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Introduction

u
Packet Striping
*

using m
ultiple links as a single logical link

u
U

sed for perform
ance or cost reasons
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C
urrent Striping T

echniques

u
U

sually at the physical level (Inverse 
M

ultiplexing)

u
Physical level striping has draw

backs

u
W

anted: packet striping at a logical level

u
M

ultilink PPP provides fram
ing, not load 

sharing
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Packet Striping R
eference M

odel

C
hannel

R
esequencing

A
lgorithm

C
hannel

Striping
A

lgorithm

Sender
R

eceiver

D
esirable properties:

D
esirable properties:

D
esirable properties:

L
oad Sharing

L
oad Sharing

L
oad Sharing

FIFO
 delivery

FIFO
 delivery

FIFO
 delivery

A
ssum

e: A
ll C

hannels are FIFO
A

ssum
e: A

ll C
hannels are FIFO

A
ssum

e: A
ll C

hannels are FIFO
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O
verview

 of T
alk

u
H

ow
 to achieve load  sharing

u
H

ow
 to achieve FIFO

 delivery

u
H

ow
 to recover from

 packet loss

u
E

xperim
ental results
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C
ontributions

u
Provide a transform

ation of a class of fair 
queuing algorithm

s into striping algorithm
s 

providing load sharing

u
Provide a specific instance of such a fair 
queuing algorithm

u
Show

 how
 to achieve Q

uasi-FIFO
 delivery 

at the receiver

u
Show

 how
 to recover from

 packet loss 
through periodic m

arker packets
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      R
R

  Striping
A

lgorithm

100
1

100
2

100
3

100
4100

1

100
2

100
4

100
3

E
qual Sized

 Packets

R
ound R

obin Striping
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      R
R

  Striping
A

lgorithm

200
1

100
2

200
3

100
4200

1

100
2

100
4

200
3

N
o L

oad
 Sharing w

ith unequal sized
 packets

R
ound R

obin Striping
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C
ausal Fair

Q
ueuing

A
lgorithm

U
se function f(s) to select queue

T
ransm

it packet p at head
 of queue

U
pd

ate state using function g(s, p)

f(s)

L
oad Sharing

A
lgorithm

f(s)

C
FQ

 and L
oad Sharing
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L
oad Sharing

u
C

FQ
 algorithm

s - FQ
 algorithm

 in w
hich 

queue to be served depends only on packets 
sent so far

u
C

FQ
 algorithm

s can be m
odeled as repeated 

applications of tw
o functions

u
T

heorem
: C

ausal FQ
 algorithm

s can be 
transform

ed into load sharing algorithm
s 

w
ith the sam

e fairness properties
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Surplus R
ound R

obin (SR
R

)

u
E

xam
ple of a C

FQ
 algorithm

u
E

ach input queue associated w
ith a 

Q
uantum

 and a D
eficit C

ounter (D
C

)

u
Q

ueues served in round robin order

u
A

t each visit to a queue, D
C

 is increm
ented 

by Q
uantum

u
E

ach queue served as long  as D
C

 is 
positive
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    SR
R

    C
FQ

A
lgorithm
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    SR
R

T
ransform

A
lgorithm
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SR
R

 R
esults

u
SR

R
 transform

 provides load sharing if the 
Q

uantum
 associated w

ith each channel is 
proportion to its capacity, and is greater 
than the m

axim
um

 packet size

u
K

 rounds after initialization, the difference 
betw

een data actually sent over a  channel i 
and the am

ount that actually should have 
been sent is bounded by Q

uantum
i
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C
ontributions

u
Provide a transform

ation of a class of fair 
queuing algorithm

s into striping algorithm
s 

providing load sharing

u
Provide a specific instance of such a fair 
queuing algorithm

u
Show

 how
 to achieve Q

uasi-FIFO
 delivery 

at the receiver
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FIFO
 delivery

u
G

uaranteed FIFO
 - add sequence num

ber to 
packets
*

not alw
ays possible, e.g.. A

T
M

 cells, 
transparent E

thernet striping

u
Q

uasi-FIFO
 - FIFO

 in the absence of  
packet loss
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100
3

100
2

100
4

100
1

T
im

e A
xis

Physical R
eception

100
3

100
2

100
4

100
1

T
im

e A
xis

L
ogical R

eception

L
ogical R

eception

u
R

eceiver 
B

uffering

u
R

eceiver 
sim

ulation 
of the 
sending 
algorithm
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    SR
R
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FQ

A
lgorithm

    SR
R

T
ransform

A
lgorithm

Q
uasi-FIFO

 reception using SR
R

Sender
Sender

R
eceiver

R
eceiver
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Q
uasi-FIFO

 result

u
T

he com
bination of a transform

ed version 
of a C

FQ
 algorithm

 at the sender, and the 
C

FQ
 algorithm

 at the receiver provides 
Q

uasi-FIFO
 delivery
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    SR
R
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ransform
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E
ffect of Packet L

oss

    SR
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ransform

A
lgorithm
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E
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A
lgorithm
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O
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P
acket 7 is lost

P
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B
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B
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B
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R
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R
ecovery from

 Packet L
oss

u
Synchronization depends on shared state betw

een sender 
and receiver

u
O

n packet loss, the shared state is lost

u
Solution: propagate state periodically from

 the sender to 
the receiver

u
For the specific case of SR

R
 algorithm

, state consists of 
R

ound N
um

ber, and D
eficit C

ounter values for each link

u
Periodically propagate these values to the receiver using 
m

arker packets
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IP IP
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C
onvergence

C
onvergence

     L
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D
ata L
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E
thernet 

E
thernet 

A
T

M
A

T
M

E
xperim

ental Setup
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E
xperim

ental R
esults

u
T

hroughput w
ith SR

R
 m

atched aggregate 
throughput

u
T

hroughput m
ore w

ith resequencing

u
T

hroughput of SR
R

 greater than other 
variants
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C
onclusions

u
Sim

ple transform
ation of a class of FQ

 
algorithm

s can be used for scalable striping 
algorithm

s, providing FIFO
 packet delivery 

w
ith variable sized packets and variable 

speed channels

u
Q

uasi-FIFO
 provides transparent striping, 

w
ith the m

arker algorithm
 restoring 

synchronization in the event of packet loss


