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Abstract:

This study presents the application of Floyd — Warshall algorithm, which is an all pairs
shortest path algorithm in finding the shortest route network for major cities in Nigeria.
Twenty one (21) city route networks in Nigeria showing distances (km) are considered with
Calabar, Cross River State as the origin node and Kaduna, Kaduna State as the sink node.
Distance and precedence matrices are computed for all iterations to obtain the weight between
nodes in the network and the shortest route respectively. The optimal route for all pairs in the
network and the total distance travelled from one node to another are obtained respectively
from the precedence and distance matrices of the final iteration. Detailed results showed that
the algorithm is efficient. The designed route network shows the shortest route for all pairs of
nodes in the network and also exposes hidden shortest routes. These routes are recommended
for inter-city transportation in Nigeria.

Keywords: Floyd-Warshall algorithm, optimal shortest path, shortest distances, route
determination

1. Introduction

Efficient transportation route network is a challenge to some developing countries and Nigeria
as well. Optimization of networks is seen to be the heart of operations research. Shortest route
model is one of the network models whose application covers a wide range of areas, such as
telecommunication, electric navigation, geographic information system, project planning,
traffic, tourism, transportation planning, pipeline network designs and so on, (Jahan & Hasan,
2011). The greatest problem arising in network analysis is shortest path analysis. Shortest
route also extends to other measurement such as distance, time, cost, and capacity of line.
With the growing population and development of new roads in Nigeria, it is necessary to
develop an optimal shortest route network which will determine the shortest routes from one
city to another. Man, nations, regions and the world would be severely limited in development
without transportation, which is a key factor for physical and economic growth, (Oyesiku,
2002).

The travel of the passengers and transport requirements for respective trips are different. For
example a business trip passenger will require that time of travel is as short as possible while
tourists prefer the cost of travel as minimum as possible. National City traffic advisory
procedures can satisfy the passengers demand and provide two to three optimal decision rules
according to the transport advisory for passengers. The procedures allow users to look up to
city information, choose the optimal decision rule and edit city information, (Sangaiah et al.,
2014)

In todays civilized society, economic development and the vast increase in the number of cars
has made traffic jams become more serious. This does not only cause inconveniencies for
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travellers, but also brings about underestimation of the nation’s economic growth. City traffic
congestion has become a bottleneck for constraining the development of medium and large
cities at home and abroad (Wei, 2010). This does not only cause economic loss, but also
contributes to the reason for the maximum growth of traffic accidents, energy waste and
environmental hazards. According to Syslo et al. (1983), shortest path problems are the most
fundamental and the most commonly encountered problems in the study of transportation and
communication networks. They are classical problems in network analysis and these models
can be used in solving many optimization problems, such as designing efficient service route
networks, plant layout, and also line arrangement.

Finding the shortest path is an important task in many network and transportation related
analysis. This problem arises as a main decision question or as a step in some situation. There
are many variations depending on type of network, cost involved and source/destination pairs
of nodes for which we need solution (Rardin, 2003). It is therefore important to determine the
specificity of the shortest path problem we are concerned with. Sniedovich (2005), classifies
in depth shortest path problems and also summarizes several variants of the shortest path as
follows:

I.  Cyclic or Acyclic problems: If there is at least one cycle in the network it is called a cyclic
network otherwise acyclic.
ii. Non-negative or Negative distance problems: If the distances are non-negative, that

is,d;; >0 forall i and j, or if there is at least one negative distance, that is, d;; <0

iii. Non-negative cyclic or Negative cyclic problems: If the cyclic problems have non-
negative length of all cycles or if the length of at least one cycle is negative.

In Nigeria for instance, a major challenge is that of deciding the route to take from the origin
to destination while minimizing cost, total travel distance, fuel and time consumption.
Overcoming this challenge however requires a sophisticated knowledge of the optimal public
transport network. Several algorithms can be used to determine the shortest distance and
shortest route between two nodes in a network, but this study employs the classical and
recursive Floyd-Warshall algorithm. This study will also expose those hidden and in some
cases neglected shortest routes unknown to transporters and the nation as well.

2. Methodology

Intercity distances (km) for twenty one (21) cities with respect to the origin node used in this
study were collected and the Floyd-Warshall algorithm was employed to find the optimal
routes for all pairs in the network.

The Floyd-Warshall algorithm is a dynamic programming algorithm to solve the all-pairs (all-
to-all) shortest path problem on a directed network. The arcs of the network may have
negative costs but must not have any negative-costs cycles. The Floyd-Warshall algorithm
compares all possible paths through the graph between each pair of vertices. It is able to do

this in @(]v|3) comparison in a graph. The algorithm is based on inductive arguments

developed by an application of a dynamic programming technique. It will compute the
shortest path between all possible pairs of vertices in a (possibly weighted) graph or digraph
simultaneously in time. In this problem we want the minimum routes between all the pairs of
peaks. Floyd's algorithm calculates the costs of the shortest path between each pair of vertices

in @(Ms) time. It consists of three nested loops. The invariant of the outer loop is the key to
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the algorithm. When the iteration starts, P holds the optimal path length from v, to v, for

each iand j, considering only paths that go direct or via vertices v, for n < k. This is true
initially when k = 1and holds for only direct paths.

At any iteration, the next value of k is considered. A better path may exist possibly from v, to
v; via this new v, while noting that it will visit v, at most once. This means that it is
sufficient to consider paths from v, through v, possibly via {vl,...,kal} and paths from v,
through v; possibly via {vl,...,kal} hence invariance is maintained. Finally, P holds
optimal path lengths for unrestricted paths. In simple terms, the Floyd-Warshall algorithm
obtains a matrix of shortest paths distances within @(n3) computations which represents an
n- nodes network as a square matrix with n- rows and n- columns. The (i, j)entries of the
matrix represent the distance from node i to node j, which is finite if i is linked directly to j
and infinite otherwise.

Given three nodesi, j and k with connecting distances, it will be shorter to reach k from i
passing through j iff d;; +d; <d;,. Inthis case, it is optimal to replace the direct route

from i — k with the indirect routei — j —k. The Floyd-Warshall algorithm takes as input
an adjacency matrix representation and maintains two types of matrices; the distance matrix
D®and initial precedence matrix U ° as input. The algorithm proceeds for n - iterations where
n is the number of nodes in the distance matrix. The n" iteration gives the optimal/final

distance matrix D*=" and the final precedence matrixU *=". The optimal distance matrix D"
represents the shortest distance between any two nodes in the network and the corresponding

shortest paths can be traced out from the final precedence matrix U ".
The Floyd-Warshall algorithm therefore is as follows:

Step 1: Form the initial distance matrix D° and the initial precedence matrix U°. For all

arcs/edges (i, j) in the network, initialize dij") =w; Uu; =iwhile for i, j pairs

without arcs/edges (i, j), assign d{” =0 if i = j and +oo otherwise.
Step 2: Set the iteration counter k =1

Step 3: Find the value of the distance matrix D"for all i, j=k using the relation;
d % = min {d_(_kfl) d.(kk’l) I dlg_k—l)}
1 1) ' i q

Step 4: Assign values to the precedence matrix U * by replacing u; (where i, j is the double
boxed cell in U*™*) with k

Step 5: Terminate if

I. Kk =n(where nis the number of nodes in the network )
i d,f

i <0 forany node i
Where for the case in (i), dig")is equal to the required shortest distances while for the case in

(ii), evidence of any negative cycle through i is detected.
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Step 6: If k < n and all d“k >0, set k =k +1 and go to step 3.

Step 7: After n steps, we can determine the shortest route(s) between nodes i and nodes |
from the matrices D" and U" using the following rules;

i. FromD", d{) gives the shortest distance between nodes i and j.
ii. FromU", determine the intermediate node k = u; that yields the route i —j —k. If

u, =k and u, = j, stop; all the intermediate nodes have been found. Otherwise, repeat
the procedure between nodes i and k, and between nodes k and j.

3. Implementation

The major city route network with their distances (km) is shown in Fig. 1. The cities listed
below represent the nodes in the network in the order in which they are listed.

Figure 1. Twenty-one major city route network in Nigeria

1. Calabar 8. Asaba 15. Jalingo
2. Uyo 9. Enugu 16. llorin
3. Makurdi 10. Benin 17. Yola

4. Aba 11. Akure 18. Jos

5. Port Harcourt 12. Ibadan 19. Abuja
6. Owerri 13. Abeokuta 20. Minna
7. Onitsha 14. Lagos 21. Kaduna

To achieve determination of shortest route between all pairs of nodes in the network, the
analysis shall be carried out for all the nodes in the network. The resulting matrices are

symmetrical since traffic is allowed to flow in both directions. That is, di‘j‘ = d}‘i .
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3.1 Iteration O
The initial distance matrix D® as shown in Fig. 2 and the initial precedence matrix U° as
shown in Fig. 3 represents the initial presentation of the network. d; = +oo implies that no

traffic is allowed from node i to node j and d; = 0 implies that node i is equal to node j.

taf baf k) baf ko] baf ba] bo| b bl b b b
ot ot f ot |t f ot | et

[=] la] o) o) o) o) o) o) o) o) o] o] o] Ja] o]
.1

Iteration 0 (Distance Matrix): D’
1 2 3 4 5 6 7 8 9 10 | 11 12 | 13 14 | 15 16 | 17 | 18 | 19 | 20 | 21
1 0 | 89 [ 536|143 | oo | +oo | oo | foo | too | oo | oo | too | oo | oo | too | oo | oo | oo | oo | tee | e
2 188 0 |+ ] 40 | 122 +oo | too | oo | toe | too | too | toe | too | too | toe | too | e | toe | oo | e | o
3 1836 +oo || 0 || oo || oo | too | oo | oo | 272 | +oo | too | +wo | +oo | +oo | 156 | 317 | +oo | 338 | +oo | +oo | oo
4 (143 40 |[+oc || O [ 83 | 76 | 158 | oo | +oo | +oo | +oo | +oo | +oo | too | too | too | too | oo | too | too | too
5 |#ee | 122 | +oo | B3 0 | +oo| 4oe | 217 | +oo | o0 | o0 | oo | oo | oo | oo | oo | oo | oo | oo | oo |t
6 |+ | two | oo | T6 | too | O T8 | +w | too | +oo | +o0 | oo | +oo | Hoo | too | too | oo | too | o | too | o
7 e | too [ too [ 158 +c [ 78] O 10 [ 108 | oo | +oo | +oo | 4oo | oo | +oo | 4o | +oo | +oo | oo | +oo | 4w
8 |t | towo | too | teo | 217 | +eo | 10 0 | +w | 140 | +oo | +oo | +oo | +oo | foo | +oo | too | oo | too | e | oo
9 |4 | oo [ 272 oo [ oo [+ [ 108 +oo | O [ oo [ oo [ Hoo [ Hoo [ Hoo | Hoo [ Hoo | oo | +oo [ oo | +oo |+
10 P4oe | +oo | +oo | +oo | 400 | 4oo | 4o | 140 | 4o 0 167 | +oo | 317 | +oo | Hoo | +oo | 4o | +oo | +oo |+ | +oo
11 48| +oo | +oo | +oo | +oo [ +oo | +oo | +oo | +oo | 167 O | 227|237 | 4o | 4oo | foo | oo | oo | oo | +oo [+
12 Ptoe| +oo | +oo | +oo | 4o [ 4o | 400 | +oe | oo | o0 [ 227 ] O 77 | 143 | 4o | 159 | 4w | +oo | Hoo | +oo | +oo
13 [ #0e| +oo | +oo | +oo | oo | oo | too | oo | oo [ 317237 77 | O [ 101 | 4o | 4o | oo | oo | oo | oo | oo
14 | 4@ | +oo | oo | +oo | 4oo | too | 4oo | toe | foo | too [ oo | 143 [ 101 O | +oo | 4o | 4o | 4oo | 4w | 4w | two
15[ 4@ | +oo [ 156 +oo | +oo [ +oo | +oo [ +oo [ +oo [ oo [ oo [ Hoo [ Hoo [ oo | O [ #oo [ 520 oo [ oo | oo [+
16 [ Hoe | +oo | 317 | +oo | +oo | too | oo | oo | +oo | oo | +oo [ 159 | +oo | +oo | +oo 0 |+ | oo | +oo | 434 | 4+
1740 | +oo | +oo [ +oo | +oo [ +oo | +oo [ +oo [ +oo [ oo | voo [ Hoo [ oo [ oo [ 520 oo | 0 [ 542 4o | +oo [+
18 [ Hoe | +oo | 338 +oo | 4oo | 4o | 400 | +oo | 4oo | +oo | +oo | 4o | oo | oo | oo | oo [ 542 O | 313 | 4o | 250
1940 | +oo | +oo [ oo [ oo [ +oo | +oo [ +oo [ +oo [ oo [ oo [ Hoo [ Hoo [ foo | oo [ oo [+ [313] 0 [ 117 [+
20 e | too | too | oo | too | too | toe | oo | toe | too | oo | too | oo | too | oo [ 434 oo [ tee [ 117 ] O | 201
21 Hee | oo | Hoo [ Hoo | Hoo [ foo | oo | oo | oo | oo | oo | too | oo | oo | oo | oo | oo [ 230 e [291] O
Figure 2. Distance matrix for iteration 0
Iteration 0 (Precedence I\Iatr"u:):Uc
1(2(3(4|5(6(7|8[9|10[11|12|13| 14| 15|16 17| 18| 1%[20]| 21
1 (0|2|3|4|5|6|7|8|9|10| 11 (12|13 14|15|16| 17| 18( 19|20 2
2 11 |0|3||4|5|6|7|8 91011 |12|13|14|15]| 16| 17| 18| 19|20 21
| 1\|\z)\o||4)f5|6|7| 89|10 11 |12| 13| 14| 15| 16| 17| 18| 19|20 21
4 (12|30 |5|6|7(8|9(10| 11 12|13 (14| 15| 16| 17| 18| 19|20 21
s{1|2[3]4|o|e6|7|8|9]10]11|12]|13]|14|15|16]|17]18]19]2 21
6 |1|2(3(4|5|0(7|8 (9|10 11 |12|13|14| 15|16 17| 18| 19]|2 1
7112345608 9|10 111213141516 17| 18] 19]|2
8 |1|2(3|4|5|6|T7|0 (9|10 11 |12|13 (14| 15|16 17| 18| 19]|2
S |11|2|3(4|5|6(7|8 (01011 |12|13|14|15|16|17| 18| 192
100|123 [4]|5|6[7|8|9|0 |11 ]|12]|13|14|15]|16|17|18]|19]|2
11|1|2(3(4|5|6(7|8|9|10] 0 |12|13|14| 15|16 17| 18| 192
1211|234 |5|6(7|8|9|10]11 |0 |13|14|15|16| 17| 18| 192
13|1]|2|3[4|5|6|7|8|9|10]11]|12] 0 |14]|15]|16| 17| 18] 19]2
1411|234 |5|6(7|8|9|10]11|12|13| 0 |15|16| 17| 18| 192
15112345678 |9|10]11|12|13|14| 0 |16| 17| 18| 192
1612345678910 1112|153 |14|15] 0 [17]|18]|19]2
17112345678 |9 |10 11 |12|13|14|15|16| 0 |18|19]|2
1812345678910 11 |12|13|14|15|16(17| 0 |19]2
19112345678 9|10 1112|153 14|15 16| 17|18 0 |2 1
1(2(3|4(5(6|7|8|9 12 15
1(2(3|4(5(6|7|8|9 12 15

|
o o
|
=
|
| oo
=
ol
(o]

=S
o Bt

Figure 3. Precedence matrix for iteration O

3.2 Iteration 1
Setting k = 1; the pivot row and pivot column are highlighted by the shaded first row and first

column in the initial distance matrix D° since all the entries in the pivot column is +oo. The
double-boxed element d,, and d,, are the only ones that can be improved using the triple

operation. Thus to obtain D* and U* from D° and U°;
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1. Replace d,,' with min (d23°,d210 + d13°) = min (+o0, 89 + 536) = 625 and set u,, =1
2. Replace d,," with min (d34°,d320 + d24°) = min (665, 625 + 40) = 665 and set u,," =1

These changes are shown in bold faces in matrices D' and U* as shown in Fig. 4 and Fig. 5
respectively.

Iteration 1 (Distance I\Iatrix):Dl
1 2 3 4 5 6 7 8 9 10 | 11 12 | 13 14 | 15 16 | 17 | 18 | 19 | 20 | 21
1 89 | 536 [[143 ][+ ]| oo | +0 | oo too | 4o | foo | 4o | 4o | 4o | oo | doo | 4o | too | 4o | 4o
2 189 | 0 [625| 40 | 122 | oo | +oo | 4o [ +oo | oo [ Hoo | +oo | 4o | +oo | 4o | Hoo | too | too | too | 4o | 4o
3 536625 0 || 665 +oo |[+oo | +oo | +oo | 272 4o | oo | tee | oo | +oo | 156 | 317 | 4w | 338 | oo | 4w |+
4 || 143 || 40 || 665 0 83 | 76 | 158 | +oo | 4o | 4o | too [ too | 4w | fwo | oo | 4o | oo | oo | oo | oo | e
5 || o= [J122)| +o= || 83 0 | +o | 4o | 217 | +oo | 4o | +oo | foo | 4o | +oo | 4o | oo | too | toe | teo | too | oo
6 | +oo [ 4| +oo | 76 | +ov | O | 78 | +we | +oo | toe | tov | oo | oo | oo | oo |t | oo |t | too |t | o
7 [ oo [ Hw0 | tov [ 158 +ov [ 78 | 0 | 10 [ 108 +we [ oo | +oo [ +o0 | +oo [ 400 | +wo | +oe | +w | oo | +w | +wo
8 | foo |t | too | too | 217 | foo | 10 | O | +oo | 140 | +oo | +ee | too | +ee | oo | tee | foo | +eo | foo | teo | oo
9 | foo | Hm | 272 | too | too | foo | 108 | +ee | 0 | +ee | too | Hoo | foo | 4oo | oo | 4o | foo | 4o | foo | +oo | oo
10 | oo [ 480 | +oo | 40 | 4oo | 4o | 4oo | 140 | 4o 0 167 [ +oo | 317 | oo | 400 | +oo [ +oo | 4o | 400 | +oo | 4
11| +oo [ 40 | +oo | +oo | +oo | +oo | 4o | 4o [ 4o | 167 | O | 227|237 | +oo | 4oo | 4o | +oc |+ | too | +w |+
12 [ oo [ w0 | too [ +oo | oo [ oo [ too [ +oo [ too [ +oo [227] 0 [ 77 [ 143 [ o0 [ 159 foo [+ | foo [+ |+
13 ] +oo [Hm0 | +oo [ +oo | oo |00 [ +oo | +oe | +oo [ 317|237 77 | 0 [ 101 | 400 | 4o | 4oo | 4o | oo [ 4o |+
14| +oo [ H0 | +oo |+ | +ov | oo | +oo | +we | +oo | tee | too | 143 [ 101 0 | 400 | +wo | +oe | +w | oo | +wo | +wo
15+ [0 [ 156 o [ +o [+~ | voo [+t [too [ +too [+ [ voo [0 [ =0 [ O [ oo [ 520 +oo | +oo [+ |+
16 | too | #m0 | 317 | +oo | +oo | oo | +oo | +oo | too | +oo | too | 159 | too | +oo | too | O | foo | 4o | too | 434 | +oo
17 | +oo [ H80 | +oo | 400 | +oo [ 400 | oo | oo | 4oo [ 400 [ oo | oo | o0 | 400 [ 520 | 4o 0 | 542 +oo | 4 | Hoo
18 | +oo | #w0 | 338 | +w | oo | +oo | +oo | +we | +oo | +oo | oo | oo | oo | oo | oo | o | 542 0 | 313 [+ | 250
19+ [t [t [t [0 [ oo [ voo [+oo [+ [ +oo [+ | voo [+ | w00 [ +o0 [ +oo [ +oo [ 313 0 [ 117+
20| +oo | Hme | foo | oo | oo | toe | toe | toe | oo | oo | foo | oo | tee | toe | two | 434 | toe | fee | 117 | O | 291
21| +oo [0 | too | oo | too | oo | oo [ oo | oo | oo [ too | teo [ oo | too | w0 | too | e [ 250 ] tee [ 291 O
Figure 4. Distance matrix for iteration 1
Iteration 1 (Precedence I\Iatrix):U1

112|3|4|5|6|7(8 (9|10 11 |12]|13[14[15|16| 17| 18| 19|20 21

1 |o)2|3fl4]|[5])|e| 7| 8|o|10f 10|12|13]14[15|16|17|18[19]20| 21

2 (1(0f1|4|5]|6|7|8|9[10[11[12|13]|14]|15|16(17(18| 19| 20| 21

(11|01 Ii |6 718|910 11 (12|13 |14 15|16(17(18| 19| 20| 21

a M) 2|[1feT=]6| 7|8 |9|10| 11 |12]|13]14]15|16|17|18]|19|20]| 21

s 2304 o678 |9|10]11|12]13|14|15|16|17|18] 19|20 21

s [1]2[3]4|s|o|7][8|e|10]11|12]13|14|15|16[17|18]19]20] 21

7l1[2[3]4]5]6]0|8 91011 |12[13]|14]15[16]|17[18]19]20] 21

8 (1|2|3]|4|5]|6|7|0 5|10 11 |12|13|14]|15[16]| 17| 18] 19|20 21

S (1 (2(3|4|5|6|7|8 01011 (12|13 14|15|16( 17| 18| 19| 20| 21

wl1]2]3[4]s5]e6[7]8 90|11 [12]13[14|15][16[17]|18[19[20] 21

1|1 2)3(45(6[7|8|9|10] 0 |12|13[14|15|16|17]|18[ 19|20 21

122|123 [45|6[7|8 |9 |10|11 |0 |13[14|15]|16|17| 18| 19|20 21

131 ]|2]|3|4|5|6(7(8 9|10 11 |12|0 [14[15|16|17|18| 19| 20| 21

1412345678 ]9|10] 1112|130 [15]16|17]|18[ 19|20 21

15012345678 |9 |10|11|12]|13[14| 0 |16|17]| 18| 19|20 21

16123 [4]|5[6[7[8 91011 [12]13[14|15]0 |17]18[19]20] 21

17|11 |2|3|4|5|6(7(8 (9|10 11| 12|13 |14|15|16| 0 |18| 19| 20| 21

112345678 ]9|10]11|12]13[14[15]|16[17]| 0 [19[20] 21

1911 ]2]3[4]|5[6[7[8 |9 |10 11 [12]13[14[15]16[17]|18] 0 [20] 21

20012345678 |S|10]11|12]|13|14]|15(16]| 17|18 19| 0 | 21

20 (1|23 |4|5]|6| 7|8 9|10 11| 12|13 |14(15|16|17|18| 19|20 O

Figure 5. Precedence matrix for iteration 1

3.3 lteration 2

Setting k = 2; as highlighted by the shaded row and column in the distance matrix D'. The
triple operation is applied to the double-boxed element in D* and U* .The changes are shown
in D? and U ? as seen in Fig. 6 and Fig. 7 respectively. Thus we obtain D* and U from D*
and U* as follows; Replace d,,” with min (dml,dlz1 + d241) = min (143, 89 + 40) = 129 and

set u,,” = 2. Since traffic is allowed to flow in both directions, d,,* = 129
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1. Replace d,;° with min (dl;,dlz1 + dzsl) = min (+o0, 89 + 122) = 211and set u,,° = 2.
Similarly, (3, 4) = 665, (3, 5) = 747. These changes are shown in bold faces in matrices D?
and U ? (see Fig. 6 and Fig. 7 respectively). Then for the precedence matrix, set u®> = 2 at all
stages of improvement.

Iteration 2 (Distance ]\Isltriat):.l]'l
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 [ 20 [ 21
1 89 536 | 129 | 211 | oo | oo -+ oo oo +w o —+oo oo —+mo +w o +oo o ‘oo |t
2 89 0 625 | 40 122 | +oo | +oo o oo oo oo oo oo o oo +oc +oc +oc oo “+owc | too
3 (536|625 0 665 | 747 | oo | +oo | +oo | 272 4oo | oo | oo | too | oo [ 156 | 317 | too | 338 | +oo [ oo | too
4 | 129 40 | 665 0 83 | 76 | 158 | +oo || too || +oo | +oo | +om | oo | oo || oo || e || tem || oo || teo | oo | oo
5 (211|122 | 747 | 83 0 | +oo | +oo | 217 || +oo || +oo | oo | +oo | +oo | +oo || +oo || +o || too || too || oo | too | oo
6 +oe o e 76 oo 0 T8 -+ e oz oz +oz +oo -+ oo +uo +o +oc —+oo +owc | oo
7 oo oo o 158 | +o 78 0 10 108 | +oo +oo o —+oo oo —+mo +w o +oo o ‘oo |t
8§ | 4oo | oo | @@ | oo | 217 | oo | 10 0 +oo | 140 | oo | 4oo | too | oo | oo | oo | oo | oo | oo | oo | too
5 ([res [ roe N2T2[ o [ oo Jf oo | 108 | +oe | 0 | 4w | tee | too | e | veo [[ e [ ]| oo [ )] oo | e | te
10| +oo | +oo [[F00 | +oo [ +oo | 4oo | oo | 140 [ oo /] 167 | +oo | 317 | +oo | 400 | 4oz | 4oz [ oo | +oo | +oo | oo
11| +oo | +oo [ F00 | +oo [ +oo | oo | foo | oo | oo | 167 1] 2271237 | +o | 4o | +oo | too | too | too | too | oo
12| +oo | +oo [ H00 | oo [ oo [ 4o | +oo | 40 | 400 [ o2 [ 227 ] O TT [ 143 [ 4o [ 159 | 4o | oo [ +oo | 4o | +uo
13| +oo | +oo [ H00 | +oo [ +oo | oo | oo | +oo [ +oo [ 317 | 237 | 77 0 101 | +oo | 4o | 4oo | 4o | oo | +oo | oo
14 | +oo oo =00 | +oo +oc | too | oo o oo oo oo 143 | 101 0 oo oo oo +oc oo “+owc | too
15| +o= oo 156 || +oo oo || oo | too oo oo o +w o —+oo oo 0 +w 520 || +oo o ‘oo |t
16 || +oz +oz (| 31T || oo oo || e | oo -+ oo oo oo 159 |+ -+ |+0c 0 oo oo +oo | 434 | +oo
17| +oz e =00 | +oo +oc | oo | oo oo -+ oo +oo +oo ] -0 520 | +wo 0 542 | 4o +oc | +oo
18 [ oo [ = 1338 |[ = [ = ][ 1= | 0 | oo [z ]| = | o0 | 4o | =o | vo [ |[+=][542 | 0 | 313 ] += | 250
19 4o | 4o [Fo0 | oo [ oo | oo | oo | 400 | 4o [ oo | 4o | 4o | +o0 | +o0 | Ho0 | 40 | o0 [ 313 0 117 | oo
20 | +oo oo o0 | +too +oo | too | too oo oo o +oo oo oo -+ oo | 434 | +oo oo 117 0 251
21| +o oo o0 | +too +oo | too | too oo o o +wo o oo -+ o oo oo 250 | +ao 291 0
Figure 6. Distance matrix for iteration 2
Iteration 2 (Precedence Matrix U
1[2]3]4]5]6]7]8]9]10]11]12]13]14[15]16|17]18]19]20] 21
1 o232 2|e|7]sl[ef10] 11| 12| 13| 14|[15][1e|[17[18]| 15| 20| 21
2 (1]ol1]4a|s|e|7|s|[o) o] 11 | 12| 13| 1a|[15|[16 )| 17|[18] 15| 20| 21
3 {1f1]o|1|2]|6|7|8[o]10]|11|12{13|14]15]16]17[18] 18| 20| 21
a|2|2)1]0|s|e|7|s|[oll1o] 11| 12| 13| 14|[5][16 || 17|18 19| 20| 21
sz2l22|4]o|6|7|s|[o) o] 11 | 12| 13| 141516 | 17|[18] 19| 20 | 21
6 |1]2]3|4|s5|o|7|s8[9]10]|11|12|13|14]15]16]17[18] 18|20
7 ]1]2]3]4]5]6]0]8 9|10 11 [12]13]14]15]16]17]18]19]20
8 |1]2(3|4]5]|6|7|0|9|10]11 [12|13|14]15] 16| 17|18 15| 20
9 Nilizlzlallslle] 7|8 |o|10] 11 |12]13]14|[1s]ft6]f17ff18] 15| 20| 21
L]
1w[1]2]3/4]5]6|7|8|9|o0|11|12{13|14]15]16]|17]18] 19|20/ 21
(1|23, 4|5|6|7|8|9|10| 0 |12|15|14|15]| 16| 17|18 19| 20] 21
12(1]2]314]5]6| 7|8 |9|10]11 |0 [15]1a]15] 16| 17]18]19]20] 21
13(1]2|3|4|5|6|7|8|9|10|11 12| 0 |14]15] 1617|1819 20] 21
14(1]|2|3|4|5|6|7|8|9|10| 11 |12|15| 0 |15] 1617|1819 20] 21
s AN IEE s | 7 s (5] 0] 11 | 12] 13| 14| o |[Te]l17][18]f 18] 20| 21
e[z s =050 e | 7 | 8 3] eo] 12 | 12| 13| 14|[15][0 [ 17|[18]) 15| 20| 21
17[1]2]3/4[5]6|7 8 [9]10]11|12]13]14]15]16] 0 [18]19]|20] 21
([l 3 [4][s]{s| 7|8 |[o]l1o] 11 | 12] 13| 14|[15][ 16]j217| 0 | 19| 20| 21
19(1]2]3/4]5]6|7|8[9]10|11|12]{13|14]15]16]17|18| 0 |20| 21
20| 1|2|3|4|5|6|7|8|9|10|11 |12|13|14|15|16|17|18] 18] 0 | 21
21| 1|2(3(4|5|6|7|8|9|10|11 |12|13|14|15|16|17|18|19|20] O

Figure 7. Precedence matrix for iteration 2

The iteration process continues and necessary improvements are made until the final (21%)
iteration. This iteration will produce the final matrices where none of the d;; entries can be

improved by the triple operation.
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3.4 Iteration 21

Set k = 21, as will be shown in the shaded row and column of the distance matrix D%
obtained. No changes are made in the last iteration since it is the last stage of the network
analysis. This iteration also provides the shortest distance from the distance matrix and
shortest routes from the precedence matrix in the network, hence the solution. The final

distance matrix D?*'and the final precedence matrix U * for this iteration are shown in Fig. 8

and Fig. 9 respectively.

Figure 9. Precedence matrix for the final iteration

3.5 Summary of Results

Summary of the results obtained from the final iteration of the Floyd- Warshall algorithm to
determine the shortest route is shown in Table 1. The procedure did not only determine the
shortest route from the origin node to the sink node, but also determines all shortest distances

and routes from any node of origin to any sink node in the network.

152

Final Iteration (Distance Matrix): D™

T [ 2 [ 3] 4 [ 5 [ 6 [ 7 [ 8 [ 9 [0 [12]15] 14 [15]16] 17 [ 18 [ 19 | 20 | 21
T 0 | 89 [536| 125 | 211 | 205 | 283 | 293 | 301 | 433 | 600 | §27 | 750 | 851 | 692 | 853 | 1212 | 874 | 1187 | 1287 | 1123
289 | 0 57| 40 [ 122 | 116 | 194 | 204 | 302 | 344 | 511 | 758 | 661 | 762 | 730 | 891 | 1250 | 912 | 1205 | 1325 | 1162
5[ 536 | 574 | 0 | 534 | 607 | 458 | 380 | 350 | 272 | 530 | 697 | 476 | 553 | 615 | 156 | 317 | 676 | 338 | 651 | 751 | 588
4 [ 129 | 40 |538| 0 | 85 | 76 | 154 | 164 | 262 | 304 | 471 | 698 | 621 | 722 | 690 | 851 | 1210 | 872 | 1185 | 1285 | 1122
5[ 211 | 122 [607] 83 | 0 | 159 [ 227 | 217 | 335 | 357 | 524 | 751 | 674 | 775 | 765 | 010 | 1283 | 945 | 1258 | 1344 | 11%
6 | 205 | 116 [958 76 | 150 | 0 | 78 | 88 | 186 | 228 | 395 | 622 | 545 | 646 | 614 | 775 | 1134 | 796 | 1109 | 1209 | 1048
7 | 283 | 194 | 380 154 | 227 | 78 | 0 | 10 | 108 | 150 | 317 | 544 | 467 | 568 | 536 | 697 | 1056 | 718 | 1031 | 1131 ] 968
8 | 295 | 204 | 390 164 | 217 | 88 | 10 | 0 | 118 | 140 | 307 | 534 | 457 | 558 | 546 | 693 | 1066 | 728 | 1041 | 1127| 978
5 [ 391 | 302 | 272 262 | 335 | 186 | 108 | 118 | 0 | 258 | 425 | 652 | 575 | 676 | 428 | 580 | 048 | 610 | 923 | 1023 | 860
10| 433 | 344 | 530 | 304 | 357 | 228 | 150 | 140 | 258 | 0 | 167 | 394 | 517 | 418 | 686 | 553 | 1206 868 | 1104 | 987 | 118
11| 600 | 511 | 697 | 471 | 524 | 395 | 317 | 307 | 425 | 167 | 0 | 227 | 237 | 338 | 853 | 386 | 1373 | 1034 | 937 | 820 | 1111
12| 827 | 738 | 476 | 698 | 751 | 622 | 544 | 534 | 652 | 394 | 227 | 0 | 77 | 143 | 632|150 1152 §14 | 710 | 593 | 84
13| 750 | 661 | 553 | 621 | 674 | 545 | 467 | 457 | 575 | 317 | 237 | 77 | © | 101 | 705 236 | 1225 | 851 | 787 | 670 | 961
14| 851 | 762 | 619 | 722 | 775 | 646 | 568 | 558 | 676 | 418 | 338 | 143 | 101 | 0 | 775|302 1295 957 | 853 | 736 | 1027
15| 692 | 730 | 156 690 | 763 | 614 | 536 | 546 | 428 | 686 | 855 | 632 | 700 | 775 | 0 | 473 | 520 | 494 | 807 | 907 | 744
16| 853 | 891 | 317 | 851 | 924 | 775 | 697 | 707 | 580 | 847 | 1014 | 150 | 236 | 302 [473| 0 | 993 | 655 | 551 | 434 | 725
17| 1212 | 1250 | 676 | 1210 | 1283 | 1134 | 1056 | 1066 | 948 | 1206 | 1573 | 1152 | 1229 | 1295 | 520 | 993 542 | 835 | 972 | 192
18| 874 | 912 | 338 | 872 | 945 | 796 | 718 | 728 | 610 | 968 | 1034 | 814 | 891 | 957 | 494 | 655 542 | 0 | 313 | 430 | 250
19| 1187 | 1225 | 651 | 1185 | 1258 | 1105 | 1031 | 1041 | 523 | 1104 | 957 | 710 | 787 | 853 | 807 551 855 [ 313 | 0 | 117 | 408
20 1287 | 1325 | 751 | 1285 | 1344 | 1200 | 1131 | 1127 | 1023 | 987 | 820 | 595 | 670 | 736 | 907|434 | 972 [ 430 | 117 | 0 | 291
21[ 1124 | 1162 | 588 | 1122 | 1195 | 1046 | 968 | 978 | 860 | 1118 | 1111 | €84 | 961 | 1027 | 744 | 725 | 792 | 250 | 408 | 291 | O

Figure 8. Distance matrix for the final iteration
Final Iteration (Precedence Matrix): u”

123 [4[5[6]7[8[9[10o]11[12[13[14[15[1617][18[19]20] 21
1023|2246 7|78 |1w0|11[10[13] 3] 3 |15] 3 |18]16] 18
210 [ 9|4 |54 [6 7|7 |8 |10[11]|10][13]9 ]| 9 [15]9 [18]16] 18
31 [9[0[9 9[99 9[99 [10][16[16]16]15]16|15|18|18]16] 18
a2 29|05 [6 6|7 |7 |8 |t0o[11|10[13[ 9| 9 [15] 9 |18]16] 18
S22 [9|4|0[4 8|88 |8 |10][11|10][13| 9 |12][15]9 |[18]16] 18
6144544077 7|8 |10)11])10]13]| % |9 |15|9 18|16 18
766 |96 |8|6|0 8|98 |10[11]|10[13]9 ]| 9 [15]9 |18]16] 18
877 |97 |57 7|07 |10[10][11|10[13|9 | 12][15|9 [18]16] 18
S| 7737877708 [10[11[10[13]3 |3 [15]3 [18]16] 18
108|898 |88 |8 |88 |0 11|11]|13[13|9 |12][15]9 [20]16] 18
11[10[ 10| 10| 10| 10|10] 10| 10| 10| 10| 0 |12|13|13|10]| 12 [ 15| 10|20 16] 20
12[13[13[16] 13| 13[13[13 [ 13| 13| 13|13 [ 0 [ 13|14 16| 16 [ 16] 16|20 16] 20
13[10| 10| 16| 10| 10|10 10| 10| 10| 10| 11 12| 0 |14 16| 12 | 16| 16|20 16] 20
41212161212 (12 (12|12 12|12 |12 (12| 13| 0 | 16|12 (16| 16| 20| 16| 20
153 [9[3[9 9[99 [9[3 |9 [10[16[16[16] 0 3 [17]3 [18]16] 18
16] 3 |9 [ 3|9 [12]9 |9 [12]3 12|12 [12[12[12|3 | 0 [15] 3 [20]20] 20
17[15[ 15[ 15[ 15[ 15| 15| 15| 15| 15| 15| 15| 16| 16|16 15| 15| 0 | 18| 18] 19] 18
183 [9[3[9 9[99 93 |9 [10][16]16]16]3 | 3 [17] 0 [19[19] 21
1918 18| 18| 18| 18| 18| 18| 18| 18| 20| 20 | 20| 20| 20| 18| 20 | 18| 18] 0 | 20| 20
20[ 16| 16| 16| 16| 16| 16| 16| 16| 16| 16| 16 | 16| 16| 16| 16| 16 | 19| 19| 19| 0 | 21
21| 18] 18| 18| 18] 18|18 | 18| 18] 18| 18| 20 | 20| 20| 20| 18] 20 | 18] 18| 20| 20| 0
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The solution of all-to-all shortest path problem in road network of the cities considered in this
study can be found in the final iteration matrix formulation for distance and precedence
matrix respectively. For example the shortest distance from Kaduna (node 21) to Enugu (node
9) is 860km and its corresponding route recovered from final precedence matrix is 21-18-3-9
I.e. Kaduna- Jos — Makurdi —Enugu.

Table 1. Table showing all-pairs shortest route in Nigeria

From To Approximate distance(km) Shortest routes
1 2 89 1-2
1 3 536 1-3
1 4 129 1-2-4
1 5 211 1-2-5
1 6 205 1-2-4-6
1 7 283 1-2-4-6-7
1 8 293 1-2-4-6-7-8
1 9 391 1-2-4-6-7-9
1 10 433 1-2-4-6-7-8-10
1 11 600 1-2-4-6-7-8-10-11
1 12 827 1-2-4-6-7-8-10-11-12
1 13 750 1-2-4-6-7-8-10-13
1 14 851 1-2-4-6-7-8-10-13-14
1 15 692 1-3-15
1 16 853 1-3-16
1 17 1212 1-3-15-17
1 18 874 1-3-18
1 19 1187 1-3-18-19
1 20 1287 1-3-16-20
1 21 1124 1-3-18-21
2 1 89 2-1
2 3 574 2-4 -6-7-9-3
2 4 40 2-4
2 5 122 2-5
2 6 116 2-4-6
2 7 194 2-4-6-7
2 8 204 2-4-6-7-8
2 9 302 2-4-6-7-9
2 10 344 2-4-6-7-8-10
2 11 511 2-4-6-7-8-10-11
2 12 738 2-4-6-7-8-10-11-12
2 13 661 2-4-6-7-8-10-13
2 14 762 2-4-6-7-8-10-13-14
2 15 730 2-4-6-7-9-3-15
2 16 891 2-4-6-7-9-3-16
2 17 1250 2-4-6-7-9-3-15-17
2 18 912 2-4-6-7-9-3-18
2 19 1225 2-4-6-7-9-3-18-19
2 20 1325 2-4-6-7-9-3-16-20
2 21 1162 2-4-6-7-9-3-18-21
3 1 536 3-1
3 2 574 3-9-7-6-4-2
3 4 534 3-9-7-6-4
3 5 607 3-9-7-6-5
3 6 458 3-9-7-6
3 7 380 3-9-7
3 8 390 3-9-7-8
3 9 272 3-9
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3 10 530 3-9-7-8-10

3 11 697 3-9-7-8-10-11
3 12 476 3-16-12

3 13 553 3-16-12-13

3 14 619 3-16-12-14

3 15 156 3-15

3 16 317 3-16

3 17 676 3-15-17

3 18 338 3-18

3 19 651 3-18-19

3 20 751 3-16-20

3 21 588 3-18-21

4 1 129 4-2-1

4 2 40 4-2

4 3 534 4-6-7-9-3

4 5 83 4-5

4 6 76 4-6

4 7 154 4-6-7

4 8 164 4-6-7-8

4 9 262 4-6-7-9

4 10 304 4-6-7-8-10

4 11 471 4-6-7-8-10-11
4 12 698 4-6-7-8-10-11-12
4 13 621 4-6-7-8-10-13
4 14 722 4-6-7-8-10-13-14
4 15 690 4-6-7-9-3-15
4 16 851 4-6-7-9-3-16
4 17 1210 4-6-7-9-3-15-17
4 18 872 4-6-7-9-3-18
4 19 1185 4-6-7-9-3-18-19
4 20 1285 4-6-7-9-3-18-20
4 21 1122 4-6-7-9-3-18-21
5 1 211 5-2-1

5 2 122 5-2

5 3 607 5-8-7-9-3

5 4 83 5-4

5 6 159 5-4-6

5 7 227 5-8-7

5 8 217 5-8

5 9 335 5-8-7-9

5 10 357 5-8-10

5 11 524 5-8-10-11

5 12 751 5-8-10-11-12
5 13 674 5-8-10-13

5 14 775 5-8-10-13-14
5 15 763 5-8-7-9-3-15
5 16 910 5-8-10-11-12-16
5 17 1283 5-8-7-9-3-15-17
5 18 945 5-8-7-9-3-18
5 19 1258 5-8-7-9-3-18-19
5 20 1344 5-8-10-11-12-16-20
5 21 1195 5-8-7-9-3-18-21
6 1 205 6-4-2-1

6 2 116 6-4-2

6 3 456 6-7-9-3

6 4 76 6-4

6 5 159 6-4-5

6 7 78 6-7
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6 8 88 6-7-8

6 9 186 6-7-9

6 10 228 6-7-8-10

6 11 395 6-7-8-10-11
6 12 622 6-7-8-10-11-12
6 13 545 6-7-8-10-13
6 14 646 6-7-8-10-13-14
6 15 614 6-7-9-3-15
6 16 775 6-7-9-3-16
6 17 1134 6-7-9-3-15-17
6 18 796 6-7-9-3-18
6 19 1109 6-7-9-3-18-19
6 20 1209 6-7-9-3-16-20
6 21 1046 6-7-9-3-18-21
7 1 283 7-6-4-2-1

7 2 194 7-6-4-2

7 3 380 7-9-3

7 4 154 7-6-4

7 5 227 7-8-5

7 6 78 7-6

7 8 10 7-8

7 9 108 7-9

7 10 150 7-8-10

7 11 317 7-8-10-11
7 12 544 7-8-10-11-12
7 13 467 7-8-10-13
7 14 568 7-8-10-13-14
7 15 536 7-9-3-15

7 16 697 7-9-3-16

7 17 1056 7-9-3-15-17
7 18 718 7-9-3-18

7 19 1031 7-9-3-18-19
7 20 1131 7-9-3-16-20
7 21 968 7-9-3-18-21
8 1 293 8-7-6-4-2-1
8 2 204 8-7-6-4-2

8 3 390 8-7-9-3

8 4 164 8-7-6-4

8 5 217 8-5

8 6 88 8-7-6

8 7 10 8-7

8 9 118 8-7-9

8 10 140 8-10

8 11 307 8-10-11

8 12 534 8-10-11-12
8 13 457 8-10-13

8 14 558 8-10-13-14
8 15 546 8-7-9-3-15
8 16 693 8-10-11-12-16
8 17 1066 8-7-9-3-15-17
8 18 728 8-7-9-3-18
8 19 1041 8-7-9-3-18-19
8 20 1127 8-10-11-12-16-20
8 21 978 8-7-9-3-18-21
9 1 391 9-7-6-4-2-1
9 2 302 9-7-6-4-2

9 3 272 9-3

9 4 262 9-7-6-4
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9 5 335 9-7-8-5

9 6 186 9-7-6

9 7 108 9-7

9 8 118 9-7-8

9 10 258 9-7-8-10

9 11 425 9-7-8-10-11

9 12 652 9-7-8-10-11-12
9 13 575 9-7-8-10-13

9 14 676 9-7-8-10-13-14
9 15 428 9-3-15

9 16 589 9-3-16

9 17 948 9-3-15-17

9 18 610 9-3-18

9 19 923 9-3-18-19

9 20 1023 9-3-16-20

9 21 860 9-3-18-21

10 1 433 10-8-7-6-4-2-1
10 2 344 10-8-7-6-4-2
10 3 530 10-8-7-9-3

10 4 304 10-8-7-6-4

10 5 357 10-8-5

10 6 228 10-8-7-6

10 7 150 10-8-7

10 8 140 10-8

10 9 258 10-8-7-9

10 11 167 10-11

10 12 394 10-11-12

10 13 317 10-13

10 14 418 10-13-14

10 15 686 10-8-7-9-3-15
10 16 553 10-11-12-16
10 17 1206 10-8-7-9-3-15-17
10 18 868 10-8-7-9-3-18
10 19 1104 10-11-12-16-20-19
10 20 987 10-11-12-16-20
10 21 1118 10-8-7-9-3-18-21
11 1 600 11-10-8-7-6-4-2-1
11 2 511 11-10-8-7-6-4-2
11 3 697 11-10-8-7-9-3
11 4 471 11-10-8-7-6-4
11 5 524 11-10-8-5

11 6 395 11-10-8-7-6
11 7 317 11-10-8-7

11 8 307 11-10-8

11 9 425 11-10-8-7-9
11 10 167 11-10

11 12 227 11-12

11 13 237 11-13

11 14 338 11-13-14

11 15 853 11-10-8-7-9-3-15
11 16 386 11-12-16

11 17 1373 11-10-8-7-9-3-15-17
11 18 1035 11-10-8-7-9-3-18
11 19 937 11-12-16-20-19
11 20 820 11-12-16-20
11 21 1111 11-12-16-20-21
12 1 827 12-11-10-8-7-6-4-2-1
12 2 738 12-11-10-8-7-6-4-2
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12 3 476 12-16-3

12 4 698 12-11-10-8-7-6-4
12 5 751 12-11-10-8-5
12 6 622 12-11-10-8-7-6
12 7 544 12-11-10-8-7
12 8 534 12-11-10-8
12 9 652 12-11-10-8-7-9
12 10 394 12-11-10

12 11 227 12-11

12 13 77 12-13

12 14 143 12-14

12 15 632 12-16-3-15
12 16 159 12-16

12 17 1152 12-16-3-15-17
12 18 814 12-16-3-18
12 19 710 12-16-20-19
12 20 593 12-16-20

12 21 884 12-16-20-21
13 1 750 13-10-8-7-6-4-2-1
13 2 661 13-10-8-7-6-4-2
13 3 553 13-12-16-3
13 4 621 13-10-8-7-6-4
13 5 674 13-10-8-5

13 6 545 13-10-8-7-6
13 7 467 13-10-8-7

13 8 457 13-10-8

13 9 575 13-10-8-7-9
13 10 317 13-10

13 11 237 13-11

13 12 77 13-12

13 14 101 13-14

13 15 709 13-12-16-3-15
13 16 236 13-12-16

13 17 1229 13-12-16-3-17
13 18 891 13-12-16-3-18
13 19 787 13-12-16-20-19
13 20 670 13-12-16-20
13 21 961 13-12-16-20-21
14 1 851 14-13-10-8-7-6-4-2-1
14 2 762 14-13-10-8-7-6-4-2
14 3 691 14-12-16-3
14 4 722 14-13-10-8-7-6-4
14 5 775 14-13-10-8-5
14 6 646 14-13-10-8-7-6
14 7 568 14-13-10-8-7
14 8 558 14-13-10-8

14 9 676 14-13-10-8-7-9
14 10 418 14-13-10

14 11 338 14-13-11

14 12 143 14-12

14 13 101 14-13

14 15 775 14-12-16-3-15
14 16 302 14-12-16

14 17 1295 14-12-16-3-15-17
14 18 957 14-12-16-3-18
14 19 853 14-12-16-20-19
14 20 736 14-12-16-20
14 21 1027 14-12-16-20-21
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15 1 692 15-3-1

15 2 730 15-3-9-7-6-4-2
15 3 156 15-3

15 4 690 15-3-9-7-6-4
15 5 763 15-3-9-7-8-5
15 6 614 15-3-9-7-6
15 7 536 15-3-9-7

15 8 546 15-3-9-7-8

15 9 428 15-3-9

15 10 686 15-3-9-7-8-10
15 11 853 15-3-9-7-8-10-11
15 12 632 15-3-16-12
15 13 709 15-3-16-12-13
15 14 775 15-3-16-12-14
15 16 473 15-3-16

15 17 520 15-17

15 18 494 15-3-18

15 19 807 15-3-18-19
15 20 907 15-3-16-20
15 21 744 15-3-18-21
16 1 853 16-3-1

16 2 891 16-3-9-7-6-4-2
16 3 317 16-3

16 4 851 16-3-9-7-6-4
16 5 910 16-12-11-10-8-5
16 6 775 16-3-9-7-6
16 7 697 16-3-9-7

16 8 693 16-12-11-10-8
16 9 589 16-3-9

16 10 553 16-12-11-10
16 11 386 16-12-11

16 12 159 16-12

16 13 236 16-12-13

16 14 302 16-12-14

16 15 473 16-3-15

16 17 993 16-3-15-17
16 18 655 16-3-18

16 19 551 16-20-19

16 20 434 16-20

16 21 725 16-20-21

17 1 1212 17-15-3-1

17 2 1250 17-15-3-9-7-6-4-2
17 3 676 17-15-3

17 4 1210 17-15-3-9-7-6-4
17 5 1283 17-15-3-9-7-8-5
17 6 1134 17-15-3-9-7-6
17 7 1056 17-15-3-9-7
17 8 1066 17-15-3-9-7-8
17 9 948 17-15-3-9

17 10 1206 17-15-3-9-7-8-10
17 11 1373 17-15-3-9-7-8-10-11
17 12 1152 17-15-3-16-12
17 13 1229 17-15-3-16-12-13
17 14 1295 17-15-3-16-12-14
17 15 520 17-15

17 16 993 17-15-3-16
17 18 542 17-18

17 19 855 17-18-19
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17 20 972 17-18-19-20
17 21 792 17-18-21

18 1 874 18-3-1

18 2 912 18-3-9-7-6-4-2
18 3 338 18-3

18 4 872 18-3-9-7-6-4
18 5 945 18-3-9-7-8-5
18 6 796 18-3-9-7-6
18 7 718 18-3-9-7

18 8 728 18-3-9-7-8

18 9 610 18-3-9

18 10 868 18-3-9-7-8-10
18 11 1035 18-3-9-7-8-10-11
18 12 814 18-3-16-12
18 13 891 18-3-16-12-13
18 14 957 18-3-16-12-14
18 15 494 18-3-15

18 16 655 18-3-16

18 17 542 18-17

18 19 313 18-19

18 20 430 18-19-20

18 21 250 18-21

19 1 1187 19-18-3-1

19 2 1225 19-18-3-9-7-6-4-2
19 3 651 19-18-3

19 4 1185 19-18-3-9-7-6-4
19 5 1258 19-18-3-9-7-8-5
19 6 1109 19-18-3-9-7-6
19 7 1031 19-18-3-9-7
19 8 1041 19-18-3-9-7-8
19 9 923 19-18-3-9

19 10 1104 19-20-16-12-11-10
19 11 937 19-20-16-12-11
19 12 710 19-20-16-12
19 13 787 19-20-16-12-13
19 14 853 19-20-16-12-14
19 15 807 19-18-3-15
19 16 551 19-20-16

19 17 855 19-18-17

19 18 313 19-18

19 20 177 19-20

19 21 408 19-20-21

20 1 1287 20-16-3-1

20 2 1325 20-16-3-9-7-6-4-2
20 3 751 20-16-3

20 4 1285 20-16-3-9-7-6-4
20 5 1344 20-16-12-11-10-8-5
20 6 1209 20-16-3-9-7-6
20 7 1131 20-16-3-9-7
20 8 1127 20-16-12-11-10-8
20 9 1023 20-16-3-9

20 10 987 20-16-12-11-10
20 11 820 20-16-12-11
20 12 593 20-16-12

20 13 670 20-16-12-13
20 14 736 20-16-12-14
20 15 907 20-16-3-15
20 16 434 20-16
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20 17 972 20-19-18-17
20 18 430 20-19-18
20 19 117 20-19
20 21 291 20-21
21 1 1124 21-18-3-1
21 2 1162 21-18-3-9-7-6-4-2
21 3 588 21-18-3
21 4 1122 21-18-3-9-7-6-4
21 5 1195 21-18-3-9-7-8-5
21 6 1046 21-18-3-9-7-6
21 7 968 21-18-3-9-7
21 8 978 21-18-3-9-7-8
21 9 860 21-18-3-9
21 10 1118 21-18-3-9-7-8-10
21 11 1111 21-20-16-12-11
21 12 884 21-20-16-12
21 13 961 21-20-16-12-13
21 14 1027 21-20-16-12-14
21 15 744 21-18-3-15
21 16 725 21-20-16
21 17 792 21-18-17
21 18 250 21-18
21 19 408 21-20-19
21 20 291 21-20

4. Conclusion

The Floyd-Warshall algorithm has been efficient in finding the shortest route and distances in
Nigeria. It can be concluded that network analysis is a tool capable of designing the best
possible ways of enhancing our daily life problems.
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