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TODAY’S GLOSSARY
Terms you will encounter today
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. Holism:

hua 44 the theory that parts of a whole are

g% in intimate interconnection, such

' that they cannot exist

¥ independently of the whole, or

¥ cannot be understood without

== reference to the whole, which is

B thus regarded as greater than the
% sum of its parts.
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Figure 9 Population density and energy

consumption, selected World cities

Figure 10 Population density and CO,
emissions, selected European cities -y
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Complex systems:

Consisting of many diverse and autonomous but
interrelated components which they exhibit properties
that emerge from their interaction and cannot be
predicted from the properties of the parts.

http://www.immdesignlab.com - I
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HIERARCHICAL STRUCTURE A hierarchy (Greek: hierarchia
(lepapxia), is an arrangement of items in which the items are
represented as being "above,” "below," or "at the same level as" one

another.
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SUBSYSTEM (LAYER):

Subsystem Leve] 3

Precinct Scale ‘
Mobility,
Accessability

yl-—]\“‘
- e —
A group of independent. ==

but interrelated we= ="
elements comprising a ..

“bot‘ﬂ\‘; \ever D

unified whole -
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MULTI-SCALE LA\ S ™
APPROACH: el N\ AT

Multiscale decision
theory can model A
hierarchical decision- s %

making networks*which~"""" =5

exhibit multi-scale s,
i = renopoeles e

phenomena. The e T e
theory's results can be===a—aieaig 4.~ SR
used by mechanism~ _.«
designers in complex
systems to improve
system performance and
decision quality.
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Every single project, depends on the size, scale and level of
complexity. In fact, multidisciplinary design is a symbiotic
relation between the layers.
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“The only problems that have simple solutions are simple
problems. The world is a complex place, facing complex problems
that have complex solutions, and we need to make complex
decisions everyday”. P. Ortiz.
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Total CO2 Emissions, Excluding Land Use Change, 2000

Total CO2 Emissions

(thousands of tons of carbon dioxide)
> 1,200,001

B 1,200,000 - 500,001
500,000 - 200,001
200,000 - 60,001

B < 60,000
No Data

Map Propsction Foberson
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IMM® is a method to improve the performance of

a city as an existing system via modification of its
costituents.

What Is IMM?

http://www.immdesignlab.com - I POLITECNICO DI MILANO
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la | Honzontal Investigation .Dl, Ty fling the system o
WHY WHEN investigate lnvauganon _
: 1 y The actual value of Key | Analysis Observation &
1b | Vertical investigation % A
@ s Categones Measurement
7 g lc | Actual performance of the system based on 12 indicators | Data Collection
WHO E ,r-;" Assumption and
WHAT k) 20 | Detection of the transformation’s Catalyst Interpretation
3 Hypothesis ¥ lation
PH ASI N G 2b | Assumption of the 12 IMM Ordening principles Assumption

The catalyst drives the
3a | Horizontsl Modification local l;ansf(mmhon;
changing the structure of
the layers/Ligands
3 - Modification
Local transformation acts
3b | Vertical Modification glo.ball‘y.‘c ‘g" ng the
entire system’s
configuration
4a | Performance of the new CAS based on 12 indicators (;(Tntemxal
Evaluation
Local modificahon/optimization 1s a process involving
again the first level of superimposition for improving
locally their performance. Local optimization works
using selected tools/features
, - Volume/Voids Solar Gain, Wind Tunnel,
1 . Volume/Function=  Level of mixed use Local Design
- Funchion/Vouds = Function distnbution

- Transports/Voids =  Number of intersection
- Transports/Function= Service area control
- Transport/Volume=  Catchment area control
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Table 3: Procedure for the system’s dismantling

http://www.immdesignlab.com
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Porosity Volume and Void layer
(The suggested formudas are still under the evaluation by the authors) defines the Porosity of the city as
a solid porous Volume, sponge
. . . : like, with various sizes of holes
Volume | Dvtvolume density, Dwelling density Vi= Vi / Area linked by inear Void layer
Horizontal Void Open space arca M ey Proximity is the number of
Investigation _ Job densaty, Number of legal entities in F.=) Ame different type of key functions in a
Function the intervention arca o Jmumber (£ predetermined area walk able.
Transportation Number of camied out urban tnips Ny Diversity is the number of
interactions between nodes
within a network; it's the number
and the distribution of the
different type of key functions in a
predetermined distance.
Table 4: Procedure for the system’s dismantling; Interface is about movability
(The suggested formudas are still under the evaluation by the authors) inside the urban voids and it
defines how complex they are. it
_ _ — increases the complexity of the
Porosity Factuality of urban voids | .. P.=cat "L [1-nx A || system, by increasing the
fow number of possible Links to
S Number of key functions within walking ijf':-’- 5 connect two nodes
Procamty distance area from the dwellings p Bt g
—
Accessibility is a distance
Diversity Diversity of subdivision use [..] D[t - ZEY] i\depondenntyparatmter that relies
lm}:t}lcat:on Cyclomatic complexity of pedestnans 9] | on a time factor. it refers to the
g nkecface (L: number of Links, Number of Nodes) | * ease of reaching destinations.
Number of avalable jobs reachable in 20 Efficiency is the ratio between
Accessibility min, Number of available public Nace the number of trips operated by
transportation mode in the area public transport and the total
: — : transportation demands of the
. I'he number of public transportation tps | . _ .\, oy
Efficiency and the total number of trips Ee= N Ne Study area.
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HORIZONTAL INVESTIGATION

INTERMEDIATE SCALE INTERMEDIAT

http://www.immdesignlab.com
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VERTICAL INVESTIGATION

v [+ The second step of the Investigation

o = phase is an investigation of the
comprehensive configuration of the CAS.
For this reason it is requested a
particular attention to describe the
correlation between the different

A subsystems (Global configuration) in
. order to assign a proper role and specific
< characteristics to each one.
£
~

hifp: i mmdesignlab.com .
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Key Categories, First Level of Integration

Porosity:
The city as a solid porous volume, sponge like, with
various sizes of holes linked by linear Void layer. A

Poroximity:
the Proximity is the number of different type of key
functions in a predetermined walkable scale distance;

Lavers' Flrst level Q Determi
superimposition (Key Catagories) | ° - | ot | 2
Volume / Function Proximity
Compactness Morphology
Volume / Void Porosity | Energy
Function / Void Diversity ‘ efficient
— — Complexity Typology form
Transport / Void Interface
Transport / Function Accessibility
e Connectivity Technology
Transport / Volume Efficiency

http://www.immdesignlab.com POLITECNICO DI MILANO
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Key Categories, First Level of Integration P
g & v H B
Diversity: e & & g

Direct relationship with the number of the nodes and

Links. The diversity, the distribution of the different A
functions in urban spaces. Diversity is dependent on

the number and type of the functions and indepen-

dent from the distance.

Interface:

direct relationship to movability and permeability

inside the urban morphological cavities.

Layers’ First level : :
superimpesition (Key Catagories) Second level | Determinants
Volume / Function Proximity
i : Compactness Morphology
Volume / Void Porosity Energy
Function / Void Diversity . efficient
Complexity Typology form
Transport / Void Interface
Transport / Function | Accessibility
Connectivity Technology

Transport / Volume

Efficiency

http://www.immdesignlab.com

_ POLITECNICO DI MILANO



IMM
AN INTERNATIONAL DESIGN LABORATORY FOR URBAN SUSTAINABILITY
I =

Key Categories, First Level of Integration

Accessibility:

refers to the ease of reaching destinations. Accessibility

is a distance independent parameter that simply relies on y
a time factor.

Efficiency:
the ratio between the number of trips operated by public
transport and the total transportation demands of the

study area.
Lavers’ First level > ,
superimposition (Key Catagories) Second level . Determinanty
Volume / Function Proximity
——— D s Compactess Morphology
Volume / Voud Porosity Energy
Function / Void Diversity g eflicient
— — ! Complexity Typology form
Transport / Void Interface

Transport / Function Accessibility
Transport / Volume Efficiency

Connectivity Technology
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VERTICAL INVESTIGATION

Comprehension of the CAS

configuration

Porosity Factuality of urban voids [9] P,=cat' ¥ [1- (x AP Volume/Function = PROXIMITY Volume/Voids = POROSITY
L. Number of key functions within walking A=);{‘;,_—7”, S

Proximity distance area from the dwellings P, :xfin n g CO M PACTN ESS

P, =cat " ¥ [I- (x A)E

_X?.:onl
E_{ N 'S

Ma‘-:f:o n)
P===8S
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VERTICAL INVESTIGATION

Comprehension of the CAS

configuration \
L— P AT\ XA D1 VORI
Diversity Diversity of subdivision use [9] Dﬁccj[l—Zf:u(";‘)’lw TransportationNoids = INTERFACE FunctionNoids = DIVERSITY
Interface Mean Depth -3 COMPLEXITY
se
— - . J % o/ Q
r- C ni \ L s P o9 S Ly
P 1-0(N) AAAAAA . o . o «F;a o’a -
- N/ ® e\, B 28F TV 1 B
. . o \ X \ oL 59 ' )
D: tdn 1. WA WY (\ \ .8 ¢ ,"‘v -
k-1 L " J C : : 2 ¢ >‘.’_ ’ .J ".,‘\
) - 5-' v e
P
o« <
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VERTICAL INVESTIGATION

How does the actual CAS
work?

Number of available jobs reachable in 20

Accessibility min, Number of available public Ace=N, 5 Transportation/Volumes
transportation mode in the arca FFICIENC CONNECTIVITY
— The number of public transportation trips T q‘ransportatlon/Fu nction = ACCESSIBILITY
acicncy and the total number of trips i aipe

LOCAL ALE

_________

POLITECNICO DI MILANO
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First measarement (Actual CAS Energy Pertormances)

1. Ground Use:
a) Urbem Bult denaty™
by Compectness fator®

AN INTERNATIONAL DESIGN LABORATORY FOR URB.

BD=Y poee of rmary ey of Dasiiing Dosaniiiond st

C = Surface’ (Volume) * (273)

¢) Renewable energy percentage in transpost

) Number of building par hectare NAa

2. Population and energy:

a) Consuznption per cagela. KWh'year per capra

b) Rate of enengy coming from rencwable sources® Too = Tt ot/ Tt n pues (%)
TIN' - r”.*‘ ’ rbh‘ l"’

3. Walkability:

a) Number of key lunction in a walking distance from
resickential buldings

b) Car free or mimmal Gar traflic streets.

¢) High quality Street paths

Livimg within 300 m fom key services
(en-sumber of mhabitants o Ia)
Lenzth km

T, -t = Trgawaste’ Tue Sarepen )

4. Uses of the space:

a) Ratio between nusnbers of residents and acgvities™.

b) Housing diversaty™

¢) Ratio of place dedicated to Innovation and Knowledge*

C= 1--—.-- :‘;A.-A-An

LBL - :‘..- o »“: bty *e)

1 ) JE RPN ) JRU— S

£ Open Spaces:
a) Ratio of green/open spaces
by Extent and muvber of parks, Number of trees per ba

NDPREXITY

Ce

T = Tiowwwna e Trud prsdonn (%9
N'ha

First CAS Measurement

a) Length of biking roads (km)

<) Surface of anxl number of Public space, paved (sealed) o
surfaces
6. Urban biodiversity:
7. Cycling:
y ¢ Km per capita

8. Transportation and Moebility:

a) Private passenger transpoet energy use per persoa

b) Passenger nuenber in public transport

¢) [nhabitants leaving within 300m from public transport

Comprehension of the CAS

Comechvity

performance.

KWh'year per capita

Number of travel per Yeurs for sas knd
Namber, %

Km per capita; Ty=road arttonl sur

by Number of “Park-and-nde” parking places
o) Imcrchmac nodehub

d) Lenggth of roads per capita. Road Ratio® o

¢) Vehicles distance travedled (VDT) 5

9. Level of mobility interchange: Number of vehickes for cach category
a) Kinxls of puhlic transport avaslable (boat, train, tram,

metro, buses, microbuses, ...) mr’:‘

Interchange performance evabiseion

10, Food:

a) Food needed daily.

h) Amount of urban farm production per person

<) Extent of municipully cegamsed plots for cultivaion

Kg /caputa
Kg /capita
Ha

11, Waste management:

a) Amount of solid waste produced

b) Rate of waste reused*

<) Rate of matenials coming from re-cyeling

Cubic meter per capila
TS My e wrvamt! Mitsd ¥ s st v

T=(%)

12. Water management :

a) Water use per person

b) Water peodactivity™

¢) Wiastewster punfied in & wastewater treatment plant™

http://www.immdesignlab.com
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How to transform/optimize the actual
CAS?

Detecting transformation catalyst:

The choice of one subsystem (layer) as

a first driver of the transformation is the

main goal of this phase, assigning

respectively the Catalyst role to the

selected Subsystem and the Reactants
Finding the function to the others.

Transformation’s catalyst
(in this example, Volume layer)

Context State | Analyzing
Present
Threshold : B o
A \ \ \ ’
\ \ -
e \

POLITECNICO DI MILANO
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DOP Design Ordering Principles. Key Determinants
e— categories
| 1. Balance the ground use. Porosity
? 2. Fostering the local energy production; Building as Porosity
:; components of Community Energy System. Compactness
— | 3. Promote Walkability. Proximity
! 4. Fostering Mixed used spaces. Diversity
? 5. Create connected open space System, activate urban Complexity
) metabolism
S 6 Protect Urban Biodiversity.
S Interface
’ 7. Promote Cycling Efficiency
e
er
— | 8. Reinforce the public transportation. Connectivity
§ 9. Change from multimodality to inter-modality concept. Accessibility
10. Convert the City in a food producer.
Governance

11. Prevent the negative impact of waste.
12. Implement water management.

Management
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HORIZONTAL MODIFICATION.
Modification occurs within or on m

”~

r

Other discipilens
subsystem

Other discipilens,

-~ Social layer
/

P

Trensformation
_~"via Modification

Context State 3
# P Future,
o ¥ Threshold: C

Vertical Modification

&;
W 2 » /,/ Other discipilens,
. NI /.~ Economy layer
Horizontal ModiﬁcatioN \//‘//

http://www.immdesignlab.com POLITECNICO DI MILANO




®
I M M AN INTERNATIONAL DESIGN LABORATORY FOR URBAN SUSTAINABILITY 2
______ I

VERTICAL MODIFICATION

The Vertical modification is a chain
reaction of the system propelled by the
project. The aim of this step is to make
possible the propagation of local
changes towards the distant parts of the
system as a consequence of connectivity,
and making this propagation the cause a
global change

hifp:wwmmdesignlab.com .
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Projects
M{K Modification | S
| [um < "

@ g = -
WHO l HOW ‘/’;‘\ Context state 3 ’\ -
Future ° C s._ \
WHAT

» \ \\ NV ICOOS
S e
PHASING e e=ho

Context state 2 \
Present 1 X
A == N

\
Context state | e A
Past

”

Contextual

4a | Performance of the new CAS based on 12 indicators g .
Evaluation

Local modification/optimization 1s a process involving
again the first level of superimposition for improving
locally their performance. Local optimization works
using selected tools/features:
- Volume/Voids = Solar Gain; Wind Tunnel;
4b ; , : .
1 - Volume/Function = Level of mixed use
- Function/'Voids = Function distnbution
- Transports/Voids = Number of intersection
- Transports/Function= Service area control
- Transport/Volume=  Catchment area control

hifp: i mmdesigniab.com =B

Local Design
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PART Il
« Case study: Environmental and energy performances optimization
of a neighbourhood in Tehran via IMM methodology

http://www.immdesignlab.com | .

POLITECNICO DI MILANO




®
I M M AN INTERNATIONAL DESIGN LABORATORY FOR URBAN SUSTAINABILITY

A

Distr ct 22

ﬂ?m. n
Skm
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g= iR Wy
> < _Aikie = il B

g mmEAMLEA o

! T
)
R

' Layer | Description | Formula [ value

Volume Built wvolume density, Dwelling | V, =V, . [ Area 3.60

density, Human density

Void Open spacefarea V= Viges [ Area 1.86

- - -

Function Job density, Number of legal | F, =l / Area 2E-4

entities in the intervention area

Transportation | Number of carried out urban trips | N, 57,178

(daily)

Table 3.1 Horizontal ivvestigation

http.//www.immdesignlab.com
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ohy v » _
e e m
e n ll(C-:". 1

Before After

- KC Before | After Improvement
Porosity &

, Mean Number
Proximity
Standard Devialion
Simpson Index (Services) 0.78

Fomean | $°
| Simpson Index (Quality) D.59 |

Diversity

Interface Mean Depth 0973
Accessibility | Number of jobs accessible in 20min 114
Effidency Public transportation tips/Total Trips 0.03

http.//www.immdesignlab.com POLITECNICO DI MILANO
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» »
i
i
» »
» . » .
» . »
’ - » ' .
" » " . . _ - »
' » & .
*e ..
» - » . . - »
.o . .. e » .
» » . » . . . . ® »
. o o . .
- —— . » 20 » L
» - » -
» - - »
» - i L L ™ )
- - . - » - - » . »
» .
P .' » P . .'° "
" Pl o oaw " .
» » b L »
. - L "
» L1
200 ™ » 20 M »
Iu«v-. ! Iu«r. 1

Before After

KC Indicator

After improvement
Porosity Built Density

1.44 205%

_ Mean Number 1157 114%
Proximity
»

403

) , Simpson Index (Services)
Diversity )
Simpson Index (Quality)
Interface Mean Depth 0.997

Accessibility | Number of jobs accessible in 20min 114 691.16

Efficency Public transportation tips/Total Trips 0.03 0.08

http.//www.immdesignlab.com POLITECNICO DI MILANO
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DOP Design Ordering Principles. Key Determinants
Il categories
1. Balance the ground use. Porosity
2. Fostering the local energy production; Building as Porosity
components of Community Energy System. Compactness
3. Promote Walkability. Proximity
4. Fostering Mixed used spaces. Diversity
5. Create connected open space System, activate urban Complexity
metabolism
6 Protect Urban Biodiversity. ——
7. Promote Cycling Efficiency
8. Reinforce the public transportation. Connectivity
| 9. Change from multimodality to inter-modality concept. Accessibility

10. Convert the City in a food producer.
11. Prevent the negative impact of waste. Governance
12. Implement water management.
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DOP Design Ordering Principles.

. Balance the ground use.
. Fostering the local energy production; Building as
components of Community Energy System.
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DOP Design Ordering Principles.

. Balance the ground use.
. Fostering the local energy production; Building as
components of Community Energy System.

(5]

. Promote Walkability.

. Fostering Mixed used spaces.

. Create connected open space System, activate urban
metabolism

6 Protect Urban Biodiversity.

W
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7. Promote Cycling

8. Reinforce the public transportation.

9. Change from multimodality to inter-modality conceg

10. Convert the City in a food producer.
11. Prevent the negative impact of waste.
12. Implement water management.
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DOP Design Ordering Principles.

1. Balance the ground use.
2. Fostering the local energy production; Building as
components of Community Energy System.

Morphology

3. Promote Walkability.

4. Fostering Mixed used spaces.

5. Create connected open space System, activate urban
metabolism

6 Protect Urban Biodiversity.

Typology

7. Promote Cycling

8. Reinforce the public transportation.

Technology

9. Change from multimodality to inter-modality concey

10. Convert the City in a food producer.
11. Prevent the negative impact of waste.
12. Implement water management.
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DOP Design Ordering Principles.

. Balance the ground use.
. Fostering the local energy production; Building as
components of Community Energy System.
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11. Prevent the negative impact of waste.
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DOP Design Ordering Principles.

. Balance the ground use.
. Fostering the local energy production; Building as
components of Community Energy System.

[ S

3. Promote Walkability.

4. Fostering Mixed used spaces.

5. Create connected open space System, activate urban
metabolism

6 Protect Urban Biodiversity.

7. Promote Cycling
8. Reinforce the public transportation.

9. Change from multimodality to inter-modality concey

10. Convert the City in a food producer.
11. Prevent the negative impact of waste.
12. Implement water management.
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K€ | Indicator ! Before }Aﬂer _Improvement
Porosity Built Density 1.2 1.44 20%
Proximity Mean Number | 541 1157 114%
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wWikipepiA  Integrated Modification Methodology

Ihe Free Encycdopadia From Wikipecia, # free encyciopeda
Integrated Modification Methodology (IMM) ' is a design methodology based on & specific process with the main goal of improving
g the urban energy performance, through the modification of its constituents and optimizaton of the architecture of their igands.
Conlerds According 1o this view, the oty, considered as a Complex Adaptive System (CAS), ' is not solely a mere aggregation of disconnected : P4
- energy consumers and the lotal energy consumption of the city is dilerent from the sum of the all of the buildings consumption. This _';', 't ," é
Current events considerable gap between the total energy consumption of the oty and the sum of all consumers is concealed from the urban \-’--‘. 4 4 |
P morphology and urban form of the city. IMM is a multi-stage, iferative process, applied to urban companents, for improving their LI LA
muw&m ernvironmental and energy performances is fundamentally Molistic, Multi-Layer, Multi-scale, it investigales the relationships between “ H
SE—C Hop wrban momhaiogy ) and energy consumption by focusing mostly on the ‘Subsystems’ characterized by physical characters and | 3 ‘q‘l
v Imeraction arrangement. in this methodology, city consists of the superimposition of an enormous number of interrelated components, categorized \ 4 :i"'
Holp in different Layers or 'Subsystems’, which through ther inner arrangement and the architecture of thekr igands peovide a certain ’ “ \,_,..:‘_,;J_
Aot Wkpedia physical and provisional arangement. The constituents of the CAS adapt themseives %0 react 10 the newly imposed constraints, in ,.,’;,:Zf" v
Comemrity portal ceder 10 Improve upon the entire system's perfarmance. The complex adaptive system Is composed of heterogeneous elements, inked >
Rooert crunges together either direcly or indirectly, and the final system performance emerges from all of the elements as a whole. This adaptation
Contsct page occurs within or on members of a single subsystem, known as Horizontal Adaptation, and between the dilerent subsystems, termed Comgplax Adaptive System (CAS) s &
s Vertical Adaptation. [/ in other words, the adaptation of existing members in a subsystem, or horizontal adaptation, as @ respoNse to the m:‘:‘:'mm:'*“
narwly Imposed condiBions and constraints, changes the subsystem’s performance, which will be the cause of the entre system's munw|I staten.
» Printixpon transformation gver sme, Superimposition Is a process of intogration
of wo of more Sub-systoms. Once Bo
v Languages o Contents [ds] SDsySOmS eract, T SIFOS 0 70
1 Background ionger Independant
2 Theory
3 A Phasing process

3.1 Phase 1. Investgation/Analysis.
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IMM- is Internstiona! and multidisciplinary Design Laboeatory for
Urban Sustainability. Our work is driven by the principle that urban
design can directly affect the quality of our environment, improve
the energy performances as well as the quality of our lives making
our future more sustainable ang rcsponsnhle IMM “ the
=l sconym  of Integrated  Modification  Methodology, an
innovative design methodology based on a spedfic prooess with
the main goal of impeoving the CAS' (complex adaptive systems)
r— energy performance, through the modification of its constituents and
optimization the architecture of their ligands. s approach is
fundamentally Holistic, Multi.Layer, Multi.scale. In this
methodology. the city is considered 10 be 8 dynamic Complex
Adaptive System compnsed of the supernimposition of an encemous
number of interrelated components, categorized in different Layers
or ‘Subsystems’, (also complex adaptive systems) which theough their

inner amangement and the architecture of their ligands provide a
certain_chvsical _and crovisional arancement of the CAS. The
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