[CAIDA 2001]

HYDRA Web Server

(Xerox PARC)

Web Servers on a Chip

Tiny Web Server
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The 1st Epoch: Networks of ñThingsò

Á invisible processors, leightweight, small, cheap, low/no power

Á in almost all everyday objects

Áwirelessly interconnected, continuously "online"

<owner>
Alois Ferscha

<history>
bought 23.12.00

harrods,

london

...

<travel log>
02.01.01 LNZ-VIE

02.01.01 VIE-CDG

02.01.01 CDG-JFK

...

<contains>
shirt 788 (blue)

shirt 678 (white)

tie 22334 (dot)

tie 32144 (ornam)

PDA 345 (psion)

<is at>
Hotel Stadtpark shirt

RFID ID 0000002315969

paper

RFID ID 0000002315968

keys

RFID ID 0000002315972

WEB

Server
WLAN
Adaptor

RFID
Reader

RFID
Tag

event 

driven 

sensor

time 

driven 

sensor
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The 2nd Epoch: Aware Things

Emerging Pervasive/Ubiquitous Computing Landscape:

Smaller / Cheaper / Faster / Powerful / (Wirelessly) Connected / ñAlways Onò

Á Explosive growth: computation, communication, information, integration technologies

Á Ad-hoc ñanytime-anywhereò access, zillions of embedded devices, literally ñeverywhereò

Á Behaviours, execution context, interactions not known a priori

Á Unprecedent complexity, uncertainty, reliability / lack of common/complete knowledge

Á System elements increasingly difficult to maintain/operate Ąhuman ñout-of-the-loopò

hi ïI am 

a shirt!

you are

what ?!?!
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What is coordination? ĂInteraction is more powerful than algorithmsñ
[Wegner 97]

ĂCoordination is the act of managing dependencies between activitiesñ
[Malone 94]
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Example: Proximity Sensing Technologies

Bluetooth

Á RF 2.4 GHz, FHSS

Á 0-10 / 100  m @ < 0.7 Mbit/s

Á 0/20 dBm

WLAN ad hoc

Á RF 2.4 GHz, FHSS, DSSS

Á 30 ï100 m @ < 11 Mbit/s

Á 20dBm

RFID

Á 1cm ï6m

Á Active vs. Passive Transponder

IrDA

ÁĂLine of Sightñ

Á 0-3 / 5 m @ < 4, 0.115 Mbit/s
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Spontaneous Interaction: The "Digital Aura"
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The ĂDigital Aurañ

A paradigm for spontaneous interaction:

Å individual-centric

Å ad-hoc

Å contextualized

Å spatial proximity

Approach:

Å interest and preference profile (XML)

Å proximity sensing (BT, IrDA, WiFi, ..)

Å ñen-passantò profile exchange

Å profile matching / similarity analysis

Å active / passive privacy control

Context BContext A
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ñContextually aware éò

Context Sensing

Á acquire low level context information

Context Transformation

Á transform / aggregate / interpret

Á low level context information 

Context Representation

Á data structures for context information

Á centralized / decentralized?

Context Prediction

Context Triggering

Á implicit / explicit event triggering

Controlling Actuators

Á control the environment

Future awareness: 
the ability of a system to foresee its near or far future 
and the future of its environment respectively

implicit

trigger

explicit

trigger

Context-Rules

time

driven

event

driven

Context-Transformation

Context

Context-Prediction

[Ferscha  2003]
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Context Sensing

Physical Sensors: Motion, Light, Temperature, 

Orientation, Acceleration, ...

Biosensors: Surface Tension, Metabolic Rate, 

Rigidity / Spasticity of (Muscles), Breathing, ...

Optical/Accoustical Sensors: Audio- & Videodata, 

Noise, Voice- & Imagerecognition, Scene 

Analysis, ...

(Electrical-) Magnetic Sensors: Identification 

(RFID, IrDA), Acceleration, Counter, ...

Position Sensors: GPS, dGPS, GSM, WLAN, 

Bluetooth, RFID, ...

Tracking: Pattern Recognition, Time Series 

Analysis, Reasoning, Konwledge 

Representation, ...

2 Axis Magnetic 

Sensor

2 Axis 

Accelerometer

Light Intensity 

Sensor

Humidity Sensor

Pressure Sensor

Temperature 

Sensor

Atmel Microprocessor

RF Monolithics transceiver

(916MHz, ~20m range, 4800 bps)

1 week fully active, 2 yr @1%

[Pister 2001]

Bloodgas sensor 

(IMEC, 2002)

Bluetooth

Å RF 2.4GHz, FHSS

Å ~ 1Mbit/s

Å 0/20 dBm Power

Å 0-10/100 m

RFID

Á 384 bit user mem; 64 bit serial number

Á 10 years data retention time

Á r/w up to 1.2 m, EAS detection up to 1.5 m

Á 13.56 MHz

Á Typically 30 tags / s (anti-collision)

Á Labels with different antenna sizes:

Á 20x20 mm, 49x49 mm, 48x78 mm,é

Á Prices (2000) per label:

Á 100 million, 20x20 mm, inlet only: ú0.33

Á 10 000, 48x78 mm with color printing: ú1.55
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Pervasive Computing Systems

... will empower people through a digital environment that is:

Á aware of their presence, attitudes, skills, and intent

Á sensitive, adaptive and responsive to their needs, habits and emotions

Á and ubiquitously, safely and securely accessible

Á via natural interaction
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Self-Management: The Autonomic Communications Approach

Objects / artefacts interacting in spontaneous spatial / temporal communication contexts

based on proximity, priority, privileges, capabilities, context, interests, offerings, etc.

Opportunistic interactions: based on local goals and objectives defined as rules/constraints

Coincidential coordination: among the ñunbeknownò

ñPeer-to-Peeròcommunication paradigm / ñShared nothingòontology paradigm

Endorse a self-aware Objects/Artefacts paradigm

Ĕ Self ïorganizing: situative networks / situative communication semantics

Ĕ Self ïdescription: intentions / capabilities / requirements for coordination unobtrusively /
invisibly / seamlessly embodied in each physical real world artefact

Ĕ Self ïconfiguration: coherently adapt to the self-description of other objects/artefacts

Approach: Stick-on Intelligence
(Communications / Sensors / Actuators)

Requires new theories and formal models for

Á Spatial / temporal communication contexts

Á Multi-lateral interaction / coordination among  the ñunbeknownò

Á Scale-free self-organization of situative communication semantics

Á Context-aware self-description and configuration of autonomous objects/artefacts

Á Proactive behavior, situation/context prediction, ñfuture awarenessò

see also: FET Situated and Autonomic Communications, 14 Jan 2005 [www.cordis.lu/ist/fet]
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Remember: The Disappearing Computer

ñSuch a disappearance is a fundamental consequence not

of technology, but of human psychology. Whenever

people learn something sufficiently well, they cease

to be aware of it . [é] in this way are we freed to use

them without thinking ...ò

[Mark Weiser:

"The Computer for the 21st Century", 

Scientific American,

Vol. 265 No.9, pp. 66-75, 1991.]



IUI 2006 // Interfaces Everywhere // 29 Jan 2006 < 17 > Ferscha, Holzmann, Leitner

Post Personal Computing: Appliance Computing

The Post-PC Era: Giving up on Universal Computing

Á Computing in the background (embedded, networked, situated ...)

Á Dedicated tools and devices ("made for purpose")

Á Multimodal input and output (pen, touch, voice, gesture,..)

Á Provide a close fit with real need of users

Á Pre-configured for lifetime / zero maintenance

Á Specialization in function, focus upon a single activity
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The Essence of the Information Appliance

"To me, the primary motivation behind the information
appliance is clear: simplicity. Design the tool to fit the task so
well that the tool becomes a part of the task, feeling like a
natural extension of the person. This is the essence of the
information appliance."

[Donald A. Norman:

"The Invisible Computer", 

MIT Press, 1999.]

Three Axioms for Information Appliances:

Simplicity: the complexity of the appliance is

that of the task, not the tool.

The technology is invisible.

Versatility: appliances are designed to allow

and encourage novel, creative interaction.

Pleasurability: Products should be pleasurable, fun!
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Making a Proper Information Appliance

"At the same time, it is important not to lose some of the advantages

of the personal computer, such as its ability to combine the output of any

arbitrary application into another. To ensure that we keep this power,

appliances will need to communicate freely and effortlessly with one another [...] 

Making a proper information appliance

has two requirements:

the tool must fit the task,

and there must be

universal communication

and sharing.

Neither is easy."

[Donald A. Norman:

"The Invisible Computer", 

MIT Press, 1999.]
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Interacting with the Pervasive Computer

Á computers in the background (as secondary artefact): embedded, situated

Á meaningfully placed, guiding, suggesting, designed for specific context

physical representations link to digital information both computationally and perceptually

Á physical representations incorporate control process: physical I/O

Á tangible interface is persistent and carries physical state 

Á the environment is the "interface"

Illuminating Clay (for Landscape Analysis) 

[Ishii 01]

Pin&Play               Load Sensing Surfaces 

[Gellersen 02]

Media Cup 

[Gellersen 99]



IUI 2006 // Interfaces Everywhere // 29 Jan 2006 < 21 > Ferscha, Holzmann, Leitner

Interacting with the Pervasive Computer

Physical / Tangible Interaction

Á grasp & manipulate "bits" in the center of user's focus by coupling

the bits with everyday physical objects and surfaces

Spatial / Ambient Interaction

Á be aware of "bits" at the periphery of perception using ambient 

display media such as light, sound, airflow, and water movement.

LiveWire

[Jeremijenko 95]

Physical presentation of

digital interaction

Marble Answering  Machine 

[Bishop 93]

Physical interaction with

digital information

Digital Desk

[Wellner 93]

Seamless interaction with paper

and electronic documents

Graspable Interfaces

[Fitzmaurice, Ishii, Buxton 95]

Interaction by manipulating

physical artefacts
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Physical / Digital Mapping

Tangible User Interfaces are devices that give physical form to digital information,
employing physical artifacts as representations and controls of the computational
data. [Ullmer, Ishii 2001]

Physical/Digital Mapping must 

Á be successful spatial mapping

ÁRelationship of the TUIós objects and their use must be spatially congruent and
/ or well known.

ÁSpatially congruent: e.g. computer-mouse (mapped to cursor movement)

ÁWell-known: e.g. QWERTY-keyboard (mapped to alphabet)

Á unify input and output space (action/perception coupling)

ÁWhen working digitally: decoupling of action space and perception space

ÁDistinction between input and output spaces / devices must be eliminated

ÁGoal: Feedback loop, that is able to physically deform and actuate TUI
components without hindering their essential utility as input devices

Á enable trial-and-error activity

ÁIn natural world, human activity is goal-related and exploratory

ÁCosts of speculative exploration of the task space should be low
(e.g. undo actions not only in time stamp order, ...)

Good TUI offers one-to-one coupling of physical and digital objects 

Á each digital object has a representation in the real world
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The Mouse

Á TUI in the widest sense of the notion (physical object used to control a digital object)

Á Good spatial mapping when used to control the cursor

Á But not for changing 3D-perspective etc.

Á No I/O-Unification

Á No output channel

Á Action space is separated from

perception space (screen)

Á No trial-and-error-support

Á No one-to-one-coupling

Á Single pointing device for many

digital objects
The first mouse 

(Douglas Engelbart and the Bootstrap Institute)
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Tonka Workshop

Á Simple, low-cost toy for children

Á Toolbox (hammer, saw, ...) as a

Ăset-top-boxñ for regular keyboards

Á Usage of tools is translated into

keystrokes to solve simple tasks with

audio and visual feedback on the screen

Á Very intutive spatial mapping

Á No I/O-Unification

Á Input via toolset, feedback via

screen

Á Trial-and-error not explicitly supported

by software

Á But generally possible 

Á Clear and intuitive one-to-one-coupling

Tonka Workshop
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Monkey

Á Devices for inputting articulated poses

Á used in film industry for direct mapping to

3D digital models

Á Each joint contains sensor for angle

measurement

Á Pose is completely determined by

those parameters

Á Very congruent spatial mapping

Á No strict I/O-unification

Á Monkey serves a physical display

Á But cannot be altered via software

Á Perfect trial-and-error-support

Á Complete physical representation of the

digital problem space

Monkey 
(W. Bradford Paley)
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Senseboard

Á Designed for information

organisation (e.g. scheduling)

Á Placement and manipulation of

physical tokens representing

e.g. events on a timetable

Á Conflicts are projected onto

the surface

Á Intuitive spatial mapping

Á Not congruent but well-learned

(information represented as tokens)

Á Unification of I/O

Á Visual feedback is provided on the

manipulation surface

Á Excellent support for trial-and-error

Senseboard
(MIT Tangible Media Group)
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Illuminating Clay

Á Landscape analysis tool based on interaction via phyiscal clay model

Á Slopes, shadows, water flow presented via projection

Á Landscape can be spatially maipulated, changes are sensed with a laser scanner

Á Very intuitive spatial mapping

Á Strong fusion of input and output

Á But landscape not alterable by

software (only visual feedback)

Á Natural support of trial-and-error

ÁWell capture of landscapeós state

Á Easy to explore the task space

Illuminating Clay
(MIT Tangible Media Group)
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The Actuated Workbench

Á Conceptual prototype of a interaction

workbench

Á artefacts can be manipulated by both

the user and the system

Á visually augmented via projection

Á Strong potential for spatial mapping

(depending on the task)

Á I/O-unification not only in visual but also

in tactile sense

Á Tactile feedback still largely unexplored

Á Multiple points of access enable

trial-and-error-actions

The Actuated Workbench
(MIT Tangible Media Group)
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Cognitive Cubes

Á System for cognitive assessment

Á Showing participants a prototype and ask

them to reconstruct it

Á Visually displayed prototype

(3D-constructed simple blocks)

Á Reconstruction with physical versions

of the blocks

Á Changes of shape are recorded for

assessment

Á Very intuitive spatial mapping

Á No I/O-unification

Á Would not be feasible for this task (task

would become trivial)

Á Excellent support for trial-and-error

Á Actions in any desired order, flexible

undo possible

Cognitive Cubes
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Interfaces Everywhere: ñGesamtcomputerò

SECESSION
Vereinigung bildender Künstler (Association of Visual Artists) Österreichische Secession

founded in Vienna in 1897
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Interfaces Everywhere: ñGesamtcomputerò

The Kiss

(1908)

Gustav Klimt

(1862 - 1918)

http://vortex1.no-ip.com/klimt
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Interfaces Everywhere: ñGesamtcomputerò

ñ..  to impress beauty upon every aspect of 

our lives, that the artist should no longer 

simply paint pictures, but rather create 

whole rooms, or even whole dwellings, 

with wallpapers and furniture as well as 

paintingsò.

ñGesamtkunstwerkò

Wiener Moderne

(1895 ï1930)

ñ.. the most profound technologies are 

those that disappear. They weave 

themselves into the fabric of 

everyday life until they are 

indistinguishable from itò.

"The Computer for 

the 21st Century" 

(ñGesamtcomputerò)

Mark Weiser, (1991)



Design and Implementation Principles
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The World becomes the User Interface

Goal: Design interface for any living space!

Á Simple, intuitive and natural

Á Maintain aesthetic appearance

Á Use everyday objects for interaction

Questions

Á What objects can be part of an interface?

Á Which I/O modalities are useful and where?

ÁHow can they be combined to an Ăinterface functionñ?

Á Which technologies are available?

Á How and when to map objects to functions?

Related aspects

Á Human and computational perception

Á Context recognition

Á Affordance of physical artefacts

Á Embedded systems

Á Usability and design principles

Á Prototyping

[http://www.ardeelighting.com]
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Human Perception

The process of identifying, interpreting and attaching meaning 

to what we experience through our senses.

Important aspect of HCI

Á Human Computer Interaction

Á Perception limits the interaction

Á Types of interfaces [http://user-interface.brainsip.com]

ÁCommand-line, Graphical, Web-based, Batch, Gesture,

Reflexive, Tactile, Tangible, Text, Touch

Sensing and Perception

Á Reception of the stimulus

Á Translation from stimulus to signal 

Á Signal transport

Á Processing of signals (Ą patterns Ą concepts)

Á Memory is important for sensation
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Human Perception

Basic perception component

Á Sensory modality

ÁDefined anatomically

Á Perceptual system

ÁFunctional processing and control of the periphery

ÁReceptors, receptive surfaces, adjustable organs

ÁArray of parameters (external & internal neural activity)

Modality refers to the type of input or output

Á Traditional view: one of the primary forms of human 

sensation

Á Computer-based view: one channel of interaction 

between humans and computers (systems, devices)

ÁĄ Path of communication employed by the user interface 

to carry input and output. 

Synaesthesia

Á Neurological mixing of senses

[http://www.tsbvi.edu]


