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Much of My Recent Research Has Been on Supply Chains
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For the Love of Operations Research (OR) and

Networks

From my first course at Brown University on the subject to
my first projects in industry - working on naval submarines in
Newport, Rhode Island, | was drawn to the power of
networks, especially when combined with computing.

v
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Off to Grad School for a PhD

While working in high tech defense consulting | realized that | did
not like having a boss. | commuted, ran marathons, and worked
full time while taking courses for my Master’s at Brown.

Dr. Stella Dafermos was the only female professor at the time in either

Engineering or Applied Mathematics at Brown University. | became her
first PhD student.

Stella was only the second female in the US to have received a
PhD in OR and that was at Johns Hopkins University.
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On the Shoulders of Giants - My Academic Genealogy -

Maxwell, Newton, and Galileo
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Our Approach to Supply Chains
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A Multidisciplinary Approach

In our research on perishable and time-sensitive product supply
chains, we utilize results from physics, chemistry, biology, and
medicine in order to capture the perishability of various products
over time from healthcare products such as blood, medical
nucleotides, and pharmaceuticals to food.

SPRINGER BRIEFS IN OPTIMIZATION

Ladimer S. Nagurney

Networks Against
Time

Supply Chain
Analytics for
Perishable
Products
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Professor Anna Nagurney Supply Chain Resilience



Some of the Supply Chain Network Topologies

Applications to pharmaceutical supply chains, blood and medical
nuclear ones, and, of course, food.
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Research on Quality is Related to That on Perishability

Springer Series n Supply Chain Management

Competing
on Supply
Chain Quality

R

A US Government investigation report suggested that Emergent
Biosolutions destroyed almost 400 million doses of COVID-19
vaccine due to failure to meet or maintain quality standards. It
also worked to conceal quality issues from the FDA.
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In the book, we present supply chain network models and tools to
investigate, amongst other topics, information asymmetry, impacts
of outsourcing on quality, minimum quality standards, applications
to industries such as pharma, freight services and quality, and the
identification of which suppliers matter the most to both
individual firms’ supply chains and to that of the supply
chain network economy.
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The COVID-19 Pandemic and Other Crises and Disasters

The COVID-19 pandemic dramatically and vividly
demonstrated the importance of supply chains and their
resilience as shortages from PPEs to paper and lumber
products, cleaning supplies, high tech products, and various
foods were experienced.

Major challenges and opportunities for research continue due
to climate change, different kinds of threats, wars, violence
and increasing strife and unrest.

The tools of Operations Research are very powerful and
timely to assist in the necessary math modeling, analyses,
efficient algorithms, and prescriptive analytics, coupled with
policy evaluation.
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Food Supply Chains and Disruptions
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Food Supply Chains

Food is essential to our health and well-being. During the
Covid-19 pandemic, declared on March 11, 2020 by the World
Health Organization, the associated supply chains suffered major
disruptions. Various disruptions continue because of climate
change, Russia's war on Ukraine, and other disasters.
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Fresh Produce Food Supply Chains

Our fresh produce supply chain network oligopoly model:

@ captures the deterioration of fresh food along the entire
supply chain from a network perspective;

@ handles the time decay through the introduction of arc
multipliers;

© formulates oligopolistic competition with product
differentiation;

@ includes the disposal of the spoiled food products, along with
the associated costs;

© allows for the assessment of alternative technologies involved
in each supply chain activity.

M. Yu and A. Nagurney, “Competitive Food Supply Chain
Networks with Application to Fresh Produce,” European Journal of
Operational Research 224(2) (2013), pp 273-282.

v
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Fresh Produce Food Supply Chains

Food Firm 1 Food Firm /

Production

Shipment
Processing
Shipment

Storage

Distribution

The Fresh Produce Supply Chain Network Topology
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Farmers’ Markets and Fresh Produce Supply Chains

@ The | farms compete noncooperatively in an oligopolistic manner.

@ Products are differentiated based on quality at the farmers’ markets.

Farms

Transportatio

D. Besik and A. Nagurney, “Quality in Competitive Fresh Produce Supply
Chains with Application to Farmers’ Markets,” Socio-Economic Planning
Sciences 60 (2017), pp 62-76.

=
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Integrated Supply Chain Network Model

1 Agricy

cultural F

D. Besik, A. Nagurney, and P. Dutta, “An Integrated Multitiered
Supply Chain Network Model of Competing Agricultural Firms and
Processing Firms: The Case of Fresh Produce and Quality,”
European Journal of Operational Research 307(1) (2023), pp 364-381.
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Food Supply Chain Disruptions Due to COVID-19

va,, AMERICA'S FOOD CHAIN

As coronavirus pandemic spikes orange
juice sales, a Florida citrus grower gets A RS
squeezed

Janine Zeitlin, USA TODAY Network - Florida
Updated 8:07 p.m. EDT May 14, 2020

Farms encountering guest worker
I shortage amid new coronavirus

An Idaho farm is giving away 2 million potatoes because coronavirus has hurt
demand

restrictions

REUTERS

Piglets aborted, chickens gassed as
pandemic slams meat sector

The Washing

The meal induslry is trying to get back
to normal. But workers are still getting
sick — and shorlages may gel worse.

Germany Struggles To Fill Its Farm Labor
Lacking seasonal workers, Italy elevates  Shortage After Closing Its Borders
7 CHRISTANSCIENCE 1 Q Y o y
[ its long-shunned migrants -
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It's All About People

A major research theme of ours in the COVID-19 pandemic (which
continues) was the inclusion of labor in supply chains, using

optimization and game theory.

NEWS FEATURES PODCASTS

January 28,2021 in Supply Chain Networks

In the End, It's All About People

COVID-19 vaccine production reveals dependency on supply chains, labor
workforce in the U.S.

By Anna Nagurney

siare: f inw PRINT ARTICLE: &
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Perishable Food Supply Chain Network Model with Labor

“Perishable Food Supply Chain Networks with Labor in the
Covid-19 Pandemic,” A. Nagurney, in: Dynamics of Disasters -
Impact, Risk, Resilience, and Solutions, 1.S. Kotsireas, A.
Nagurney, P.M. Pardalos, and A. Tsokas, Editors, Springer
Nature Switzerland AG, 2021, pp 173-193.
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Perishable Food Supply Chain Network Model with Labor

Food Firm

wy wy
Figure: The Perishable Food Supply Chain Network Topology



Perishable Food Supply Chain Network Model with Labor

e With lack of availability of labor being one of the drivers of
supply chain disruptions, the model considers labor in all the
supply chain network economic activities of production,
transportation, processing, storage, and distribution, while
retaining perishability.

e There are bounds on labor availability on each link as well
as a productivity factor relating product flow to labor.

e Impacts of the reduction of labor (capacities) on supply
chain network links can then be quantitatively evaluated on the
perishable product flows, the prices that the consumers pay, and
profits of the firm.

e The framework enables a variety of sensitivity analysis exercises.
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Perishable Food Supply Chain Network Model with Labor

Our findings include:

© The lack of labor on a single link, even a freight one,
may significantly negatively impact a food firm.

© Preserving productivity in all utilized supply chain
network economic activities is critical since the impact of a
drastic reduction can severely reduce profits.

© Adding more direct sales, whether at farmers’ markets or
nearby farm stands, may help a food firm in a pandemic.

@ Also, if a firm enhances its marketing so as to have
consumers be willing to pay a higher price for its fresh
produce, major profit increases can occur.
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Game Theory Supply Chain Network Modeling with Labor

In “Supply Chain Game Theory Network Modeling Under
Labor Constraints: Applications to the Covid-19 Pandemic,”
A. Nagurney, European Journal of Operational Research 293(3),
(2021), pp 880-891, a game theory model for supply chains with
labor was constructed, under three different sets of constraints,
building on our previous work.

Anna Nagurney
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Game Theory Supply Chain Network Model with Labor

Firm 1 Firm |/
@ 0

Production

Transportation

Storage

Demand Markets

Figure: The Supply Chain Network Topology of the Game Theory Model
with Labor
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Numerical Experiments

Our numerical examples are based on disruptions in migrant
labor in the blueberry supply chain in the Northeast of the
US in the summer of 2020.

e Disruptions in labor on a supply chain network link;
e Addition of a competitor;

e Modifications in demand price functions;

e Sensitivity analysis in terms of labor availability.

The full input and out data are available in our paper in the
European Journal of Operational Research.

Farmers should do everything possible to secure the health of
the workers at his production/harvesting facilities, so that
the blueberries can be harvested in a timely manner and so
that profits do not suffer. Keeping workers healthy, through
appropriate measures, impacts the bottom line!
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Resilience of Supply Chains to Labor Disruptions

eQuestion 1: What is the impact on efficiency and on resilience of
allowing workers to perform different tasks in a supply chain network,
with the constraint represented by a single bound on labor, as opposed to
bounds on labor on each supply chain link?

e Question 2: Does resilience with respect to labor availability yield
similar results to resilience with respect to labor productivity?

e Question 3: What can be the effect of a modification in the supply
chain network topology, for example, as in the case of the introduction of
electronic commerce, on network efficiency and resilience?
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International Agricultural Trade and Disasters
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International Trade

International trade provides us with commodities throughout
the year and has benefits for producers and consumers alike.
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Supply Chains Are Essential to Global Trade

@ Global supply chain networks have made possible the wide
distribution of goods, from agricultural products to textiles
and apparel as well as aluminum and steel.

@ Nations engage in trade to increase their productivity levels,
employment rates, and general economic welfare.

@ The increased level of world trade has also garnered the
attention of government policy makers.

@ Governments may attempt to protect their domestic firms
from the possible effects of the highly competitive global
arena.
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International Agricultural Trade

International agricultural trade provides us with essential
agri-food commodities throughout the year, ensuring our
food security and simultaneously benefiting the farmers.
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Disasters and Food Security

o Climate change and COVID-19 impacted the
affordability and accessibility of agri-food products
around the globe.

@ With the added disruptions of Russia’s full-scale invasion
of Ukraine, around 47 million people are estimated to
have been added to the more than 276 million who were
already facing food insecurity.
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The War on Ukraine

The full-scale invasion of Ukraine by Russia on February 24,
2022 has resulted in immense losses of lives and an increase

in human suffering. It has severely impacted the economy of
Ukraine with repercussions globally.
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The Impacts on Ukraine's Agricultural Sector

e Between 20 to 30% of the arable land in Ukraine is
estimated to remain idle due to mining and other
damages because of the full-scale invasion, resulting in
around a 40% decrease in the production of grains in
Ukraine.
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The Impacts on Ukraine's Agricultural Sector

@ The blockade of the Ukrainian Black Sea ports, which
used to handle around 90% of the grain exports from
Ukraine, caused a global shortage of grains.

@ The war has cost Ukraine around 15% of its grain
storage capacity.
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The Black Sea Grain Initiative

@ The Black Sea Grain Initiative, facilitated by Turkey and
the United Nations, allowed for the limited passage of

grain shipments from selected Ukrainian ports on the
Black Sea from August 1, 2022.

e As of July 17, 2023, Russia suspended the initiative,
imposing a severe food security risk worldwide.

. 22/07/2022
Ukraine

Russia
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A Muliperiod, Muicommodity, Capacitated inferntionsl
‘Agricultural Trade Network Equilbrium Model with Applications.
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New Edited Volume, In Press

Sprisger Oguimizatonard s Appliatisns 217

llias 5. Kotsireas - Anina Nagurnev o

Panos M. Pardalos -
Stefan Wolfgang Pickl -
Chrysafis Vogiatzis Edifars

Dynamics
_o_f_ _Dis_asters

&) Springer

In the edited volume is the paper, “Quantification of International
Trade Network Performance Under Disruptions to Supply,
Transportation, and Demand Capacity, and Exchange Rates in
Disasters,” by A. Nagurney, D. Hassani, O. Nivievskyi, and P.
Martyshev.
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The Multicommodity International Trade Model
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The Multicommodity International Trade Model

Supply Markets

Commodity 1

Demand Markets

Figure 1: The Multicommodity International Trade Network
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Parameters

Notation | Parameter Definition

u‘:kg’ upper bound on supply of commodity k; k=1,..., K at supply market
(R m under disaster scenario &:; {=1,..., w.

1127:{* upper bound on transport of commodity £; £ K from supply
market 14 4= 1,005, m to demand market j; j = 1,..., n on route 7;
e P under disaster scenario §; l=1,... w.

zlfk& upper bound on the demand of commodity k: k= 1...., K at demand
market §; 7 =1,..., n, under disaster scenario &§; I =1,..., w. We group
all the upper bounds for all the disaster scenarios into the vector wu.

12 exchange rate from supply market i; i = 1,..., m to demand market
S n and disaster scenario &; [ = 1,.. ., w. We group the
exchange rates for disaster scenario &; 1 =1, ..., w into the vector &t €
RT™ and then group all the exchange rates for all the disaster scenarios
into the vector e € R,
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Variables

Notation | Variable Definition

kf"g’ the supply of the commodity b & = 1 LK, at supply market i;
i =1.....m under disaster scenario &: [ = 1....,w. We group all the
supplies :\T disaster scenario &: [ =1 .w into the vector s € Bf:"".
and then group all the supplies for all the disaster scenarios into the
vector s € R{f’””v

d;"& the demand for the commodity k; k =1 . K at demand market j:
V= n under disaster scenario & [ .w. We group all the
demands at disaster scenario &; [ =1...., w into the vector d% € RE™,
and then group all the demands for all the disaster scenarios into the
vector d € RE™,

Qi‘]’; the shipment of the commodity %; k& , I, from supply market i;
s m, to demand market j: j=1...., n,onroute r;r=1,..., P
under disaster scenario &; [ = 1...., w. We group all the commodity
shipments at disaster scenario &:; = 1,..., w into the vector Q%
RE™P and then group all the commodity shipments into the vector
Qe ]?f: bl
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Functions

Notation | Function Definition

mE(s%) the supply price function for commodity k; & = 1,..., K, at supply
market £, =1,..., m under disaster scenario &; [ =1,..., w.

/)j"(r/&) the demand price function for commodity k; k ..., K at demand
market j; j=1,..., n under disaster scenario §; 1 =1,... w.

(57,(()5’) the unit transportation cost associated with shipping the commodity #;
k=1 K, from supply market 7; i = 1,..., m, to demand market
gy = sy ViaSTOUte T2 i = e P under disaster scenario &
{ =il w
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Equilibrium Conditions

Definition 1: The Multicommodity International Trade Network

Equilibrium Conditions Under Capacity Disruptions in Disasters

A shipment and Lagrange pattern (@Q%*, X3¢ Q&= \9%) ¢ [C& where

]C&/ = {(Qf/7/\s£/7)\05/7)\d&/)|(Q§/7)\s£/7)\Q§/7Ad§/) c RJir(mnP+Km+KmnP+Kn}

is a multicommodity international trade network equilibrium under
disaster scenario &;; | = 1,...,w, if the following conditions hold: for all
commodities k; k =1, ..., K; for all supply and demand market pairs:
(i,j); i=1,....m;j=1,...,n, and for all routes r; r=1,...,P:

&% kaél*
2K Q5% ) -k (8 ))eb 4\ € L \Q ey Ex ) = ] F(Q), if Qg
(71—: (Q : )+Cyr(Q ! )) )‘ )‘Ur )‘ {_ ~Jk(Q£I*)’ ”chﬁl* — 0

"W
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Equilibrium Conditions

For all commodities k; k =1,...,K, and for all supply markets i;

i=1,...,m:
n P k& * 0 KErE
u§k§/ = Zj:l Zr:l Qurgl , f )‘?fl >0, (2)
"Ll e X =
for all commodities k; k =1,..., K, and for all supply and demand
markets (i,j); i=1,...,m; j=1,... n, and for all routes r;
r=1,...,P:
_ Oké&rx -y Qe x
o {_ Qi A S >0, )
U k& e\ QU _ .
> Q" if AT =0;
and for all commodities k; k =1, ..., K, and for all demand markets j;
j=1,...,n, and for all routes r; r=1,..., P:
m P k& * . dke «
gol~SLEL O e
g DV e PV

_—_ - a —
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Variational Inequality Formulation

A multicommodity shipment and Lagrange multiplier pattern

(QEr+, X% \Q€ \d&%) ¢ &1 s a multicommodity international trade
network equilibrium under capacity disruptions in disasters, according to
Definition 1, if and only if it satisfies the variational inequality:

K m =
ZZ Z[ k(Qg,* )+ ck (Qg,*))eil Jr/\s ke +)\Q &1 +/\d &* 7@(@&1*)}

k=1 i=1 j=1 r=1

n

X(Qﬁé’ _ Q‘f&/*)

ijr ijr

SR ke NS ok € ke
DD AR BB O
k=1 i=1 j=1r=1

+

¢ Qkg Qér Qke _ \QFgx
Z e~ = Qy X (g =2 7)

>3

H

-
I’

._\
.
Il

-
.

K n m P
dk K€ * dk dk e«
FD [ O30 3ol X -x ) 20, W@ 08 A% €

(5)
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International Trade
Network Performance Indicator
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Assessing Performance of International Trade Networks

Definition 2: International Trade Network Performance Indicator Under

Capacity and Exchange Rate Disruption &

For an international trade network G = [N, L], where N is the set of
nodes and L is the set of links, as depicted in Figure 1, and, given the
underlying multicommodity supply price, unit transportation cost, and
demand price functions, and exchange rates and capacities associated
with disaster scenario &;, we define the performance £¢' as follows:

n dkﬁ/*

551(677?7 C?ﬁa u&?e&l = ZZ "k 5/* (6)

li lpJ

where the demands and the incurred demand market prices are obtained
through the solution of variational inequality (5) for the problem.
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Unified International Trade Network
Performance Measure
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Assessing Performance of International Trade Networks

Definition 3: Unified International Trade Network Performance Measure

The performance indicator £ for an international trade network under
disruption set = and with associated probabilities p¢,, pe,, . - ., Pz,
respectively, is defined as:

=Y EYpg. (7)
I=1

We let £° be the performance of the international trade network under
its original (not disrupted) upper bounds/capacities and original
exchange rates, such that:

K n

. 1 di*
SO(G,ﬂ',C,p, uo,eo) = TZZW’ (8)

k=1 j=1 Pi

where u°® denotes the vector of original capacities not under disruptions
and €° denotes the vector of exchange rates, also, not under disruptions.
We refer to the expressions in (7) and (8) as “efficiency” measures.
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Robustness Measurement
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Assessing Performance of International Trade Networks

Definition 4: Robustness of an International Trade Network Under

Disruptions

The robustness, R, of an international trade network under capacity and
exchange rate disruptions is calculated as:

R=E"-¢€. (9)
According to the above definition, an international trade network is more
robust if, under disruptions, its performance lies close to its performance

in the absence of disruptions; that is, the closer the value of R is to 0.00,
the more robust to disruptions the international trade network is.
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Importance Indicator of an
International Trade Network Component
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Assessing Performance of International Trade Networks

Definition 5: Importance Indicator of an International Trade Network

Component

The importance indicator of an international trade network component g
where g can correspond to a supply market, a demand market, or a
transportation route, or a combination thereof is defined as:

pag
192
:]1
bz

e ™, U v
8) Do) HOCeRepie)

(10)
where G — g denotes the graph with the component g no longer
functioning.

Note that the international trade network component importance
indicator (10) quantifies the relative efficiency/performance drop of the
trade network when the component is no longer available.
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Some of the Insights Gained

In various studies, focusing on international trade of wheat
and corn, and with countries such as Ukraine, and MENA
countries of Egypt and Lebanon, we have demonstrated:

e The impacts of the Black Sea disruptions on food insecurity in
terms of prices and quantity of trade flows of wheat and corn;

e The importance of efficient, effective transportation routes that
include maritime transport on the Black Sea;

e How subsidies can assist farmers in wartime;

e The effects of arable land reduction on crop planting
decision-making;

e The importance of various transportation links (and their
ranking), among other findings.
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Some of the Insights Gained

Plus, our recent research has also investigated quantitatively
the impacts of the drought in the Panama Canal on the
banana trade to the US and Europe from South America,
with the inclusion of quality deterioration due to time delays.
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Making a Positive Impact
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Writing OpEds

-

THE CONVERSATION

How disaster relief efforts could be
improved with game theory

Response to natural disasters like Harvey
could be helped with game theory

(T

UMASS

AMHERT

THURSDAY,AUG 31,2017 10:38 AMEST

Time for some game theory:
How responses to natural
disasters like Harvey could be
improved

losses from d imated 100 bill
year since 2000

ANNA NAGURNEY, THE CONVERSATION

Homeland Security News Wire

Disaster response
How disaster relief efforts could be
improved with game theory
freiiton

The number of isastrs
1980, with the damage
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Coverage by the Media

%! PBS VIDEO
Americatiry
Revealed

° Blood Supply Vulnerable To Econo.

CALEARY TODAYZANGELAKOKDTT /
@" Live:

Notural disasters.. game
theary
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Writing OpEds in the Pandemic

On March 11, 2020 the WHO declared the pandemic. On March
12 my article on blood supply chains in The Conversation appeared

and, on March 24 my article in INFORMS Analytics Coronavirus
Chronicles.

THE CONVERSATION

How coronavirus is upsetting the blood - —
ly chail

i The COVID-19 Pandemic and the
- Stressed Blood Suppl i
~ ' pply Chain

/,;

! -~

By Anna Nagumey

suare finWE  PRANTATOLE @ hpsidolon 10 12872
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Writing OpEds in the Pandemic

On August 4, 2020, | published an article in The Conversation,

“The Raging Competition for Medical Supplies is not a
Game, but Game Theory Can Help.” ’

On September 18, 2020, | published another article in The
Conversation,

“Keeping Coronavirus Vaccines at Subzero Temperatures
During Distribution Will Be Hard, but Likely Key to Ending
Pandemic.”

== =
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Writing OpEds in the Pandemic

THE CONVERSATION

 to Amazon warehouses, store shelves and |l
your door in time for Christmas [T
LR
tam—— R

On April 5, 2021, | published the article,

“Today’s Global Economy Runs on Standardized Containers,
as the Ever Given Fiasco lllustrates,” also in The Conversation.

On September 21, 2021, my article,

“Global Shortage of Shipping Containers Highlights Their
Importance in Getting Goods to Amazon Warehouses, Store
Shelves and Your Door in Time for Christmas,” appeared in
The Conversation. It has had over 330,000 reads.

_——=— =

Professor Anna Nagurney Supply Chain Resilience



Writings After the Full-Scale Invasio

= IndustryWeek

Ukraine’s Students
| § ‘L“ Wy E TO THE EDITOR:
i @A Ui, : Re “For Children of War, a
TheMessenger Opinion.
1t's time to break the news.

‘Time for Play” (news article
and photo essay, Aug. 8):
As children, their families
and teachers get excited about
\ = THE VIEW OF the new school year through-
3 out the world, it is imperative
R To Plant or Not to Plant? For Ukrai
Farmers, It’s Life or Death
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Operations Research for the Recovery
and Reconstruction of Ukraine

By Anna Nagurney

Ukraine will need ‘Marshall Plan’ to
address human toll of war
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OPINION

LETTERS TO THE EDITOR

Scholars from Ukraine, UMass find common ground
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Some of My Media Interviews in the Pandemic

ECONOTIMES
Market

(*«l)e New Jork Eimes )
F()l‘bes i @he Washington Post

il BT The Boston Globe ccomen
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Some of the Media Interviews on the War on Ukraine

Economic dangers from Russia’s invasion ripple across globe

o PAULWIEMA nd DAY MeHUGH
. ‘Ifear a cultural genocide’; Ukrainians in

ssnaensennanncn Western Mass. watch, worry and help

Threat of Russian cyber

attacks likely for not just
Ukraine, but also in the US

Anna Nagurney with John
Moore

No Ikea Shelves, No Levis: The Retail

1/2: #Ukraine: The Kyiv School of Economics is open Exodus From Russia Is On
for business under fire. Paul Gregory @Hooverlnst Since the invasion of Ukraine began, the increasing financial and

@PaulR_Gregory. Anna Nagurney @Supernetworks , s of doing business in Russia are leading
University of Massachusetts. Paul Becker, Duke

University

reputational
Western brands to halt operations.

Russian Sanctions Snarl Shipping
Even as Pandemic Pressure Eases

Russian war in world's ‘breadbasket’ threatens food supply

By JOSEPH WILSON, SAMY MAGDY, AYA BATRAWY and CHINEDU ASADU
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Impacting Policy

On April 22, 2020, a letter from California Attorney General
Xavier Becerra to Admiral Brett Giroir, the Assistant
Secretary of the US Department of Health & Human
Services, and signed by US Attorney Generals of 21 other
states, requested updates, because of the pandemic blood
shortages, to blood donation policies that discriminate.

My March 2020 article in The Conversation, which was
reprinted in LiveScience, was the first reference and was
cited on the first page.
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Impacting Policy

Xavier Becerra, then CA Attorney General, is now Secretary
of Health and Human Services in the United States!
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Thank You Very Much!

Supernetworks for Optimal Decision-Making and Improving the Global Quality of Life

Downloadable . . Commentaries The Supernetwork Congratulations

The Virtual Center for Supernetworks is an interdisciplinary center at the
Isenberg School of that on large-scale networks and
integrates operations research and science, engineering, and ics. Its
Director is Dr. Anna Nagurney, the Eugene M. Isenberg Chair in Integrative Studies.
Mission: The Virtual Center for Supernetworks fosters the study and application of
supernetworks and serves as a resource on networks ranging from transportation and logistics,
e s including supply chains, and the Internet, to a spectrum of economic networks.

- oS The Applications of Supernetworks Include: decisi king, optii

\ 8 and game theory; supply chain management; critical infrastructure from transportation to
1 4 4 electric power networks; financial networks; knowledge and social networks; energy, the

& =\ Q "l cnvironment, and sustainability; cybersecurity; Future Internet Architectures; risk

network ility, resiliency, and performance metrics; humanitarian logistics

:
and healthcare.
2 UMass Amherst
Announcements Photos of Photos of Network Friends of the i
Professor Anna Doctoral

More information on our work can be found on the
Supernetwork Center site:
https://supernet.isenberg.umass.edu/
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