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 ��	��� � !& !) !* !+ !,

������	 Q/R 1 0 2 	 	
/ Q/�1R 1 0 ' 	 1

0 Q/�0�1R 1 0 ' 8 1

1 Q/�0�1�(R 1 0 ' 2 1

' Q/�0�1�'�(R 1 0 ' 2 1

2 Q/�0�1�'�2�(R 1 0 ' 2 1
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2

2

2
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3 1
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Queue 1
@ t = 0

Queue 2
@ t = 0

1

0 1 2

1

0 1 2

Both packets
complete service
at t = 2

Fluid-flow system:
both packets served
at rate 1/2

t

t

Packet-by-packet system:
queue 1 served first at rate 1;
then queue 2 served at rate 1

Packet from queue 2
being served

Packet from
queue 2 waiting

Packet from
queue 1 being
served
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Generalize so R(t) is continuous, not discrete

R(t) grows at rate inversely
proportional to nactive(t)
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Queue 1
@ t = 0

Queue 2
@ t = 0

Packet from
queue 2 waiting

Packet from
queue 1 being
served at rate 1

1

0 1 2 3
t

1

2

0 2 3
t

Packet-by-packet fair queueing:
queue 2 served at rate 1

Packet from queue
s served at rate 1

Fluid-flow system:
both packets served
at rate 1/2
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Queue 1
@ t = 0

Queue 2
@ t = 0

Packet from
queue 1 waiting

Packet from queue 2
served at rate 3/4

Packet from
queue 2 being
served 

Packet from queue 1
being served 

1

0 1 2
t

1

0 1 2
t

Packet-by-packet weighted fair queueing:
queue 2 served first at rate 1;
then queue 1 served at rate 1

Packet from queue 1
served at rate 1

Fluid-flow system:
packet from queue 1
served at rate 1/4
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Arrival of a packet at time ta

Yes

Yes

No

No

X = value of leaky bucket counter
X ′ = auxiliary variable
LCT = last conformance time

Nonconforming
packet

X = X ′ + 1
LCT = ta

conforming packet

X ′ = X − (ta − LCT)

X ′ < 0?

X ′ = 0

X ′ > L?
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Packet
arrival

Bucket
content

L + I

I

* * * * * * * * * Time

Time

Nonconforming

# $%�� ��++ 3
������ �� 	
��� ����
�

MBS

T L I Time

# $%�� ��+, >
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Tagged or
dropped

Tagged or
dropped

Untagged
traffic

Untagged
traffic

Incoming
traffic

Leaky bucket 2
SCR and MBS

Leaky bucket 1
PCR and CDVT

PCR = peak cell rate
CDVT = cell delay variation tolerance
SCR = sustainable cell rate
MBS = medium burst size

# $%�� ��+� � ���	 	
��� ����
� ������������

(a) 10 Kbps

0 1 2 3 Time

(b) 50 Kbps

0 1 2 3 Time

(c) 100 Kbps

0 1 2 3 Time

# $%�� ��+- ,�����	
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��� �� ��
 ��
���
 ���
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Tokens arrive
periodically
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Packet

Size N
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instantly

b bytes/second
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A(t) = b + rt

R(t) R(t)
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No backlog
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b

b
R-r

0
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ER = 1 Mbps

ER = 5 Mbps ER = 1 Mbps
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Can support
only 5 Mbps

Can support
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