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Abstract— Flooding is a commonly used technique for network
resource and topology information dissemination in the data
communication networks. However, due to the well-known N-
squared problem it causes network delay in response or even
congestion. We propose a new flooding technique, called Lazy
Flooding; it floods only when links reach a certain status. It
significantly cuts down the number of floods and thus improves
the data communication network response time. On the other
hand, it has negligible effect on the network performance due to
the selected flooding.

I. INTRODUCTION

In a distributed network such as Internet and all-optical
network, resource and network topology information has to
be constantly updated at each network node, i.e., IP router
and optical switch, such that correct routing or lightpath
decision can be made in a dynamic and distributed networking
environment.

To update this information IP protocol OSPF uses flooding;
whenever there is a network topology change, i.e., link or
node up or down, information is flooded throughout the whole
network. Suppose that there are � nodes in an OSPF network.
Then each update requires on the order of ��� Link State
Advertisement (LSA) messages to be flooded, causing serious
problems for the network stability and scalability. Various
techniques have been proposed to cope with this well-known
LSA N-squared problem [1].

Since flooding consumes excessive communication re-
sources, it poses a serious problem for the scalability of the
link-state protocols. Based on an analysis of the consumption
of the link bandwidth by LSAs, hierarchical OSPF network
is described in [2] to reduce the flooded LSAs throughout the
whole Internet. Observing that network aggregation can reduce
the management packets traffic yet increase the inaccuracy
of network information, an analytical model is developed
in [3] for investigating the impact on QoS routing from
information inaccuracy resulted by network aggregation. As
a trade-off between performance and complexity, decision
theory is applied [4] to study the best achievable performance
in assessing wavelength availability using partial management
information. There is quite an effort to study the trade-off
between the quality of routing and messaging overhead. Rather
than flooding complete link-state information to all routers,
[5] proposes to selectively diffuse the link-state information
based on a distributed computation of preferred paths. The

flooding problem is also investigated for multicast routing
protocols [6], and a number of procedures are proposed,
including: reducing the message overhead such as Time To
Live (TTL) protocol [7][8], Distributed Spanning Join (DSJ)
protocols, and Directed Reverse Path Join (DRPJ) protocol.
Due to the limited bandwidth in wireless networks, controlling
the messaging overhead is an important design criterion.
On-demand Multicast Routing Protocol (ODMRP), which is
designed for mobile ad hoc networks, delivers packets to
destination(s) on a mesh topology using scoped flooding of
data[9], again for reducing the flooding of messages. Two
flooding methods are proposed in [10]: self pruning and dom-
inant pruning, which utilize neighbor information to reduce
redundant transmissions in ad hoc networks. For reducing
the message flooding traffic, particularly in QoS routing, it is
proposed to control the conditions of updates. Different update
policies, such as threshold based updates, equal class based
updates and exponential class based updates, are provided in
[11]. On the other hand, the resulting inaccuracy in network
information and the corresponding impact on the performance
of the QoS routing algorithms are also investigated in [11].
A closely related work is [12] where the relation between the
link state information and the size and connectivity of the
underlying network topology is studied.

In an all-optical network such as Lucent Lambda Router
Network [13], the topology information, which includes the
Optical Cross Connect (OXC) up and down and the fiber (link)
cut and repair, is flooded throughout a separate Data Com-
munication Network (DCN), which is a signaling network.
In addition, when a lightpath is set up and torn down the
channel status of the involved links is changed; the number of
the available channels on the link is decreased and increased,
respectively, and this information is also flooded throughout
the DCN network. Obviously, for a network with � nodes
(OXC), each channel status change results in an order of � �
messages to be flooded via the DCN, and hence each lightpath
set up (tear down) needs an order of ����� messages flooded
where � is the number of hops the lightpath. The large number
of flooded messages may lead to the signaling network delay in
response and instability and also make it difficult to scale up.
As a matter of fact, as lightpaths are set up and torn down, a
huge volume of information is to be flooded while OSPF does
not flood the link load update information resulted by routine
paths being set up and torn down. Therefore, the delay in
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network response caused by flooding in the DCN of an all-
optical network is even worse than that of Internet.

The signaling message flooding problem that we are dealing
with in all-optical networks is apparently different than what
has been studied in [5]-[10]. We take Internet message flooding
as a comparison. First, most of the published works are on
in-band signaling where signaling messages are flooded in
the data network, such as Internet, competing for resources
with the data traffic. For all-optical networks, such as [13],
resource information messages are flooded in a different
dedicated signaling network than the data network; there is no
competition for resources with the data traffic. Second, traffic
load information helps for routing in the Internet, particularly
QoS routing, and the inaccuracy of the information may affect
the performance. However, for all-optical network, if all the
channels on a link have been allocated yet other nodes are not
informed, false lightpaths may be constructed - dead light-
paths, which occupy precious resources yet do not transmit
any data. Finally, the signaling network of all-optical networks
is extremely sensitive to the delay; any congestion or even
unexpected delay from excessively flooded signaling messages
in the DCN of all-optical network is intolerable, since the re-
sponse time expected from the DCN for lightpath construction
and tearing down is on an order of micro-seconds in the worst
case; lightpath construction, protection and restoration time
is crucial for commercial optical networks. Consequently, we
want to reduce the DCN traffic as much as we can, so long
as it does not result in false lightpaths nor wasting channel
capacities by leaving them idle.

To cope with this message flooding problem of optical
networks we propose a new technique: Lazy Flooding. It
significantly reduces the number of flooded messages for the
network resource and topology information update with little
affecting on the lightpath construction and, consequently, path
protection and restoration. Given the different nature of our
signaling network flooding problem, the focus of our analysis
and the criteria of our experiments are different than that in
most of the published literature. Our focus is on: (1) Reducing
the flooded resource information messages as much as possible
to guarantee the response time of the signaling network;
(2) Prevent the construction of lightpaths over a link where
there is no available channels; and (3) The inaccurate link
capacity information does not affect load sensitive lightpath
computation. On the other hand, with due modifications our
technique could also be useful for applications other than
optical network signaling.

The idea of Lazy Flooding is simple. Suppose that there
are k channels in a link (fiber). Instead of flooding for each
channel status change, i.e., from being available to being
occupied or vice versa, we hold it until it reaches certain
points. Apparently, this method is “lazy”, i.e., it does not flood
for each channel update, and we call it Lazy Flooding. In
contrast, we call it All Flooding if each channel status change
is flooded. Different flooding decisions give different Lazy
Flooding methods, and we study three in this paper:

(1) Threshold Flooding. For a pre-determined threshold value	�

�����
, the number of the available channels in a link is

flooded if and only if when it is less than
�

after a channel
update.

(2) Exponential Flooding. For a geometric sequence of num-
bers above the threshold:

	�
���������
�� � 
�������
���� �!� ,
the number of the available channels in a link is flooded if
and only if when it is less than

�
or equal to

�#"
, $&%('�) ����� )+* ,

after a channel update.

(3) Fibonacci Flooding. For a Fibonacci sequence of numbers
above the threshold:

	,
(�-�(. � 
(. � 
-�����/
�. � ��� , the
number of the available channels in a link is flooded if and
only if when it is less than

�
or equal to

.0"
, $1%2'�) ����� )+* ,

after a channel update.

We shall show that these Lazy Flooding techniques signifi-
cantly reduce the number of messages flooded throughout the
DCN by both mathematical analysis and simulation. We first
discuss informally the cost, i.e., the possible disadvantages of
not flooding with each link status update.
(1) Link blocking. Suppose that there are no channels available
on a link. However, due to Lazy Flooding a remote node
still believes that a certain number of channels is available
in this link according to its own database information, and,
consequently, may still construct lightpaths passing through
this link, leading to a blocking link on a lightpath. To cope
with this problem, we set a threshold value

�
in all the Lazy

Flooding techniques. When the number of available channels
is getting smaller than the threshold value

�
we flood the

information for each channel update to inform all the nodes
of the situation. As will be shown later by analysis and
simulation, the blocking probability caused by Lazy Flooding
is negligible.

(2) Network blocking. Suppose that channels in a link are
released from tearing down the lightpaths. For a same rea-
son as in (1), a remote node does not know about it and
believes that there are no channels available in this link, and,
consequently, it may not be able to find any lightpath for a
specified destination node. This scenario blocks the network
for a lightpath computation, and, as a matter of fact, there are
indeed resources available. Similarly, it can be shown that this
probability caused by Lazy Flooding is also negligible

(3) Discrepancy in link load. OSPF uses shortest path routing.
Certain shortest path algorithms assign a weight to each link
for the computation, and the weight is determined by the link
load [14]. Similarly, certain lightpath computation algorithms
also use shortest path algorithms and assign a weight to each
link, which is typically the number of the occupied channels.
The rationale is: avoid routing through a link where there are
almost no channels available. Obviously, Lazy Flooding does
not keep this information updated with each link status update
for each OXC on the network. Threshold Flooding is the
worst; there is no information at all except when the available
capacity of a link is below a threshold. For applications such
as path/link protection in all-optical network, we need more
information of the channel status of all the links for protection



3

path routing computation. Fibonacci and Exponential Flooding
aim at providing approximate information of the channel status
of all the links yet without flooding for each channel status
update. Note that Fibonacci Flooding tends to flood more
than Exponential Flooding when the number of the available
channels is low and the channel status is more sensitive for
the link and network blocking. Our analysis and simulation
will show that both Fibonacci and Exponential Flooding
lead to rather negligible discrepancies in the link load while
significantly reduce the number of floods.

(4) Network global optimization. Due to Lazy Flooding all
the nodes in the network may not have the updated and
accurate information of the network topology and resources.
Apparently, the overall lightpath computation is not optimized
since the available information is approximate. Note that even
with the exact information available the overall optimization
is NP-hard when it is off line, and an on-line optimization
is even harder. Surprisingly, our experiments show that in
general Lazy Flooding does not cause degradation in network
overall performance. Under certain circumstances, it even out-
performs All Flooding. This anomaly has also been observed
with the Internet performance.

The Lazy Flooding techniques we propose can be used for
both the all-optical network and Internet signaling. For clarify,
in most of our explanations in the sequel, we follow the all-
optical networking scenarios.

The idea similar to Threshold Flooding and Exponential
Flooding has been proposed in [11], but no formal definition
and analytical model are provided to quantitatively analyze
the time discrepancy that is resulted from the delayed updates
and how much traffic is saved by these flooding policies.
This paper uses an embedded Markov chain to model the
link capacity change process in an all-optical network for a
formal analysis. Extensive simulation is performed to support
the analytical result in a single link and also throughout a
whole network.

In section 2, we propose an analytical model to investigate
above problems in the context of single link network. Some
experimental results are also reported to check if the model
is compatible with reality. It is difficult to give a model to
analyze the impact of different flooding schemes on network
performance with routing algorithms involved. In section 3,
we use discrete event simulation to study the relationship
between these flooding schemes with network performance.
The experimental results on two different routing algorithms
are reported: one is sensitive to the link channel status and the
other is not. The paper concludes in section 4.

II. MATHEMATICAL ANALYSIS

For a mathematical analysis, we consider a single link.
A widely used model is the 3�453�406 queueing system: the
arrival rate of requests for channels on a link follows a Poisson
distribution with parameter 7 and the service rate, at which
lightpaths are cleared from a link, follows an exponential
distribution with parameter 8 . The total capacity (channels)
of a link is 6 .

This model represents a continuous time process 9�:<;>=+?A@
with values in the number of the used channels on this link:
0,1,...B. We are interested in the flooding probabilities while
an OXC floods when there is a change in a link capacity.
For this, we introduce an imbedded Markov chain (MC) in9�:<;B=+?C@ . Let 9�D�E�@ be the stopping time sequence, at which
the occupied capacity on a link changes, i.e.,D5FG% HJILKM9N=PO 	RQ :S;T=+?VU%
:W; 	 ?A@D E % HJILKM9N=POXD EZY � Q :-;T=+?VU%
:<;BD EZY � ?5@[)\ %�'#)^]�)�_L_`_a E % :<;TD�ER?�) \ % 	 )�'�)C]�)�_L_`_

According to the classical results in queueing theory [15]9 a E @ is a stationary Markov chain.
The All Flooding scheme has a flooding probability ' since

it floods at each time D�E�_ We now estimate the flooding
probabilities of all the Lazy Flooding schemes to show their
gain. On the other hand, due to Lazy Flooding, other nodes in
the network do not know the exact capacity on this link. To
measure the missing information, we compute the mean and
variance of the difference between the exact link capacity and
the capacity flooded to the network.

A. Flooding Methods

A straightforward method is All Flooding: the link capacity,
i.e., the number of available channels, is flooded whenever
there is a change. Lazy Flooding is different; it floods after
a link capacity change if the available channels b E %c6<da E � � . For b E OX� , it is flooded selectively. There are three
different selection criteria, each of which has its own merit for
different networks.
Threshold Flooding After a link capacity change, the number
of the available channels b�E is flooded if and only if b�E � �e_
Exponential Flooding

Letf5g % � ) � % 	 )�'�)�_L_`_L)^�h) f5g %��jik] g Y�l ) � %m�ji�'#)�_`_L_ no)
where np%2qsr`t�u � ;v6(dw�P?yxeiX� and q a x denotes the largest
integer no more than a _

After a link capacity has changed, the number of the
available channels b E is flooded if and only if it equals to
one of the values

f�g ) � %('#)�_`_L_ n .

Fibonacci Flooding
Let. g % � ) � % 	 )�'�)�_`_`_L)^�h). g % . g Y � i . g Y � dw�ji{zR) � %��ji�'�)^�ji{]R)�_`_L_ no_

where n is the largest index
�

such that
. g � 6|_

After a link capacity has changed, the number of the
available channels b E is flooded if and only if it equals one of
the values

. g ) � %�'�)�_L_`_ n .
We first compute the stationary distribution of the Ergodic

MC, then estimate the probabilities of these three flooding
methods on the basis of the stationary distribution and transit
probabilities of the MC.
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B. Stationary Distribution for the Imbedded Markov chain

Stationary distributions of imbedded Markov chains have
been studied in queueing theory [15][16]. However, only two
types of imbedded discrete time Markov chains were studied:
only at either arriving epoch or departure epoch. In both
cases, the stationary distribution of the imbedded discrete time
Markov chain is exactly the same as the continuous time
process 9�:<;>=+?A@ , namely the Erlang distribution [16].

However, for link capacity changes by OXCs, we have to
consider the imbedded Markov chain at both arriving and
departure epochs, since in both cases the OXC floods a piece
of information. Therefore, the existing results cannot be used
to estimate 9 a E|%�6(dwb5E}@ directly. To obtain the probability
structure of 9 a E~@ and its stationary distribution, we need the
following lemmas.

Lemma 1: The transition probabilities of 9 a E @ are given by� F�� ��% �[�/; a E %���� a EZY � % 	 ?[% � '�� %�'	 t0�^�R���^��I��+���� � � % �[�/; a E|%���� a EZY � %�6�?[% � '�� %m6(dX'	 t0�^�R���^��I��+�� " � ��% �[�/; a E %���� a EZY � %�$�?2$�%�'�)�_L_`_L)^6(dk'% �� � ���� "L� � %�$�i�'"L���� "L� � %�$/dX'	 t0�^�R���^��I��+� (1)

Proof:

Let � be the random variable for the time difference
between a stopping time, D EZY � ) and the first request arriving
time after D EZY � . Let � be the random variable for the time
difference between the same stopping time D EZY � and the first
service finishing time after D EZY � . Assume that at D EZY � the
system is in the state $^_ Then, since both arriving process and
service process are memoryless, the two times follow expo-
nential distributions with parameters 7 and $y8 , respectively.
Since the exponential distribution is continuous, there are two
or more arrivals or finished services at any time epoch zero.
Therefore,� F�� � % 	 I¢¡!�|O!' Q� � � � % 	 I¢¡!� 
 6(dX' Q� " � � % 	 I¢¡£� $¤d,���}U%�'S¡>t���$�U% 	 )^6|_
Equation (1) follows from:

� " � " � � % ���/; a E|%
$�i�'¥� a E�Y � %�$¦?% ���/;T� 
 �e?[%¨§k©F §k©ª 7R$y8¬« Y � ª Y "L�®­°¯¥±#¯#²% 77�i³$y8
Lemma 2: Let ´�% �� _ The stationary distribution of 9 a E @

is given by µ F�% ']�¶ � Y �g5· F³¸C¹g�º )µ g % »�'Pi ´�&¼ ´ g Y �; � dX'N?5½ µ F% ¾ ´ g� ½ i ´ g Y �; � dX'N?A½v¿ µ F ) (2)� % '�)C]�)�_`_`_L)^6!dX'�_µ � % ´ � Y �;T6�dX'N?5½ µ F#_
Proof: It follows from Lemma 1 thatÀ µ F#) µ � )�_`_`_L) µ ��Á % À µ F#) µ � )�_L_`_`) µ �&Á�ÂÃÄÄÄÄÄÄÄÄÄÅ

	 ' 	 _L_`_ 	 	��N� � 	 ��N� � _L_`_ 	 		 � ��N� � � 	 _L_`_ 	 	_ _ _ _L_`_Æ_ _	 	 	 _L_`_ ��N�£Ç � Y �^È � 		 	 	 _L_`_ 	 ����&Ç � Y � È �	 	 	 _L_`_Æ' 	
É¢ÊÊÊÊÊÊÊÊÊË

One can simply verify that (2) holds for
� %Ì' and ] .

Assume that (2) holds for
� dw] and

� dX'�) thenµ g % 7�i � 8� 8 Í µ g Y � d µ g Y � 77 i�; � dw]#?Z8ÏÎ% »#'Pi ´� ¼ ´ g Y �; � dX'N?C½ µ F#_
We have:µ � % µ � Y � d µ � Y � 771i�;v6(d³]�?Z8% ´ � Y �;T6�dX'N?5½ µ F _

Since ¶ � gA· F µ g %�' , we haveµ F % '] ¶ � Y �gA· F ¸A¹g�º _
This completes the proof.

Remark: The Erlang distribution in an 3�453�406 system is
given byÐ F % '¶ � gA· FÑ¸ ¹g�º ) Ð g % ´ g� ½ Ð F ) � %�'#)^]�)�_L_`_`)Ò6|_
When ´ is not too large or too small in comparison to 6 ,
the mode of the stationary distribution is not at the two ends.
Then

µ FVÓ<Ô5Õ� ) µ � Ó<Ô�Ö� ) while

µ g Ó Ð g ) 	�

��
 6|_
Fig. 1 displays the stationary distributions with a compar-

ison to the Erlang distribution where 9 µ g @ is very close to9 Ð g @ except for ´ close to
	

and 6�%mz#] .
C. Probabilities for Different Flooding Techniques

Let
	�� � � 6 . After a link capacity has changed, if

the resulting b5×V%-6Sd a × � �e) link information is flooded.
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Fig. 1. Distribution of Imbedded MC

When b × O<�e) we consider different flooding protocols for:
Threshold, Exponential and Fibonacci Floodings. LetØ g %m�[�/;Bb E % � ?[% µ � Y g ) � % 	 )�'�)C]�)�_L_`_L)^6|_

Then
(i) Threshold Flooding: no flood for b�×�OS�e_ Therefore, the
flooding probability isÙ × %��[�¬9 À b × � � Á @V% lÚgA· F Ø g _
(ii) Exponential Flooding: Letf�g % � � ) � % 	 )�'�)�_`_`_L)^��ji{] g Y}l ) � %m�ji�'#)�_`_L_ n
where nÛ%Üq>rLt#u � ;T6�dÝ�Þ?vx�i¨� . We need to calculate the
flooding probabilityÙ�ß %m�[�~9°à g À b × % f�g Á @Ñ%âáÚgA· F Ø}ã ¹ _
(iii) Fibonacci Flooding: Let. g % � � ) � % 	 )�'�)�_L_`_`)Ò�. g Y � i . g Y � dÝ�ji{zR) � %��ji�'#)�_`_L_ n

where n is the largest index
�

such that
. g � 6|_ Therefore,

the flooding probability isÙ£ä %m�[�~9°à g À b × % . g Á @Ñ%�áÚgA· F Ø ä ¹ _
Remark: In this paper, we consider the flooding when a

link “enters” a predetermined capacity. We can also consider
the case when a link “leaves” a predetermined capacity. In this
case, the probability of flooding at the pre-determined valuef5g ; . g ? is the same:�[��9°bA×yY � % f g )^bA×£% f g i�'�@i��[��9�b5×yY � % f g )Òb5×£% f g dX'0@%����~9Nb ×yY � % f�g @[_

D. Mean Values of Floodings

Another quantity showing the saving of Lazy Flooding is
the average flooding numbers. We calculate the mean for All
Flooding first, and then derive that for Lazy Flooding.

Assume that the time unit for the Poisson and exponential
parameters in the 3�453�406 model is å . Therefore, the mean
of the requests for channels for lightpath set-up in a given time
period å is 7 .

For All Flooding, let ��æCç¢ç� be the average number of
floodings upon requests for channels in the time period å ,
and let è " ) 	�� è "|� è " � � )+$|%é'�)C]�)�_L_`_L) be the time epoch
that the $ -th request arrives. Assume that the capacity of the
channel at time epoch = is ê
;T=+? . Define an index functionë ;BìÑ?�% � '�)c��í���K¥�eì�I`�Ï�^�Òîï�	 ) t��Ò�R���Ò��I��Ò�

Assume that the system achieves its equilibrium status _
Since event

À è "&
 å Á and event
À êX;>è " ? 
 6 Á are independent,� æCçðç� % ñ ©Úg5· � ë ;>è "£
 å�)Cêk;Tè " ?ÏO 	 ?% ���~9°êX;T=+?ÞO 	 @ ©ÚgA· � ñ À ë ;Tè "[
 åJ? Á% 7e�[�~9®êX;>=+?ÏO 	 @[_ (3)

Since è " is the arriving epoch only, ����9°êX;>=+?ÏO 	 @ can be
calculated by (Erlang):�[�¬9°êX;>=+?ÏO 	 @Ñ%�'�dÝ���~9NêX;T=+?[% 	 @Ñ%�'�d ¸ Ö� º¶ � gA· FV¸ ¹g�º _

Now let �jæCç¢ç� be the number of floodings when a link
acquires released channels from lightpaths tearing down inå . When the system achieves its equilibrium status we must
have � æCç¢ç� %m� æCç¢ç� Q (4)

otherwise the capacity will strictly increase or decrease, and
it contradicts the equilibrium status assumption.

Thus, the mean of the flooding numbers is]�7Ýò¤'�d ¸ Ö� º¶ � gA· FV¸ ¹g�º�ó _ (5)

For Lazy Flooding at the given capacities: ô %9Nõ � )Cõ � )�_L_`_L)Cõ E @[) 	�� õ " ) \ � 6ö) let � çLæ ­ ª� be the average num-
ber of floodings from requests for channels in å . Similarly,� çLæ ­ ª� % ñ ©Úg5· � ë ;>è " 
 å�)Cêk;Tè " ?�dX'�÷,ô[?% ���~9°êX;T=+?£dk'�÷øôÞ@ ©ÚgA· � ñ À ë ;Bè " 
 åJ? Á% 7e�[�/9NêX;T=+?�dX'�÷,ôÏ@[_ (6)

Substituting the formulas in Section II-C into (6), we can
calculate the average number of floodings when the capacity
enters a flooding point.

Let � çLæ ­ ª� be the average number of floodings in å when
the capacity leaves a flooding point. With ù in the ú -algebra
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generated by 9NêX;>=+?¬) 	�� = 
�û @ , let
� Ç � È" ;T=A)+ùP? be the num-

ber of floodings in the time period ; 	 )Ò= Á when the capacity
leaves the flooding point õ " , and let

� Ç �^È" ;T=A)�ùP?�d be that when
the capacity enters the flooding point, $£%�'�)C]�)�_`_`_L) \ . Thenüüü � Ç � È" ;>=A)+ùP?�d � Ç �ÒÈ" ;T=A)�ùP? üüü � '�_ (7)

Since the process is Ergodic, we haverLI`Hý�þ © 'ÿ EÚ " · � � Ç � È" ; ÿ å�)�ùP?�% � çLæ ­ ª� )rLI`Hý�þ © 'ÿ EÚ " · � � Ç �ÒÈ" ; ÿ å�)�ùP?�% � çLæ ­ ª� _
It follows from (7) that'ÿ üüüüü EÚ " · � � Ç � È" ; ÿ å�)�ùP?£d EÚ " · � � Ç �^È" ; ÿ åö)+ùP? üüüüü � \ÿ _
Then we have üüü � çLæ ­ ª� dÝ� çLæ ­ ª� üüü % 	 )
i.e., � ç`æ ­ ª� %!7h���~9NêX;T=+?�dX'�÷øôÞ@[_
Thus, the total mean of floodings when the capacity enters

a flooding point is� ç`æ ­ ª� i{� çLæ ­ ª� %m]#7h���~9NêX;T=+?�dX'�÷øôÞ@[_
The savings by Lazy Flooding in average flooding numbers

are significant: ¾ '�d ���~9°êX;T=+?£dk'M÷oôÞ@���~9°êX;>=+?ÞO 	 @�¿ _
Calculation result on the flooding probability is given in

next subsection.

E. A Comparison

Fig. 2 shows the flooding probabilities of the three flooding
methods over different model parameter ´�% �� and threshold�h_ For All Flooding, the flooding probability is always one.

It is clear that the larger the threshold � is, the more
the flooding will be. Recall that approximately the mean
of capacity is ;T6�dÝ´�?�_ Hence if ´ is large, the number
of the available channels will be small, and that results in
more flooding. Overall the three Lazy Flooding methods have
a similar flood probability that is much smaller than All
Flooding.

Fig. 3 shows the saving in percentages in the mean of
the flooding numbers of the three Lazy Flooding methods
in comparison to All Flooding. The savings are significant,
especially when the channel is not too busy ( ´ % �� is small in
comparison to 6 ). Also, the savings are in a decreasing order
of: Threshold, Exponential and Fibonacci Flooding. Even in
the worst case, we still have 85% savings.
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Fig. 3. Flooding Mean: Lazy Flooding vs. All Flooding

F. Mean and Variance of Information Distortion

We now discuss how much information distortion the three
Lazy Flooding methods have resulted for a single link case.
The information discrepancy is measured by the difference
between the true and the flooded numbers of the available
channels, denoted by � E , which is also a random variable.
However, on the basis of the stationary distribution of b E we
can find the corresponding distribution of � E for different
flooding methods and hence its mean and variance.

1) Threshold Flooding: For the case, we have

� E % � 	 ) b E � �h)b E dw�h)cb E O
�h_
Therefore,ñ�;�� E ?�% �ÚgA· l � � ; � dw�P? Ø g Q (8)

��� *Ï;�� E ?�% �ÚgA· l � � À � dw�wdÝñ�;�� E ? Á � Ø g



7i À ñ�;�� E ? Á � lÚgA· F Ø g _ (9)

2) Stationary Distribution of Augmented Vector Process:
For exponential and Fibonacci Flooding, the situation is more
complicated. Let 9��b�E�) \ % 	 )�'�)�_L_`_¢@ be the known capacity at
time D�E on a link by remote nodes when the Exponential
Flooding is used. It is clear that 9��b�E�) \ % 	 )�'#)�_`_L_L@ is not
a Markov chain. We have to consider its augmented vector
process � E % À b E )��b E Á that is a 2-dimensional Markov chain.
Let� g � � % r`ILHE þ © �[�/;Bb5EJ%k�#)	�b5E�% f g ?�) f g Y �Ñ
 � 
 f g � � _ (10)

We have
Lemma 3:;T$¦? Ø � % � g � � i � g � � � � ) f g 
 � 
 f g � � _ (11)

(ii) For
	����ö
 �h)� g � � % � Ø g ) � % f5g )	 ) t��Ò�R���Ò��I��Ò��_ (12)

(iii) For
� %��h) � l � g % � Ø l£) � %��	 ) �ö
 �h_ (13)

(iv) For � 

��
 f á )� g � � % � Ø g ) � % f g )	 ) � � f g Y ��
 *-�
� f g � � _ (14)

(v) For
� % f á , � g � � % Ø � ) f á � �#_ (15)

Proof: Since �b E % f5g if and only if there is a non-negative
integer ��� 	 such that b EZY �e% f5g and

f5g Y � 
 b�� 
 f5g � � for
all \ d,� � õ � \ . We have���/;Tb E %k�¥?[%m�[�¤;Tb E %{�#)	�b E % f5g ?i��[�¬;Bb5E|%��#)	�b�E�% f g � � ?�) f g 
 � 
 f g � � _

Equation (11) follows from (10), and (12)-(15) can be
derived similarly.

Therefore, we only need to consider (i) � l � � for � 
 � 
f l � � Q (ii) � g � � for both
f�g Y � 
 � 
 f5g and

f�g 
 � 
 f5g � �when � 
��w
 f á ; (iii) � á � � for
f á Y �J
 � 
 f á _ In sum-

mary, we want to calculate 9 � g � � )y� % f g i�'#)�_`_L_`) f g � � dk'�@and 9 � g � � � � )y� % f g i�'#)�_`_L_`) f g � � dk'�@ for
� %��e)Ò��i�'�)�_L_`_ n{d' .

For
� O!�e) f�g d f5g Y � O ' and

f5g � � d f5g O�' , and hence
if �b E % f5g

and b E U% f5g ) we have �b EZY � % f5g
. Thus, forf5g 
 � 
 f5g � � we have�[�/;Bb E %{�#)	�b E % f5g ?% �[�/;Bb5E�%{�#)	�b�EJ% f g )	�b�EZY � % f g ?% �[�/;Bb5E�%{�#)	�b�EJ% f g )Òb�EZY � %k��dX'�)��b5EZY � % f g ?i �[�/;Bb5E�%{�#)	�b�EJ% f g )Òb�EZY � %k�Ñi�'�)��b5EZY � % f g ?�_

Furthermore, when
f g 
 � 
 f g � � we have���/;Tb E %k�#)��b E % f�g )Òb EZY � %��1dX'�)��b EZY � % f5g ?% ���/;Tb E %k�#)Òb EZY � %{� dk'#)	�b E�Y � % f5g ?% ���/;Tb�EJ%k��� b5E�Y � %k��dX'�)��b�EZY � % f g ?���/;Tb�EZY � %k��dX'�)	�b5EZY � % f g ?% ���/;Tb�EJ%k��� b5E�Y � %k��dX'N?���/;Tb�EZY � %k��dX'�)	�b5EZY � % f g ?% 6�dø�Ñi�'´Mi�6�dø�Ñi�' ���/;Tb E�Y � %k��dX'�)��b EZY � % f5g ?�_

Similarly,�[�/;Bb E %��#)	�b E % f5g )Òb EZY � %{�Vi�'�)��b EZY � % f5g ?% 77 im;T6�dø��dX'N?Z8 ���/;Tb E�Y � %k�Ñi�'�)��b EZY � % f5g ?�_
Therefore, 6(dø�Vi�'´�i�6(dø�Mi�' � g � � Y � d � g � �i ´´�i�6(dø�1dk' � g � � � � % 	 )f�g 
 � 
 f5g � � _ (16)

Consequently, we can calculate9 � g � � )v��% f g i�'�)�_L_`_L) f g � � dX'0@ for
� %��h)^��ik'�)�_L_`_ n<d³' byÃÄÄÄÄÄÄÄÅ � g � ã ¹ � �� g � ã ¹ � �� g � ã ¹ � �...� g � ã ¹ ��� Y �� g � ã ¹ ��� Y �

É ÊÊÊÊÊÊÊË %ÃÄÄÄÄÄÄÄÅ d�' ¸¸ � � Y ã ¹ Y � _`_`_ 	� Y ã ¹ Y �¸ � � Y ã ¹ Y � d�' _`_`_ 		 � Y ã ¹ Y �¸ � � Y ã ¹ Y � _`_`_ 	_ _ _`_`_Æ_	 	 _`_`_ ¸¸ � � Y ã ¹ ���	 	 _`_`_Æd�'
É ÊÊÊÊÊÊÊË
Y �

ÃÄÄÄÄÄÄÄÅ d Ç
� Y ã ¹ È���� ¹¸ � � Y ã ¹		

...		
É ÊÊÊÊÊÊÊË _

Finally, 9 � g � � � �¥)v�1% f5g i�'#)�_`_L_`) f�g � � dX'0@ , � % �h)Ò��i'�)�_L_`_ n dX' , can be obtained by� g � � � �e% Ø �hd � g � ��_
On the basis of the joint distribution of 9�b�E�)	�b5E}@�) we can

derive the mean and the variance of the discrepancy by the
following formulae:
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ñ�;Bb E d��b E ?�% áÚgA· l � � ã ¹ ��� Y
�Ú� · ã ¹�� � � � ;L�1d f�g ? � g � � (17)

Set ñ|;Bb5E�d��b�ER?�% ÿ , the variance of b�E d��b5E is:

��� *Ï;vb E d��b E ?% ñ�;Bb E d��b E d ÿ ? �% áÚgA· l � � ã ¹ ��� Y
�Ú� · ã ¹�� � � � ;���d f5g ? � � g � �hd ÿ � (18)

3) A Comparison: We display the mean and variance of the
information distortion ��E of the three Lazy Flooding methods
with different threshold values � %��R)�' 	 and ] 	 and with
different 3�453�4®6 model parameters ´�% '°]	� to ]#]� with
step size equal to ' . For all three cases, the parameter 8 is
fixed _ See Fig.4 and Fig.5 below.
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Fig. 5. Variance of the Discrepancy

Since ´�% �� ) the larger the ´ is, the less the available
capacity will be, resulting in more flooding. Therefore, it

is not surprising that for large ´�) the mean and variance
of the distortion �JE become small. Also, the effects of the
threshold � are basically a shift of the curves towards the
left. From the plots we can see that the variance of the
distortion in Threshold Flooding increases and then decreases
against ´ ; as ´ increases, the stationary distribution 9 Ø g @ will
concentrate on the lower index end, i.e., the most possible
available capacity is small, we flood more frequently, and
this reduces both the mean and variance. There are rapid
changes in both means and variances for Exponential Flooding
and Fibonacci Flooding. This is because on both sides of
the peaks, �b × is equal to different values with a very large
probability. Therefore, the variance is not too large. However,
for Exponential Flooding when the value ´ makes�[�¤;!�b × % f5g ? Ó �[�¤;!�b × % f5g Y � ?�)
the variance will be large. Similarly, for Fibonacci Flooding,
the peak occurs when�[�¤;!�bA×&% . g ? Ó �[�¤;!�bA×[% . g Y � ?�_

Remark: In this section, the savings and the mean and vari-
ance of information distortion of different flooding schemes
are analyzed based on a condition that the signaling network
is out-of-band. In such a signaling network, the signaling
messages are transmitted in a different physical media than
the data traffic, and, consequently, the traffic load of signaling
messages does not compete for network resources with the
data traffic.

When signaling/flooding information is carried in a same
physical media as data traffic, and no special resources are
reserved for signaling information, we call the signaling
network as an in-band signaling network. For in-band sig-
naling network, signaling traffic competes with data traffic
for network resources, such as in Internet where LSAs are
transmitted, sharing the same link as IP packets. Usually, a
dedicated channel is reserved for in-band signaling, and in
this case it has no effect on the available channels for the data
traffic. If in-band signaling traffic shares channels with data
traffic, then Lazy Flooding has direct significance in saving
channels and increasing the total throughput. At present, there
are no standards on in-band signaling have been given, and an
analysis of the effect of Lazy Flooding schemes on in-band
signaling network needs further study.

G. Experiment Results for Single Link

We have analyzed the flooding probability of different Lazy
Flooding schemes, which reflects the gain of Lazy Flooding:
it floods much less than All Flooding. On the other hand,
we have estimated the mean and variance of the difference
between the true available capacity of a link and its informa-
tion received by remote nodes through Lazy Flooding, which
is an indication of the information discrepancy due to Lazy
Flooding.

In this section, we conduct a discrete event simulation to
validate the analytical results in the previous section.
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Fig. 6. Simulation Result of Flooding Probability

1) Simulation Environment: We consider a link with 256
channels. Requests for channels are generated based on a
Poisson distribution, and the duration of each request conforms
to an exponential distribution with fixed mean same as the
value used in the case study of the theoretical calculation.
The traffic load ´ , which is the ratio of the arrival rate and
that of the departure rate of the requests, ranges from 128
to 224. The simulation does not take into consideration the
flooding information propagation delay; we want to study the
discrepancy from the intentional delay from the Lazy Flooding
schemes. For all the Lazy Flooding schemes, we set the flood-
ing threshold to be �{%���)�' 	 )C] 	 . The simulation begins with
an empty link, and the data are collected with 5000 connection
set-up and tear-down requests. We mainly consider flooding
probability and mean and variance of capacity information
discrepancy. We investigate the difference between analytical
and experimental results. It turns out that it is negligible.
Matlab is used for the simple computation.

2) Single Link Simulation Result: "$# 
�

¯ $ \ � Ù * 
 f � f $%#>$y= ²

is the ratio of the number of floods generated by the Lazy
Flooding schemes over that of All Flooding scheme.
��$�õ�b5*°« � � \ b ² 3(« � \ is the mean of the capacity information
discrepancy, and is estimated in ;��¥? and ;�'�&0? for Threshold
Flooding and Exponential (Fibonacci) Flooding, respectively.
��$�õ�b5*°« � � \ b ² ��� *°$ � \ b�« is the variance of the capacity in-
formation discrepancy, and is estimated in ;�'#? and ;�'(�¥? for
Threshold Flooding and Exponential (Fibonacci) Flooding,
respectively.

Fig.6 displays the simulation result for flooding probability,
Fig.7 and Fig.8 give the simulation result for the mean and
variance of discrepancy. Comparing the experimental results
in Fig.6, Fig.7 and Fig.8 with that of the analytical results in
Fig.2, Fig.4 and Fig.5 respectively, it is clear that they are very
close.

III. SIMULATION STUDY FOR NETWORKS

In previous section, we have given an analytical model
for flooding schemes in single link scenario. It is difficult
to give a close form analytical result for the overall network
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performance. In this part, we use discrete event simulation to
study the impact of different flooding schemes on network
performance.

A. Simulation Environment

The network simulation is on a 14 nodes network that has a
similar topology as NSFnet in U.S.A. The network is shown in
Fig.9. Each link of the two networks is bi-directional and the
capacity of each link is 20, i.e., it contains 20 channels. In this
simulation, we study the cases with different network load. The
requests for a path are generated randomly based on Poisson
distribution with specified mean arrival interval. The duration
of each path conforms to exponential distribution. In optical
network, the rejection rate of a connection request should not
be greater than ��) , so the mean of path duration is selected
such that network block rate is no more than �*) . The source
and destination node of the requested connection are generated
randomly from all the nodes in the network. When a path is
set up or torn down, link status messages are flooded out if
the link capacity in the path satisfies the flooding condition.
These messages are supposed to reach all nodes in the network
after a constant flooding delay which is

	 _+��)�'�)�_`_`_L)!� times
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Fig. 9. NSFnet

of the average arrival interval of the connection requests.
For Lazy Flooding schemes, we set the flooding threshold
to be � %�]�), . In this simulation, we study 3 parame-
ters which are \ «N= µ 
 * � f # 
 b � * � =�« , . # 
�
 ¯ . *®«.-°è�« \ b ² , and¯ $�õNbA*®« � � \ b ² f # 
 b � . When the change of these parameters
over different flooding delays is studied, the network load is
gradually increased to near � 	 ) of the total network capacity.
When the change of these parameters over different traffic load
is studied, flooding delay of the network is set to be the same
as the average arrival interval of the connection requests.

The simulation begins with an empty network, and the data
are collected after 3,000 connection set up and tear down
requests have been dealt with and the network has accommo-
dated about 260 connections. In optical network, the rejection
rate of a connection request should not be greater than 5%,
the simulation stops when � 	�	 Â �*)é%/ 	 connections are
rejected.

Lazy Flooding techniques may affect the blocking rate when
a network becomes large. To study such impact we conduct
simulation on a 30 nodes network that has the same topology
as a European Fiber Backbone[17], as shown in Fig.10. Each
link in Fig.10 has 40 channels.�o«N= µ 
 * � f # 
 b � * � =�«S% 01 where � is the number of
connection requests to the network and 2 is the number of
connections rejected.¯ $�õ�b5*°« � � \ b ² f # 
 b � is the block rate resulted from inac-
curate network information, that is, the discrepancy in the
available link capacity: (1) A path is computed for a con-
nection request, but one or more links on the path have no
capacity to accommodate such a connection, resulting in a
false path, and, consequently,the connection is rejected; (2)
the network has a path for a connection request, but based
on the inaccurate database information, no path is found for
it, and, consequently, the connection request is rejected. Both
cases are the consequences of the discrepancy in network link
status information.
"$# 
�


¯ $ \ � . *®«3-°è�« \ b ² is the ratio of the total number of
floods generated by the Lazy Flooding schemes in the whole
network over that of All Flooding scheme. It measures the
reduction in floods using Lazy Flooding.

B. Routing Algorithms

Two routing algorithms are used in the simulation and both
are based on the shortest path algorithms. The difference is
the weight assignment: one is insensitive to the link load and
the other is.

Fig. 10. European Fiber Backbone Structure

4 Algorithm 1: Every link is assigned

µ «N$ �65 =�% ' . We
find shortest paths using Dijkstra’s algorithm.4 Algorithm 2: Every link is assigned

µ «N$ �65 =&%�;B] Â�7 i'°?,8 where 9�% ' d;:=<� is the load of the link and 7
is the network diameter. Hence the link weight increases
exponentially with its traffic load. We find shortest paths
using Dijkstra’s algorithm.

C. Simulation Results for Algorithm 1

Algorithm 1 is a topology driven algorithm, which calcu-
lates a path only on the basis of the network topology and
does not vary according to the network resource. A flooded
message has impact on the routing decision only when the
link capacity reaches zero, while every flooding scheme floods
out the message at this case, so the four flooding schemes
have identical network block rate and discrepancy blocking
rate when algorithm 1 is used as the routing algorithm.

We have simulated the case for Lazy Flooding when the
system “enters”, “leaves”, and both “enters” and “leaves”
a predetermined capacity. The flooding frequency for Lazy
Flooding when the system “enters” or “leaves” are similar
and less than both “enters” and “leaves” case; while the three
policies do not have much difference. Figure 11 shows the
flooding frequencies of the “leaves” methods when algorithm
1 is used in the network. The x-axis represents the load of
the network, which is '(� 	 )^] 	�	 )�_L_`_`)Òz#] 	 Erlang, and under
such a network load, the network block rate is no more
than �*) . The y-axis is the flooding frequency of the Lazy
Flooding schemes comparing with All Flooding. Note that this
flooding frequency is normalized with All Flooding scheme as
defined by "$# 
�


¯ $ \ � . *®«3-°è�« \ b ² in section III-A. This figure
illustrates how much flooding traffic can be saved by Lazy
Flooding schemes and how the saving to be reduced with
traffic load increases.

D. Simulation Results for Algorithm 2

The following subsections �o«N= µ 
 * � f # 
 b � * � =�« and¯ $¦õNbA*®« � � \ b ² f # 
 b � rate are illustrated when algorithm 2 is
used. The changes of these parameters over different flooding
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Fig. 11. Algorithm1: Flooding Frequency vs. Network Load, (a)Threshold=2.
(b)Threshold=4

delay and over different network load are all given. To study if
Lazy Flooding has more impact on these parameters in larger
sized network, simulation result on network Fig.10 is also
reported.

1) Network Blocking Rate For Algorithm 2: This section
shows the simulation results for network blocking rate when
algorithm 2 is used. For a connection request, on the basis of
the information database, a route is calculated. If every link in
the route has enough capacity, this connection is established
and resources acquired, otherwise the connection is blocked.

Fig.12 shows that the more information is flooded, the less
network blocking rate is. The x-axis represents the flooding
delay of the messages, which is

	 _+��)�'�)�_`_`_L)!� times of the
average arrival interval of the connection requests, and the y-
axis is the network blocking rate. Network load is 250 Erlang
under different flooding delay such that network block rate
is not higher than 5%. Flooding delay reflects the network
convergence time and Fig.12 also shows that for any flooding
scheme, the longer convergence time the higher blocking rate.

Fig.13 is the network blocking rate vs. flooding delay get on
network Fig.10. Network load is specified at 500 Erlang under
different flooding delay. Fig.13 shows that when network
becomes large, the effect of different flooding schemes is the
same as a small network. The behavior of Lazy Flooding
does not change with the scale of network. In a larger-sized
network, flooding delay is longer than that in a small network,
but such a delay has the same impact on Lazy Flooding and
All Flooding. So comparing with All Flooding, the impact of
Lazy Flooding on network block rate in a large network does
not increase with the scale of network.

Remark: When algorithm 2 is used as the routing algorithm
in the network, for most of the time, the more accurate the
network status is known, the less network blocking rate is.

With slightly more floods Exponential and Fibonacci Flood-
ing have much lower network blocking rate than Threshold
Flooding. On the other hand, comparing with All Flooding,
they have much less floods but almost the same network
blocking rate.

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0.03

0.035

0.04

0.045

0.05

0.055

0.06
Threshold=2

Flooding Delay

N
et

w
or

k 
B

lo
ck

 R
at

e

all_flood
threshold
exponent
fibonacci

Fig. 12. Algorithm2: Network Blocking Rate vs. Flooding Delay of Fig.9
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Fig. 13. Algorithm2: Network Blocking Rate vs. Flooding Delay of Fig.10

2) Simulation Results for Discrepancy Blocking Rate: In an
optical network, a connection request can be blocked in two
phases: path selection and path allocation. Inaccurate network
resource information can misguide a path selection decision
to increase network block rate. ��$�õNbA*®« � � \ b ² f # 
 b � is the
block rate resulted by inaccurate network information, and
reflects how much Lazy Flooding schemes impact on network
blocking rate. The following figures show the simulation
results for the

¯ $�õNbA*®« � � \ b ² f # 
 b � rate when algorithm 2 is
used.

Fig.14 and Fig.15 gives the discrepancy block resulted by
different flooding schemes on Fig.9 and Fig.10. Flooding delay
in a network has impact on any flooding schemes, even All
Flooding scheme can result in discrepancy blocking. When a
network becomes larger, discrepancy block resulted by Lazy
Flooding does not increase any further.

Remark: When algorithm 2 is used as the routing al-
gorithm in a network, Threshold Flooding has the most¯ $¦õNbA*®« � � \ b ² f # 
 b � among all the flooding schemes.

Comparing with All Flooding, Exponential and Fibonacci
Flooding have much less floods but almost the same discrep-
ancy blocking.
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Fig. 14. Algorithm2: Discrepancy Block vs. Flooding Delay of Fig.9.
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Fig. 15. Algorithm2: Discrepancy Block vs. Flooding Delay of Fig.10.
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Fig. 16. Algorithm2: Network Blocking Rate vs. Network Load of Fig.9
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Fig. 17. Algorithm2: Discrepancy Block vs. Network Load of Fig.9.

Both network block rate and discrepancy block rate have
been studied when network load varies from 180 to 320 in
Fig.9 and 700 to 1000 in Fig.10. As shown in Fig.17 and
Fig.16, remarks for network block rate and discrepancy block
rate are all held when x-axis is network load instead of
flooding delay.

IV. CONCLUSION

We have studied three Lazy Flooding methods: Threshold,
Exponential, and Fibonacci. They significantly reduce the
number of floods in the DCN networks. On the other hand,
our analysis and simulation show that Lazy Flooding has
negligible effect on network performances in terms of link
and network blocking rate. Which one is the best among the
three Lazy Flooding schemes depends on user’s motivation
and criteria.

Apparently, more floods provide more accurate network
and resource information and would naturally lead to better
utilization of the network resources and thus result in less link
and network blocking. Some of our preliminary simulations
exhibit abnormal behaviors of the network for certain routing
algorithms, which are based on the shortest paths and on the
weights on the links, which are sensitive to the traffic load.
More specifically, we have occasionally observed that more
floods lead to more link and network blocking rate. This has
also been observed in the Internet study. Lightpath or Route
flapping could be an explanation. However, for all-optical
networks, further study is needed to understand the problem.

Overall, what is the best lazy flooding technique? There
is no simple answer. Different applications have different
constraints and requirements on the network. The main moti-
vation of our work is the DCN signaling OSPF network (for
Lucent Lambda Router All-optical Network) response time
that should be below 50ms. Given this constraint, All Flooding
is not appropriate; due to the large number of LSAs flooded
in the network, one cannot guarantee the 50ms response time.
Threshold Flooding seems to work well. However, we do
not have the link status information for path/link protection
computation. That has led us to Exponential Flooding. Based
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on the mathematical analysis and simulation, it significantly
cuts down the flooding traffic and still provides needed link
status information. However, this is a rather special application
and it would be misleading to the readers if we conclude that
Exponential Flooding is the best under all the circumstances.
Therefore, we propose several easy-to-implement Lazy Flood-
ing techniques with both mathematical analysis and simulation
results, showing that they cut down the flood traffic and main-
tain link status information. We believe that our techniques
cover a range of applications. If none of our approaches are
applicable for a particular application, one can design his own
lazy flooding techniques, conduct mathematical analysis and
experiments, and determine which one is the best, taking our
approaches as a guide or reference.
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