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Jantar Mantar, astronomical Observatories of Jai Singh II, 1727-1734

INFORMATION Architecture or ARCHITECTURE Information?

Introduction Information Architecture

Information Architecture
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Introduction Information Architecture

Information Architecture

INFORMATION Architecture 
Metaphors and principles of physical architecture 
applied to digital data and information creates an 
architecture of information, using information as raw 
material

ARCHITECTURE Information 
Making the invisible visible in the form of digital 
information applied to physical architecture to better 
understand and design physical architecture 
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Architecture
Requires thoughtful analysis to manifest thoughtful 
synthesis (design). 

The Architecture of Information
Construction of a structure or the organization 
of information.
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INFORMATION Architecture
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The Architecture of Information

‚INFORMATION Architecture‘ expands the 
definition of architecture to areas outside the 
traditional realm.

‚INFORMATION Architecture‘ uses architectural metaphors 
for better structuring, understanding and 
communicating information

Introduction Information Architecture

INFORMATION Architecture
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Introduction Information Architecture

ARCHITECTURE Information

‚ARCHITECTURE Information‘ uses simulation 
for more than creating images or artefacts based on 
geometric constraints, rules, or cases. 

Rather, non-geometric factors such as light, energy, 
structure, behaviour or systems knowledge become 
available for integrated direct modelling. 

Formalise and generalise design principles

Donnerstag, 19. Februar 2009



Introduction Information Architecture

Overview

– Chair for Information Architecture
– INFORMATION Architecture
– ARCHITECTURE Information
– INFORMATION ARCHITECTURE
– Introduction Exercises

Donnerstag, 19. Februar 2009



Knowledge

Architecture

Culture

R
ES

EA
R
C
H

S
YN

TH
ES

IS

INFORMATION ARCHITECTURE

Architecture and Information 

Information

Data

Donnerstag, 19. Februar 2009



INFORMATION ARCHITECTURE

Creative Industries
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INFORMATION ARCHITECTURE

The City - Data, Information, Knowledge, Architecture

First zero-carbon, zero-waste city in Abu Dhabi. Masdar City, Foster & Partners 2007
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Value Lab

Projects

Reduce Complexity

Donnerstag, 19. Februar 2009



Projects

Tools for collaborative planning

Future City Designer
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CityEngine

Projects

Tools for planning future cities
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Projects

Bridging the gap between digital and physical

The sensitive Tapestry
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Design your Science City Dübendorf with
latest tools and technologies together with 
your peers
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Design your Science City Dübendorf with
latest tools and technologies together with 
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051-0726-09

New Methods in Urban Simulation
Collaborative City Design

(pictures courtesy of foster+partners)

BUT: Need for collaborative design and variant generation

Donnerstag, 19. Februar 2009



Chair for Information Architecture | FS2009

Information Architecture - Praxis I

New Methods in Urban Simulation
Collaborative City Design

Main Goals to think about

Zero Carbon
Zero Waste
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Information Architecture - Praxis I

New Methods in Urban Simulation
State of the Art in City Modeling

“You want to know what will be “in” tomorrow? Experience new 
technologies in City Modeling, Urban Simulation and Visualization and for 
the Planning of Future Cities”

D. Fellner & S. Behnke / Modeling the Appearance and Behavior of Urban Spaces

Figure 10: Interactive reconfiguration of urban lay-
outs [ABVA08]. (Top) Satellite image of an original and
modified urban layout (Istanbul). A residential zone has been
converted to an industrial zone. (Bottom) The process con-
sists of recomputing the topology of the affected area to ac-
commodate parcels of a new zoning type, and then copying
selected tiles from the industrial zone of the city (red) to the
previously residential area (blue).

card smaller tiles of pixels during rasterization. The book
by Möller and Haines has a good overview of the current
state of the art [MH02]. Another important feature are oc-
clusion queries that can test bounding volumes for occlu-
sion. A major challenge in this context is to hide the la-
tency of the occlusion queries and to utilize temporal co-
herence [BWPP04,GBK06,MBW08]. In all cases, when the
viewpoint is far above the city occlusion culling has often
little impact and other strategies need to be used that focus
on simplifying the environment.

Figure 11: Continuous Model Synthesis. The models
shown on the left are automatically generated from the ex-
ample model on the right. Different textures are applied to
the buildings, but the shape of each building resembles the
shape of the input. The images are courtesy of Paul Merrell,
University of North Carolina.

An interesting challenge is to compute geometric levels-
of-detail (LOD) for urban models. There are many strong
methods for general mesh and object simplification. A good
introduction is the book by Luebke et al. [LRC∗02]. Two
fundamental early papers introduce operations to collapse
edges [Hop96,GH97] in triangle meshes. While these meth-
ods work well for objects that contain smooth surfaces mod-
eled with many triangles there are substantial obstacles when
applied geometric level-of-detail methods to urban environ-
ments. Usually, traditional level-of-detail techniques do not
work well with disconnected polygons that are frequent in
urban environments due to plant leafs in urban vegetation, or
planar structures with many sharp corners dominant in archi-
tecture. Some special purpose methods have been invented
for building footprints. For example, Chang et al. [CBZ∗08]
describes a clustering based simplification method for urban
spaces inspired by Kevin Lynch’s Image of the City book,
but in general a high quality automatic simplification of ur-
ban environments is an unsolved problem. The main aspect
of urban environments that can benefit from level-of-detail
is the terrain. Early approaches, e.g. [LKR∗96], built on the
assumption that triangle rendering is expensive and there-
fore the algorithms were quite sophisticated. Current algo-
rithms try to incorporate the fact that larger batches of trian-
gles need to be rendered at once and focus on algorithm sim-
plicity [LH04] and large memory management [GMC∗06].
For architecture and vegetation, simple alternatives to auto-
matic simplification are to create multiple versions of each
building or tree procedurally [MWH∗06] or by hand. Fur-
ther, procedural modeling can help simplification, by pro-
viding semantic data. For example, it is very helpful to know
what the actual facade planes are and what geometry be-
longs to one facade. Finally, since man-made structures are
hard to simplify with geometric methods, another option is
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mation about geographically weighted statistics at several
scales concurrently.

Roman et al. [RGL04] presented an interactive system
for constructing multi-perspective images from sideways-
looking video captured from a moving vehicle. The input
to their system is a set of video frames with known cam-
era pose. Their system automatically computes an addi-
tional cross-slits camera between every pair of adjacent user-
specified cameras leading to a smooth interpolation of view-
point in the final multi-perspective image. Multi-perspective
image of a whole city block can be created in a few min-
utes. The goal of this work is to simultaneously view real-
world urban scenes that cannot be captured in a single pho-
tograph, rather than to visualize the simulation data of an ur-
ban space. New techniques could be explored that combine
a multi-perspective approach for data visualization.

To date, simulation systems such as UrbanSim have been
relatively limited in their scope of visualization, in spite of
providing a sophisticated economic and behavioral simula-
tion engine to model the location and travel choices of mil-
lions of agents in the system. A typical scenario is that man-
ual post-processing of simulation results must be done by
a model user to extract summary indicators from the results,
export them from the simulation environment into a GIS sys-
tem, establish relational joins of the indicators to existing
GIS layers, and then manually rendering thematic or choro-
plethic maps to render the spatial variation in the resulting
indicators (Figure 13). As used in the planning literature,
an indicator is a variable that conveys information on the
condition or trend of one or more attributes of the system
considered. The work of Schwartzmann and Borning [SB07]
developed a web-based indicator system for UrbanSim and
evaluated design techniques including Value Sensitive De-
sign, paper prototyping, and frequent user testing.

4.3. Bridging the Gap between Simulation and
Visualization

This process of simulation and then visualization has many
limitations, not the least of which is the level of effort. As
a result, too little visualization is actually done in practice,
and this leads to diminished access to the simulation results,
and reduced diagnostic capacity to determine when there are
problems in the simulation. One option being recently ex-
plored is to more tightly integrate visualization efforts with
the simulation process, achieve a beneficial and symbiotic
relationship, and ultimately lead us to a more desired and
integrated approach to urban modeling.

A recent approach proposed by Vanegas et al. [VABW08]
uses urban layouts for the visualization of urban simula-
tion results. This work builds upon existing visualization
techniques of urban simulations and extends them by auto-
matically inferring new urban layouts for any time step of
the simulation sequence, by considering both the values of

the state variables of the simulation model, and the original
street network, parcels, and aerial imagery of the simulated
city (Figure 14). The inference algorithms gather stochas-
tic data of the original urban layout and use the simulation
state values to obtain a plausible urban layout, consisting
of new parcels, streets, and imagery (e.g., vector and image
data). Altogether, this approach allows for traditional visual-
izations as well as that of new content. It has been applied to
visualize a 16,300 km2 urban space.

Another recent approach is that of Weber et
al. [WMWG09] who proposed to combine procedural
modeling techniques with urban simulation to obtain three-
dimensional models that change over time (Figure 15). The
system includes a street expansion algorithm to place new
streets, a land use simulation, and a traffic simulation as
major building blocks. The simulation is interactive and the
user can make modifications during the simulation, such as
controlling the major growth areas, editing road segments,
editing land use, and changing parameters used to control
the simulation. The goal of this work is to provide a generic
framework that can be configured for different types of land
use categories.

Both of these works make the initial strides toward the
ultimate goal of a more integrated approach of urban model-
ing, simulation, and visualization.

Figure 15: Interactive Geometric Simulation of 4D
Cities [WMWG09]. Two time series are shown in the
columns. The left column shows the transition from low den-
sity to high density in the city center. The right column shows
a transition of a city based on sustainable development with
sufficient green areas.
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Figure 13: (Left) A screen snapshot from the Indicator system supported by UrbanSim. (Right) A standard choropleth map
traditionally used to visualize the results of an urban simulation.

Figure 14: Visualization of Simulated Urban Spaces [VABW08]. (Left) An overview of the simulated region (borrowed from
Google Maps) along with the parcel geometry inferred from the urban simulation data for a subset of that region. (Center) A
close up of a part of the city where new developments are predicted by the simulation after a 30 year period, and their geometry
inferred by our system. (Right) A close up of a different part in which parcel subdivision was indicated by the simulation.

5. Conclusions, Challenges and Open Problems

Providing realistic and plausible models of dense urban
spaces is a challenge that requires knowledge from several
disciplines. The pursuit of the accurate modeling of urban
spaces is of significant interest today to urban planners, to
emergency management, and to visualization efforts. In re-
cent years, the data collected via several forms of acquisi-
tion is available, through the Internet, to a widespread audi-
ence and has fomented significant activity and applications.
Several geometric modeling methods have focused on urban

spaces in order to improve their flexibility and efficiency. Si-
multaneously, simulation models are becoming increasingly
sophisticated and better able to represent the complex pro-
cesses occurring in urban spaces. These simulations serve to
better understand urban spaces and to help guide 3D model-
ing and rendering efforts to produce more realistic and inter-
active imagery.

In this state-of-the-art report, we have attempted to help
guide future efforts in urban modeling to have a better un-
derstanding of the multiple aspects of this challenge. We
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Figure 9: (Left and Center) Example-based urban layout synthesis [AVB08]. A new urban layout is generated by extracting and
reproducing the structural attributes of the example fragment and reusing aerial-view imagery. (Right) Interactive procedural
street modeling [CEW∗08]. The concepts of flow fields and tensor fields are used to model the street layout of a city.

els with a few planar polygons and most details stored in
texture maps.

Besides the well established and easily implementable
techniques of back face culling and view frustum culling,
occlusion culling can provide speed-ups of several orders
of magnitude for most large and dense urban scenes. This
is because an urban environment usually lies on a locally
flat surface and the nearby urban structures easily fill the
field-of-view and prevent observing distant structures. Oc-
clusion culling either can rely on a precomputation or can
be computed online. To precompute visibility, the naviga-
ble space is broken down into smaller volumetric view cells.
Researchers have tackled the question of how to efficiently
compute visibility for volumetric view cells and proposed
multiple algorithms [SDDS00, DDTP00, WWS00, LSCO03,
SN04, WWZ∗06]. The advantage of precomputation is that

occlusion culling needs very little runtime overhead and that
the results of precomputation can be used for other prepro-
cessing algorithms, such as level-of-detail selection and ren-
dering time estimation. The disadvantage are the complexity
of the algorithms and the long preprocessing times. Online
visibility typically computes visibility for each frame of an
interactive simulation from the current view point. In a sem-
inal paper Greene et al. [GK93] introduce the hierarchical
z-buffer algorithm. The algorithm allows the identification
of large parts of the scene that are guaranteed to be occluded
and that is especially suited to rasterization based rendering.
Currently, a complete implementation of the hierarchical z-
buffer is not supported by graphics hardware, but the gap
is closing. Current graphics hardware includes several use-
ful features for occlusion culling, including pixel level oc-
clusion culling to avoid expensive shading operations and
a hierarchical z-buffer with a few levels (e.g. three) to dis-
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Figure 10: Interactive reconfiguration of urban lay-
outs [ABVA08]. (Top) Satellite image of an original and
modified urban layout (Istanbul). A residential zone has been
converted to an industrial zone. (Bottom) The process con-
sists of recomputing the topology of the affected area to ac-
commodate parcels of a new zoning type, and then copying
selected tiles from the industrial zone of the city (red) to the
previously residential area (blue).

card smaller tiles of pixels during rasterization. The book
by Möller and Haines has a good overview of the current
state of the art [MH02]. Another important feature are oc-
clusion queries that can test bounding volumes for occlu-
sion. A major challenge in this context is to hide the la-
tency of the occlusion queries and to utilize temporal co-
herence [BWPP04,GBK06,MBW08]. In all cases, when the
viewpoint is far above the city occlusion culling has often
little impact and other strategies need to be used that focus
on simplifying the environment.

Figure 11: Continuous Model Synthesis. The models
shown on the left are automatically generated from the ex-
ample model on the right. Different textures are applied to
the buildings, but the shape of each building resembles the
shape of the input. The images are courtesy of Paul Merrell,
University of North Carolina.

An interesting challenge is to compute geometric levels-
of-detail (LOD) for urban models. There are many strong
methods for general mesh and object simplification. A good
introduction is the book by Luebke et al. [LRC∗02]. Two
fundamental early papers introduce operations to collapse
edges [Hop96,GH97] in triangle meshes. While these meth-
ods work well for objects that contain smooth surfaces mod-
eled with many triangles there are substantial obstacles when
applied geometric level-of-detail methods to urban environ-
ments. Usually, traditional level-of-detail techniques do not
work well with disconnected polygons that are frequent in
urban environments due to plant leafs in urban vegetation, or
planar structures with many sharp corners dominant in archi-
tecture. Some special purpose methods have been invented
for building footprints. For example, Chang et al. [CBZ∗08]
describes a clustering based simplification method for urban
spaces inspired by Kevin Lynch’s Image of the City book,
but in general a high quality automatic simplification of ur-
ban environments is an unsolved problem. The main aspect
of urban environments that can benefit from level-of-detail
is the terrain. Early approaches, e.g. [LKR∗96], built on the
assumption that triangle rendering is expensive and there-
fore the algorithms were quite sophisticated. Current algo-
rithms try to incorporate the fact that larger batches of trian-
gles need to be rendered at once and focus on algorithm sim-
plicity [LH04] and large memory management [GMC∗06].
For architecture and vegetation, simple alternatives to auto-
matic simplification are to create multiple versions of each
building or tree procedurally [MWH∗06] or by hand. Fur-
ther, procedural modeling can help simplification, by pro-
viding semantic data. For example, it is very helpful to know
what the actual facade planes are and what geometry be-
longs to one facade. Finally, since man-made structures are
hard to simplify with geometric methods, another option is

c© The Eurographics Association 2009.
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How did Zurich grow? How sustainable is it? 
What path did my breakfast take this morning? 
What is the journey of rubbish? What flows in 
and out of the city? Where do how many people 
live on how much space and why? How would a 
subway change the appearance of Zurich?

Visualizations can do more than just show data.Tell a story! Interact!

You will:

- adopt Information Visualization skills
- learn about Computational Information Design
- learn to code with Processing
- create and present your interactive, visually 

appealing Visualization about Zurich in the 
Value Lab

You will be creating something which may look like....
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- Team: 
‣ Christian Schneider, christian.schneider@arch.ethz.ch

‣ Sandra Wipfli, wipfli@arch.ethz.ch

‣ Lukas Treyer, lukastreyer@student.ethz.ch
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seminar week

processing exercises
processing for beginners
visualization coaching

spring break

start of individual projects in groups

bibliotheca oechslin

final 
critique

25.MAI
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