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Abstract Enhanced Interior Gateway Routing Protocol (EIGRP) is one of the hybrid protocols, which is based on Interior
Gateway Routing Protocol (IGRP). EIGRP has the ability to scale to an enterprise network size, not quite as large as an OSPF
network can scale but a lot larger than a network running RIP can handle. In this paper, a new shortest path first algorithm
used in enhanced interior gateway routing protocol (EIGRP) is proposed. The problems associated with existing protocol
were identified and a new shortest path algorithm was developed to address the end-to-end delay problem. Mathematical
expressions were developed to quantitatively represent the performance of the proposed algorithm. We carried out analysis
on the performance of the proposed algorithm. In all, the new algorithm has a smaller end-to-end delay when compared to that
of the existing shortest path algorithm used in EIGRP routing protocol.
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1. Introduction

Voice over Internet Protocol (VoIP) technology has
offered cost-saving solution for integrated data and voice
network (IDVN). This has taken off as a viable alternative to
the traditional voice systems and the Public Switched
Telephone Networks (PSTN). VoIP in essence is flexible in
driving new services by optimising the device
interoperability using standards-based protocols. When
designing a network to support VoIP and real-time
applications, certain considerations such as application
requirements, available budget, quality of service
requirements, and downtime ramifications, have to be taken
into account. Some approaches have been seen to support
VoIP service effectively. A notable and reliable of these
approaches is the best effort network design (BEND). VoIP
is a real-time application and consequently provides new
challenges for service providers and enterprises. Therefore,
networks need to be more intelligent, secure, and should
have a higher level of performance. The challenges in the
deployment of VOIP are enormous. Some of these include.

1.1. Interoperability

The biggest challenge for network managers to overcome
is the multi-vendor interoperability. There are a few
important VoIP protocol stacks which have been defined by
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various standard bodies and vendors, namely H.323, Session
Initiation Protocol (SIP) and Media Gateway Control
Protocol (MGCP). While the ITU-T’s recommendation
(H.323) is gaining wide recognition, many vendors are yet to
completely comply with all the guidelines and other
recommendations. As the result of this, the technologies and
equipment for implementing complete VolP networks are
still not operational at a feasible level.

1.2. Security

Security has been seen as a major concern in VoIP
networks. Although H.323 defines encryption and
authentication of user access, hackers can still tap into any
conversation on the system, which means an employee or
any outsider with internet access can monitor the voice
conversations without ever having to leave the desk [1].
Another security challenge can arise if a corporation uses
VolIP technology for a remote access location. This however
is one of the main uses for partial VoIP implementation
today and often involves issues with firewalls. For instance,
the H.323 requires direct access to the company network and
will open the entire network up to all UDP and TCP traffic.
To solve this challenge, all H.323 traffic should be contained
within one region and a voice trunk then used to connect
traffic between the isolated region and the rest of the network.
Another viable solution is to use an H.323-aware firewall.

1.3. Bandwidth Management

Also considered as a major challenge in VOIP is lack of
bandwidth management of current networks employed
within most large corporations. VoIP generates two types of
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network traffic — the control messages, and the digitally
encoded voice conversations. The control messages are used
to setup and manage connections between IP phones and an
IP PBX. The involved protocols normally use very little
bandwidth and a delay of a few seconds in setting up a call is
usually acceptable [2]. The real challenge however is to
satisfy the bandwidth demands of the digitized voice streams
between users. Each conversation consumes nearly constant
amount of bandwidth for the duration of the call. The
bandwidth required for each call depends primarily on the
voice encoding technique as well as a couple of other
variables. Two voice encoding standards widely supported
by VolIP products are G.711 and G.729. Interestingly, there
is problem of incompatibility with the codecs from different
vendors. The bandwidth requirements for large companies or
Universities for instance, are much larger than for small
companies and departments. Because the codec is the
required components for converting analogue waves into
packets of digital signals, the frame relays of large
companies are over taxed. Slower and more taxing working
systems demand greater bandwidth for the codec. The
reliance of large-scale implementation of VoIP technology is
a big challenge for large corporations at the present time.

2. Interior Gateway Protocols (IGP)

Dynamic routing protocols fall into three categories:
Distance Vector (DV), Link State (LS) and hybrid protocols.
The knowledge information shared by different network
segments is defined by the routing protocol selected, which
are stored in routing tables. To maintain an up-to-date
routing table the router must determine the best information
to be stored. Each protocol determines this based on a certain
criterion with the use of algorithms, which compile values
known as metrics. Metrics are generated from as little as one
characteristics of the network or more often several
characteristics. The most common measurements normally
include hop counts, delay, bandwidth, load, reliability (i.e.
errors on the link), cost, etc. Among the three types of
routing protocols, the simplest to configure is the distance
vector protocol which use the distance and direction to find
the best path to the destination by using an algorithm called
the Bellman-Ford algorithm. Network discovery is achieved
by gathering information from directly connected
neighbouring routers which in turn may have gained their
information from neighbouring routers. To share this
information distance vector protocols use a method known as
a local broadcast. This sends out data to any device that is
connected to an interface of the router. Distance vector does
not care who receives and processes these broadcasts and
that they are periodic in their approach [1]. These protocols
will send out updates at regular intervals regardless of
whether or not there is a topology change. As these packets
regularly traverse the network, a large amount of unwanted
network traffic, can be generated. Examples of distance
vector protocols are RIPv1, IGRP, etc.

2.1. RIP Version 1

RIP versionl is a DV routing protocol that is easy to
comprehend and deploy within an AS. Although superseded
by more complex routing algorithms, RIP is still widely used
in smaller ASs due to its simplicity. RIP makes no formal
distinction between networks and hosts. Routers typically
provide a gateway for datagram to leave one network or AS
and to be forwarded onward to another network. Routers
therefore, have to make decisions if there is a choice of
forwarding path on offer. The metric system RIP networks
use is the hop count, which has a maximum value of 15 or 16
[4]. Every time a router passes the routing table to other
routers a value of 1 is added to the metric inside the routing
update. The maximum number of hop count is to solve the
routing loops problem. Routing loops are basically
confusions in a network topology that occur when the
update/age out timers can be inefficient. With the hop count
set to 15 the packet can be passed through a maximum of 15
routers before being discarded, without which the packets
can be passed indefinitely until either the network crashes or
the routers are switched off. RIP supports up to a maximum
of 6 equal-cost path to a destination, this means that is a
destination is reachable over different routes that have the
same amount of hops, the router will hold all routes in
memory up to a maximum of six (four is the default) [1]. The
paths are all placed into the routers table and can be used to
load balance when sending data. The main features of RIP
can also lead to its disadvantages, such as information
flooding, ineffectiveness of metrics system, and classful
routing algorithm.

2.2. Open Shortest Path First

Open Shortest Path First (OSPF) is based on open
standards and has good compatibility on a wider range of
equipment, which is a prevalent routing protocol in larger
enterprise networks. It is a LS routing protocol which uses
more complex metric system to give efficient pathways
discovery solutions to remote networks. The cost to measure
the metric is worked out by taking the inverse of the
bandwidth of links. Essentially a faster link is lower in cost.
The lowest cost paths to remote networks are the most
preferred routes, and held in the routing table. OSPF can load
balance across a maximum of six equal-cost path links,
although doing this can cause difficulties. The serial
interface of the router is configured with a clock rate and a
bandwidth. The clock rate is the speed that data can be sent
across a link, and the bandwidth is used by the routing
protocol in the metric calculations. By default the speed of a
serial interface is set to 1544 Kbps [2]. There is a potential
hazard of this system. When different clock rates are set on a
different link, the bandwidth has to be accordingly
configured; otherwise OSPF will regard both connections as
the same speed, which will cause problem with load
balancing [3]. When routers need to run OSPF frequently,
lots of resources are dedicated to the process; this potential
problem can dramatically slow down the network service
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speed.

There are some major differences between OSPF and RIP.
Firstly, comparing to RIP, OSPF is a classless protocol
which allows utilization of different subnet masks, which
essentially gives network administrators more flexibility
with [P addresses and less wastage. Secondly, one appealing
advantage that OSPF offers over RIP is scalability. OSPF
has the knowledge of ASs and areas, and is able to
understand the hierarchical routing structure. Thirdly, as a
LS protocol, OSPF only sends out update information when
there is a change in the network, rather than sending
periodic updates at regular intervals as in DV protocols.
This quality saves the bandwidth utilization throughout the
entire network communications. Fourthly, while RIP uses
broadcast to pass on routing information throughout
networks which can cause potential network congestion
problems, OSPF uses multicast method to reduce network
traffic which uses addresses that are destined for particular
machines. [2] [7] [9]

2.3. Enhanced Interior Gateway Routing Protocol
(EIGRP)

Enhanced Interior Gateway Routing Protocol (EIGRP) is
one of the hybrid protocols, which is based on Interior
Gateway Routing Protocol (IGRP). EIGRP has the ability to
scale to an enterprise network size, not quite as large as an
OSPF network can scale but a lot larger than a network
running RIP can handle. EIGRP calculates distance by using
a collaboration of different information. The characteristics
selected are available bandwidth, delay, load, maximum
transmission unit (MTU) and the link reliability. By using
these factors the selected paths can be finely tuned, so
information can be passed around a network by the faster
most reliable routes. By default only bandwidth and delay
are used. EIGRP is also a classless protocol and will support
load balancing across six unequal paths. This however is not
such a simple command to use, and requires manual
configuration. If incorrectly configured, it can cause network
instability and routing loops, hence it is a common practice

to ignore this ability [17].

2.4. Summary of Comparisons

Based on the above discussions, the comparisons of the
three routing protocols are summarized in Table 1.

3. Methodology

This research adopts the EIGRP bandwidth estimation and
routing path selection model.

3.1. Description of the EIGRP Bandwidth Estimation
and Routing Path Selection

EIGRP defines the bandwidth of a path as the minimum of
the residual bandwidth of all links on the path or the
bottleneck bandwidth. Typically, in EIGRP, two delay
metrics are considered. These are: propagation delay and
queuing delay. The queuing delay is considered to be closely
related to the bottleneck bandwidth and traffic characteristics.
In order to avoid inter-dependence among the identified
delay metrics, only the propagation delay is used in the delay
metric. This helps to simplify and modify the delay path
computation [16] [17] [19].

EIGRP in principles adds weighted values of different
network link characteristics together in order to calculate a
metric for routing path selection. These characteristics
include:

i. Delay (measured in of microseconds)

ii. Bandwidth (measured in kilobytes per second)

iii. Reliability (in numbers ranging from 1 to 255; 255

being the most reliable)

iv. Load (in numbers ranging from 1 to 255; 255 being

considered saturated)

Since, EIGRP calculates the total metric by scaling the
bandwidth and delay metrics, we consider BW;, to be the
scaled bandwidth for outgoing interface i. Also, EIGRP uses
the following formula to scale the bandwidth;

Table 1. Comparison of RIP, OSPF and EIGRP

RIP OSPF EIGRP
Nature DV LS Hybrid
Scale Small networks Enterprise networks Medium
Routing Classful Routing ,IOOp Classless Classless 100% loop free
counter mechanism
Metrics Number of hops The inverse of the Available bandwidth, delay, load, MTU
p bandwidth of links and the link reliability
Discovery And Periodical updates DR multicasts whenever DUAL Multicasts Incremental update
Updates (broadcast) changes are made
Failure Recovery Slow convergence Generallﬁlf;ster than DUAL algorithm
. Only supported on Support six équal—cost Support; six equal—cost. paths, but .
Load Balancing paths, but difficult to commonly ignored due to its complexity
equal-cost paths ; . e
implement and instability
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BW,, =(10000000/bandwidth(i)) x 256 (1)

If we consider (BW;),, to be the minimum scaled
bandwidth for outgoing interface i, then;
We can say

(BW),, = minimum(BW,) )

where (BW(i)) is the least bandwidth of all outgoing
interfaces on the router to the destination network usually
represented in kilobits.

To scale the delay, EIGRP model considers the formula

Delay = delay; x 256 3)

where delay; is the sum of the delays configured on the
interfaces, on the router to the destination network, in tens of
microseconds.

EIGRP Total Delay Metric (EIGRPtpy) is derived from
the EIGRP scaled values as
((Kl x bandwidth ) + (K2 x bandwidth ))

(256 - load) + (K3 x delay)

ot (o) (4)

reliability + K4

EIGRPpy = (

Various user-defined constants, K; through Ks, normally
set by the user to produce varying routing behaviours.
However, by default, only delay and bandwidth are used in
the weighted formula to produce a single 32-bit metric.
These values of K should be used after careful planning.
Failure of the network convergence occurs on the account of
mismatched values of K by preventing neighbour

relationships.
If K5 = 0,
Then,

K5
(reliability + K4) (5)

The EIGRPrp) formula becomes;

(((Kl x bandwidth )+ (K2 x bandwidth))

EIGRPrpy = (256 — load) +(K3 x delay)

)©)

The default values for the various values of K are;

Ki=1,K=K;=K4=Ks=0 7N
By default, the EIGRPrpy, can be simplified further as
EIGRPrpy = (bandwidth + delay) x 256 (8)
7
Bandwidth = L 9)

" Scaled bandwidth used for path selection

If we consider the effective bandwidth for path selection
in the existing EIGRP protocol as Bandwidthgyistingatg, from
equations 9 and 2

107

Bandwidtheyistingalg = BWO)m

(10)

Since the values are configured manually on the router
interfaces, the expected delay on an interface and the needed
bandwidth on a link are configured to suit the network needs.
In other to obtain the total delay along each path, the delays
at each hop are summed. The summed delay is the link delay
and is usually used by the protocol for metric calculation.
However, this delay comprised processing delay,

propagation delay, transmission delay and queuing delay.
Hence, the total delay, (D,) can be expressed as follows;

Di=PGy+PCyq+ Tg+ Qq (11)

Where, PGy is the propagation delay, PC,is the processing
delay, T4 is the transmission delay and Qq is the queuing

delay
Therefore,
N
D= ) (PGy+PCHTe+Qpi  (12)
i=1
The Queuing Delay, Qq is given as:
Q4= (n-1) L/R (13)
Where L and R are packet size and transmission rate

respectively.

It is worthy to note that, queuing delay is the length of time
a packet waits in the interface queue before being sent to the
transmit ring. Queuing delay depends on the number and size
of packets in the queue, and the queuing methods used.

The Transmission delay, Ty is given as,

Tq= (L/R) (14)

Transmission delay is the time between the transmission
of the first bit and last bit of the packet. If the packet size is
fixed, the time is a constant.

The Propagation Delay, PGy is given as:

PGy =m /s (15)

Where m and s denote link distance and link speed
respectively.

Propagation Delay is the length of time it takes the packet
to move from one end of the link to the other. Propagation
delay depends on the type of media, such as fiber or satellite
links.

The Processing Delay, PC, is given as:

PCy=(BsX 8)/R (16)

Where B, and R denote file size to be transmitted and
transmission rate respectively.

Processing Delay is the time it takes a packet to move
from the input interface of a router or Layer 3 switch, to the
output interface. Processing delay depends on switching
mode, CPU speed and utilization, the router’s architecture,
and interface configuration and is given by;

L m m 8(Bs

Delay= E+?+N(?)+% (17)

Let EIGRPrpy for the existing FEIGRP be

EIGRP1pMexisting, therefore from equations 7, 9, 11, 12, 13,
14 and 15, 16 and 17

ElGRPTDMExisting =
107 L m m 8(Bs)
256 (mﬁ'; + ?+N(?)+_R ) (18)

L = packet size, R = transmission rate/link Bw, N =
number of nodes, M = link distance, S = link speed and B;=
file size to be transmitted.

In a network with many routes, EIGRP chooses the path
with least metric.
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3.2. Description of the New Shortest Path Algorithm for
EIGRP

The EIGRP uses minimum link bandwidth to determine
the shortest path and hence to select the routing path.
However, using only the minimum bandwidth deprives the
path of its optimal metric values. Therefore, to obtain
optimal metric values, we consider, in this research average
bandwidth across a path. This as would be proven has a great
a great influence in the metric.

We consider (BW)).,, as the average of all the scaled
bandwidth for outgoing interfaces, i, n as the number of
outgoing interfaces, and BW(;) as the scaled bandwidth for
outgoing interface, i, as given in equation 1

(BW (g = (2220 ) (19)

n
Proposed algorithm for EIGRP uses, (BW,)u, (that is the
average of all the scaled bandwidth for outgoing interface, ,)
for its path selection.
Next, let the effective bandwidth used for path selection in

the proposed algorithm for EIGRP protocol be
Bandwidthy;stingalg, then from equations 8 and 18
. 107
Bandw1dthnewA1g = m (20)

Let EIGRPrpy for the new algorithm for EIGRP be
defined as EIGRPrppypew then, from equation 7

EIGRPrpyyew = (Bandwidthpeyag + Delay)X 256 (21)

Then, substituting equation 18 for delay in equation 21
gives;

7
EIGRPrpynew = (ﬁ + Delay) X 256
Y/ avg
EIGRPrpyNew =
7
256(10 TRE R N(ﬂ)+@> (22)
BWgyg R s s R

Finally, from the foregoing analysis, the existing shortest
path algorithm used in EIGRP routing protocol uses
EIGRP tpmexisiing f Equation 18 the for its path selection.
EIGRP tpMexisting 15 computed based on the value of BW,,
that is, the minimum scaled bandwidth for all the outgoing
interface in the router. On the other hand, the new shortest
path algorithm proposed in this research for EIGRP routing
protocol uses EIGRPrpynew Of equation 22 for its path
selection. EIGRPrpynew 18 computed based on the value
of BWgy4, that is, the average of all then scaled bandwidth
for all the outgoing interface in the router.

Figures 1 and 2 are the sample network configurations for
comparative analysis of performance of the existing shortest
path algorithm used in EIGRP and new shortest path
algorithm proposed in this paper for EIGRP routing protocol.

4. Results and Discussion

The results of the analysis on the proposed EIGRP routing
protocol is presented in this section.

4.1. System Parameters

This section presents the parameters and their values for
the computation of the results. Table 1 details the different
paths through which data can be transmitted from source to
destination. It also shows minimum bandwidth along each
path and the computed average link bandwidths. The
different bandwidths are used to calculate EIGRP metrics for
selecting the best path. It is assume that a data of size 10Kb is
to be transmitted from source to destination as shown in the
table 2.

Figure 1. Simple Network Configuration for Comparative Analysis of the
New and Existing Algorithms for EIGRP

: : Destination
45Mbps ﬂ 100Mbps

£ I
S 50Mbps
. ; 25Mb
50Mbps i
SO uree ﬂ ﬂ
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Figure 2. Complex Network Configurations for Comparative Analysis of
the New and Existing Algorithms for EIGRP

Table 2 shows the computed delay and Metrics of the
different paths calculated using minimum link bandwidth.
From the table it can be deduced that the path with the
minimum Metric is path A-B-E-F-G with minimum metric
value of 2002.553 which is truncated to 2002. This implies
that protocol will choose the path through A-B-E-F-G for
routing packets.

The metric for the new shortest path algorithm for EIGRP
which uses average link bandwidth is also given in Table 2.

Table 3 shows the computed delay and Metrics of the
different paths calculated using the new formula (average
link bandwidth). From the table it is observed that the path
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with the minimum Metric is path A-C-D-F-G with minimum
metric value of 653.9344 which is truncated to 653. This
implies that the protocol will choose the path through
A-C-D-F-G for routing packets. It can be deduced from the
two scenarios that different paths were chosen by EIGRP for
routing packets across the network. Furthermore, it is
observed that the Metric values for both the existing and new
formula are not the same; while the minimum metric for the
existing formula is 2002, that of the new formula is 653
which is far smaller compared to the old metric.

Also noticed was the fact the delay difference in both
cases. It takes longer time to route packets from source to
destination using the old formula than the new one; meaning
that the new formula also improve delay.

Table 4 identifies the different paths and their
corresponding minimum link bandwidth and average path
bandwidths.

Table 4 identifies the diverse paths in the network through
which packets can be transmitted from source to destination
and their corresponding minimum link bandwidth and
computed average path bandwidths. It also highlights the
number of hops along each path from source to destination.
The different bandwidths are used to calculate EIGRP
metrics for selecting the best path. It is assume that a data of
size 10Kb is to be transmitted from source to destination as
shown in the Table 5.

Table 5 shows the computed delay and Metrics of the
different paths calculated using minimum link bandwidth.
From the table it can be observed that two paths have the
same delay and minimum bandwidth metric value. The
routes through A-D-H-I and A-D-F-I have equal delay value
of 0.005346and equal metric value of 1001.3685. This
implies that the protocol will choose the path through any of
these two links with equal metric or may divide the packets
through both paths.

Table 6 shows the computed delay and Metrics of the
different paths calculated using the new algorithm (average

path bandwidth). From the table it can be observed that only
one path has a minimum metric 632.5584 as opposed to that
of the existing algorithm which saw two paths with same
delay and minimum bandwidth metric value. The routes
through A-D-H-I is the path with minimum bandwidth. This
implies that EIGRP protocol will choose the path through
A-D-H-I to transmit packets from source to destination. We
can say that the new algorithm is more precise than the old
algorithm as observed in the scenario treated above. It can
also be observed that the values for both delays and metrics
for the new algorithm is smaller compare to that of the old
algorithm.

Using the two formulas, we shall compute metric for
different data sizes larger than 10Kb considered above and
observe the degree of improvement of the new formula over
the old formula.

In figure 3, the effect of packets transmission rate on the
total transmission delay for 4 hops is investigated. It is
observed that the increase in the rate of transmission results
in reduced total transmission delay. This can be explained
from the fact that, as the rate of transmission is increased,
more packets can be transmitted and the delay in
transmission will be reduced.

In figure 4 the effect of packets transmission rate on the
total transmission delay for 4 paths and 5 paths is
investigated. It is observed that the increase in the rate of
transmission results in reduced total transmission delay. This
can be explained from the fact that, as the rate of
transmission is increased, more packets can be transmitted
and the delay in transmission will be reduced. Also noted is
the fact that with the 5 paths, the delay is higher than that of 4
paths. This concludes that as the number of path increases,
the more the total transmission delay.

Figure 5 depicts the effect of packet size on delay for the
new algorithm. As the packet size increases, the transmission
delay increases. It can be concluded that, a larger packet size
take a higher time for transmission.

Table 2. Different paths in the network and their corresponding link bandwidths

No. of

Path Hops

A-B-E-F-G 4

A-B-F-G

A-B-D-F-G

A-D-F-G

A-D-B-E-F-G

A-D-B-F-G

A-C-D-F-G

(=X = "N I N VR S A Y

A-C-D-B-E-F-G

Minimum Average
Bandwidth Bandwidth
20Mbps 50Mbps
56Kbps 23.35Mbps
10Mbps 43.75Mbps
1.5Mbps 48.83Mbps
1.5Mbps 38.3Mbps
56Kbps 15.38Mbps
64Kbps 61.2Mbps
64Kbps 48.3Mbps
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Table 3. Computed Metrics for existing shortest path algorithm for EIGRP

Paths No. of No. of EIGRP Delay total EIGRP

hops packets Bandwidth (Dt) Metrics
A-B-E-F-G 4 1.5625 7.8125 0.009971 2002.553
A-B-F-G 3 1.5625 2790.179 2.947649 715040.3
A-B-D-F-G 4 1.5625 15.625 0.018721 4004.793
A-D-F-G 3 1.5625 104.1667 0.111221 26695.14
A-D-B-E-F-G 5 1.5625 104.1667 0.124554 26698.55

A-D-B-F-G 4 1.5625 2790.179 3.126221 715086
A-C-D-F-G 4 1.5625 2441.406 2.735596 625700.3
A-C-D-B-E-F-G 6 1.5625 2441.406 3.048096 625780.3

Table 4. Computed Metrics for the new shortest path algorithm for EIGRP

Transmission No. of EIGRP Delay Total EIGRP

Paths Rate(R Hops Bandwidth (Dt) Metrics
A-B-E-F-G 50000000 4 3.125 0.004721 801.2085
A-B-F-G 23352000 3 6.691076 0.008286 1715.037
A-B-D-F-G 43750000 4 3.571429 0.005221 915.6222
A-D-F-G 4883333.3 3 31.99659 0.035009 8200.089
A-D-B-E-F-G 38300000 5 4.079634 0.006051 1045.935
A-D-B-F-G 15389000 4 10.15336 0.012592 2602.483
A-C-D-F-G 61266000 4 2.550354 0.004077 653.9344
A-C-D-B-E-F-G 48344000 6 3.232045 0.005254 828.7487
A-C-D-B-F-G 32024000 5 4.879153 0.006998 1250.855

Table 5. Different paths in the network and their corresponding link bandwidths

I;I_I(Z)'posf I];/I;E;n‘::tr}r: Average Bandwidth
A-B-G-H-1 4 1.5Mbps 26.625Mbps
A-B-D-G-H-1 5 56Kbps 17.311Mbps
A-B-D-H-I 4 1.5Mbps 26.625Mbps
A-B-D-I 3 1.5Mbps 4.333Mbps
A-B-D-F-I 4 1.5Mbps 40.375Mbps
A-D-B-G-H-1 5 10Mbps 31Mbps
A-D-G-H-I 4 56Kbps 28.764Mbps
A-D-H-1 3 40Mbps 45Mbps
A-D-1 2 1.5Mbps 20.75Mbps
A-D-F-1 3 40M 63.333Mbps
A-C-D-B-G-H-I 6 64Kbps 27.510Mbps
A-C-D-G-H-1 5 56Kbps 25.024Mbps
A-C-D-H-1 4 64Kbps 36.266Mbps
A-C-D-I 3 64Kbps 17.221Mbps
A-C-D-F-1 4 64Kbps 36.266Mbps
A-C-E-D-B-G-H-I 7 56Kbps 23.588Mbps
A-C-E-D-G-H-I 6 56Kbps 20.862Mbps
A-C-E-D-H-1 5 56Kbps 29.024Mbps
A-C-E-D-I 4 56Kbps 15.405Mbps
A-C-E-D-F-1 5 56Kbps 40.024Mbps
A-C-E-F-1 4 56Kbps 48.764Mbps




Uduak Idio Akpan et al.: Improved Shortest Path First Algorithm
for Enhanced Interior Gateway Routing Protocol (EIGRP)

Table 6. Calculated Metrics for existing shortest path algorithm for EIGRP

Transmission No. of EIGRP Delay (Dt) EIGRP

Paths Rate(R) Hops Bandwidth Metrics
A-B-G-H-I 1500000 4 104.1667 0.117887 26696.8458
A-B-D-G-H-I 56000 5 2790.179 3.304792 715131.741
A-B-D-H-I 1500000 4 104.1667 0.117887 26696.8458
A-B-D-1 1500000 3 104.1667 0.111221 26695.1392
A-B-D-F-1 1500000 4 104.1667 0.117887 26696.8458
A-D-B-G-H-1 10000000 5 15.625 0.019721 4005.0485
A-D-G-H-I 56000 4 2790.179 3.126221 715086.027
A-D-H-I 40000000 3 3.90625 0.005346 1001.3685
A-D-1 1500000 2 104.1667 0.104554 26693.4325
A-D-F-1 40000000 3 3.90625 0.005346 1001.3685
A-C-D-B-G-H-I 64000 6 2441.406 3.048096 625780.313
A-C-D-G-H-I 56000 5 2790.179 3.304792 715131.741
A-C-D-H-I 64000 4 2441.406 2.735596 625700.313
A-C-D-1 64000 3 2441.406 2.579346 625660.313
A-C-D-F-1 64000 4 2441.406 2.735596 625700.313

Table 7. Calculated Metrics for the new shortest path algorithm for EIGRP (with average link bandwidth)

Paths Tralf;stzzi;;ion I\III(;'p(;f Bf;«?\f/{igth Del(agtt)otal EIGRP Metrics
A-B-G-H-1 26625000 4 5.868545 0.007793 1504.343
A-B-D-G-H-1 17311200 5 9.025949 0.011907 2313.691
A-B-D-H-1 26625000 4 5.868545 0.007793 1504.343
A-B-D-1 4333333 3 36.0577 0.039298 9240.83
A-B-D-F-1 40375000 4 3.869969 0.005555 992.1342
A-D-B-G-H-I 31000000 5 5.040323 0.007188 1292.163
A-D-G-H-I 28764000 4 5.432137 0.007305 1392.497
A-D-H-1 45000000 3 3.472222 0.004887 890.1401
A-D-1 20750000 2 7.53012 0.008691 1929.936
A-D-F-1 63333333 3 2.467105 0.003826 632.5584
A-C-D-B-G-H-1 27510666.7 6 5.679615 0.008309 1456.109
A-C-D-G-H-1 25024000 5 6.244006 0.008614 1600.671
A-C-D-H-1 36266000 4 4.308443 0.006046 1104.509
A-C-D-1 17221333 3 9.073049 0.010802 2325.466
A-C-D-F-1 36266000 4 4.308443 0.006046 1104.509
A-C-E-D-B-G-H-I 23588571.4 7 6.62397 0.009911 1698.274
A-C-E-D-G-H-1 20862666.7 6 7.489455 0.010568 1920.006
A-C-E-D-H-1 29024000 5 5.383476 0.007595 1380.114
A-C-E-D-1 15405000 4 10.14281 0.012581 2599.78
A-C-E-D-F-1 40024000 5 3.903908 0.005843 1000.896
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5. Conclusions

In this research, the existing shortest path algorithm used
in EIGRP routing protocol was studied, problems were
identified and a new shortest path algorithm was developed
to address the identified problems. Specifically, the problem
addressed in this research is on the end-to-end delay in the
existing shortest path algorithm used in EIGRP routing
protocol. Mathematical expressions were developed to
quantitatively represent the performance of the existing
shortest path algorithm used in EIGRP routing protocol.
Then, a new shortest path algorithm was developed for
EIGRP routing protocol. Mathematical expressions were
developed to quantitatively represent the performance of the
new algorithm. In all, the proposed algorithm has a smaller
end-to-end delay when compared to that of the existing
shortest path algorithm used in EIGRP routing protocol.
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