
1/TBD



•
•
•
•
•
•

2/TBD



3/TBD



4/TBD



5/TBD



6/TBD



7/TBD



•

•

•
•
•
•

8/TBD



9/TBD



1960 1875
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1963

A Martingale Approach
To Point Processes

Thesis, Pierre Brémaud
1972 

1975A scientific approach to the 
analysis and design of systems
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Caricature Scheme Design

Insight Implementation

Theory? Theory?
All possibilities exist:  
• No, No
• No, Yes
• Yes, Yes
• Yes, No
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Caricature Scheme Design

No Theory

Baran, Davies, Kleinrock, …
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Caricature Scheme Design

No Theory

Stone, Wheeler, et al.
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Caricature Scheme Design

Easy Theory

Chu and Jain
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Caricature Scheme Design

No Theory

Van Jacobson
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Caricature Scheme Design

Theory

F. Kelly et al., S. Low, J. Mo, Modiano, Neely, Longbo Huang, 
Srikant, Shakkotai, Ying, Alizadeh, Prabhakar, McKeown, …

Proportional Fairness

Fast TCP

Regulated TCP
Backpressure

!-Fair TCP
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Caricature Scheme Design

Theory

?
1

2

r

B: Route flow to least busy 
path

r/2

Average Rate per Flow

Option B
Option A

A: Route flow randomly Related: Ephremides, 
Varaiya, Hajek, Rosberg, 
Gallager, Bertsekas, Gafni, 
Teneketsis et al., …
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Caricature Scheme Design

Theory

Trunk
Reservation

Alternate
Routing

Metastability

F. Kelly, Hunt, Gibbens, …
30/TBD



Caricature Scheme Design

Easy Theory

N. Abramson
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Caricature Scheme Design

Theory

Q-CSMA

L. Jiang, Srikant, Leconte, D. Shah, R. Gupta, S. Borst, P. Thiran, Dousse, Baccelli
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Caricature Scheme Design

Theory

P. Gupta, P.R. Kumar; Related: Tse, Grossglauser
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Caricature Scheme Design

Braess’ 
Paradox

Price of 
Anarchy

Theory

Tardos, Roughgarden, Tsitsiklis,
Johari, Prabhakar…
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Caricature Scheme Design

No Theory

A. Odlyzko 35/TBD



Caricature Scheme Design

Easy Theory
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Caricature Scheme Design

Sub-optimum investments in network security
Anantharam, Libin Jiang, Schwartz, Shetty

Security as a game: 
Basar, Baras, Musacchio, Anantharam & Gueye

Theory
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Caricature Scheme Design

No TheoryTheory
iSLIPMWM

Ephremides, Tassiulas McKeown 38/TBD
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Caricature Scheme Design

µ1,2

µ1,1

µ2,2

µ2,1

X1

X2

�1

�2

Rates unknown

X1(s)

X2(s)

s

Certainty equivalence: unstable

Theory

Pedarsani, Zhong; Gittins, Lai & Robbins, Rahul Jain et al., 
Buyukkoc, Anantharam & Varaiya,Whittle, Borkar, …
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Caricature Scheme Design

TheoryTheory

Virtual Deficit DMWM

Libin Jiang, D. Towlsey,…
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Caricature Scheme Design

TheoryTheory

Ramp Metering Control

Pravin Variya, Ramtin Pedarsani, …
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Caricature Scheme Design

TheoryTheory

Gradient of backlog energy Adaptive server 
allocationRamtin Pedarsani, Yuan Zhong, ….
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Caricature Scheme Design

Theory
How congestion builds up

J. Hui, S. Parekh, Courcoubetis, R. Weber, A. Ridder, C.S. Chang, 
Kesidis, Olivier, G. de Veciana, I. Hsu, Konstantopoulos, Mitra et al.
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Effective bandwidth, quick 
simulation, quick estimation, 

pricing, …

Theory



Caricature Scheme Design

Theory

Large deviations in complex 
processes Anantharam, Borkar

44/TBD



Caricature Scheme Design

Theory

Stability of LQF

Instability of maximal matching

Antonis Dimakis

V. Anantharam, 
McKeown et al.

Nick BambosComparing stable policies
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Caricature Scheme Design

Theory

Time-of-Day Pricing

Neutrality

Cyber-Insurance

J. Tsitsiklis

Musacchio, Schwartz, Shetty

Schwartz, Shetty
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Caricature Scheme Design

Theory

Network Vulnerability Anantharam, Gueye

Game theory of security Basar et al., Baras et al., 
Musacchio
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CHALLENGES

Network

?
Monitoring

Control

• What information?
• What to control?
• Learning?
• ….
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CHALLENGES

PHY

MAC

NETWORK

TRANSPORT

Sense

Adjust

•

•

Vision: Smart spectrum sharing, minimal standards
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CHALLENGES

• Data Centers

• Manufacturing (Tesla 3)

• Hospitals

• Service Industry
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CONCLUSIONS

THEORY PROVIDES INSIGHT FOR NEW SCHEMES

• Queue per class, per flow, per destination?
• Scheduling in each node or flow control?
• Look at own queue, at neighbor’s queues, 

at all queues, at number of flows, at committed 
rate, at classes of flows?

• Trunk reservation or optimization?
• Time-of-day, token-based, or dynamic pricing?
• Collaboration signals? Incentive compatibility?
• …. 51/TBD



CONCLUSIONS

THEORY PROVIDES DESIGN TOOLS FOR IMPLEMENTATION

• Multi-class TCP
• Dynamic routing
• Server allocation and flow control in processing 

networks
• Backpressure
• Q-CSMA
• ….
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CONCLUSIONS

• Networking is not done!
• Much improved understanding in last few 

years
• Complex challenges of scale, performance, 

new types of networks
• The clean theoretical insights should not be 

obscured by the details of the technology
• Keep up the good work! We need your insight 

and innovations!
53/TBD



FINAL REMARKS

Thanks to

Cornell, DOE, NSF, DARPA, ARO, ONR, EPFL, INRIA, and UCB

the amazing colleagues and students

my family and friends

It has been quite a trip! 
I thought I would stay nine months ….

for their generous support

for putting my name on their papers
for their encouragement

for the fun times and

the industry friends at Odyssia, TeraBlaze, Dhaani, Orgo
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Annie for tolerating my wasting addiction

THANK YOU ALL!

the organizers and speakers of this workshop, all of you 
for participating, the Simons Institute for hosting it

to research

Pravin for preventing me from becoming a
depressed,
drunk,
washing machine repairman


