Boston, September 16th, 2020 BCC Colombian Construction Congress

SENSEABLE CITIES
JUST SOME THOUGHTS...

Carlo Ratti
Partner, Carlo Ratti Associati
Professor of the Practice of Urban Technologies, MIT









"we are headed for the death of cities”

{due to the continued growth of personal computing and
distributed organizations advances}

"cities are leftover baggage from the industrial era.”

George Gilder (1995)






“In 2008, the world reaches an invisible but momentous
milestone: for the first time in history more than half its human
population, 3.3 billion people, will be living in urban areas. by
2030, this is expected to swell to almost 5 billion”.

United Nations Population Fund
http://www.unfpa.org/swp/2007/english/introduction.html
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Some questions...



1. What about mobility?
2. What about office spaces?



1. What about mobility?
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Quantifying the benefits of vehicle pooling with

shareability networks
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Taxi services are a vital part of urban transportation, and a consider-
able contributor to traffic congestion and air pollution causing
substantial adverse effects on human health. Sharing taxi trips is
a possible way of redudng the negative impact of taxi services on
cities, but this comes at the expense of passenger discomfort
quantifiable in terms of a longer travel time. Due to computational
challenges, taxi sharing has traditionally been approached on
small scales, such as within airport perimeters, or with dynamical
ad hoc heuristics. However, a mathematical framework for the
systematic understanding of the tradeoff between collective
benefits of sharing and individual passenger discomfort is lacking.
Here we introduce the notion of shareability network, which
allows us to model the collective benefits of sharing as a function
of passenger inconvenience, and to efficiently compute optimal

Al the basis of a shared taxi service is the concept of ride sharing
or carpooling, a long-standing proposition for decreasing road
traffic, which ongmated during the oil crisis in the 1970s (6).
During that time, economic incentives outbalanced the psycho-
logical barriers on which successtul carpooling programs depend:
giving up personalized transportation and accepting strangers in
the same vehicle, Surveys indicate that the two most important
deterrents to potential carpoolers are the extra time requirements
and the loss of privacy (7. 8). However, the lack of correlations
between socio-demographic variables and carpooling propensity
(8), the design of appropriate economic incentives (9), and recent
practical implementations of taxi-sharing svstems in New York City
(http:/bandwagon.io) give ample hope that many social obstacles
might be overcome in newly emerging “sharing economies™ (10, 11).
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Figure 1@ Sharcability networks. (A) Trip sharing model und o capacity. Each of the three cases involves
thiee trips 7Ty, 75, and T3 10 be shared, but ordered differently in time ¢ The top case comesponds 10 a fexsibis
sharing acoording to our modal with & - 2, and e rips can be accommodated in 2 tat with capacity > 2 The
middie case cormesponds to a model with & — 3 since three tnps are combined: notice that the three tnips can
be combined in o taxi with capacity two since two of the combined trips ane non-overiapping. The botiom cass
cormesponds 10 &« 3, but here a taxi capacity = 3 is needed to accommodare the combined trips. (B) Examphe
of maximum matching (¢) m a simpie shareability network. The links belonging to the maximum matching ame
displayed in bold. (C) Fxample of maximum weighted matching 4). (1) Fxemplary subset of the shareability
network corresponding 1o 100 conscutive trips for values of & « 3D soc and (E) A — 60 soc, showing network
densification effects and thus an increase of sharing opporiunities with longer time -aggregation. Open links point
1o wips outside the considered sot of trips. Tsolsted nodes are represenied as self-loops. Node positions ame not
preserved across the networks.
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The Car as an Ambient
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Crowdsensing Framework for
Monitoring Bridge Vibrations
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SPECTRAL ANALISYS
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SPECTRAL ANALISYS
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“In Milan, traffic lights are instructions.
In Rome, they are suggestions.
In Naples, they are Christmas decorations.”

Antonio Martino
Former Minister of Foreign Affairs (1994) and Minister of Defense (2001-2006)



B /ccess to intersection based on and ...

Vehicle tragjectories
(partial view) (partial view)



B Access to intersection based on Incompatioiity Network and

® based on talgate distance (a.k.a. two seconds rule) for vehicles with compatitle trajectories
® based on vehicle stopping distance for vehicles with incompatible trajectories

Typically, Qi < dstor




City Drive
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Superpedestrian raises $20 million for
durable electric scooters

Kyle Wiggers EXyle L Wigpess November 16, 2009 625 P Transportation




2. What about office spaces?
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7 Factors of Great Office Design

by Carloe Ratti and Matthew Claudel




Le Corbusier ,Charte d’Athene 1931, IV CIAM

“The four keys to urban planning are the four functions of the city:
dwelling, work, recreation (use of leisure time), transportation”






- SHARING 2 SHARINES
(CoMBANY CLUSTER ciimmer  SUNED SIAE 3o e

P, L =~ === ;
T ' | :

5 7 -t oo s H
. —> — ,"/'/flf;»"/__/'. —y fe Sy

TRANPARENCY







MIT campus
Location: Boston, MA
Area: 168 acres

People: 10,320 students and 9, 414 total employees
Buildings: over 190
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Summary slide of the signals from the three program types discussed aartior -

age weekly numbers of people connecting to the internest vis Wil
Vs

compared to the signatura of the entire campus. The usar numbar is the avar-
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3. MIT CAMPUS

Iho average waekly Wikl signals from Individual buildings gve us a fingerpont of sach building. Can these be correlated [calibrated?| o the wype of people
Living in particular dorms? Do p hysicists have different WiF: usage than chemists?
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Calculating the average relative proportions of tomal Wik connections amang the threo program types [academic/residential/service) over the courss of a
week revels characteristic Wik behavior in the thres program types. Althousgh the service building Wik use s much lower than the twao other program types,
in general, the service and academic buildings show a similar increase in WiFi use during normal daylight hours, while the residential use increases at night.
This differance diminishes during the weakand,
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3.1" MIT FFT

Taking an FFT of the average weekly lime sernes allows us Lo separate the WiFi signatures into individual compansnts, Shown below are the onginal signa-
ture, the reconstructed signature, the six frequencies used (o reconstruct the synthetic time series, and the spectral graph of the onginal time series. The
thicknoss and color of the indwvidual components are a functian of the magnitude of the froquency shown in 1ha lowermost plot, The primary lrequencies lor
residential buildings correspond to periods of 1 day, 12 hours, 1.2 days, & hours, and 1| weak. The diurnal cycle is as expected for people who sleep at night
and work during the day, Tha 12he and Bhr pariods correspond to daily sctivities such as going to ¢lass and accessing tha internat In the evaning, Nota the
largest Wiki signal comes just before midnight. Since these are mostly students in dormns, it i not surprising.

As can be seen below, the FET technique s ideal lor charactenzing and extracting fundameanital components of periodic behavior Is a oty periodic? | would
say yes - it is governed by cycles and thus, unlike the sigenvector technigue which is moere interested in canonical forms [peciodic or notl, tends to make a of
of intuitive sense for urban analysis.
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3.2 MIT EIGENVECTOR ANALYSIS AND K-MEAN CLUSTERING

The tast of seeing whethar WiF| antennas in Simmons Hall could be grouped according ta vary locslized usage patierns was partially succassful - there are
still many uncertainties about the accuracy of the results - so it was decided to usa 2l of the antennas on the MIT campus to detarmine the 14 wesk averags
signal and then calculate the eigenvectors Jeigenvalues and kK-mean clustering. Shown below are the results of the eigenvector analysis,
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Figure 4. Patent and paper output per building berween 2004 and 2014, On these choropleth maps, buildings are color coded by
output volume and labeled with their name (the facility code). Colors are assigned using a Jencks algorithm with five buckets.



Heterogeneity per Bullding
G 015 OO 080 13 UM 28

Figure 7. MTT campus buildings, coded according to
heterogeneity, as caleulated using the Shannon measure of
information entropy. This shows variation in faculty
departmental affiliations per building. Values range from O
to 2.5, classified with a Jencks algorithm. Buildings are
labeled by name (facility code),

' Space per Faculty Member
0 WO 200 200 asd WOt /00

Figure 8 MIT campus buildings, coded according the
average total area of lab and office space per faculty member.
There is a distribution of values from 14511 to 2,065
allocated per faculty member, Buildings are labeled by name
(facility code).
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What about covid-19?
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Twitter Twitter announces employees will be
allowed to work from home ‘forever’

The company said those who want to return to the office won't
likely do so until at least September and reopening will be ‘careful

Coronavirus - live US updates
Live global updates




How Office Design is Changing | CARLO RATTI and MARTR

Productivity layer

e ® ¢ PRODUCTIVITY DATASET (2004-2019)
*127.664 MIT ID (articles)

*3.670 MIT ID (books)

* 88.733 MIT ID (patents)

* 38.310 people (invention disclosure)

*28.194 MIT ID (co-teaching, from 2010)

EMAIL DATASET (from Dec 27th, 2019)
*64 Organizational Units
* 3524 people (anonymized) : M
II J
" gj
I
1 Physical layer 3 |

CAMPUS DATA MIT LAYOUT ORGANIZATION
4 faculty, other academics, research staff (2019) * Research units/department physical location
12,707 total faculty plus staff on campus * 164 buildings
1,056 faculty members * 166 acres (0.67 km2)

4 schools, 31 Departments
Total students (2018) 11,574
18 student residences on campus



EMAIL DATASET
3523 ANONYMIZED People’s MIT email accounts (Faculty, Fellow Researchers)
64 RESEARCH UNITS/DEPARTMENTS

5 PEOPLE OF EACH RANDOMIZED GROUP
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TIME variable

We kept track of all communications related to COVID-19
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TIME variable

JIMIIIIIII.Ii.lll.lll.lll.ll%I-ll.ll-lll.lll.ll-lIl.ll-ll-lllﬂll.lll-Ill.lll.lll.lll'lll'lll‘Il.lll.ulgg

Before COVID-19 emergency During COVID-19 emergency

(average between Feb 10th- (average between Apr 04th-
Feb 23th) Apr 19th)
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TIME variable

MIT closing announce
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JAN FEB MAR AR MAY

Before COVID-19 emergency During COVID-19 emergency

(average between Feb 10th- (average between Apr 04th-
Feb 23th) Apr 19th)
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Geo-location of nodes on the MIT campus

Pronrch Units Daurtrae
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How ¥ ez Desige = Dsanging CRALD RATT] ang MARTINA NAZZASELLD

Number of emails within the same unit 53937

Intra-community level
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During COVID-19 EMERGENCY






Geo-location of nodes on the MIT camp
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® 18 \ Before 25884
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22% INCREASED IN



INCREASE at the similar level at the intra and inter-community level.

There is a stronger connection among same units in virtual communications.



Bow D ez Deaige = Drarging CARL RAIT! ang VARTTHA NAZAZELLD

COMMUNICATION LINK

80% increased
20% decreased

LINKS' WEIGHT
37% decreased

BEFORE COVID-19 EMERGENCY DURING COVID-19 EMERGENCY
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BEFORE COVID-19 EMERGENCY AFTER COVID-19 EME



The Strength of Weak Ties'

Mark S, Granavetter
Jokens Hophing University

Analysic of social networks is suggested as a tool for linking micro
and macro levels of soclological theory. The procedure is illustrated
by elaboration of the macro implications of one aspect of small-scale
interaction: the strength of dyadic ties. It is argued that the degree
of averlap of two individuals’ friendship networks varies directly
with the strength of their tie to one another. The impact of this
principle on diffusion of influence and information, mobility oppor-
tunity, and community organization is explored. Stress is kaid on the
cohesive power of weak ties. Most petwork models deal, inplici:z.
with stroag ties, thus confining their applicability to small, -
defined groups. Emphasis on weak ties lends itsell to discussion of
relations befecen groups and to analysis of segments of =ocial struc.
ture not exsly defined in terms of primary groups.

A fundamental weakness of current sociological theory is that it does not
relate micro-devel internctions to macro-level patterns in any convincing
way. Large-scale statistical, as well as qualitative, studies offer 2 good
deal of insight into such macro phenomena as social mobility, community
organization, and political structure, At the micro level, & large and increas-
ing body of data and theory offers useful and illuminating ideas about what
transpires within the confines of the small group, But bow interaction in
small groups ageregates to form large-scale patterns eludes us in mast cases,

I will argue, in this paper, that the analysis of processes in interpersonal
networks provides the mast fruitful micro-macro bridge. Tn one way or
another, it is through these networks that small-scale interaction becomes
translated into large-scale patterns, and that these, in tum, feed back into
small groups.



Group/Network

Group members, because of their
frequent interaction, tend to think
alike over time. This reduces the
diversity of ideas, and in worst-case
Rarios leads to "groupthink”

Weak Ties

Weak ties are relationships between
members of different groups. They are
utilized infrequently and therefore
don't need a lot of management to
stay healthy. They lead to a diversity of
ideas, as they tie together disparate
modes of thought.

Strong Ties

Strong ties are relationships between
people who work, live, or play together.
They are utilized frequently and need a
lot of management to stay healthy.
Over time, people with strong ties tend
to think alike, as they share their ideas
all the time.




Are we losing weak ties, usually relates to our physicality?

FIRST RESULTS

# bridges in last two weeks of Feb (pre covid): 111.0 +- 8.85

# bridges in last two weef of April (post covid): 96 +- 6



HYPOTHESIS

—> Diversity is reinforced by physicality.

—> Diversity comes with serendipitous exchange - as unexpected encounters in the physical space
at MIT.

FIRST RESULTS

—> Volume exchanged at the Intra-community level is 19% increased

—> Volume exchanged at the Inter-community level almost at the similar level.
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