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Is the law of the jungle sustainable 
for the Internet?
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Bob

1. Routing: find a path from A to B
2. Congestion control: how fast should A send to B

Internet mechanisms
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Congestion control: why?

Efficiency: 

Fairness: what should be               ? 

1. Buffer stability
2. Efficiency
3. Fairness



Buffer stability - Losses

ÅLimited packet losses needed
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ÅBuffer stability -> finite packet end-to-end delay



TCP

ÅBasic principles: 
ïSlow start: increase rate from 0 rapidly to discover the bottleneck

ïCongestion avoidance: adapt the rate as a response to packet 
acknowledgments (ACKs)

Linear rate increase in absence of losses: each ACK

Multiplicative decrease: each loss

ÅProperties:
ïDistributed

ïUpdate rates depend end-to-end delay (RTT): RTT bias



Understanding TCP

ÅYŜƭƭȅΩǎ ƻǇǘƛƳƛȊŀǘƛƻƴ ŦǊŀƳŜǿƻǊƪ
ïA fluid model for rate control

Loss rate at link l when the total input rate is X
Price of link l



Understanding TCP

ÅYŜƭƭȅΩǎ ƻǇǘƛƳƛȊŀǘƛƻƴ ŦǊŀƳŜǿƻǊƪ
ïA fluid model for rate control

ÅTCP is the sub-gradient algorithm solving:

Loss rate at link l when the total input rate is X
Price of link l

TCP is efficient and fair (up to the RTT bias issue) 
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Why so many versions?



Technical issues and solutions

Issues

ÅTCP over wireless

ÅAcks(40% in wireless)

ÅPacket retransmissions 
(losses in bursts)

ÅHigh-speed / high-delay 
networks 

ÅTCP-friendliness

ÅTCP-friendliness in high 
speed networks 

ÅRTT-fairness

Solutions

WTCP (Ratnam)

TCP-ADA (Singh et. Al.)

SACK RFC 2018 RFC 3517 
(Floyd et al.)

Fast (Low et al.), HSTCP    RFC 
3649 (Floyd et al.)

TFRC RFC 3448 (Floyd et al.)

Compound (MSR), Cubic (Rhee 
et al.)

TCP Libra (Marfia et al.)
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ÅAcks(40% in wireless)

ÅPacket retransmissions 
(losses in bursts)

ÅHigh-speed / high-delay 
networks 

ÅTCP-friendliness

ÅTCP-friendliness in high 
speed networks 

ÅRTT-fairness

Solutions

WTCP (Ratnam)

TCP-ADA (Singh et. Al.)

SACK RFC 2018 RFC 3517 
(Floyd et al.)

Fast (Low et al.), HSTCP    RFC 
3649 (Floyd et al.)

TFRC RFC 3448 (Floyd et al.)

Compound (MSR), Cubic (Rhee 
et al.)

TCP Libra (Marfia et al.)

Many issues, many incompatible solutions
A universal solution?



Should TCP survive?

ÅBasic principles behind the rate control are optimal - Kelly 

ÅButmany technical issues due to TCP architecture
ïFeedback to sources through packet losses and ACKsonly

ÅNew architectures? Requirements:
ïDistributed at end hosts

ïFairness (RTT unbias)

ïLight feedback(wireless networks)

ïAdaptedto all underlying physical technologies: high speed networks, 
wireless networks

ïAdaptedto new networking ideas (multi-path routing)

ïTCPfriendliness 



Outline

I ςA source coding-based architecture

How it simplifies congestion control 

II ςIscongestion control needed?

Is the law of the jungle sustainable?
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1 2 63 74 85

ΧΦ

4 BLOCKS

From packets of a given block, compose 
random linear combinations: a infinite stream 
of anonymouspackets

Alice sends ΧΦ Bob receives ΧΦ

losses

.ƻō Ŏŀƴ ŘŜŎƻŘŜ ŀ ōƭƻŎƪ ŀŦǘŜǊ ǊŜŎŜƛǾƛƴƎ όŀƴȅύ уȄόмҌʶύ ǇŀŎƪŜǘǎ
and then acknowledges the block 



Fountain codes

ÅLubyŜǘ ŀƭΦΣ флΩǎ

ÅExamples: LT codes, Tornado codes, Raptor codes

ÅWell suited to the new architecture
ï sʁmall

ïFast coding and decoding

ïPackets built on the fly



Benefits of coding

ÅThe network is loss insensitive (performance depends on the 
rate of received packets) 
ïNo need to react to losses

ïCongestion control can be RTT unbiased

ïAllows efficiency in high speed networks (use max rate at the beginning)

ïResists to temporary overloads

ÅLight acknowledgment ςideal for wireless networks

ÅNo retransmission

ÅPacket order does not matter ςideal for multi-path routing

ÅRobust to user selfishness



Benefits of coding

ÅThe network is loss insensitive (performance depends on the 
rate of received packets) 
ïNo need to react to losses

ïCongestion control can be RTT unbiased

ïAllows efficiency in high speed networks (use max rate at the beginning)

ïResists to temporary overloads

ÅLight acknowledgment ςideal for wireless networks

ÅNo retransmission

ÅPacket order does not matter ςideal for multi-path routing

ÅRobust to user selfishness

Coding brings robustness at a low cost



Congestion control?

ÅWhat if users selfishly transmit at maximum rate (no control)?                 
The jungle (see Part II)
ï It is somehow sustainable ...

ÅNeed for a light fairnesscontrol only
ïStart at full rate

ïReact to congestion at a fixed rate

ïMimic TCP principles



Outline

I ςA source coding-based architecture

How it simplifies congestion control 

II ςIscongestion control needed?

Is the law of the jungle sustainable?





What is the jungle?

ÅNetwork: set of links

ÅEnd hosts send packets at maximum rate (access rate), but 
use source coding  

...

...
...

...



ÅUser class
ïsource-destination pair

ïpath rk

ïpacket sending rate: access rate ak

akakak

f =
p

P

ÅDynamic traffic
ïDataflows generated randomly by class-k users: ˂ k flows / sec

ïMean flow size: ̀k bytes

ïTraffic intensity for class-k users: ́k = ˂ k k̀ bytes/s

ïFlow departure rates: depends on the packet reception rates

ÅBuffer management
ïTail dropping

ïFair dropping (per flow fair queueing)

ak

Model



ÅMean flow response time
ïErgodicitycondition
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ÅMean flow response time
ïErgodicitycondition

akakak

f =
p

P

ÅMaximal stability conditions
ïThe network can be stabilized if and only if  

Traffic Intensity

Response 
Time

ÅPrice of Anarchy
ïQuantifies how far we are from maximal stability  

Performance metrics
Alice Bob
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ÅBandwidth sharing: aggregate service rates of flows of various 
classes ςdepend on the number of flows of each class 
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ÅBandwidth sharing: aggregate service rates of flows of various 
classes ςdepend on the number of flows of each class 

akakak

f =
p

P

ÅNo access rates ςExamples

1

Bandwidth sharing

1

Proportional  Fairness (TCP):



ÅUnder tail dropping
ïPacket loss rate proportional to input rates

akakak

f =
p

P

ÅUnder fair dropping
ïOutput rates: max-min fair shares at each link

Bandwidth sharing in the jungle



ÅUnder tail dropping
ïPacket loss rate proportional to input rates

akakak

f =
p

P

ÅUnder fair dropping
ïOutput rates: max-min fair shares at each link

Theorem Fair dropping  (resp. Tail dropping) defines a unique 
bandwidth sharingallocation. 

Bandwidth sharing in the jungle



ÅUnder tail dropping
ïPacket loss rate proportional to input rates

akakak

f =
p

P

Tail dropping



ÅUnder tail dropping
ïPacket loss rate proportional to input rates

akakak

f =
p

P

Tail dropping



ÅUnder tail dropping
ïPacket loss rate proportional to input rates

akakak

f =
p

P

Tail dropping


