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Pulse of the Nation:
U.S. Mood Throughout the Day inferred from Twitter

Less Happy - NN More Happy

http://www.ccs.neu.edu/home/amislove/twittermood
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COMPLEX SYSTEMS

MANY parts,
INTERACTING with each other

in NON-TRIVIAL WAYS



NETWORKS



Nodes



Links (edges) between nodes
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Y.-Y. Ahn, S. Ahnert, J. P. Bagrow, A.-L. Barabasi, Sci. Rep. 2011



So what?






Pagerank =
Random walk problem on a network



Can we understand a
complex system

without knowing the structure
of it?
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Network Communities




Communities



“a group of densely
iInterconnected nodes”



“a group of densely
Interconnected nodes”




Hundreds of community
detection methods



Then, why bother?



Scientific
community

Family

G. Palla, |. Derényi, |. Farkas & T. Vicsek, Nature (2005)












Overlap is
pervasive.



Simple local structure




Complex global structure
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Here IS the
PROBLEM.






Communities exist.

Hierarchical structure
ex|sts.



Hierarchy implies
disjoint communities.
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Hierarchical community
structure

Hierarchy Communities




Hopeless?



Solution:
Use LINKS




Solution:
Use LINKS




“a group of densely
iInterconnected nodes”



“a group of densely
iInterconnected LINKS ”



LINK
communities
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Friends

=i

‘Friends’ links



‘Nerds & geeks’ links
—=Ps—" Colleagues

Friends

=i

‘Friends’ links



Nodes: multiple membership

Links: unique membership



Hierarchy implies
disjoint communities.
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Hierarchy Communities




Hierarchy , Communities




So, How?



Similarity between links

|

Hierarchical Clustering
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Summary

® Networks matter.

® Relationships are fundamental.

Vol 466|5 August 2010!doi:10.1038/nature09182
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Link communities reveal multiscale complexity in

networks

Yong-Yeol Ahn"**, James P. Bagrow"** & Sune Lehmann™**

Networks have become a key approach to understanding systems
of interacting objects, unifying the study of diverse phenomena
including biological organisms and human society'>. One crucial
step when studying the structure and dynamics of networks is to

v o T T 3 e that correspond

represent link communities (Fig. 1d, e and Methods). In this den-
drogram, links occupy unique positions whereas nodes naturally
occupy multiple positions, owing to their links. We extract link com-
munities at multiple levels by cutting this dendrogram at various

thresholds. Each node inherits all memberships of its links and can
L . e Tvoen thatioh we
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WARNING

This presentation may contain
appetizing material.



“lell me what you eat, and | will
tell you what you are.”

Jean Anthelme Brillat-Savarin
(1755-1826)






What do we eat?
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VWe are
Omnivores.
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How do we choose
what to eat”?



Because It’s delicious!




Why is it delicious”?



Energy!






Sweet + Fat

AWESOME




Energy









Why do we eat
spices?
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Darwinian Gastronomy:

Why We

Use Spices

Spices taste good because they are good fo

paul W. Sherman and Jennifer Billing
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for evolutionary survival
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microorganisms and to
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S0, sweet, fatty,
spicy, and?



Are there any other
principles
that transcend individuals
and cultures?



Food Pairing Hypothesis

“Two Ingredients taste good together
if they share flavor compounds”

Francois Benzi, Heston Blumenthal


http://en.wikipedia.org/w/index.php?title=Fran%C3%A7ois_Benzi&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Fran%C3%A7ois_Benzi&action=edit&redlink=1




s it really true?



Systematic approach



FENAROLI'S HANDBOOK OF

Flavor
Ingre dl Cnt S Flavor compounds

FIFTH EDITION

Ingredients

GEORGE A. BURDOCK, PH.D.

G. A. Burdock, G. Fenaroli, Fenaroli's Handbook of Flavor Ingredients (5th ed., CRC Press).



381 ingredients

1,201 flavor compounds



Ingredients

. shrimp
. white
wine

%

p -

o mozzarella

o

Xt parmesan

£ |

S olive

© oil

.

o

o . parsley

£ -

)

Q

(7] lomato

o

&

p -

N

n garlic

*:—J. ’ scallion
. sesame oil

starch

soy
sauce
nut

black

pepper
2
®

easoned musse

sake
mussel

Flavor compounds

1-penten-3-ol
2-hexenal

2-isobutyl thiazole
2,3-diethylpyrazine

2, 4-nonadienal
3-hexen-1-ol
4-hydroxy-5-methyl...
4-methylpentanoic acid
acetyipyrazine

allyl 2-furoate
alpha-terpineol
beta-cyclodextrin
cis-3-hexenal
dihydroxyacetone
dimethyl succinate
ethyl propionate

hexyl alcohol

isoamyl alcohol
isobutyl acetate
isobutyl alcohol

lauric acid

limonene (d- -, and di-)
I-malic acid

methyl butyrate
methyl hexanoate
methyl propyl trisulfide
nonanoic acid
phenethyl alcohol
propenyl propyl disulfide
propionaldehyde
propy! disulfide
p-mentha-1.3-diene
p-menth-1-ene-9-al
terpinyl acetate
tetrahydrofurfuryl alcohol
trans, trans-2 4-hexadienal

Flavor
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Network Backbone:

“keeping only the significant links”

Extracting the multiscale backbone of complex

weighted networks

M. Angeles Serrano®', Marian Bogufia®, and Alessandro Vespignani®®

3| nstituto de Fisica Interdisciplinas y Sistemas Complejos, Consejo Superior de Investigaciones Cientificas-Universizat llles Balears, E-07122 Palma de Mallorea,
Spain: ®Departament de Fisica Fonamental, Universitat de Barcelona, Martl Frangués 1, 08028 Barcelona, Spain; *Center for Complex Networks and Systems
Research, School of Informatics, Indiana University, 919 East 10th Street, Bicomington, IN 4740&: and “Complex Networks Lagrange Laboratory, Insutute for

Scientific Interchange, 10133 Torino, italy

Edited by Peter J. Bicke!, University of California, Berkeley, CA, and approved March 2, 2009 (received for review September 9, 2008)

A large number of complex systems find a natural abstraction in the
form of weighted networks whose nodes represent the elements
of the system and the weighted edges identify the presence of an
interaction and its relative strength. In recent years, the study of
an increasing number of large-scale networks has highlighted the
ctatictical hatarnnenaity of their interaction pattern, with degree

on thresholding would simply overlook the information present
above or below the arbitrary cutoff scale. Although this issue would
not be 2 major drawback in networks where the intensities of all the
edges are independently and identically distributed, the cutoff of
the P() tail would destroy the multiscale nature of more realistic
networks where weights are locally correlated on edges incident to
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How can we know the
preference of people?



Recipes!



allrecipes com €23 Menupan

56,498 recipes total



A recipe: a subgraph of the flavor network




Food pairing hypothesis

\4

Are these subgraphs (recipes)
denser than random subgraphs®?



Real
recipe

>
[

—
.

\Z
=

3

L\
N -~
v /‘l V
v

s

Random
recipes

(ingredient frequency conserved)



Are these subgraphs (recipes)
denser than random subgraphs®?



Yes & No



ultural Variation
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North American
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Flavor principles

What are the most
authentic ingredients
INn each cuisine?



East Asian

Number of
shared compounds

B o

rice ginger  soybean

soy
sauce ‘ 54.0 %
scallion ‘ 47.2 %
sesame
il . 37.3 %
rice O 33.7 %
ginger O 325 %

soybean . 24.9 %

5

soy soy soy sesame
sauce sauce sauce oil

g1

sesame
oil

callion scallio

garlic garlic  scallion garlic cayenne

ayenne garlic garlic garlic scallion cayenn

Y

- : soy sesame sesame SOy  sesame SOy
garlic  scallion scallion - scallion oil ol - ol - garlic

soy
sauce




North American

€g9

O

butter wheat

egg O 40.3 % Q Q
butter Q 411 % Q O .

. . cane
milk vanilla TG
wheat Q 39.8 %

_ wheat eg wheat  butter butter
mik () 26.4%

vanila O 194 %
cane
molasses . 16.5 %

vanilla  vanilla milk wheat wheat vanilla

butter butter butter

me

vanilla wheat vanilla wheat eg wheat eg vanilla milk

wheat

milk

butter

wheat






Summary

® Again, networks!

® \We can study our food culture with
data-driven & network-based
approach.
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ISN'T IT A SHAME THERE'S NO
UNIT OF MEASURE FOR
HOW GOOP FOOPD TASTES?

AH, BOT
THERE 1S..

O 1085 PANT, INC. A Mghis Nemarved



W ITES TR TN N TRTT ThmaTYyen

ISN'T IT A SHAME THERE'S NO
UNIT OF MEASURE FOR
HOW GOOP FOOPD TASTES?

AH, BOT
THERE 15...

IT'S CALLEP
A CALORIE







a

Spouses Alice and Bob also work together

Link communities

Family

The Alice-Bob link was placed in family but both
home and work relationships are identified

Word Association examples

COMBINE

JOIN
FRUIT BLENDER
INTEGRATE
JUICE
MIX

MIXTURE

DISAPPEAR

/ X

VANISH

LOOK
APPEAR

> VA

SHOW ATTEND

SEE

REAPPEAR




link communities

a Internal groups without distinguishing features are undetectable to ALL methods

communities basketball team
project
prob. p
students c
all students are identical
one community, D =0.750
b subtle structural differences are found by link communities
communities basketball team
project
prob. p
students c
coach separates them
two communities, D = 0.756
C juniors basketball team seniors

project
prob. p

three communities, D = 0.745

Multiple relationships are found:

The link between students 18 and 20 —
is senior but both 18 and 20 belong to
both seniors and basketball players!

juniors and
basketball players

seniors and
basketball players



