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Abstract

The duration of the Minimal Route Advertisement
Interval (MRAI) and the implementation of MRAI timers
have a significant influence on the convergence time of
the Border Gateway Protocol (BGP). Previous studies
have reported existence of optimal MRAI values that
minimize the BGP convergence time for various network
topologies and traffic loads. In this paper, we propose the
adaptive MRAI algorithm for adaptive adjustment of
MRAI values. We also introduce reusable MRAI timers
that independently limit advertisements of individual
destinations. The modified BGP is named BGP with
adaptive MRAI (BGP-AM). BGP processing delay used in
the evaluation of BGP-AM is based on reported
measurements. ns-2 simulation results demonstrate that
BGP-AM leads to a shorter convergence time while
maintaining a number of update messages comparable to
the current BGP implementation. BGP-AM convergence
time depends linearly on the BGP processing delay.

1. Introduction

The Internet consists of numerous heterogeneous
networks without a centralized control. These networks
are clustered in groups called Autonomous Systems
(ASs), where each AS is controlled by a common
administrative entity. Communication between ASs
requires a common protocol. Border Gateway Protocol
(BGP) [1] is the de facto standard inter-domain routing
protocol in today’s Internet.

BGP suffers from long convergence time. The BGP
convergence time is the time that elapses from the
moment when a change of a route occurs until all routers
accordingly adjust their routing tables [2]. This updating
of route information is called the BGP convergence
process. During this process, routing tables may contain
obsolete routing information, which may cause
inaccessibility of ASs, packet loss, and additional
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overhead to routers [3], [4].

To reduce the overall number of messages and the
convergence time, BGP limits the rate of messages
exchanged between routers. One of the rate limiting
parameters is the Minimal Route Advertisement Interval
(MRAI) or MRAI round, which defines the minimum
time interval between sending two consecutive update
messages for the same destination. The BGP convergence
time is affected by the duration of MRAI and the
implementation of MRAI timers. The default MRAI value
(30 s) is used in the majority of today’s routers [5]. This
value is not optimal for every network topology and using
smaller values may lead to a significant decrease of the
BGP convergence time [2]. It has also been reported that
an optimal MRAI value depends on the network topology
and traffic load [2]. One proposed solution for finding an
optimal MRALI value is using adaptive MRAI timers [4].
No implementation details have been reported [4].

In this paper, we propose an adaptive MRAI
algorithm for adjusting MRAI values for every
destination in each BGP router. The current
implementation of MRAI timers (such as per-peer MRAI
timers) prolongs the BGP convergence time because they
impose delay on all route advertisements regardless of
their destinations. Hence, we propose reusable MRAI
timers that independently limit advertisements of
individual destinations, while retaining the efficiency of
per-peer MRAI timers. The proposed BGP modification,
named BGP with adaptive MRAI (BGP-AM), employs the
adaptive MRAI algorithm and reusable MRALI timers.

An accurate estimation of the delay due to processing
of BGP messages in routers (BGP processing delay) is
important for analysis and simulation of the BGP
dynamic behavior. A commonly used approach for
calculating the BGP processing delay (such as the uniform
BGP processing delay [2]) assumes that the average time
needed for processing BGP messages depends linearly on
the number of received messages. However, recent
measurements [6] indicate that assuming uniform delay
leads to unrealistically high estimates of BGP processing
delay. We use, instead, the empirical BGP processing
delay based on reported measurements [6], [7].



We have implemented BGP-AM in the ns-2 network
simulator [8]. Simulation results indicate that BGP-AM
leads to a shorter convergence time, with a comparable
number of update messages as the current BGP
implementation [1].

The paper is organized as follows. BGP dynamic
behavior is described in Section 2. In Sections 3 and 4, we
describe reusable MRAI timers and the adaptive MRAI
algorithm, respectively. Simulation results for two
network topologies are given in Section 5. We conclude
with Section 6.

2. Dynamic behavior of BGP

BGP speakers (routers) [1] exchange a large number
of update messages due to persistent changes of the
Internet topology. Each BGP speaker adds new and
deletes unfeasible routes to destinations. Therefore, BGP
is characterized by continuous changes of routing tables.
During the BGP convergence process, a BGP speaker
may exchange messages with its peers over several
iterations until it finds the best route (converges). The end
of the BGP convergence process for a single destination is
defined as the instant when all BGP speakers in a network
stop generating update messages for the specific
destination. The BGP convergence time for a single
destination is defined as the time elapsed between the
instant when the first update message containing a change
of the destination reachability is sent and the instant when
all corresponding update messages are received [2]. To
minimize the number of update messages and adequately
react to changes in the Internet topology, BGP
implements rate limiting by using MRAI timers. The
default duration of an MRAI round is 30 s [1] and it is
controlled by MRAI timers. However, manufacturers may
use other values for the duration of MRAI round. For
example, Juniper’s default configuration sets MRAI to 0 s
[6], [9].

The independent rate limiting of various destinations
may be achieved by using per-destination MRAI timers,
where one per-destination MRALI timer is associated with
one destination in a routing table. The routing table in a
core Internet router contains over 100,000 destinations
[10] and the implementation of such a large number of
timers is not feasible. Rather than using per-destination
MRALI timers, RFC 1771 [1] proposes implementing per-
peer timers. Each per-peer MRALI timer is associated with
one peer. The timer is set when a route advertisement is
sent to the corresponding peer, regardless of its
destination. An advantage of per-peer timers is that their
number is equal to the maximum number (several
hundred) of peers corresponding to one BGP speaker. A
disadvantage is that they limit advertisements of all
destinations sent to the peer (even those that are
advertised for the first time).

2.1 Uniform BGP processing delay

BGP processing delay is the delay imposed on an
update message in a BGP speaker. It is an important
parameter in the analysis of the BGP dynamic behavior. It
includes the queuing time of a message and the time
needed for BGP to process the received message. The
uniform BGP processing delay [2] has been widely used
in studies of the BGP convergence time [10]-[12]. It has
also been implemented in SSFNET [13]. It assumes that a
BGP speaker processes each update message
independently. (Updates are queued and processed
sequentially.) The processing delay of each message is
estimated using a uniformly distributed random variable
from the interval [pin, Pmax]. Commonly used values are
Pmin = 0.01 s and p,..x = 1 s [2]. The average processing
delay tgGpprocess(p) for a group of N queued updates is:

tBGPpmc‘ess (p) = N X (pmaxzpmm) : (1)
Eq. (1) indicates that the average processing delay
depends linearly on the number of update messages.
Measurements have shown that this number may exceed
100 messages per second in the core Internet routers [10].
This suggests that using the uniform delay with p,;, =
0.01 s and p,,,» = 1 s may not be appropriate in the case of
extensive exchange of update messages. Even for a
moderate number of messages (~20), using the uniform
delay leads to unrealistically high values for the average
BGP processing delay (~10 s).

Recent measurements on Cisco routers indicated that
the average BGP processing delay is much shorter than
predicted by the uniform delay [6]. They revealed that
BGP speakers process groups of update messages in
constant 200 ms processing cycles. When a BGP speaker
operates below its maximum CPU utilization, it may
process most messages that it receives at the end of a 200
ms cycle. The average BGP processing delay is between
101 and 110 ms. Over 95% messages are processed
within 210 ms. Nevertheless, in the case of high traffic
loads, a BGP speaker cannot process all received
messages in one 200 ms cycle and the maximum BGP
processing delay may reach several seconds.
Measurements of router CPU utilization [7] have
indicated that in over 99% cases, the core Internet routers
operate under 50% of their capacity. Processing BGP
messages usually has a higher scheduling priority than
other processes in a BGP speaker [6]. Hence, most of the
time, routers process all update messages within one 200
ms processing cycle, which is significantly shorter than
the value estimated by the uniform delay (~10 s).

2.2 Empirical BGP processing delay

We propose to use an empirical value for the BGP



processing delay. It is based on the reported
measurements of CPU utilization of BGP routers [7] and
the average BGP processing delay [6]. We assume that
BGP speakers operate under a usual traffic load and that
they process update messages within 200 ms cycles. We
also assume that a BGP speaker completes processing all
received updates at the end of the 200 ms processing
cycle. As a result, the processing delay is independent of
the number of updates and the maximum processing delay
of one update message is 200 ms. However, BGP
speakers under heavy traffic load cannot process all
received updates in one 200 ms processing cycle, which
leads to longer processing delays [6]. This behavior of
BGP speakers may be modeled by wusing longer
processing cycles, which would result in longer
processing delays.

To illustrate differences between the empirical and
uniform BGP processing delays, we consider a simple
case when MRALI timers in all BGP speakers start at the
same time, as shown in Fig. 1. Shown are times when a
BGP speaker receives (dashed lines) and sends (solid
lines) update messages for a single destination. The
instant when a speaker sends update messages marks the
beginning of an MRAI round. Each MRAI round consists
of an active and an idle period. The active period is the
segment of the MRAI round when a BGP speaker
processes the received update messages. It lasts from the
beginning of an MRAI round until the last message in the
round has been received. The period between the last
received message and the end of the MRAI round is
called the idle period. During the idle period, the BGP
speaker does not receive new update messages regarding
that particular destination.

Using the empirical delay value more accurately
reflects the behavior of BGP speakers and reveals that
they are often idle during an MRAI round. These long
idle periods increase the BGP convergence time. Hence,
minimizing the idle periods optimizes the BGP
convergence time. To achieve the optimal BGP
convergence time for one destination, the MRAI value
should be chosen close to the active period of each MRAI
round.

If MRAI rounds do not start at the same time, the idle
period cannot be defined as the interval between the last
received message and the beginning of the next MRAI
round. Instead, we define the idle period as the longest
time interval between two received messages in one
MRALI round. The active period is then defined as the
difference between the duration of an MRAI round and
the idle period. The optimal BGP convergence time may
be achieved by minimizing the idle period of BGP
speakers, as in the case when MRAI rounds start at the
same time.
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Fig. 1. Durations of the active and idle periods when using (a)
empirical (200 ms cycles) and (b) uniform (pmin = 0.01 s and
pmax = 1 s) BGP processing delays.

3. Reusable MRAI timers

The main drawback of per-destination MRAI timers
is that they use separate timers for each destination, even
for destinations that are advertised at the same time.
Instead of associating one MRAI timer with each
destination, we propose using a single reusable MRAI
timer for all route advertisements sent during a certain
(short) time interval. We redefine the rate limiting so that
MRALI rounds belong to this interval (rather than being
equal to 30 s). The duration of the interval defines the
granularity of the MRAI round and determines the
number of reusable MRAI timers. For example, if MRAI
is between 29 s and 30 s, than the granularity of MRAI is
1 s and a BGP speaker needs 30 reusable timers shifted by
1 s, as shown in Fig. 2. The reusable Timer O starts at to,
Timer 1 starts at t;= to+ 1 s, while the last reusable timer
(Timer 29) starts at t,o= to+ 29 s. The entire cycle repeats
after Timer 0 expires at 30 s (t,+30 s).

| Timer 29
Timer 1 , Timer 1 JI——
Timer 0 I Timer 0 I
| |
0 1 e o o 293031 ¢ o 59 60 61 t

Fig. 2. 30 reusable MRAI timers with the granularity of MRAI
round equal to 1 s.

A BGP speaker needs to determine which reusable



MRAI timer is to be associated with a sent route
advertisement. For each advertisement, the last expired
reusable timer is used because it enforces an MRAI round
to last between 29 s and 30 s. Reusable MRAI timers
enable BGP to handle advertisements independently, as in
the case of per-destination MRAI timers.

The implementation of reusable MRAI timers
requires storing pointers that associate each non-
converged route with the corresponding timer. Similar to
per-peer MRALI timers, reusable MRAI timers maintain
only a list of pointers for non-converged routes. A core
Internet router usually deals only with several hundred
non—convergent routes, while to the entire routing table
may contain over 100,000 routes [10]. Hence, the
overhead for storing pointers to reusable timers is not
significant.

4. Adaptive MRALI algorithm

Finding the optimal MRAI requires knowing the
active period during an MRAI round. We were unable to
use statistical methods to predict the active period because
the distributions of the durations of active period and
inter-arrival times of update messages were not available.
Hence, we estimate the active period in the following
round using the average active period of the previous
rounds. The fluctuations of the active period are estimated
using the standard deviation. We also introduce a safety
margin to ensure that in the case when an active period
increases, the next round encompasses all sent update
messages. We choose the margin equal to three times the
standard deviation of an adaptive MRAI round. Thus, the
duration of the next adaptive MRAI round for destination
D is estimated as:

adaptiveMRAI,, ; (D)=

avg_active, (D) + 3 x deviation, (D) , @
where avg active,(D) and deviation,(D) are the average
duration and the standard deviation of the active period
for destination D in the n-th round, respectively. The
minimum duration of the adaptive MRAI round is
determined by the number of reusable MRAI timers. For
example, for 30 reusable MRAI timers, the minimum
duration of the adaptive MRAI round is equal to 1 s.

The adaptive MRALI has idle and processing states, as
shown in Fig. 3. The variables are given in Table 1. The
algorithm is in the idle state for all destinations with
stable paths. When a change of destination reachability
causes a change of the best route, the BGP speaker sends
the first update message to its peers. At that instant, the
algorithm enters the processing state. This also marks the
beginning of the first adaptive MRAI round.

Initial values of variables are set in the first adaptive
MRAI round. In the first round, the duration and the
standard deviation are set to the default value of 30 s and
1 s (rather than O s), respectively. Using the standard

deviation equal to zero would leave the second adaptive
MRAI round without the safety margin if the active
period increases.

idle state

Advertisement of
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Initialization(# ) I
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*
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Fig. 3. The adaptive MRAI algorithm.

Table 1. Variables of the adaptive MRAI algorithm used for
destination D in the n-th round.

n-th round of the BGP convergence

round,(D)
process
adaptiveMRAL,(D) duration of the adaptive MRAI round
idle,(D) duration of the idle period
active,(D) duration of the active period

avg active(D)
deviation,(D)

the average active period

standard deviation of the average
active period

serial number of the reusable timer
time when the last update message
was received

reusable timer,(D)

last_received update,(D)

Three types of events may occur in the processing
state: i) reception of a new update message, ii) expiration
of the reusable timer associated with a destination, and ii7)
the completion of the BGP convergence process. When a
BGP speaker receives a new update message, the
algorithm remains in the processing state and calculates
the idle period. The idle period is the longest interval
between two update messages in an MRAI round. The
expiration of the reusable MRAI timer associated with a
destination indicates the beginning of a new adaptive
MRALI round. At that time, the BGP speaker recalculates
the idle period, the average active period, and the standard
deviation of the active period. They are used to predict the
duration of the next adaptive MRAI round, as shown in
Fig. 4.

A short idle period during the previous round may
indicate that the active period is longer than predicted and
that the previous adaptive MRAI round should have been



longer. The threshold for determining the minimum idle
period is set to 1 s, which is identical to the granularity of
the adaptive MRAI rounds. If the BGP speaker detects
that the idle period is less than 1 s, it doubles the duration
of the next adaptive MRAI round up to the maximum of
30 s. The maximum duration of adaptive MRAI round (30
s) is equal to the default MRAI value [1]. Hence, the
adaptive MRAI algorithm cannot lead to longer BGP
convergence time than the current BGP implementation.
At the beginning of a new MRAI round, the BGP speaker
assigns again a reusable timer for the destination.
Different reusable MRAI timers may be used for the same
destination in each adaptive MRAI round.

beginning of new
round

v

active (D) = adaptiveMRAL (D) - idle (D)

avg_active (D) = flavg_ active (D), round (D))
deviation (D) = f(deviation_ (D), round (D))

A A
adaptiveMRAIL (D) = adaptiveMRAI (D) =

avg_ active (D) + 3 X deviation (D) 2 xavg_ active (D)

adaptiveMRAIL (D
>30s

adaptiveMRAIL (D) =30s

»

A
reusable_timer (D) =t + adaptiveMRAI (D)
idle ,,(D) =0 ; round ,,(D)

%

Fig. 4. The procedure for calculating the variables at the
beginning of an adaptive MRAI round.

We assume that the BGP speaker has converged and
that it returns to the idle state if it does not receive update
messages regarding the destination within a certain pre-
defined time period T.

The details of the BGP implementation in commercial
routers are not publicly available. Hence, we address the
feasibility of the adaptive MRAI by estimating the
implementation overhead. The adaptive MRAI algorithm
depends on the routes that have not converged because
the algorithm is used only when the best route to a
destination changes. The size of the input » is the number
of non-converged routes in a unit of time.

The implementation of the adaptive MRAI requires

the BGP speaker to store four variables for each non-
converged route: round,(D), avg_active,(D),
deviation,(D), and last received update,(D). round,(D)
is an integer counter, while the remaining three variables
contain time stamps in milliseconds. Hence, it is sufficient
to use four integers for storage. Other variables listed in
Table 1 may be calculated using these four variables.
Therefore, the space complexity of the adaptive MRAI
algorithm is O(n) (a linear function of the input size).

The time complexity of the adaptive MRAI algorithm
is O(n). It is defined as the number of operations
performed when the algorithm is in the processing state,
as shown in Fig. 3. The idle period and the variables in
Table 1 are calculated when a reusable timer expires (the
beginning of an adaptive MRAI round). Only the idle
period is calculated when a new update message is
received.

The granularity of MRAI rounds determines the
shortest duration of an MRAI round. The upper bound on
the number of adaptive MRAI rounds for each route that
has not converged is equal to the granularity. Thus, the
number of adaptive MRAI rounds depends linearly on 7.
The time complexity of the calculation at the beginning of
a new adaptive MRAI round can also be expressed as a
function of the input size n. For example, if the
granularity is 1 s, there is at most one adaptive MRAI
round per second for each non-converged route.

During one MRAI round, a BGP speaker sends up to
two update messages (one advertisement and one
withdrawal) regarding each route. A BGP speaker cannot
send more than one advertisement due to the rate limiting.
It also cannot withdraw the same route twice in a single
MRAI round. Hence, the maximum number of received
update messages during one MRAI round for one BGP
speaker depends on the number of non-converged routes
and the number of its peers. Since the number of peers is
constant for one BGP speaker, the time complexity of the
idle period calculation is O(n).

The average active period (avg_active,(D)) in round
n is:
avg _active, (D)= ’%act#ei(D) 3)

1

n

=avg _active, (D)+—,
n

where A, = active,(D) — avg _active, (D). Hence, the
average active period may be calculated using the current
value of active period (active,(D)) and the value from the
previous round (avg_active, ;(D)). The standard deviation
of the active period (deviation,(D)) may also be
calculated using the value from the previous round
(deviation,_;(D)) and A,:
deviation, (D) =

(4)

(A,” - deviation’ 1 (D))
p )

\/deviationzn 1D+



Based on (3) and (4), the maximum number of
operations at the beginning of an adaptive MRAI round
for each route is constant: 4 additions, 3 subtractions, 2
multiplications, 2 divisions, 2 comparisons, and 1 square
root operation. Hence, the time complexity of calculating
the variables at the beginning of an adaptive MRAI round
is O(n).

5. Performance of the adaptive MRAI

We implemented the adaptive MRAI algorithm,
reusable MRAI timers, and the empirical and uniform
delays in the ns-2 network simulator (ns-2.27) [8] using
the ns-BGP 2.0 [14] module. We use two network
topologies to evaluate the performance of BGP-AM and
compare it with the current implementation of BGP. The
simulations were performed on a 2.8 GHz Intel Pentium 4
processor with 2 GB of RAM using Linux Red Hat 9.0
operating system. The average durations of one
simulation for the network topology with 110 nodes were
~2.5 min and ~2 min, for BGP and BGP-AM,
respectively. The simulated topologies were limited to
110 nodes, due to extensive simulation times.

Several simplifications were adopted in order to
observe the effects of the adaptive MRAI algorithm on
the BGP convergence time: i) long-term instabilities
(route flaps) were not considered because they may cause
long route suppressions and, hence, mask effects of the
adaptive MRAI algorithm [15], if) routing policies were
not applied because they may cause persistent route
oscillations [16], and iii) each AS consisted of a single
BGP speaker in order to limit the number of BGP
speakers in simulations.

Commonly used scenarios for analysis [2], [10] and
measurements [3], [4] of the BGP convergence time
consist of the up (advertisement) and down (withdrawal)
phases. In the up phase, a new destination is introduced to
a network. The destination is directly connected to a
single BGP speaker called the origin. The convergence
time Ty, is the time between the instant when the first
update message is sent from the origin and the instant
when all BGP speakers have found the shortest path to the
destination. At the end of the up phase, the origin sends a
withdrawal of the destination. This marks the beginning
of the down phase. The convergence time Ty, is the
time needed for all BGP speakers to reach the new steady-
state when they have no path to the destination (the origin
is the only BGP speaker connected to the destination).

The adaptive MRALI algorithm limits the number of
update messages for each destination independently.
Hence, we use only one destination connected to the
origin in each simulation. The impact of other update
messages on the average BGP processing delay is
modeled by the empirical delay. Each simulation scenario
is repeated 30 times using 30 unique random number

generator seeds to randomly shift the starting times of
reusable MRAI timers, per-peer MRAI timers, and
processing cycles of update messages in distinct BGP
speakers. We assume that per-peer MRAI timers work
continuously, which mimics the observed behavior of
BGP speakers [4]. BGP speakers use the sender side loop
detection (SSLD) mechanism and limit only the
advertisements (withdrawal limiting is not used) [1]. We
also assume that the BGP convergence process is
completed if no update messages are exchanged between
BGP speakers within the chosen period 7 (60 s). If not
otherwise stated, the adaptive MRAI employs 30 reusable
MRALI timers (with granularity of 1 s) and a 200 ms
processing cycle for the empirical delay.

5.1 Completely connected graph

The simulated network is a completely connected
graph with 15 nodes. This topology, although not a
realistic representation of the Internet, is considered as the
worst case scenario for the BGP convergence time in the
down phase because it has the maximum number of
possible paths for a given number of nodes [3]. ASs
situated in the core of the Internet are heavily connected
and their interconnections may be modeled as completely
connected graphs [2], [10]. The choice of the origin in a
completely connected graph does not affect simulation
results because of the graph symmetry. The up phase is
not simulated because all nodes are directly connected to
the origin and, hence, BGP converges almost
instantaneously.

The average convergence time for BGP with the
default value of MRAI (30 s) is 181.3 s, as shown in Fig.
5(a). It decreases to 45.1 s with BGP-AM. The average
number of update messages is 1,480 and 1,553 for BGP
and BGP-AM, respectively, as shown in Fig. 5(b). The
results for BGP are similar to previously reported [2],
[10]. In the case of the adaptive MRAI algorithm, the
BGP convergence time and the number of update
messages are independent of the MRAI round duration
specified in the current BGP implementation (BGP-AM
adaptively adjusts durations of MRAI rounds, whereas the
current BGP uses a constant MRAI round through the
entire BGP convergence process).

BGP convergence time for various durations of the
BGP processing cycle is shown in Fig. 6(a). The
minimum value of the processing cycle of 200 ms
corresponds to the normal operation of a BGP speaker.
The maximum value of 3 s corresponds to situations when
BGP speakers encounter high traffic loads. The average
BGP convergence time (dashed line) does not depend
significantly on the duration of processing cycles. This is
to be expected because the default duration of MRAI
provides sufficient time for BGP speakers to process all
received messages. In the case of the adaptive MRAI



(solid line), the average BGP convergence time is a linear
function of the processing cycle because the adaptive
MRALI adjusts the duration of MRAI rounds based on the
average processing delay. Hence, the BGP convergence
time increases proportionally with the increase of the
average processing delay. The average number of update
messages is similar in both cases (~1,500), as shown in
Fig. 6(b). It is consistent with the values shown in Fig.
5(b). The duration of the BGP processing cycle does not
significantly affect the number of update messages.
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Fig. 5. Effect of MRAI on the down phase: (a) convergence time
and (b) the number of update messages.

The average BGP convergence time and the average
number of reusable MRAI timers for the down phase are
shown in Table 2. The number of reusable MRAI timers
determines the granularity of MRAI and the minimum
duration of the adaptive MRAI round. Although a finer
granularity is desired, decreasing the granularity implies
increasing the number of timers and the complexity of the
implementation. Therefore, the number of MRAI timers is
a trade-off between complexity and performance. Table 2
indicates comparable BGP convergence times for
granularities finer than or equal to 1 s. Using granularities
coarser than 1 s prolongs the BGP convergence time
because the maximum active time is at most 1 s. Thus, for
this simulation scenario, the optimal granularity is 1 s. It
achieves similar performance with fewer timers than for
granularities of 0.5 s or 0.25 s. Using granularity of 1 s
requires only 30 MRAI timers, comparing to several
hundred per-peer MRALI timers needed in the core Internet
routers [10].
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Fig. 6. Effect of the BGP processing cycle on the down phase:
(a) convergence time and (b) the number of update messages.

Table 2. The average BGP convergence time and the average
number of update messages for various numbers of reusable
MRALI timers.

Number of  Granularity Convergence Number of
timers (s) time (s) updates
10 56.2 1,651.7
15 2.00 549 1,659.8
30 1.00 45.1 1,552.9
60 0.50 45.8 1,489.0
120 0.25 45.7 1,520.0

5.2 Network with 110 nodes

We also simulated a network with 110 nodes from
the University of Oregon Route Views Project [17].
Simulation results for up phase and down phase are
shown in Fig. 7 and Fig. 8, respectively. Simulations are
repeated for every node as the origin because the BGP
convergence time depends on the length of paths from the
origin to other BGP speakers.

The BGP convergence processes last ~4 MRAI
rounds for the up phase and ~20 MRAI rounds for the
down phase, due to the large network diameter. Using the
adaptive  MRAI  algorithm decreases the BGP
convergence times from ~120 s to ~35 s in the up phase,
as shown in Fig. 7(a). It increases the overall number of
update messages by ~30%, as shown in Fig. 7(b). In the
down phase, the adaptive MRAI decreases the BGP
convergence time from ~600 s to ~100 s, as shown in Fig.
8(a). The number of update messages decreases by ~20%,
as shown in Fig. 8(b).
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Fig. 7. Up phase: (a) the BGP convergence time and (b) the
number of update messages for various origin nodes.

1200 T
- e BGP
= 10007 —— BGP-AM
£ 800t ,
3 5
S 600 1'\‘//\\’\,-.‘1,‘\‘ » ,“‘\ '.\',-/\v\, vy I’V\vl\‘l‘\l \,‘\”_/\'l"\‘ll\v"'- N sl'\,'f\/.l""'(
< N
S
S 400t 1
g
O 200t 4
N T ————————— A et e e el e e
0 . . . . .
0 20 40 60 80 100
Node
x 10 @
1.5 T
————— BGP
g —— BGP-AM
=l
g ANAN N A AR SIS AU LA
BN YAV T T Y AT
oy v ! ‘
e
B WW\N\/\MN\,\M/’\/\N\/W
=1
4
05 . . . . .
0 20 40 60 80 100
Node
(b)

Fig. 8. Down phase: (a) the BGP convergence time and (b) the
number of update messages for various origin nodes.

6. Conclusions

In this paper, we presented the adaptive MRAI
algorithm that enables BGP speakers to adjust the
duration of MRAI rounds based on the number of
received update messages. The algorithm employs
reusable MRALI timers. The proposed BGP-AM algorithm

was implemented in the ns-2 network simulator. The
simulation results show that adaptive MRAI leads to
shorter BGP convergence times in both up and down
phases for two simulated network topologies. The number
of exchanged update messages remains comparable to the
current BGP implementation. The BGP convergence time
with adaptive MRALI is a linear function of the average
BGP processing delay. As in the case of BGP, it depends
on the number of MRAI rounds required for BGP to
converge. The improvement of BGP-AM over the current
BGP is particularly noticeable in the case of large
networks in the down phase, when the BGP convergence
time decreases by ~80%.
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