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1. Introduction and organization

The LCCC focus period on Dynamics and Control
in Networks took place in Lund in October 2014.
It spanned over five weeks with a 3-day work-
shop in the middle (October 15-17). The highly
cross-disciplinary research theme was chosen by
the LCCC board to support the strategic vision
of the Centre.

The event was organized by the LCCC fac-
ulty members Giacomo Como and Anders
Rantzer, and local practical arrangements were
handled by Eva Westin. A scientific committee
was formed, composed by Tryphon Georgiou
(University of Minnesota), Steven Low (CalTech),
Asuman Ozdaglar (Massahusetts Institute of
Technology), Rodolphe Sepulchre (University
of Cambridge), Sandro Zampieri (Universita
di Padova), and the organizers. The scientific
committee selected other fifteen world-leading
researchers in the field and invited them to give
a seminar at the workshop, extend their stay
during the focus period compatibly with their
commitments, and nominate outstanding young
researchers for an extended stay. Seventeen
such researchers were selected by the scientific
committee and invited to join the Center for
periods of 3 to 5 weeks and to give a seminar
during the focus period.

In addition to their seminar, all the partici-
pants where invited to submit open problems
that could motivate and inspire the research
community. The initiative was meant as a first
step of a wider project to collect open research
problems in Control Systems in conjunction with
the 2015-16 thematic year in Control Theory
and its Applications organized at the Institute
for Mathematics and its Applications (IMA). The
submitted problems underwent a peer review
process and some selected ones were present-
ed during the workshop. The workshop was
concluded by a panel discussion moderated by
Anders Rantzer.

1.1 SCIENTIFIC THEME

Networks, ranging from infrastructure (such as
transportation, communication, and distribution
networks) to social and economical networks,
play an increasingly central role in many aspects
of our lives. Many of the key interactions in these
networks are inherently dynamic and the net-
work connectivity and feedback pathways affect
robustness and functionality. Such concepts are
at the core of a new and rapidly evolving frontier
of Dynamical Systems and Control.

In this new technological and scientific realm,
the modeling and representation of systems and
the role of feedback need to be reevaluated.
Traditional thinking, which is limited to a small
number of feedback loops, is no longer applica-
ble, e.g., because of its lack of scalability. Feed-
back control and stability of network dynamics
require new approaches. Decentralized control
and distributed optimization, as well as layered
architectures and plug-and-play paradigms have
become of central interest.

The October 2014 LCCC Focus Period and
Workshop brought together leading experts
and outstanding young researchers with differ-
ent scientific backgrounds in disciplines such as
Control, Power Systems, Operation Research,
Communication Networks, and Statistics, to
share their results, compare their approaches
and attempt to define the goals and boundaries
of this exciting new research field.



GROUP DISCUSSIONS

2. Workshop

2.1 WORKSHOP SEMINARS

Controllability for Complex Networks: Metrics
and Limitations

Sandro Zampieri (Universita di Padova)

Differentially positive systems
Rodolphe Sepulchre, University of Cambridge,
UK

A survey of classical and recent results in RLC
circuit synthesis
Malcolm Smith, University of Cambridge, UK

Synchronization and evolvability in nonlinear
networks

Jean-Jacques Slotine, Massachusetts Institute
of Technology, USA

Community Detection: Fundamental Limits and
Optimal Sampling Algorithms

Alexandre Proutiere, Kungliga Tekniska Hog-
skolan, Sweden

Community detection in stochastic block models
via spectral methods

Laurent Massoulié, Microsoft Research-INRIA
Joint Centre

Complex Energy Systems
Michael Chertkov, Los Alamos National Lab-
oratory, USA

Semidefinite relaxation of optimal power flow
Steven H. Low, CalTech, USA

Distributed Alternating Direction Method of
Multipliers for Multi-agent Optimization
Asuman Ozdaglar, Massachusetts Institute of
Technology, USA

Learning graphical models: hardness and trac-
tability

Devavrat Shah, Massachusetts Institute of
Technology, USA

Load Balancing Using Limited State Information
R. Srikant, University of lllinois at Urbana Cham-
pain, USA

On the eigenvalues of large structured matrices
and the scalable stability of networks

Glenn Vinnicombe, University of Cambridge,
UK

Toward standards for dynamics in future electric
energy systems
Marija llic, Carnegie Mellon University, USA

Plug-and-Play Control and Optimization in Mi-
crogrids
Florian Dorfler, ETH Zurich, Switzerland

Lyapunov Approach to Consensus Problems
Angelia Nedic, University of lllinois at Urbana
Champain, USA

Majority Consensus by local polling
Moez Draief, Imperial College, UK

Robust Networked Stabilization: When Gap
Meets Two-Port

Li Qiu, Hong Kong University of Science and
Technology

Schroedinger bridges: steering of stochastic
systems classical and quantum

Tryphon Georgiou, University of Minnesota,
USA

Randomized averaging algorithms, when can
errors and unreliabilities just be ignored?
Julien Hendrickx, Université Catholique de
Louvain, Belgium

Systemic Risk in Finance
Munther A. Dahleh, Massachusetts Institute
of Technology, USA

On Distributed Control of Dynamical Flow Net-
works
Giacomo Como, Lund University, Sweden

Control of convex-monotone systems
Anders Rantzer, Lund University, Sweden



2.2 FOCUS PERIOD SEMINARS

Robust stability of positive systems: a convex
characterization

Marcello Colombino (ETH Zurich)

A new approach to sequential rate-distortion
problems and applications

Takashi Tanaka (Massachusetts Institute of
Technology)

Stability and power sharing in microgrids
Johannes Schiffer (TU Berlin)
Differentially positive systems

Fulvio Forni (University of Liege)

Submodularity and controllability in complex
dynamical networks
Tyler Summers (ETH Zurich)

A scalable approach to the design of large net-
works
Richard Pates (University of Cambridge)

Bounded disturbance amplification for mass
chains with passive interconnections
Kaoru Yamamoto (University of Cambridge)

Gossip coverage control for robotic networks:
dynamical systems on the space of partitions
Ruggero Carli (Universita di Padova)

A communication/control co-design paradigm
for networked control systems

Wei Chen (Hong Kong University of Science and
Technology)

Resilience of natural gas networks during con-
flicts, crises and disruptions
Rui Carvalho (University of Cambridge)

New approaches to identification and control of
nonlinear systems
lan Manchester, University of Sydney

On the push-sum algorithm with unreliable
communication

Balazs Gerencsér (Université Catholique de
Louvain)

Resilience and cascading failures in large-scale
networks

Wilbert Rossi (Politecnico di Torino)

Universal convexification via risk aversion
Dvijotham Krishnamurthy (CalTech)

GROUP DISCUSSIONS

Distributed and event-based state estimation
Sebastian Trimpe, (Max Planck Institute for
Intelligent Systems)

Stability of linear consensus processes
Ji Liu (University of Illinois at Urbana Champain)

Control of evolutionary games on networks
James R. Riehl (University of Groningen)

2.3 SELECTED OPEN PROBLEMS

Two Problems on Minimality in RLC Circuit Syn-
thesis

Timothy H. Hughes1, Jason Z. Jiang, and
Malcolm C. Smith

The Classical n-Port Resistive Synthesis Problem
Michael Z. Q. Chen

Synchronization of oscillators: Feasibility and
Non-local analysis
Julien Hendrickx Florian Dorfler

Modeling for plug and play control in strongly
coupled nonlinear networks
Marija D. llic and Xia Miao

Stability of Passivity Based Control for Power
Systems and Power Electronics
Kevin Bacovchin and Marija D. llic

On the asymptotic behavior of differentially
positive systems
Fulvio Forni and Rodolphe Sepulchre



3. Panel Disscussion

The workshop was concluded by a panel discus-
sion moderated by Anders Rantzer. The panel
was composed by Munther Dahleh (Massachu-
setts Institute of Technology) Marija llic (Carn-
egie Mellon University), and Glenn Vinnicombe
(Cambridge University). The panelists were
asked to address the following points:

1. We have had lectures on control, energy,
community detection and financial risks.
What are the important common issues
and the important differences? Do we have
enough of a common language?

2. How do we stay relevant and where do we
set the boundaries of our discipline?

3. What teaching curriculum do we need to
address the common issues?

Concerning point 1, the consensus was that
the topics could be classified in two relatively
homogeneous categories. On the one hand,
in large-scale physical systems such as power,
transportation, and financial networks, there are
measurable flows among the different units and
there is an infrastructure posing constraints on
such flows. Issues of efficiency and robustness/
resilience are ubiquitous in this area. On the
other hand, there are problems of community
detection, consensus, and opinion dynamics in
social networks where the central issue is to es-
timate from data the actual network structure
and decision mechanisms in place.

The centrality of ideas such as the design of
local decision makers achieving a global ob-
jective and layering, e.g., exploiting time-scale
separations that are inherent in many complex
systems was also brought up.

The discussion on Point 2 highlighted the ten-
sion between the need for the community not

to loose its rigorous methodology while being
close to the problem. The importance and chal-
lenges of having good contact with practitioners
were also brought up.

Point 3 stimulated the debate on how to go
back to fundamentals and get rid of what is no
longer so central. The need for engineers with
systems knowledge was highlighted along with
the fact that computer science and communi-
cation should be fundamental parts of control
engineering curricula.
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Coffee
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Distributed Alternating Direction Method of Multipliers for Multi-agent Optimization
Asuman Ozdaglar, Massachusetts Institute of Technology, USA

Learning graphical models: hardness and tractability

Devavrat Shah, Massachusetts Institute of Technology, USA
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Robust Networked Stabilization: When Gap Meets Two-Port

Li Qiu, Hong Kong University of Science and Technology

Schroedinger bridges: steering of stochastic systems classical and quantum
Tryphon Georgiou, University of Minnesota, USA

Coffee

Randomized averaging algorithms, when can errors and unreliabilities just be ignored?
Julien Hendrickx, Université Catholique de Louvain, Belgium

Systemic Risk in Finance

Munther A. Dahleh, Massachusetts Institute of Technology, USA
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Panel Discussion
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Appendix C

PRESENTATIONS

PARTICIPANTS

CONTROLLABILITY FOR COMPLEX NETWORKS: METRICS
AND LIMITATIONS
Sandro Zampieri, Universita di Padova, Italy

This presentation will consider the problem of controlling complex
networks, i.e., the joint problem of selecting a set of control
nodes and of designing a control input to steer a network to a
target state. For this problem, we propose a metric to quantify the
difficulty of the control problem as a function of the required con-
trol energy and we derive bounds based on the system dynamics
(network topology and weights) to characterize the tradeoff
between the control energy and the number of control nodes.
Our findings show several control limitations and properties. For
instance, for symmetric networks, if the number of control nodes
is constant, then the control energy increases exponentially with
the number of network nodes. On the other hand, if the number
of control nodes is a fixed fraction of the network nodes, then
certain networks can be controlled with constant energy inde-
pendently of the network dimension.

Asymmetric networks highlights richer scenarios. Indeed, it can
be shown that, while asymmetric but isotropic networks are still
difficult to control, sufficiently anisotropic networks are instead
easy to control.

13
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DIFFERENTIALLY POSITIVE SYSTEMS
Rodolphe Sepulchre, University of Cambridge, UK

The talk will introduce differentially positive systems, as systems
whose linearization along an arbitrary trajectory is positive. A
generalization of Perron Frobenius theory is developed in this
differential framework to show that the property induces a (co-
nal) order that strongly constrains the asymptotic behavior of
solutions. The results illustrate that behaviors constrained by local
order properties extend beyond the well-studied class of linear
positive systems and monotone systems, which both require a
constant cone field and a linear state space. Joint work with Fulvio
Forni.
Preprint on arxiv: http://arxiv.org/abs/1405.6298.
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A SURVEY OF CLASSICAL AND RECENT RESULTS IN RLC
CIRCUIT SYNTHESIS
Malcolm Smith, University of Cambridge, UK

The talk will recall some of the main results of classical circuit
synthesis: Foster’s Reactance theorem, the constructions of Brune
and Darlington, reactance extraction, and the Bott-Duffin proce-
dure. An introduction will also be provided to the enumerative
method for RLC synthesis and the recent results of Hughes and
Smith, Jiang and Smith..
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SYNCHRONIZATION AND EVOLVABILITY IN NONLINEAR
NETWORKS

Jean-Jacques Slotine, Massachusetts Institute of
Technology, USA

Computation, measurement, and synchronization are key issues
in complex networks. Vast nonlinear networks are encountered in
biology, for instance, and in neuroscience, where for most tasks
the human brain grossly outperforms engineered algorithms using
computational elements 7 orders of magnitude slower than their
artificial counterparts. We show that nonlinear dynamic systems
tools, and in particular contraction analysis, yield simple but highly
non-intuitive insights about such issues, and that they also sug-
gest systematic mechanisms to build progressively more refined
networks through stable accumulation of functional building
blocks and motifs.
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COMMUNITY DETECTION: FUNDAMENTAL LIMITS AND
OPTIMAL SAMPLING ALGORITHMS

Alexandre Proutiere, Kungliga Tekniska Hogskolan,
Sweden

We consider networks consisting of a finite number of non-over-
lapping communities. To extract these communities, the inter-
action between pairs of nodes may be sampled from a large
available data set, which allows a given node pair to be sampled
several times. When a node pair is sampled, the observed out-
come is a binary random variable, equal to 1 if nodes interact and
to 0 otherwise. The outcome is more likely to be positive if nodes
belong to the same communities. For a given budget of node pair
samples or observations, we wish to jointly design a sampling
strategy (the sequence of sampled node pairs) and a clustering
algorithm that recover the hidden communities with the highest
possible accuracy. We consider both non-adaptive and adaptive
sampling strategies, and for both classes of strategies, we derive
fundamental performance limits satisfied by any sampling and
clustering algorithm. In particular, we provide necessary condi-
tions for the existence of algorithms recovering the communities
accurately as the network size grows large. We also devise simple
algorithms that accurately reconstruct the communities when
this is at all possible, hence proving that the proposed necessary
conditions for accurate community detection are also sufficient.
The classical problem of community detection in the stochastic
block model can be seen as a particular instance of the problems
consider here. But our framework covers more general scenarios
where the sequence of sampled node pairs can be designed in an
adaptive manner. We provide new results for the stochastic block
model, and extends the analysis to the case of adaptive sampling.
This is a joint work with Se-Young Yun.




45

PARTICIPANTS

(Aujigow uasn) uonedo|e
924Nn0saJ aAde-04d ‘SUlyded (SHI0MIBU UOHEIIUNWWOD
suonied pasuejeq :unndwod paynquisiq
suioloud jo 9joJ 8yl :ASojoig .
1uswasnJanpe
pa133Je] ‘swaisAs uoepPUSWWOIAY (SHIOMIBU [BID0S o

suopedlddy

sdomawedy Suljdwes [eJauan ¢

sale|Iwis / suondelaiul jo ydes3y T
suoneAlasqo

984e| AJBA U ‘Y @)UY BUBH "U >> ) "SUOLDAIISGO Wopued
WOJ) SOPOU U JO YJOMIBU B Ul SSIUNWWOI Y 19..41X] :9A1l3[q0

S)4OMlau Ul uonoalap >H_C3C\_EOU

sdomawedy Suljdwes [eJauan ‘g

sanle|iwis / suondesalul jo ydes3y T
suoneAIasqo

98.4e| AJOA U Yy 91Uy BUSH "U >> ) 'SUOLIDAIISGO Wopued
WI0J) SOPOU U JO }JOMIBU B Ul SDIUNWIWOD Y 1BJIIXT :9ARI3[q0

S$340M13U Ul uondalap Allunwwo)
(HLY) @4913n0.4d dJ4puexa|y

(SN3-VIYNI) 984e[97 2UBIN
(VIYNI-YSIAI) unj 8unoa-as

Suijdwes aAndepy pue wopuey
BIA UOL}D319Q AJlunwwio)



PARTICIPANTS

46

d > b Ayjigeqoud yum a8pa ue ind :as|3 —
d Anjigeqoud yum a3pa ue ind :Ajlunwiwod swes ay ul §| —
92U0 sapou jo Jied yoea Suiapisuod Aq 3jing st yded8ayyl .

(INGS) [9POIA ¥20]g 2useyd01s

swyluo3|y panwiy Asowsy ‘SButwesns ‘¢

swyios|y lewndo  °q
Sjlwli| |[ejuswepun4 ‘e
sy4omawedy Sujjdwes |eJausn ‘g

|9POIA ¥20|g 21SBYI01S Y3 Ul UOIBIBP AYUNWWo) T

aUINO

|[9POIA %20|d d1seyd01s
3yl Ul uopdaldg ANUNWWO) °T

“‘Jaduey| ‘|leg

‘au097 ‘ueyney) ‘ueAdl9 ‘nolT ‘UowlS ‘UsYlod ‘Aspyse] ‘pue|joH
‘ojlIIed ‘SoWY ‘NewAQ ‘IqISseH ‘Uns] ‘diweys ‘OysHIA ‘Uasaln
‘uosie) ‘enoloqapz ‘98194 ‘sjeye) ‘serdol|yay ‘nx ‘Aodepns
‘YIINSIDAIY ‘Uo)Y ‘Apnyds ‘nalyiel ‘dewny| ‘a1x ‘A9||9) ‘uewuoog
‘91IYM ‘8499 ‘ueBoH ‘uew||dA ‘O3ueS ‘SINY ‘ueyy| ‘YosddoH
‘ueney8ey ‘uosqio ‘Suaquisy ‘4aydsid ‘pla4 ‘4a8ie) ‘luelizep
‘981e]97 ‘a1lnosse| ‘nA ‘@al1aney) ‘ayoy ‘A|S ‘[9SOIN ‘uendlD
‘nipnyepen ‘Ineysues ‘ueydiay ‘uopuo) ‘diey ‘ejexezsy ‘o||929q
‘01eUn}I04 ‘eNIA ‘eledwaA ‘UeuuRY ‘UPJOS ‘UDAQ ‘AJIBYSIIN
‘9zall4 ‘uay) ‘wnuar ‘uejydp-elo) ‘uewMI ‘oey ‘esoly

yJom paie|ay



47

PARTICIPANTS

d > b Ajjigeqoud yum a8pa ue ind :as|3 —
d Ajjigeqoud yym a8pa ue 1nd :Ajlunwiwod swes ayj ul | —
92U0 sapou Jo Jied yoea Suliapisuod Aq 3jing st yded3 ayyl .

@ [ ]
(INGS) [SPOIA 320]|g duseyd01s

d > b Ayjigeqoud yum a8pa ue ind :9s|3 —
d Ayjigeqouad yum a8pa ue 1nd :Ajunwiwod swes ayj ul j| —
92U0 sapou o Jied yoea Suiapisuod Aq 3jing st ydes3 ayl .

e

(INGS) I9POIA ¥20|g 2useyd01S

d > b Ajjiqeqoud yum adps ue ind :as|3 —
d Ayijigeqoud yym a8pa ue i1nd :Ajlunwiwod awes ayj ul | —
92U0 sapou Jo Jied yoea Sulapisuod Aq yjing st ydedSayyl .

d

(INGS) [SPOIA 320|g duseyd01s

d > b Anjigeqoud yym adpa ue nd :as|3 —
d Ayijigeqoud yym a8pa ue 1nd :Ajlunwiwod awes ayj ul j| —
92U0 sapou jo Jied yoes Suliapisuod Aq 3jing st ydesS ayl .

NP

(INGS) I9POIA 320]g 213seY201S



PARTICIPANTS

48

'$191SN|2 9NJ} 3Y3 YUM paie|24400 Ajaanisod aue 1eyy siaisn|d
01 Suipea] wyios|e ue sisixa aJayl uayy (q + )z /N < q— y|
(€TOT 31 noSseN) wasoay

2102 BAOJOQRpPZ-2J00|N-B|BY)EZIY-3]|929@ AQ paIn3dafuo)

"9|qissodwi s uonaalap onordwAse uayl ‘(9 +v)g /N >q—n J
(2107 A|S-uBWSBN-|9SSO|N) W03y L
u u

—=Db ‘— =d 9asedasieds ‘sazis |Enba JO SALIUNWWOD OM]
Q @

INES 9yl ul uondalag dnordwAsy

(T1)0 = b‘d :uonoesaqui asuaqg
(M= (u)f ‘u/(u)f ~b‘d assieds —
(Mlexsanosse) u/1 ~ b‘d asieds Alsp —
(T)o = b*‘d :uonoessyul asieds .
oo 0} Spual U WOUOC U :9ZIS )UOMISN

e

(INGS) [SPOIA 320]|g duseyd01s

00U

0= [(u), 3@ wi i a3e4ndde AjjeonordwAse
S| U WyyJ08|e ue :uoydalap dnordwAse ajesnddy ‘g

s4231sn|d 03
sapou sugisse Ajwopuel 18y} Wyios|e ayl ueyy Jo1aq saop
11 1 SJ9ISN|D BY3 $29313p WYIIOS|e ue :uoyIBP dnoldwAsy T

(u),3 ‘U J3pUN SBPOU payisse|dsiw o uonsodoid

SOl419W 9duew.loliad

d > b Ajijigeqoud yum a8pa ue ind :9s|3 —
d Ajjigeqoad yum a8pas ue 1nd :Ajjunwiwod awes ayj ul | —
92U0 sapou Jo Jied yoea Sulapisuod Aq 3jing st ydedSayyl .

..w\. .

(INGS) [SPOIA 320]|g duseyd01s



49

PARTICIPANTS

7 10}29AUSSI3 SuIpuOdsali0d 3y} pue 1z puy :poYIBAl
(9+ )z < 1z J13|qRIIDISP U8 SAHUNWIWO) .

1z (g+ o)

(8uisse20.d-1504 + Sulwwiil +)
x1ew Aduadelpe ayy jo uonewixosdde y-jues e apincld —
poylaw |es1oads .

uonexe|al :3uisuss passaudwo) — ANVQ
uonededoud Jaljag :uonn|os 30ex3 —
(wajqoud paey dN) pooy!IT WNWIXEIA X14}eW PIAIISCO Y3 JO Alsuap [es109dS .
swyo3|e jo sajdwex] SIsAjeuy |e4309dS Sn0J0314-UON
(@ +D)gp
z
=7 € /
P +(q Sﬁ z
(2)d
1z (q+D)g) (me] 3]24121Wds JBUSIM) X XlJ1ew 3sIou Jo Ayisuap |es3oads .
2 X + [V]d = v :uoneasasqo AsioN
\ o u RN )
X EAﬂ\F...,H\,HT..JV$”§ .EAﬂ.. .ﬁv%ﬂﬂ
z)d b4 b4
) L= )T T+ r)T = ViE
X+ &:z@ - Sm :X143ew Ajue|npow ayy Jo Ajisuap |eJ3oads . X11ew Aduade[pe a8esany .

SISAjeuy |e4309dS SnoJ0314-UON SISAjeuy |e4309dS Sn0J031J-UON



PARTICIPANTS

50

o/(1—wu=g
pue ‘quawade|dal Jnoyum uljdwes wopued :|\gS |edISSe)D .

suoneAsasqo 1sed uo spuadap 7 punod ul pajdwes sapou jo Jied syl —
sa|8ajens anndepy .

juawade|das 3noyum Suidwes :gs —
juswade|das yum Surdwes 15 —

wopuel 1e AjwJojiun uasoyd si pue ‘SUolIeAIaSqo
1sed uo puadap jou sa0p 7 punoJ ul pajdwes sapou jo Jled 3y —

sa1893e.1S wopuey anndepe-uoN .

sai391eu3s Suljdwes

ydomaweld4 uijdwes [eJaud9 °¢

1 :198pnq ajdwes .
9SIMJAY30 b uBdW Y}IM ‘J33SN|d dWES 3y} Ul aJe
sapou JI d ueaw yum ljjnousag :iied apou usAIS e uoy ojdwes .

sapou jo Jied yoea
4O UolOEIAIUI BY3 J0§ S3jdwps Auew :3|qejieAe 13s ejep agJe] .

ydomawel4 Suidwes

¢ (u),2 Jo Bulleas lewndo ayi sl 1eym :sydeus3 |eJsusn .
(3123 S1Y1) ¢ UOLIIBP d184NIIE
AjjeonoldwAse Joy u ‘b ‘d uo uonipuod :sydeisd |pIBUSD .

S91}IUNWWOI OM] UeY] aJow
yHm uondalap dnoldwAse Joj uonipuod :sydeid asieds Alsp

swa|qoJd uadp



51

PARTICIPANTS

(1)m = ((bd)p>1 (dDyp3p)xem = pue (

NA:

(u)Sor u
—— )y = — :8uyd d -
( ” )0 7 uldwes aandepy
3
AEv,sH u :8uidwes aandepe-uoN —
" I
w u

———=5bh

uSol N u Sor

L

=d :9|dwex3 .

u
= —{b— 1 ‘d}utu
DU &ﬁ 1 ‘d}ur

:pasu aMm ‘uondalap 91edndde AjjeanordwAse Jo4 waloayl

d—1.b

b—1 d

:3uidwes anndepy

SHWI| |euUaWepun

((z évfwvaéﬂ < (z'w).2la

:9AeY aM ‘U wyyioS|e Suldisn|d
Aue 10y ‘S 40 TS ASa1e41s Suljdwes wopued Japun waJloayL

d—1)b -
EvaoO + Aﬁ woﬁv {d — 1 ‘b}ura E Z+
z

(b—1)d (¢t —w).ry
¢ “(d* Eag = ‘u) Ty
{(B*d)>1 *(d D)7 57 el (L u)

:3uiidwes aandepe-uopn

S1Wi| [eaUSWEpUNS

(D = (ud)/ (b —d)

(1)o = b‘d :uonoeiajul aseds

(Do =u/ (b—d)g

(1)@ = b‘d :uonoesaquiasuaq

u i

(r)m = ((b*d)731 “(d*b)73[)uma — “(1)m = —
Z z

:u019313p 91e4ndde AjjeonoidwAse

10} suonipuod Asessadau -- Suljdwes aandepe-uoN

S1WI| |euawWepun4

swyiio3|e uleisn)d pue Suldwes ajesndoe AjjeanojdwAsy —
swyiio3|e Sulsisn)d pue Suldwes juiol ajeindoe
AjjeonordwAse Jo 92ua3sixa 9yl 4oy b ‘d ‘| ‘U uo suonipuod AJessadeN —

:3uiidwes aandepy .

swyo8|e uuaisn|d a1edndde AjjeonoidwAsy —
swylos|e ajeandoe
AjjeonordwAse Jo a2ua3sixa 8yl 4oy b ‘d ‘| ‘u uo suonipuod AlessadaN —

:3uiidwes aandepe-uoN .
0= [(z‘uw)3|a om:T:: 1uod3Pp esndoe AjleanordwAsy
(r ‘u)2 sapou payisse|asiw Jo uoniodoud :d118W 3JUBWIONSd «

saAl23[q0o



PARTICIPANTS

52

i1yS1 2J4e UO1IIIBP D1BINIIE JOJ SUOLIPUOI AJBSSIBU BY]
Suldwes
aAndepe Jo 952 3y} Ul UOIIDIIP D}BJNIIE JOJ SUOLIPUOD
AJessaoau ay3 Japun a1esndde AjjeonoldwAse s| wyplosie syl

U
()T + (@ éﬁu\f dxo S (I ‘t) ;612
I
:Auigeqoud ysiy yum usyy
u u b+4+d
(1)m = ((b‘d “(d‘b xeur — ¢ = ——
(Do = ()11 (@ D) 5r)xem — (1) L.0-0)

1Y} dWNSSY WaJloay ]

2Juew.io}lad

{3yS1 24e UO1DRIBP SIBINIIE 1O} SUOLIPUOD AIESSIIBU BY]

Suidwes
WopuUe. JO 9Sed a3 Ul UOL1D31ap 91.J4NIJE J0) SUOLIPUOD
Asessadau ay3 Japun a1esndde AjjeonoldwAse st wypiosie syl e

.@ &om \ r
(o702 2995 @

:Anjiqeqoad ysiy yum uay

-Jeyl awnssy waloay|

2Juew.iol}lad

198pnq Jo spou ujuiewaJ ou |nun "z jeaday ‘¢

*9pOU 3y AJISSe|D “|aulay Yded 031 SIPOU Pa31Id|as ay}
U2aM1aq sdied ug/| a|dwes ‘sapouU Sujulewal JO U0 39S ‘T

(wyyuo8|e |es3dads snoiraaad ay) Suisn) soapou asay)
Ayisse|d 01 sa|dwes /] asn pue sapou (u)3o|/u 193|9s :s|auJay ‘T

S|2UJdY 3SBY3 WO SIBISN|I
3Y1 p|INg pue S|aUJdY U334 puy :eapl Suljdnod |eneds

duidwes aandepe 4o} swyilog|y

(s493SN|2 SNOLIBA 33 YHIM SUOLdeISIUI
10 Jaquwinu ay3 aJedwod spou yoea J4oy) Juswanosdwi Apaaun y

(s410109Aua819 Sulpuodsaliod
pue sanjeAuasis 1sa84e| ay3 puy) uonisodwodap |esjoads ‘¢

(suonoeusyul Auew 003 YHM SSPOU A0WSL) Sulwwl] ‘7
X1J1eW UOLBAIDSO Ue p|ing ‘s3jdwes wopuel wodq T

(wynuo3je s,uejy3p-efo) Jo uoisualxa) swyilios|e [ed12ads .

8uidwes anndepe-uou Joj SWYHI03|yY



53

PARTICIPANTS

*PaAJISO S| UWN|0d
s} Jaye Ajaielpawiwi
apou ayy Ajisse|d
‘wy3uose auluo

‘paAJasqo
u?aq sey suwnjod

QU3 || Jo)e S13sN|d Ay}
uiniaJ jwyaosje aulyo

(swo1sAs Jspuswiwodal ‘89 —awn
e 1e uwn|od auo) Ajjequanbas aAlue Aew spou e jnoge eleq .

(jS340Mm313U BpOU OOOS d|PuUkY Jouued gefrew) a|qissodwl aq
p|N0d AIVY Ul Xuzew Adusoefpe syl Sunejndiuew pue 3uliols .

sanss| dulweaJls pue AJowWs|A

swyilog|y
paliwi-AJowa|p ‘Sulweas ‘¢

u b u
W=
u —d
s~
(Do = () yum NgS _
u =V

i,0T=u
Yiim |eap 03} MOH

(swa1sAs Japuswwodal ‘89 —awn
e 1 uwn|0d auo) Ajjeuanbas aALue Aew apou e jnoge eleq .

(jSy40Mm13u @pou 0OOS d|puey Jouued gejjew) ajqissodwi aq
PIN0d AIVY Ul X1u3ew Aduaoe[pe syl Sunejndiuew pue Suliols .

sanss| dulweauls pue AJOWS|A

S0'0=b‘T0=d S00'0=b ‘10'0=d

WOPURY B
aandepy ——

3uijdwes anndepe ‘sa aandepe-uopn



PARTICIPANTS

54

sapou paJ ysnoayi saspa 310241pu| .

SOpPOU U343 40} WYHJIO03|Y

\

G14

éAj@1e4n20E AjjEOn01dWASE Sapou
||e 40 sapou Suipuodsauiod ay3 Ajisse|d 01 (u)4 ‘A uo suonipuo) .

suwn|od jo A uonuodoud e 9AIRSQO .

uonew.Jou| [enled Yum uoneayisseld

‘sapou paJ Aq papiroid uonewsojul apis asn 0}
aney ap *(1)m = (u) f4 41 Ajuo sepou asay Ajisse|d 01 a|qissod sl
11 Uay3 ‘Ajuo sapou udaJ3 INOQEe UOLIBWIOJUI SISN SUO I HHjiewdy

((T)m = (u) fL usya ‘Aj91eandoe

AjjeanoldwAse sapou |je ulAjisse|d wyiiose ue si aiayl 4 (11)
(1) = (u) f4/* uayy ‘Ajoreandde AjjeonordwAse

sapou uaaJ8 SulAyisse|d wyyio3|e ue S| auayl | (1) wasoayy

'9]qissodwil S| UolIAP
onoidwAse usyy *(1)o = (u)fA/ 18yl SWNSSY WaJ0ay L

S}IWI| |eausWepuUNnS

ul

Q.

¢Aj@184n22E Aj|EOn01dWASE Sapou
||e 40 sapou Suipuodsautiod ay3 Ajisse|d 01 (u)} ‘A uo suolIpuo) .

suwn|od Jo A uonuodoud e 9AIRSQO

uonew.Jlou| [enled Yum uoneayisseld



55

PARTICIPANTS

‘Aj@1eandoe AjjeanoldwAse sapou uaaug sy sayisse|d
wyios|e anoge syl *(T)m = (u) fA/ 1Y) BWNSSY WaI0aY ]

(anjeAuasis
y1-y pazijewJou 3s3yS1y a3yl YUM) XLI1BW SALQEWIO4U]
150w 3y dasy + |7 pue ;) Joj poyiaw [es1dads :Wyos|y .

¥ Xujew Adudde[pe mau e :}nsay .

sapou paJ ysnoays sa8pa 10241pu| .

S9pPOU U343 40} WY3II03|Y

(j9auapuadap |ednsiels ploae)
sapou us3J3 g Aj3oexs o}
Pa3193Uu0d sapou paJ Joj Ajuo 31 0Q P o

sapou paJ ysgnoayi saspa 102J1pu| .

S9pOU U343 40} WYNJI03|Y

(anjeauasis

yi-y pazijewJou 3saysiy ayl Y3m) x11ew aALewloul
1sow 8y dasy + i pue (5)V 10} poyiaw |e4309ds :wyIo8|y .
¥ Xujew Adudde[pe mau e :}nsay .

sapou paJ ysnoays saspa 10241pu| .

S9pOU U343 40} WYIJIO3|Y

sapou pat ysnoayi saspa 1024ipu|

S9pPOU U343 40} WYNJI03|Y



PARTICIPANTS

56

sapou payisse|)

wy3lios|e snoinaad Suisn sapou Suipuodsaliod ayy Ajisse)) —
AJowaw aY3 ul SUWN|O g JO }I0|q 3yl dde|d —
suwn|od Jo s)20|q 1eaJ} Ajlenuanbas .

wyH403|y uana-Alows A SUllHO

sapou uaalb jo JaquinN
000F 00SE 000€ 00S2 0002

[y

(sebpa 1oauipur Aq ydeub woyy) v —o— I
(sebpa 10a.1p Aq ydeib wouy) ©®Y —A—
r 1€0

SOPOU PBIISSE|OSIW JO UoioR.

100°0 =b ‘500°0 = d  000°000T = u

9|dwex3

sapou payisse|)

AJowaw By} Ul SUWN[OD g JO ¥20|q Y3 dde|d —
suwin|od o sy20|q 3eaJ} Ajjenuanbas .«

wy408|y uad-AJoW A UIIHO

'sapou paJ Aq papinosd uonew.oyul apls o asn
1USIDLD — (SHWI| [eIUSWEPUNY 93S) [ewndo aJe swyiosde sy

‘Ajo1e4n20e Aj|eanno1dwAse sspou pau ay3 saylsse|d
wyiosie anoqge ayl *(1)m = (u) f4 1BYl SWNSSY WaI03Yy]

wyypso8|e Suidwes aandepe ayj ui se
S9POU PaJ 3y} JO} S|2UIY SB SIPOU UD3JS JO SI9ISN|D BYI SN »

S9POU paJ 40} WYyIoS|Y



57

PARTICIPANTS

u/1 ueyy Jaasey shedap
sapou payisse|dsiw o uogtodoud ay3 ‘ (4)30] /u =, Buiniasqo Jayy —
1 = (u)y Aowaw Jeaul| —
()80 = (u)f :3d|dwex3y .
}J0-9pEJ} 9DUBWIOLD]-AIOWDIN

wyHJ403|y uaa-Alows|A SUllHO

O E——
sapou paylssed
320|q ay3 aseJa pue
‘s191sN[2 PaAJasqo Ajsnoinaad ayl yum siaisnd paulelqo ayl asis|N —
wyos|e snoiaaud Suisn ssapou Suipuodsaliod ayl Ajisse)d —
AJowaw 3y} Ul SUWN|0J g JO 20|q 9yl de|d —
suwn|od Jo sy20|q 1eaJy Ajjenuanbas .

wyJo3|y uaya-Alowaln aullHO

Qf:i%ﬁiév 0= (I'w),3

*d"y'm :aABY M ‘suWIN|od A

@%EEJ S

(g/ru(w)f)urm
(w)Sor
, (W3or (g/yu ‘(v) f)urm
u(u)y

v m = (u)y jeyy awnssy
“(u+ (uw)yu)g Aowsw
= g 975 120|q YUM w303yl

SuInIasqO Jaye uayy A

pue

}JO-9peJ} 90UBWIO4d-AIOWDN

wy408|y ua1dW-AJIOWIIA UIHO

O E——
sapou paylsse|d
320|q 8y} aseJa pue
‘s191SN[2 paAJasqo Ajsnoinaad ayl Yam s1aisn|d paulelqo ayl asss|N —
wyiios|e snoiaaud Suisn sspou Suipuodsauliod ayy Ajisse)d —
AJowaw ay) Ul SUWN|OI g JO 320|q 9yl Je|d —
Suwn|od Jo S$y20|q 1eaJl Ajjenquanbas .

WwyJo3|y uaya-Alows|n aullgdo



PARTICIPANTS

58

$SIUIRIISUOD UOLEIIUNWIWOD YHM SWyIoS|e pnopd

INES UBY3 S|9pOW |BJ2UDS DJ0W J0) SHNSJ Je[IWIS ‘LT

Jjo-apeJy duewuopiad-Alows |y —
AJowaw Jeauljgns uUsAd 40 AJowaw Jeaul] yum auop aq ued Suiyjhiany —
wyo3|e Suiweass ‘paywi AIOWIN

(asuap 0 asseds) jawiSas Aue ul pjoy s}nsasunQ —

swyy.o8|e Suuaisn)d pue Suljdwes julof jewndo AjjeanoydwAsy —

uoBP 91eandde Aj|eanoidwAse J0) suonpuod AJessadeN —
INGS @Y1 Suipuaixa yJomawedy Suljdwes ouauady .

SUoIsN|ouUo)

$T0Z SdIN ‘@4313n0.4d-284e137-UnA

¥T0Z 110D ‘24313n04d-UnA
siaded

isyueyy

jAMowaw Jseauljgns

‘91e4ndoe AjjeanoldwAse s| wyiuose

(e e
(u)30]
, (W30 (g/yu‘(w)f)urm
u(u)y

9A0QE 3y} Uay} m = (u)y 3ey) swnssy
*((u)yu)e Atowasw

pue = & 9215 Y0|q YUM w2103y

11 9SBJD PUB 20| 3Y] JOJ UOLIBIYISSE|I DY} UINIdY

320|q 8y asesd
pue “20|q 1544 Y1 JO SIBISN|I BY1 YIIM SJ31ISN|D paulelqo ayl asis|N —
wy3ioS|e snoinaad Suisn sapou Suipuodsatiod ayy Ajisse)) —
AJowaw 3y} Ul SUWN|0D g JO 320|q 3y} de|d —
suwn|od Jo sy20|q 1eaJy Ajjenuanbas .

WY408|Y UaDa-AJOWN dUljuQ



COMMUNITY DETECTION IN STOCHASTIC BLOCK
MODELS VIA SPECTRAL METHODS

Laurent Massoulié, Microsoft Research-INRIA Joint
Centre

Community detection consists in identification of groups of
similar items within a population. In the context of online so-
cial networks, it is a useful primitive for recommending either
contacts or news items to users. We will consider a particular
generative probabilistic model for the observations, namely the
so-called stochastic block model, and generalizations thereof. We
will describe spectral transformations and associated clustering
schemes for partitioning objects into distinct groups. Exploiting
results on the spectrum of random graphs, we will establish con-
sistency of these approaches under suitable assumptions, namely
presence of a sufficiently strong signal in the observed data. We
will also discuss open questions on phase transitions for cluster
detectability in such models when the signal becomes weak. In
particular we will introduce a novel spectral method which prov-
ably allows detection of communities down to a critical threshold,
thereby settling an open conjecture of Decelle, Krzakala, Moore
and Zdeborova

PARTICIPANTS

59



PARTICIPANTS

60

"o OS[e siy) paylj oym siasn,
uollepuswwodal Joddns 0} S8IUNWIWIOD JUSJUOD 8S)

¥ el RRERR .F\—.

é é s n

. & n
HIHH IO / 19sN

xujew sbunel Jusjuoo-sasn :ejep buiuoddng

Wa)SAS aI|-XI38N JO sJasn
0] UolepuUBWIWOIal JUdUod :z uonedlddy

Buippaqwa pue Buuelsn|o :saA0alqo pajejal Ajasol) «
uone|ndod |[eJaA0 ulyyIMm S}08[qo Jejiwis 0 sdnolb Jo uonesyusp| &
I ——— =

uonoalag Allunwwon

Aunwwod yoidwi S,48sn JO S1aquIBW PUSWILLIOIB] &

©C209 0 ¢ @9
0609 o oo

e s i s ]

—— St 1 1 | 0 2 13

ydeib diyspuauy s;NSO ‘b2 “va buoddng
I — =
SHJOM}BU |BID0S duljuo
Ul uolepusWIWOdal 19BjU09 ;| uonedlddy

(onin) nx Burwerr ‘(euuj) abieja osep ‘(14d43) 1ezowo| ueq
YyMm jJom juiof uo paseq
(euu| ‘aiua) JUIor BUUI-YSIA) 9I[NOSSE\ Jusine]

SAOHL13N TVH103dS

VIA

S13dON MOO01d OILSVYHDOOLS
NI

NOILO313d ALINNININOD



61

PARTICIPANTS

4
g

o &
K2

siels G-| s|age| :eseo XieN -

(@o(Moy yopnguysip wody umesq o
(18s ayuy) 1 > "1 Aq pajeqel (A-n) sebp3 ©

-
[®PON

%00]g 9ISEY0])S pPajegeT ayL

sadA} [eJouab Yy =
s|aqe| Yum =
ISPOIAl %9019 d13seyd0lS 8yl =

auInO

Xujew asIoN +

§—3 ¢ Vxuew Kousoelpe :uonealesqO «

¥
M / / 3 pbuays [eubis,:s
aﬁ k @ u/s (W20M2g fyqeqoid yum
*. juesald A‘n sapoU UsaMaq 8Bp3
q\q sepou u %» 0 AioBejen ©
sali0Ba}ed 3 ojul pauoned ,Sepou, U =

€£8.JPJeyula-AexseT-pue|joH
|apOA %90|g 211SBYO0)S 8y L

poyjaw [eJjoads payipow v =
AjjIqeloalep uo uonisuel) aseyd =
suoleAlasqo asieds :aseo |eubis yeam ay] o
aseo Jeubis you, =
SPOYIa|\ [e4109dg Jo aouewlouad o
sadAj |esauab ypupn =
s|aqe| UM =
ISPOIN %90Ig dlseyd0}S 8yl =

aulnO



PARTICIPANTS

62

P=X yIm Ngs 1osejep Xi|jlaN
| Juauodwoo [ediould
— 0 0o W0 00 w0 s
S000- 100~ 5100~ @00~ savo- 00 se00- bo0-

00~

00~

200~

S
Z1usuodwoo ediduug

JoanusBia puooas.

aAS wouj Buuaisniy

I
<=y J0j uoineqsnij|

o
aseo Jeubis you, =

SPOYJ9IA [B4308dS JO douewWIOMSd O
n
| |

auIpNO

"A sanpejuasaidal
|esjoads jo Aywixoid o} Buipioooe n sapou dnoig ©

I (mup = "6

SOAIJe)USSBIdal BPOU [BUOISUBWIP-Y WI0

|4y| = -+ = | ™| senjeauable ysable| ¥y 0} Buipuodsallod
Ix s10}09AUSBID PZI[BULIOU ¥ JOBIIXD Y/ XUIB|\ WOl ©

I — =
Buueisn|) |esoadg

7 pue g suoioUN) OLJBWIWAS
Jo Ajinuiluod pue jas adA} Joedwod :suopdwnsse |eojuyos] o

(@22 yopnquysip wioly umelq o
(3os epuy) 7 > "7 Aq pejeqel (A-n) sebp3 ©
L+ b

x

()4 ARIRV,&H ?Q B
q Jeuiey, Joj u/s (W2Mog -d-m jussesd (A-n) ebpg ©
([1‘0] uo wuopun -6-9) 185 [eJauab ul 4~ "p1'l (N)o adAysesn ©

Z1.ZSeA0T .18, Snoply
sadA |jesauab yym NGS By L



63

PARTICIPANTS

1S0| S| uoneiedss |esjoads ¢«

ugor 8o .
e 9~ = (1o = 5 10

Y Jo @soy} 0} 8s0|0
syusws|e-uable Buipes| s,y « (sMo = (¥ — v)d
dym ‘(u 30D = s yum NGS Ul :A1ejlo10d

Juelnuewey e| e,

soladold uoneledas |ejoads

(s)o :senjeauabls oloz-uou

X1jew oo|g

n
<

XLJew ,8SIou, Wopuel + . — m
o
OpE .

sjuswaje-uabis xujew Jo uoneqginuad +
X)W 8SI0U JO Snipel [eJjoads [01uo)

wwcmgjmgm JOOId

(Mo = (¥ — y)d os)y
(sMo = dym usyy “(u 8oy = s
pue (u/s ‘u)n ydesb 1iAugy-sopig 104 ([0, 4840-06194]

(Do + 1 — spz=Y

dym sayuan ydeib seinbai-s wopuel :[go,uewpalid]

[88.eutes-sdijiiud-AyziognT]
I —spz s (1M 2eDxew=:y
J1 uelnuewey ydeub Jenbai-s

ll
uelnuewey e| e

1 XN

saljadoud uoneledss |esoads

sapou Jo uonoedy a)qibibau

10} 1daoxa ,s)00|q, BulAlzepun oy Buipiodoe Jsisn|)
T

si0}0aAuable Y doy uo paseq "A saAiejuasaidal apoN

(sM 0 19pi0 jo 'y sanjeausbla H-u o
pue (3 S Y) (s)t5 Joplo jo 'y senjeausbio Y o
10 S]SISUOD Y/ JO WwnJoads uay| «
Yoq # q ey YONS LE 0 # OA
‘ol
‘a1qeysinbuisip aie siaisn|o pue ((u)60o])t5=s awnssy

|
S Emcmbw

leubis oiwyyebo, Joj jynsey



n apou jo adA]

uonouny-uable
pajeloossy

("0) ' « (n)'x :90usbidAUOD JO}OBAUBGIT T

Ty E.ﬂflm :90uablianuoo anjeausbig o

1 o wnuoads ~ {(") m My}, _s jo wnioads¢e
(Up)d (D) (LX) [ = (x)].1 Joyesado [eiBsjul
pue () q() M1 = (£%) )y jousey suyaq

s olwyyebo| 4oy seiadold [esjoadg
:sadAy |esauab yum |NGS

sadA) |eJsusb yIm |NES JO UOHBISPISUOD SS)BAIIOW &

(3osgns) xiueN =M WM NGS

ob o o o o o o 0

PARTICIPANTS

64

o

suonnqusip anjeausbig

XIIHON pue y |jlews

UM NgS usamiaq Aouedealoasiqg

sjaqe| 4o (1) M suonosfoid wopues woy {(7) m v} xuew wio4 ¢

(@o(Moy] yoynquysip woly umelq
(1os ayuy) 7 > "™ Aq pejeqel (A-n) sebp3 =

A
(x4 (€-0)g=""9 g4
q Jeutay, 4o} u/s WeMeg -d-m ussaid (A-n) ebpg o
([1‘0] uo wuoyun -6-8) jos |esduab woly 4~ "p 1’1 (n)o sadA} sasn

sadA] |esauab yum NgS

OLIBUSBOS PB[eJE|UN Ul SB SP|oY }NS8l swes

(7)"°A™2q #(7)**1™q yeqp yons j 2.0 # OA
uonpuod AyjigeysinBulsip payipow Jepun ¢

{("D m"v} xuyew uo Buueisnio |esoeds wioped
[1L0] uo wuopun p1rr1 ()M 81essusb | [2ge| Yyoes Jo4
ejep |[eauawnu ojul s|age|

|eolioba1eD Woisuel) ;poyiaw uonosfoid wopuey

INGS pajeqeT — s yibuais
leubis olwyuebol, 1o} Jnsey



65

PARTICIPANTS

poylew [esoads payipow \ =

Ajjigelo8)ep Uo uonisuel) 8seyd =
suoleAlasqo asJeds :aseo |eubis yeam ay] o

n

auIpNO

wnJaoads s,Jojesado jo
|enpisal

A AT = 43 fBloua

z
Aq pajjos3u09 Aoeinooe Buippaquia yjm

(n)o sadAy epou uspply jo Aiewosb sainydeo, jey)
4p goue)sip-opnasd o} Buiploooe sapou spaquig &

aT=y Ty
,T:%Q|Wm\/ ="
soAlejuasaldal
SpOU [BUOISUSWIP-Y WO} ¥ Paxiy Jo4 O
| ]

S OlWylebo| 10} uonewnss
:sadA) [etausab yum NGS

suonNgUISIp [8ge] JO UOIeWISS JUB)SISU0D smojje Buippaquig

K

sunteesaal

+Co*XO+0
+Co#XO+0 <

sadAy [L0] yum uonesnsnj|

O

4

++

" ejep XIASN
0} saydlew Jayag-

(sisAjeue Jauno-
+ Jojesado uonnjoAuod) eljoads mej-samod-
[Spow ||qIXs|4 <

I
s olwyyuebol Joy sanuadoud |esjoadg

:sadA) [esouab yym NgS

o



PARTICIPANTS

66

0=Uly = 1 g
L Ploysaly} 8|qeyns o4 ‘I J0 pooyloqybiau-| padeys
LSupzyig— -9a1) 1o} :oseD [eoldA|
= (n)2 sjewnss Aq pauiejqo dejiano aanisod sous :
L < upnzy | = (D2 2¥eUINS3 Aq pauriqo dey ol He =04 .
PS 1="nd
0 10}08A ulds Yim pajelaaiod Ajeanisod g Jo z J0j0eAusbie piz O

O
o : O & O O
e e “oe” oeo®P

0 <z |edo} ;)0 = anferusbie pg ©
~[(oyaz)| :z 10y00nuabIe puz  ‘(,9)1 Z NjeAusbie puz =140} :x3
| ~ (2@ ‘«)| :« 10109AUSBI® do} * (,0)@ ~ onjeausbie doj ©

loyd
lowa

40 sanjeauable ( W\ = 1 90U8Y) % =4d fNr|u =vien 1 yibuay jo syjed Buipione-yjes jo qu = ::vm (g Xuyew wio4
- | |
(u)8o[ 2~7 yibus| yled g T < 2 10} poyisw
()& 30 8Injonuis [esjoads :jnsal uley |esjoads palipow Aq uonoaleg
5 5 jusuodwod jueln
€1.AON [3un depiano aaisod aasiyoe o) usaoid poyiaw oN S S s ybuass pioysoly) s
leubls
([evoz Bueyz
“ZSNINW] Luondwapai [enoads, Aq :[L10z ZNMA] uoneBedold Jalleg Aq)
panaiyoe aq ued dejiano aAlisod ‘ T < 2104 O
[210Z AIS-uewaaN-[ossoN] Aq UsAoId & depano depeno
0 Aue 1oy 019z 0} spus} dejsdsno ‘ T > Aﬁuw =:1lJo4 ©
. - ~ » et =1
:[110Z BAOIOGEpPZ-100|N-BlBYEZIN-8]|909(]) 8injosluo) A MCQV 1 yewr Iﬁ xoo — xbr N\ = A .(Ov AO
dd o oUW
v = :Qm g=""q _g_ _=_ v=""q depiano Aq 2 Buuslsn|o Jo aouewIoad SSISSY &
N (---sepou pajejosi) ajgissodwi sapou jo
mu ~» = *p :0l/BUSDS SANIUNWWIOI-OM) OLIBWWAS uonoel} m_n_m__mmc 1ng |je JO uoijedljisse|d 108410) U
| |

L=S : yjbuauis |eubis yeapn (1)® = s :yibuans [eubis yeapp



67

PARTICIPANTS

0=0()d =2 (e = 1=I2|
[T dus

0=0)8 7= e /= 1=I7]
[ (gl 21 dus

ymmolib
olsiulwLB}ep-Isenb

wouy spunog asn

1 T

HHE
wnd =

ug 7l u
(00— p2)— + T — (00 + mmL PRy 000 swue) u) ssaidxg

T=w

(-w¥ (- V) K + )V = ()
7

spunoq
snipel [eoads asn

0=0(d,7=2 (g * 1=|7|
27 > 1Tl dns

aAIB pauIqWoo s}Nsal SNoIABId O

|
Auadoud uelnuewey yeapn

7T = g Pyt > (D)
@ﬁ > (V)

0 < 2 ||e Jo} ‘dym :iiped [esjoads uo spunog«

syjed ajdwis JO SUOI}BUS}EOUOD JO SUOIINGIUOD JUNOD :8J9H
([18.80|woM-IpaIN4] E| B) SOLI0}RUIGUIOD +

(3z)22eIL S 5z () :poyjew doel] ©
I ——

SJUBIOIYB0D XIIjewW Jo Ssaujews,

0=2()8 =2 (el /= 1=|]|

(a-wP¥M)o = ?g dus
T N0 A= () 1=

(e/a-wruM)o = g dns

{(®a} ()5} s10108A 0} 850ID dym *7 > w 104 :Arejjoi09

SO|geleA WOpUE.I [ellIOUI] UO SPUNog yJouisy) :Joold
(z/®)0+ W'a,-,9 = Wa
(z32)0 + D152 = (D’s dym uay&

0000
(1)’q :s1oqyBiau } soue)SIp Jo suids Jo wng - .
(1)’s :soqubiau } souBlSIP JO AN = e
spooyJoqybiau apou jo yymolb
onsiulLIB}ap-Isend (g sjuswa|d Jooid

T=w

T=w
wiyd HW - A:\EWNSE\EQVN + )V = ()4 :uoisuedx3 ¢
7 7
1=1 "d3>%
oty Il X =
7

xujew Aousoe(pe yied ajdwis palejus) o

be I m..m.vﬂ + T I A..bb + ,mwvﬂg MH W
xujew Aouaoelpe pejoadx3y o

jl
uoisuedxa

Xujew (| syjuswsa|e Joold



PARTICIPANTS

68

¥1.001S WOV ‘“Auedoid uelnuewey
3eam 8y} pue spjoysaly} uoiosiep Ajunwwod |\ o

¥1.L709 ‘sinsaJ
Ajjiqissodwi 0y Alosyy [esoads wouy :NgS paziesausb
Ul @oualayul [age| abp3 ‘ebied] N T ‘X T O

€1.MLI ‘[opow %20|q 21}Seyd0}s
pa||ege| 8y} Ul UonoNJISUo2ayY ‘nX N ‘ebiele] ‘N ©

01.soHeWBIS NOY ‘spoylew
|esjoads ela Buiyoud Jasn paynquisip “N] ‘19zowo) "q o

Saoualajoy

(ssaupJey olwyyobie Jo ylewyosuaq mau
e se pasodouid Apuaoal uoiosiap anbip pajue|d,) wajqoid pley Ajsnoojou

(Wh) @=y69)

M abuey 194 Jojlews Joj swyyoBle awi-lelwouk|od aiay) ale&

(sea1Bap apou jo uonoadsul w_w.mv a|qejoa)ap Ajisea anbid (M) T = N Joj&

M-u
:$82IS %00|q

paduejequn yim Ngs %00[q-g e "ol
0 B

7, Aiqeqoud
-abpa yym ydesb wopuel o} anbio H-azis e ppe :wajqosd uonds}ap anbin

JI

S INGS Inoge sausisAw Bululeway

“**uoisuswip Buippaquws Jo 891040 ‘suonosfold
|age| wopuel-ueyl-iepaq ‘@ousbioauod jo peadg ©
;eyep aji-leas Ajoallod [opow |NGS seoq O

soisAyd [eonsiess Jo spoyiew ypm Ayxajdwod jeuoneindwod
Jo sisAjeue Joj punolbAeld you = NGS Ul uonoseg

£S8SED piey, 10} spoyjew jusiowe Ajjeuoeindwoy ©

uolisuel} piey/Ases, 0} umop
Jjewndo uanoud xujew papuedxa-yyed uo yoeoidde jenoadg

lewndo painjosfuoo uonebedoud jeleg
yjbuans jeubis Mo| Je papasu SaAjeuId)ly o
yjbuans |eubis
(o1wyyuebol) Buouys 4oy JusioIyd spoyldw |esjoads ejluep, o

I
}0OINQ PUB SUOISN|OU0)D

1 SORIUNWWOD
10 JaquinN

(dg 10
SpoyaW [e:403ds) e Jojowesed

(¢awn feiwouAjod uj ¢moy) Asea uowdeled | fyunwwoo-enu)

9|qIses} Inq piey uondsleq

. . . (q 4832Weled Ajunwwoo-isjul paxiy Buiwnsse)
. . . $)00|q Z Uey} a1ow Joj welbelp aseyd, painjosluo)

JI

S \FS 1noge salesAw Bululeway




69

PARTICIPANTS

0 = (aowrg )t

SOlJlIDA J0JID
uonewnss ‘sied spou ¥3/ — T Jo uonoel) 104
43 = (£p)d (xp)d[(£ %) ¥p — (£%),p] [ puy -

spooyloqybiau-3 uo sainseaw |eouidwg < p = ¥p = seyuop -
Buippaqwa |euoisuawip-y - alnjonus |apow sainyded <
uo paseq uonNguIsIp |8ge| Jo sadualaju| (zD)d [(z' ) ) — (z' ) )] [ = (£x),p 20oUBISI] BUYSQT

s olwyebo| 1oy Jnsal Aous)sisuo)

S OlWYlebo| 0} uonewnss
:sadAj [esauab yum NGS



70

PARTICIPANTS

COMPLEX ENERGY SYSTEMS
Michael Chertkov, Los Alamos National Laboratory, USA

Today's energy systems, such as electric power grids and gas
grids, already demonstrate complex nonlinear dynamics where,
e.g., collective effects in one exert uncertainty and irregularities
on other. These collective dynamics are not well understood and
are expected to become more complex tomorrow as the grids
are pushed to reliability limits, interdependencies grow, and ap-
pliances become more intelligent and autonomous. Tomorrow's
will have to integrate the intermittent power from wind and solar
farms whose fluctuating outputs create far more complex stress
on power grid operations, often dependent, e.g. in providing
fast regulation control, on the gas supply. Conversely, one antic-
ipates significant effect of the wind-following gas fired turbines
on reliability of the gas grid. Guarding against the worst of those
perturbations will require taking protective measures based on
ideas from optimization, control, statistics and physics.

In this talk we introduce a few of the physical, optimization and
control principles and phenomena in today’s energy grids and
those that are expected to play a major role in tomorrow’s grids.

We illustrate the new science of the energy grids on three
examples: (a) discussing an efficient and highly scalable Chance
Constrained Optimal Power Flow algorithm providing risk-aware
control of the power transmission system under uncertainty as-
sociated with fluctuating renewables (wind farms); (b) describing
effect of the intermittent power generation on reliability and
compression control of the gas grid operations; and (c) briefly
discussing examples of interdependencies, reliability troubles and
solutions in the low level (distribution) grids.
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SEMIDEFINITE RELAXATION OF OPTIMAL POWER FLOW
Steven H. Low, CalTech, USA

The optimal power flow (OPF) problem seeks to optimize a cer-
tain objective, such as power loss, generation cost or user utility,
subject to Kirchhoff's laws, power balance as well as capacity,
stability and contingency constraints on the voltages and power
flows. It is a fundamental problem that underlies many power
system operations and planning. It is nonconvex and many al-
gorithms have been proposed to solve it approximately. A new
approach via semidefinite relaxation of OPF has been developed
in the last few years.

In this tutorial, we present a bus injection model and a branch
flow model, formulate OPF within each model, and prove their
equivalence. The complexity of OPF formulated here lies in the
quadratic nature of power flows, i.e., the nonconvex quadratic
constraints on the feasible set of OPF. We characterize these
feasible sets and design convex supersets that lead to three
different convex relaxations based on semidefinite programming
(SDP), chordal extension, and second-order cone programming
(SOCP). When a convex relaxation is exact, an optimal solution of
the original nonconvex OPF can be recovered from every optimal
solution of the relaxation. We summarize three types of sufficient
conditions that guarantee the exactness of these relaxations. Fi-
nally, we extend the convex relaxations to multiphase unbalanced
radial networks that are common in distribution systems.
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MULTI-AGENT OPTIMIZATION
Asuman Ozdaglar, Massachusetts Institute of
Technology, USA

We consider a network of agents solving a global optimization
problem, where the objective function is the sum of privately
known local convex objective functions. Recent literature pre-
sented subgradient based methods for distributed solution of this
problem with O(1/\sqrt{k}) rate of convergence (where k is the
iteration number). In this talk, we present distributed Alternating
Direction Method of Multipliers (ADMM) based methods for
solving this problem over undirected and directed networks. We
present convergence rate estimates that show that these meth-
ods converge at rate $0(1/k)$ and highlight the dependence of
performance on network structure.
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LEARNING GRAPHICAL MODELS: HARDNESS AND
TRACTABILITY

Devavrat Shah, Massachusetts Institute of Technology,
USA

Our understanding of the question of learning graphical model,
despite it's fundamental importance, has been far from satisfac-
tory. In this talk, | will discuss recent progresses we have made
towards improving this status quo. Specifically, we will discuss
the reasons for learning graphical model being hard, both com-
putationally and statistically. We shall also discuss, somewhat
surprising, conditions under which it becomes tractable. Time
permitting, we shall discuss a variant of the ‘standard’ graphical
model learning problem from literature that might be more rel-
evant to practice.

This talk describes joint work with Guy Bresler and David
Gamarnik, both at MIT.
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LOAD BALANCING USING LIMITED STATE INFORMATION
R. Srikant, University of lllinois at Urbana Champain, USA

Social network providers, search engine providers, and other big
data companies operate massive data centers with thousands
of processors handling data processing requests from incoming
tasks. A central problem in such data centers is to design good
load balancing algorithms using very little state information,
where the state of each processor is the queue length of tasks
waiting to be processed at that processor. We will present an al-
gorithm which does remarkably well while sampling approximate-
ly only one queue per arriving task. This reduces the sampling
requirement by half compared to previously known algorithms,
while matching the delay performance of the best known algo-
rithms. Joint work with Lei Ying and Xiaohan Kang
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ON THE EIGENVALUES OF LARGE STRUCTURED MATRICES
AND THE SCALABLE STABILITY OF NETWORKS
Glenn Vinnicombe, University of Cambridge, UK

A class of scalable stability results for interconnections of linear
dynamical systems depend ultimately on tools for locating the
eigenvalues of large structured matrices using only local infor-
mation. This talk will summarise some existing results in this area
and introduce some open problems.
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TOWARD STANDARDS FOR DYNAMICS IN FUTURE
ELECTRIC ENERGY SYSTEMS: THE BASIS FOR PLUG-AND-
PLAY INDUSTRY PARADIGM

Marija llic, Carnegie Mellon University, USA

In this talk we propose that by taking a step back and under-
standing the fundamental physics of interconnected electric
power systems one can begin to think systematically about the
role of both competitive and cooperative control, and their pros
and cons for these rapidly evolving systems. To support this, we
organize our presentation in several parts: 1) physics and operation
of power grids; 2) the role of control; 3) systematic specification
of performance objectives (dynamic standards) for plug-and-play
operations; 4) use of cyber for implementing standards (sensing,
communications and control architectures for supporting imple-
mentation of these standards); and, 5) illustration of how several
industry problems can be solved when following proposed plug-
and-play standards for dynamics (use of power electronics for
transient stabilization during faults and sudden equipment failures;
use of PMUs for ensuring voltage and frequency quality by an intel-
ligent balancing authority (iBA) — generalization of today’s control
areas; storage control in microgrids/systems with small inertia).

In the first part we give a somewhat new, dynamic systems
view, of physical operation in several qualitatively different power
grids (bulk power regulated; bulk power with markets; hybrid mix
of emerging grids; micro-girds for developing countries; and mi-
cro-grids for developed countries). The physical operation dictates
how to define internal states of given (groups of) physical compo-
nents and the interaction variables between different (groups of)
physical components. Based on understanding physical principles,
we propose a new state space model of an interconnected grid
comprising (groups of) different physical components. This model
has a transparent physical interpretation, and, it is, therefore used
as the basis for explicit performance specifications in terms of
interactions of components. Performance specifications become
standards for plug-and-play dynamic interactions of components
(behavior) over several time horizons within an otherwise complex
dynamical grid, which, when followed, ensure system-wide per-
formance. We emphasize that the proposed approach is a frame-
work for thinking about the necessary specifications in future
electric energy systems, which enables both choice of technology
at the (groups of) component levels and, minimal interaction
specifications to align these with the performance of the over
overall system. It is not a specific method. This framework could
possibly overcome the roadblock of integrating distributed local
grid technologies with the bulk power grid without running into
major coordinating complexity. Specific proposed approaches to
distributed control for smart grids are interpreted.
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PLUG-AND-PLAY CONTROL AND OPTIMIZATION IN
MICROGRIDS
Florian Dorfler, ETH Zurich, Switzerland

Microgrids are low-voltage electrical distribution networks,
heterogeneously composed of distributed generation, storage,
load, and managed autonomously from the larger transmission
network. Modeled after the hierarchical control architecture of
power transmission systems, a layering of primary, secondary,
and tertiary control has become the standard operation para-
digm for microgrids. Despite this superficial similarity, the control
objectives in microgrids across these three layers are varied and
ambitious, and they must be achieved while allowing for robust
plug-and-play operation and maximal flexibility, without hierar-
chical decision making and time-scale separations. In this seminar,
we explore control strategies for these three layers and illuminate
some possibly-unexpected connections and dependencies among
them. We build upon a first-principle model and different de-
centralized primary control strategies such as droop, quadratic
droop, and virtual oscillator control. We motivate the need for
additional secondary regulation and study centralized, decentral-
ized, and distributed secondary control architectures. We find
that averaging-based distributed controllers using communication
among the generation units offer the best combination of flexibil-
ity and performance. We further leverage these results to study
constrained AC economic dispatch in a tertiary control layer. Sur-
prisingly, we show that the minimizers of the economic dispatch
optimization problem are in one-to-one correspondence with the
set of steady-states reachable by droop control. This equivalence
results in simple guidelines to select the droop coefficients, which
include the known criteria for power sharing. Finally, we illustrate
the performance and robustness of our designs through through
hardware experiments.
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LYAPUNOV APPROACH TO CONSENSUS PROBLEMS
Angelia Nedic, University of Illinois at Urbana Champain,
USA

This talk is focused on the weighted-averaging dynamic for un-
constrained and constrained consensus problems. Through the
use of a suitably defined adjoint dynamic, quadratic Lyapunov
comparison functions are constructed to analyze the behavior
of weighted-averaging dynamic. As a result, new convergence
rate results are obtained that capture the graph structure in a
novel way. In particular, the exponential convergence rate is es-
tablished for unconstrained consensus with the exponent of the
order of O(1/(mlog2m)). Also, the exponential convergence rate is
established for constrained consensus, which extends the existing
results limited to the use of doubly stochastic weight matrices.
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MAJORITY CONSENSUS BY LOCAL POLLING
Moez Draief, Imperial College, UK

We consider a network where each of n anonymou) nodes holds
some initial binary opinion. Our goal is to design efficient and ful-
ly-distributed algorithms that enable the network to reach a state
where all the nodes hold the initial majority opinion. This problem
has received a lot of interest from a number of communities such
as distributed computing, communication networks, biological
and chemical networks and social networks.

In this talk, | will present two distributed procedures for solving
the majority consensus. In the first one we allow nodes to hold
undecided states, provide a simple dynamics for solving the exact
majority consensus problem on general connected graphs and
derive bounds on the time to convergence of the algorithm. The
second algorithm lets nodes interact with more than one neigh-
bour at a time and show that, for some family of graphs of inter-
est, and provided there is sufficient bias in the population towards
the major it opinion, this algorithm solves majority consensus with
high probability. We compute its asymptotic convergence time.

This is a joint work with M. Vojnovic and M. Abdullah.
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ROBUST NETWORKED STABILIZATION: WHEN GAP MEETS
TWO-PORT
Li Qiu, Hong Kong University of Science and Technology

In robust networked stabilization, if the plant and controller un-
certainties are described by the gap metric (or $\nu$-gap metric),
and the communication network between the plant and the con-
troller is described by a two-port with an uncertain transmission
matrix, magic happens.
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SCHROEDINGER BRIDGES: STEERING OF STOCHASTIC
SYSTEMS CLASSICAL AND QUANTUM
Tryphon Georgiou, University of Minnesota, USA

The classical Schroedinger bridge seeks the most likely probability
law for a diffusion process, in path space, that matches marginals
at two end points in time; the likelihood is quantified by the
relative entropy between the sought law and a prior, and the law
dictates a controlled path that abides by the specified marginals.
Schreodinger proved that the optimal steering of the density be-
tween the two end points is effected by a multiplicative functional
transformation of the prior; this transformation represents an
automorphism on the space of probability measures and has since
been studied by Fortet, Beurling and others. A similar question
can be raised for processes evolving in a discrete time and space
as well as for processes defined over non-commutative probabil-
ity spaces. Ultimately, in all of the above Schrodinger’s question
relates to a corresponding stochastic control problem to steer a
stochastic system from an initial to a final distribution. In the talk
we will begin with a treatment of the Schroedinger bridge prob-
lem for Markov chains, Quantum channels, and then for classical
stochastic systems where we will present in the linear-quadratic
case (linear dynamics, Gaussian evolution) the solution to the
minimum energy steering problem in closed form. We will discuss
potential applications in active suppression of noise and in steer-
ing swarms of inertial diffusive particles. The presentation will be
based on joint work with Michele Pavon and with Yongxin Chen.
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RANDOMIZED AVERAGING ALGORITHMS, WHEN CAN
ERRORS AND UNRELIABILITIES JUST BE IGNORED?
Julien Hendrickx, Université Catholique de Louvain,
Belgium

We consider randomized discrete-time consensus systems that
preserve the average “on average”, and provide a new upper
bound on the mean square deviation of the final consensus value
from the initial average.

We show that a certain asymptotic accuracy can be guar-
anteed when there are few simultaneous interactions or when
the simultaneous interactions are sufficiently uncorrelated. Our
results are easily applicable to many classes of systems, and we
particularize them to various algorithms having been proposed
in the literature, obtaining bounds that match or outperform all
previously available ones..
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SYSTEMIC RISK IN FINANCE
Munther A. Dahleh, Massachusetts Institute of
Technology, USA

We study welfare of competitive equilibria in an economy with
banks runs and costly fire sales, formalizing the importance of
“animal spirits” for financial stability. These forces are not the
product of irrationality, but a consequence of uncertainty of a
self-fulfilling nature. Short-term debt issued by banks is safe, and
thus functions as private money. Feedback between financial
constraints and market prices results in a systemic externality not
internalized by banks in the process of money creation: during
credit booms aggregate short-term debt is excessive; during re-
cessions it is insufficient. With a multi-stage game formulation
we show that there are exactly two equilibria corresponding to
a Boom-Bust scenarios.
Work is co-authored with Diego Fejer.
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ON DISTRIBUTED CONTROL OF DYNAMICAL FLOW
NETWORKS
Giacomo Como, Lund University, Sweden

This talk focuses on distributed control of dynamical flow net-
works. First, we show that optimal throughput and resilience
can be achieved by feedback policies that depend only on local
information and require no global knowledge of the network.
Then, we prove how the optimal selection of a stable equilibrium
and the optimal control of the transient can be cast as convex
problems which are amoenable to dsitributed solutions. Applica-
tions to arterial traffic control are discussed.
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CONTROL OF CONVEX-MONOTONE SYSTEMS
Anders Rantzer, Lund University

We define the notion of convex-monotone system and prove
that for such systems the state trajectory is a convex function of
the initial state and the input trajectory. This observation gives
a useful class of nonlinear dynamical systems for which optimal
trajectories can be performed by convex optimization. Applica-
tions to evolutionary dynamics of diseases and voltage stability
in power networks are presented. In particular, first order convex
optimization methods enable computation of optimal trajectories
with a complexity that grows only linearly with the number of
network edges.
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