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DEVELOPEMENT OF ANT COLONY OPTIMIZATION SOFTWARE A
SOLID WASTE MANAGEMENT SYSTEM.

ABSTRACT

In this paper a Decision Support System namw@st colSoftis developed by

employing dynamic programming and swarm intelligenmodel encoded in Visual
Basic Studio 10.0. Solved solutions from literatsirevere used to validate the
developed decision support system. The results ioketh from these validation
presented an average error margin of 2.58% when paoed with that from

literature. Also, in order to present the scalatyilof the swarm intelligence model
employed in the developed decision support systemnvas used as a decision tool to
analyze the collection of solid waste of the Unisiy of Port Harcourt three
campuses as a whole, unlike recent publication whierwas analyzed Campus-wise.
The resultant optimal path from the analysis prdesdna total distance of 15,682m
saving a total distance of 17.15m when comparedhwdther route options.

Additionally, an Evolutionary Algorithm in MicrosofExcel 2013 was applied to the
University of Port Harcourt four campus segments ahe results were compared
with those of the Proposed model. The percentageorermargin between

Evolutionary Algorithm and the Proposed model pmdin ranges from -0.34 to
11.27. The Proposed models was able to achievemupti value with minimum

number of iterations in all cases and this is anatdage.

Key Words: Decision Support System, W8st colSoft, arm Intelligence,
Dynamic Programming.

1. INTRODUCTION

Decision support systems are exclusive class of motarized information system
that registers valuable information from primary tda documents personal
knowledge and models used as a tool to identifylveoproblems and suggest
appropriate decisions in a structured and logicalywased on scientific facts [1].
Decision Support Systems also referred to agstem analysis platforr{2] can be
considered as computer-based systems developed stosta decision makers in
problem solving by employing combination of simulkat models (SMs), expert
systems(ESs) and geographic information systemsSj§{3]].

Chang and Wang [4] made the first attempt to introe decision support system as a
tool to aid management in planning of solid wastellection, recycling and
incineration system. Abeliotis and Others [5] grewdp Decision Support Systems
(DSS) developed for solid waste management into tadn categories:

i. DSS based on applied mathematics, emphasizes agpdit of statistical,
optimisation or simulation modelling; and

ii. DSS that provides specific problem solving expeatistored as facts, rules,
and procedures.
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Abeliotis and Others [5] further recognised thaeté are other DSS that use hybrid
approaches in providing insights toward efficiemtiid waste management system.

From researches [6, 7, 8, 9, 10], the developmeit alecision support system to
optimize the collection of solid waste which guladout 60 - 95% of the total
finance budgeted by waste management agencies avdl management in making
cost effective decisions and plans.

2. DEVELOPMENT OF DECISION SUPPORT TOOL ( W8st colSoft)

The development of the decision support tobl§st colSoftinvolved the
application of Floyd-Warshall’s Algorithm (a dynamprogramming model) and Ant
Colony Optimization Algorithm (a swarm intelligenaeodel).

2.1 Floyd-Warshall’s Algorithm (Dynamic Programming)

Dynamic programming is a numerical programming noethcommonly used in
solving complex problems optimally piece-wise. Itorabines knowledge of
immediate penalty of a decision at hand with knodde of the future penalties
resulting from the immediate decision. It is both mathematical optimization
method and a computer programming method [11]. Tinsnerical technique can be
applied to any problem that requires decisions te mmade in stages with the
objective of finding a minimal penalty decision patay [12].

A problem must possess an optimal substructure; anerlapping sub-problems for
it to be solved using dynamic programming algorithiAn optimal substructure
entails that the solution to the optimization preiml can be obtained by the
combination of the optimal solution of its sub-ptems. Overlapping sub-problems
means that any recursive algorithm solving a subbpem should be able to solve
the other sub-problems instead of generating anothew algorithm for the other
sub-problems. Dynamic programming has two basic rapphes for its
implementation; the top-down approach and the ‘bottom-up approach[13]. The
basic steps in developing a dynamic programmingoéalkgm are:

a) Characterize the structure of an optimal solution;

b) Recursively define the value of the Optimal solutjo

c) Compute the value of the optimal solution, usually a bottom-up
approach; and

d) Construct an optimal solution from computed infortnoa.

Flyod-Warshall’s algorithm is a dynamic programmimgethod and it is an algorithm

that usually operates on graphs [13]. Its penalaydtion is the distance between
pairs of nodes in a given weighted grafh f (V, E). The optimal solution of the

sub-problems is to obtain the shortest distancewken pair of nodes in the given
weighted graph. The associated distance betweenntitees in the graph represents
the weighted function for the edges.

In the model development of this research, the nodgresents solid waste
collection points and dumpsites while the weightlthction for the edges which
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connects the nodes represents the relative distaheeween the solid waste
collection points and dumpsites.

2.1.1 Developing a Dynamic Program for Shortest-Route Prblem using Flyod-
Warshall’s Algorithm

The various steps involved in developing a dynamiogram for shortest —route
problem using Floyd-Warshall's Algorithm includes:

Step 1- Structure Characterization:
Assume that the nodes of a given weighted gré&ph f (V, E) are
v={1,2,3,...,n)
Let a subset of some nodes sldy {1, 2, 3, ... ,k}.

For any pair of nodes, j OV, consider all paths from to j with intermediate
nodes belonging to the subset {1, 2, 3, .k}and let the minimum weight path
among these nodes lpe

Floyd-Warshall’s algorithm works in a way that ik@oits the relationship that
exist between the minimum weighted paphand the shortest paths fromto |

with all the intermediate nodes in the subset {1,32 ... ,k}. The relationship
constraint is on the condition df being an intermediate node of the patlor
not:

i If kis not an intermediate node of paphthen all intermediate nodes of
path p are elements of the set {1, 2, 3, ..ks1). Thus, a shortest path
from nodesi to j with all intermediate nodes in the set {1, 2, 3, ,.k-
1} is also a shortest path fromto j with intermediate nodes in the set
{1, 2, 3, ... ,k}.

ii. If kK is an intermediate node of path then the patlp is broken down or
say decomposed into two pafh andp,, where p;=i ~=k and p = k
~=+ |. That is pathp will then be:

p=p1+p2=i’wk’wj

It follows thatp; is the shortest path fromto k having all intermediate
nodes as elements of the set {1, 2, 3, .k-1},also p2 is the shortest
path from k to j with all intermediate nodes in thet {1, 2, 3, ... k-1}.

Step 2- Definition of the value of the optimal solutioecursively:

From noded toj for which all intermediate nodes are elementstod set {1,
2,3, ... .k} let dg’} be the weight factor. Whek= 0, the path from nodeisto |
has no intermediate nodes numbered higher than Gnplies that such path
has at most one edge and hend{';"?= w;, Where:wis the value of the weight
factor with respect to the edge between nodé&s;j.
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Defining d:'} recursively with respect to the above statemenitl$ be:

W, if k= 0.

, L
d" = . (k-1) (k—1) (k—1) .
J min (dij Lod T+ dk_;‘ ) if e =1.

(1)

Note: For any path, all intermediate nodes are e&ets in the set {1, 2,
3, ..., n}, hence the matrip™ =(d';j"} )gives the final solution:

d.’=5(i , j) for alli ,jOV.
Step 3— Compute the value of the optimal solution (bottep approach):

Using Equation (1), compute the valuesdi:f} in order of increasing values

of k using the bottom up approach (Table 1). The inps¢d by this approach
is an Xnmatrix W is presented as Equation (2):

0 ifi=j,
w, = the weight of directed edge (i.j) ifi +=jand (ij)EE, (2)
oo ifi #jand (i,j) £E.

Note: From Equation (2) it follows that if there iso direct path
connecting nodes to j the weight of the edge between the nodes
= oo (or say NIL).

Table 1 Final computation of the value of the opail solution.
Inputinitial n % n matrix W (see Equation (2))
D= w
for k=1 ton
letD®= (@* ) be a newn x n matrix

fori=1 ton

forj=1 ton
(k) _ . [ k—1) [k—1) (k—1)
di}. = mln(di}. . dik + dk}. J
ReturnD™ (optimal solution i.e. Matrix of pairs of shortegath weigh}.

Step 4— Construction of Optimal Solution:

The optimal solution is constructed based on themmpoted information from
step 3 The pseudo code for the construction of the opdimolution is
presented in Table 2. The code assumes an inpythgod N nodes.

Table 2: Pseudo code for Optimal Solution Constran
Start
fori=1toN
forj=1toN
if there is an edge from i to j

ol
d[j = wy
else
dli?}: o0

i
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fork=1te N

fori=1toN
forj=1te N
k. (k—1) L ik—1) (k—1)
r:f,ij. = min (r:f,ij. , dik + r:f,kj_ )

End
2.2 Swarm Intelligence (SI)

Swarm Intelligence is a group of computational ihgence that represents
algorithms developed or modeled from the study wfaeming behaviors in nature
such as the social behavior of organisms in swafm][ It uses group of simple
individuals to solve complex problems through simpand binary interactions.
Swarm Intelligence has a goal to design intelligemalti-agent systems by taking
inspiration from the collective behavior of sociaisects, for example, the social
and foraging behavior of ants in colonies; the beelony; the graceful, but
unpredictable, choreography of bird flocks; schadl fish; and aggregating slime
molds. Swarm Intelligence algorithms are most usdéu problems that are dynamic
in nature and are amendable to an agent based dexsithon.

2.2.1 Ant Colony Optimization (ACO)

Biologists have proven that the self-organizing aeior of social insects can be
presented through simple models using ostigmergicinteraction [15]. Ant colony

optimization involves a colony of artificial antshwch are abstractions from the
behavioral traits of real ants cooperating in findi better solutions to different
discrete optimization problems. The similaritiestveen real ants and artificial ants
which is exploited in ACO [16] include:

i. The use of a colony of cooperate individual inteding a better global
solution to the problem/task under consideration;

ii. The use of artificial pheromone trail f@tigmergicinteraction;

iii.  The use of a local move to find the shortest patdiween the origin
(nest) and the destination (food site); and

iv. ~The use of a probabilistic decision policy to movierough adjacent
nodes.

The Ant Colony Optimization algorithm has two basiemponents [17]:
i. Pheromone trail on ard,(j),z; ; and

ii.  Heuristic value of arci( j),nij. This has to do with the desirability of
the arc.

In ant colony optimization algorithm, every step which all the ants involved in
the problem solution achieves a feasible solutienreferred to as arteration. The
flow chart for the Ant Colony Optimization algorith used for the development of
the decision support systenW@st colSoft is presented in Figure 1. With reference
to the developed decision support system, each nodée program represents waste
collection point/dumpsite while the connecting ampresents the route connecting
two collection points/dumpsites.
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The program commences with the specification of #aeious variablesd, g, p, n).
o & f are positive parameters assigned values 1 & 2 eeipely to control the
relative weight of pheromoneinformation {jj. p is the pheromoneevaporation
parameter which usually ranges betwe@rto 1 but for the case of the developed

decision support system was assigned the valu®.6f n represents the number of
waste collection points (nodes).
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START

VAR: a, B, p, n
v

Compute initial pheromone for each arc(7o)

v

Input relative nodal distances(d;;)

v

Compute pairs of shortest distances for
each node via Floyd-Warshall’sAlgorithm

v

Compute heuristic values for each arcXj)

.
1 ]
A

\

Compute probability of choosing adjacent

nodes taking each node at a time P:)

v

Update Ant’s tabu list

v

Compute total tour length (L) for each ant

v

Compute pheromone trail update for each arc(7ij)

'

Is it First Yes

Iteration?

Is there any stable node
with minimum Tour
Length/ convergence?

Figurel: Flow Chart of ACO algorithn[17]
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3. DESCRIPTION OF THE DEVELOPED DECISION SUPPORT SYSTEM

The input data used by the developed decision suppystem is mainly the

distances/positions of solid waste collection paeidiumpsites. The decision support
system employs mainly two models (Dynamic programgiimodel and Swarm

intelligence model) encoded in Visual Basic Stud010. The developed decision
support system has the property that supports tmgoirtation of files (usually maps

of road network) with file extension dpg, jpeg bmp, andpng which could be used

as the background to aid the easy location of wastdection points/dumpsites.

These collection points are connected with straighes which when right clicked

on opens a property table where the relative disearf the connecting route

between the waste collection points are enterede (§eégure 2). This property

includes the route name (or street name), the redatistance (in metres) between
collection points, the traffic flow direction thrgh the route (that is, one way or
two way traffic flow direction(s)).

Fi
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Figure 2: Display Screen of Decision Support Systwhen performing an analysis

The tool bar consists of icons (from left to rightyhose properties include,
selection of elements, placement of collection geindeleting of elements, number
of iterations and colour assignment for collectigroints, connecting arc and
background input properties. Also on the far endtbé display screen is a table
being formed as the collection points are placed assigned properties (see Figure
2).

3.1 Solving a Hypothetical Problem UsingW8st col Soft

A sketch of the road network of an estate (Figunewdth solid waste collection

points labeled 1-5 is presented and the managemétnhe estate wants to make the
best decision on how to effectively collect the islolwaste generated within the
proposed estate.
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Given: Distance between collection points

Point 1 - Point 2 = 65m
Point 2 — Point 3 = 45m
Point 3 — Pont 4 = 50m
Point 1 — Point 5 = 80m
Point 4 — Point 5= 65m
a=1;p=2;and p=0.5
where a and fp = weighting constants 5

p = pheromone evaporation constant
Figure 3: Road Network of Hypothetical Estate witlaste collection points

The following step will take one through the basias applying W8st colSoftin
solving a problem.

Step 1 Call up the Decision Support System from the inktdlprogram on your
computer desk top by double clicking;

Step 2: Import map of proposed problem area and insert dbdection points (see
Figure 4);

File  View

IR N O O A [ X Mumberof lteration Map l

Backgroud Color [

e R T
% il e 202016

Figure 4:‘:'Scree shot of w8st colSoft with map lpimported

Step 3:Insert the connecting arc to the collection poidt®,...,5 and left click once
and right click also on the connecting arc to opeproperty box where the
details of the arc will be inserted in terms of Wisce, collection points at
its end and beginning, the nature of the routetifsia one way traffic route
or a two way(see Figure 5).Note for this analysie tdirection of traffic
flow is assumed to be two way; and

Step 4:Click on the View Tab on the Menu bar to view thesults of the analysis
with respect to the computed initial pheromone, uhprelative nodal

9



273 distances, computed pairs of shortest distancesmpaded heuristic values

274 for each arc, and the Computed tour path (see Fd)r

Vi x

File View

IRCN O O A O X Number of iteration Map ~ Red - =
Name Starts Node Ends Node Distance Direction
Edgel |1 2 &5 Cne way
Edge3 |1 2 Infinity | Cne way
Edged |3 4 Infinity | Gne way
Edges |4 5 Infinity | One way
Edges |1 5 Infinity | Two way

2 3

B
/
275 - g - Heo | Sl Lo

276 Figure 5: Screen shot with collection points beirgpnnected and assigned
277 properties with respect to the connecting road reky

Ends Node [2

Direction | One way -]

Delete One way
| Two way

File | View

LY Initial Pheromone f Iteration Map ~ Red
Name Starts Node Ends Node Distance Direction
Edgel |1 E 65 Two way
Eage2 |2 a5 Two way
Edges |3 4 50 Two way
Edges |4 5 65 Two way
Edges |1 5 20 Two way

278 8 ol = 5 e ) el
279 Figure 6: Screen shot with a drop down menu on hasu outputs from analysis.

280 The resultant outputs from the developed decisiopport system\({V8st colSoft for
281 the hypothetical problem is presented along witle ttnanual calculation for the
282 problem inAppendixes A1l &A2

283
284
285
10



286 4. RESULTS AND DISCUSSION
287 4.1 Results

288 In order to validate the accuracy of the developeddel (w8st colSoft), it was
289 necessary to employed illustrative example probleinem textbook, case study
290 from literature (University of Port Harcourt exang)| and a typical example taken
291 from Microsoft Excel 2013. The first example probleexemplified the application
292 of dynamic programming in finding the shortest @iste between two or more
293 nodes [18]; whereas the case study problem was tedbpo compare simulated
294 result and manually computed result based on thmesgrinciple. However, an
295 Evolutionary Algorithm in Microsoft Excel 2013 waspplied to the University of
296 Port Harcourt four campus segments and the reswdse compared with those of
297 the Proposed modemw@8st colSoft. The simulated results from both models are as
298 presented later in the discussion section.

299 The first illustrative example problem taken from taxtbook [18] was used to
300 validate the accuracy of the developed decisionpsup system {8st colSofit (see
301 Figure 7). The resultant output with regards to #dyplication of Flyod-Warshall’'s
302 algorithm (dynamic programming) is presented Table 3. Also in validating the
303 DST (Decision Support Tool) as regards decisionaid the optimization of solid
304 waste collection, a second solved example probleme(Figure 8) from a research
305 publication [19] was used and the results are assented inTable 4 Furthermore,
306 the developed DST was applied to aid decision tbimmjze the solid waste route for
307 the University of Port Harcourt as illustrative eample 3 [17] and a plot of the
308 resultant output is presented in Figure 9. The dated results using evolutionary
309 algorithm and the proposed model for University Bbrt Harcourt four campus
310 segments are as presented in Table 4 Rimdires 11a-d

File View
\ N O O A O X Numberof iteration 3 LightGray ~ Red
| Name Staris Node Ends Nede Distance Direction |
| Edged |1 3 10 Two way
| Edges |3 5 15 o]
| Edges |5 4 4 T
EdgeT 2 5
Edget |2 1 3
Edge? |3 4 5

=

311 : - =

312 Figure 7: Screen shot of Developed Decision Syssmwing the analysis for the
313 validation using solved example from Textbook withegards to Dynamic
314 Programing model.
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315 Table 3: Output fromW8st colSoftusing data from Textbook exercise [17].

Location Model MNode? MNode3 Moded Mode5

Model (0 3 10 a 12
Mode2 (3 0 11 5 9
Mode? |10 11 0 6 10
Moded (8 5 [ 0 4

316  Meded |12 g 10 4 0
F!\ N GOAH X Nomber of teraton - Be

Name Starts Node EndsNode Distance Direction
Edget |1 2 65 Two way
Edge? 5 Two way
Edge3 50 Two way
Edged 65 Two way
8 Two way
Two way
55 Two way
75 Two way

m
1y
he
L
o |& = o &= e
—[w o m]|=[= o [=]=
=
s

70 Two way
50 Two way

317

318 Figure 8: Screen shot dW8st colSoftshowing the analysis for the validation using
319 solved example from Publication [19] with regarde Ant Colony Optimization
320 Algorithm

321 Table 4:W8st colSoftoutput using data from research publication [19tharegards
322 to Ant Colony Optimization Algorithm as input data.

Output Values No. of iterations
Researcl

Publication 215m 5

W8st colSoft 215m 2

Error 0 -

323
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8000

7342.56m

7000 B Solved Publication

000 B \W8st colSoft 5830.25m
. B Observed Collection Practice
- ! 3955.07m
z 5000 3996.67m 3208.92m | 1
= 3055.1m
] 2740.56m
7 4000 . 3562.67m
=) 511m
14
= 3000 2740.68m
=]
o

55
324 Choba Park Delta Park Univ. Park (Section 1) Univ. Park (Sectian 2)

325 Figure 9: Plot of the Optimal route distance on Uersity of Port Harcourt 3
326 campuses usiniV8st colSoftand results of analysis from published literature.

327 In an attempt to present the advantage of the dmved decision support system
328 (W8st colSoft over the analysis made in earlier publication J[1fie solid waste
329 collection at the University of Port Harcourt threampuses clustered together is
330 analyzed as a whole (instead of campus by campas)fgure 10))

|1|

\

| VR VS /. 4

B o
il

Loway J,f“"«‘\.{' J’I:’“:q‘

T

[ SRrr—.

331

332 Source: Bovwe and Nwaogazie [17]

333 Figure 10: Road Network of the University of Portaldourt showing solid waste
334 collection points.
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The resultant final optimized route for the collemt of the generated solid waste
within the University takes patf{see Appendix A)

53=>62=>60=>61=>56=>58=>59=>57=>55=>54=>52=>51=>50=>49=>48=>4
T=>46=>45=>44=>43=>42=>40=>38=>37=>36=>39=>41=>31=>32=>33=>34
=>35=>30=>13=>28=>14=>17=>24=>23=>22=>18=>16=>19=>20=>21=>25
=>26=>27=>29=>15=>1=>2=>3=>4=>11=>12=>10=>7 =>5=>6=>9=>8

Table 5: Simulated Outputs of Observed, Evolutionary Algorithm, Proposed
smodel and Literatures

(2) (4) (5) % Error
ampuses ollection iterature ) =
Practice colSoft | Algorithm Cal5
Choba Par 2641 1703.34 |1709.08 1703.34 -0.337
Delta Parl 3996.67 2740.68 |2740.56| 2702.64 -1.403
Univ. Park

(Section 1) 7342.56 3562.67 |3208.92| 3019.03 -6.290
Univ. Park

(Section 2) 5830.25 3955.1 |3955.07| 4457.18 11.265

* Microsoft Excel 2013 Journal Article [17]
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Unipark Section 1
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YEA = Evolutionary Algorithm*PM = Proposed Model (w8st colSoft)
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e Evlutionary Algorithm
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W8st colSoft
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No. of Iterations

b). EA versus PM for Delta Campus
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d). EA¥ versus PM for Unipark Campus Section 2

Figure 11 Plots of No. of Iterations against Output fovdtutionary Algorithm and
proposed model.
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4.2 Discussion

The application ofw8st colSoftin solving the hypothetical problem when compared
with the stress involved in doing the manual caltudn (see Appendixes Al & A2)
presents a better approach in solving the probleith wase and a higher degree of
precision especially when dealing with a more coexphetwork of waste collection
problem.

The result from the validation of the developed idé@n support system\8st
colSof) using example from literature (see Table 4) yeddthe same result (215m)
at its 2'% iteration unlike the analysis from literature whiconverged on its ‘B
iteration. Also as presented in Figure 10, the dem support system W8st
colSof) was validated using another publication from ftdture on the optimization
of solid waste collection from the University of RoHarcourt. The simulated
output from the developed decision system when cared with those from the
literature yielded error margins of 0.34, 0.04, 3.%nd 0.00076% for Choba Park,
Delta Park and the University Park (sections 1 &2mpuses, respectively.

The simulated output from the developed decisiopmut system \(W8st colSofit
when used as a tool to aid the choice for the optimouting of solid waste
collection within the University of Port Harcourtombining the three Campuses
together instead of taking them individually presedh an optimal path distance of
15,682m (Node 53) saving a total distance of 17.1&imen compared with other
route options(see Appendix B)

To add value to the validation of the proposed mloidevas necessary to compare
results from evolutionary algorithm applied to thlmiversity of Port Harcourt four
campus segments. Both models were allowed to itengd to 80No. iterations and
from Figures l1lla-d the evolutionary simulated résushowed early fluctuations
between first and thirty iterations before achieyistable and optimum values.
However, the proposed model was more stable andeaeld optimum solution in
less than five iterations. Apparently, the proposeddel has an advantage in
stability and small number of iterations for optimusolution. At the optimum
solution for each of the four campus segments thercpntage error between
evolutionary algorithm and proposed model is betwe®.34 and 11.27. Table 5
equally confirms the close agreement between tisallts of the proposed model and
those from literature [17]. The reference point Trable 5 is the observed data
(collection practice) that is useful in comparindgl ahe simulated options, their
effectiveness and the principles in which the msdate constructed.

5 CONCLUSION
Based on the study carried out the following corsitilns can be drawn:

i. The proposed modelW8st colSoft)makes suggestions of various routes that
could be taken with the path gained as a resul¢adh choice.

ii. The developed model is a very handy tool in thei@&nt management of
solid waste using dynamic and swarm intelligencedelo

15
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Vi.

Comparison of simulated results using the field ddions of the University

of Port Harcourt four campus segments using evolwary algorithm,

proposed model, observed field collection practigeference values) and
literature confirmed the proposed model as verybbtawith small number of
iterations to achieve optimum values;

The evolutionary algorithm suffers early instabylitbetween the first and
thirty iterations before achieving steady conditioith optimum;

The percent error in the simulated results witpolaitionary algorithm and
proposed model are between -0.34 and 11.27; and

The proposed model is a veritable tool for effeetisolid waste collection
and it has shown comparative advantage over evohary algorithm in
stability and speed of (small number of iterations) achieve optimum
values.
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APPENDIX A

Al: MANUAL CALCULATION OF HYPOTHETICAL PROBLEM

The table of relative distance is formed using theen data on the distances
between nodeg¢see Table Al).

Table Al: Initial relative distances between nebmllection points

1 2 3 4 5
1 65 infinity | infinity 80
2 65 0 45 infinity | infinity
3 infinity 45 0 50 infinity
4 infinity | infinity 50 0 65
5 80 infinity | infinity 65 0
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478 Note: “Nil” is inputted into nodes where there is no direohnectivity. That is, it
479 is assumed that there is a kind of obstruction ew the nodes and as such there is
480 no direct connection between them. Also, it is ased that an ant is placed on each

481 of the nodes. Therefore the initial pheromabge= i , for each node

482 mn — 5; 1y — - — (0.2. Therefore forming a initial pheromone matr{gee Table AR

|

483 Table A2: Initial Pheromoney

1 2 3 4 5
0.2 | 0.2 | 0.2 | 0.2 | 0.2
0.2 | 0.2 | 0.2 | 0.2 |0.2
0.2 | 0.2 | 0.2 | 0.2 | 0.2
0.2 | 0.2 | 0.2 | 0.2 | 0.2
5 0.2 | 0.2 | 0.2 | 0.2 | 0.2
484 Applying Floyd Warshall’s algorithm to compute tipairs of shortest distances (
485 d;;) (see Table A3).

AW o |-

486 Table A3: Pairs of shortest distances between sBode
1 2 3 4 5
1 65 | 110 | 145 | 80
2 65 0 45 95 | 145
3 110 45 0 50 | 115
4 145 95 50 0 65
5 80 145 | 115 | 65 0

487 The Heuristic information;,; computed as presented Trable Adis given byn;; = =

Ay

488 Table A4: Computed Heuristic information
1 2 3 4 5
0 0.015 | 0.009 | 0.007 | 0.013

0.015 0 0.022 | 0.011 | 0.007

0.009 | 0.022 0 0.020 | 0.009

0.007 | 0.011 | 0.020 0 0.015

0.013 | 0.007 | 0.009 | 0.015 0

|| w|n |-

489

490 The probability of an ant making its choice on azgat node to go is given by:

a., B
TijTy;

a.,. B
E:‘_:Mf Tu?}';j

k
491

492 Taking Ant 1: Using the values from Tables 2 & 4, the probabilfoy ant starting
493 at node 1 is:

18



494

495

496

497

498
499
500

501

502

503

504
505
506

507

508

509
510

511

512
513

514
515
516
517

o (0.2)*(0.015)
127 1(0.2)1(0.015)2] + [(0.2)1(0.009)2] + [(02)1(0.007)2] + [(0.2)1(0.013)?]

— 0429

pi _ (0.2)1(0.009)? _ 045t
¥ [(0.2)1(0.015)2] + [(0.2)1(0.009)2] + [(02)1(0.007)2] + [(0.2)1(0.013)?]

pi — (0.2)1(0.007)* — 0.094
* 7 [(0.2)1(0.015)2] + [(0.2)1(0.009)2] + [(02)1(0.007)2] + [(0.2)1(0.013)?]

pi _ (0.2)*(0.013) 0393
57 [(0.2)1(0.015)2] + [(0.2)1(0.009)2] + [(02)1(0.007)2] + [(0.2)1(0.013)2]

From the above solution the node with the highestb@ability (node 2) is obviously
chosen by ant 1 as the adjacent node. From nodbe&probability of ant 1 to
choose the next node is given by:

pi _ (0.2)*(0.022) _ 0740
27 (0.2)1(0.022)2] + [(0.2)1(0.011)7] + [(02)(0.007)3]
) (0.2)*(0.011) }
pl, = . . — = 0.185
0 [(0.2)4(0.022)2] + [(0.2)1(0.011)%] + [(0.2)2(0.007)?]
L (0.2)*(0.001) 0075

Pas = [(0.2)1(0.022)2] + [(0.2)1(0.011)2] + [(0.2)1(0.007)2]

From the above solution the node with the highestb@bility (node 3) is obviously
chosen by ant 1 as the adjacent node. From nodbae3probability of ant 1 to
choose the next node is given by:

(0.2)*(0.020)°

Pss = [(02)100.020)2] + [(02)'(0.009)7]  0°2

- (0.2)*(0.009)* o
-P:;Lél - [(I:I.Ejl(l]_l:ljﬂ:lz] 4 [(D.Ejl(ﬂ_ﬂﬂqjﬂ] = 0.158

From the above resulnhode 4has the highest probability, thus Ant 1 moves from
node 2 to node 3 and to node 4, then finally nod@d&ing the only node left)

Tour path of Ant 1 =1- 2-3 - 4-5

The above analysis is repeated for Ant 2, Ant 3t Amand Ant 5, respectively.
Table A5presents the resultant of the solution.
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518

519

520
521

522

523
524
525
526
527
528
529

530
531

532
533
534
535
536
537

538

539
540
541
542
543
544

545

546
547
548

549
550

551
552
553
554
555
556

557
558

Table A5: Summary of Computation for HypotheticaloBlem

Path
Ant Taken L (m) At
1 1-2-3-4-5 225 2.578
2 2-3-4-5-1 240 2.417
3 3-2-1-5-4 255 2.275
4 4-3-2-1-5 240 2.417
5 5-4-3-2-1 225 2.578
A2: OUTPUT OF HYPOTHETICAL PROBLEM FROM DEVELOPED
DECISION SUPPORT SYSTEM (W8st colSoft) SIMULATION
S G L L L PR L Final Distance Matrix---—------------------- >
Point Nodes
Nodel 0.00 65.00 110.00 145.00 &0.0
Node2 65.00 0.00 45.00 ®%. 145.00
Node3 110.00 45.00 0.00 5D.0 115.00
Node4 145.00 95.00 50.00 ®.0 65.00
Node5 80.00 145.00 115.00 65.00 0.00
Iteration 1
Commmm Pheromone--------------—------- >
Point Nodes
Nodel 0.00 0.20 0.20 0.20 0.20
Node2 0.20 0.00 0.20 0.20 0.20
Node3 0.20 0.20 0.00 0.20 0.20
Node4 0.20 0.20 0.20 0.00 0.20
Node5 0.20 0.20 0.20 0.20 0.00
S R L L PR EE L Path Followed-----------=-----ouomm-- >
Point Nodes Length Path Gain
Nodel 1 2 3 4 5 225.00 2.58
Node2 2 3 4 5 1 240.00 2.42
Node3 3 2 1 5 4 255.00 2.27
Node4 4 3 2 1 5 240.00 2.42
Node5 5 4 3 2 1 225.00 2.58
Commm Minimum Path----------------c-com- >
Point Nodes Length Path Gain
Nodel 1 2 3 4 5 225.00 2.58
Iteration 2
A G L L PR L Pheromone--------------—------- >
Point Nodes
Nodel 0.00 9.95 0.10 0.10 7.21

Node2 9.95 0.00 12.36 0.10 0.10
Node3 0.10 12.36 0.00 10.09 0.10
Node4 0.10 0.10 10.09 0.00 9.95
Node5 7.21 0.10 0.10 9.95 0.00

Point Nodes Length Path Gain
20



559
560
561
562
563

564

565
566

Nodel 1 2 3 4
Node2 2 3 4 5
Node3 3 2 1 5
Node4 4 3 2 1
Node5 5 4 3 2

G e e EEEE Minimum Path
Point Nodes
Nodel 1 2 3 4

RO A~PEO

5

225.00
240.00
255.00
240.00
225.00

Length
225.00

Path Gain
2.58
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NODE

Nodel

Node2

Node3

Node4

Node5

Node6

Node7

Node8

Node9

Nodel0 10

LENGTH

3 4
14 17
44 45
17646.33
4 11
16 19
45 46
17022.12

1 5
20 21
45 46
17339.31
12 10
20 21
45 46
17313.56

9 8
20 21
45 46
17403.77

7 10
20 21
a7 48
17972.34
12 11
14 17
44 45
17652.12

6 5
16 19
45 46
16621.35

5 7
19 20
46 a7
17979.30

5 6
20 21

PATH GAIN

12
23
a7

10
21
48

9
26
48

5
26
48

2
26
48

11
26
50

10

48

25
49

27
49

27
49

27
49

13
51

7

49

26
50

29
50

29
50

29
50

30
52

5

50

13

51

10

51

15

51

11

51

6

51

30

52

12

52

30

52

12

52

APPENDIX B:
OUTPUT FROM DEVELOPED DECISION SUPPORT SYSTEM FORIALYSIS OF UNIVERSITY OF PORT HARCOURT
SOLID WASTE COLLECTION

9

52

32

54

11

54

38
61

37
60

37
60

37
60

37
60

42
53

32

17

23

23

23

32

17

24

23
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43 44 45 46 47 48 49 50 51 52 54 55 57 59 58 56 61 60
41 31 17406.16 15.45

Nodell 11 4 3 2 1 5 6 9 8 7 10 12 13 28 14 17 24 23
16 19 20 21 25 26 27 29 15 30 32 33 34 35 36 39 38 37
43 44 45 46 47 48 49 50 51 52 54 55 57 59 58 56 61 60
41 31 17527.00 15.35

Nodel2 12 11 4 3 2 1 5 6 9 8 7 10 13 28 14 17 24 23
16 19 20 21 25 26 27 29 15 30 32 33 34 35 36 39 38 37
43 44 45 46 47 48 49 50 51 52 54 55 57 59 58 56 61 60
41 31 17445.05 15.42

Nodel3 13 28 14 17 24 23 22 18 16 19 20 21 25 26 27 29 15 30
34 35 36 39 38 37 40 42 43 44 45 46 a7 48 49 50 51 52
57 59 58 56 61 60 62 53 41 31 1 2 3 4 11 12 10 7
9 8 16840.09 15.97

Nodel4 14 28 13 30 32 33 34 35 36 39 38 37 40 42 43 44 45 46
49 50 51 52 54 55 57 59 58 56 61 60 62 53 41 31 15 29
25 21 20 19 16 18 22 23 24 17 1 2 3 4 11 12 10 7
9 8 17091.36 15.74

Nodel5 15 29 27 28 14 17 24 23 22 18 16 19 20 21 25 26 13 30
34 35 36 39 38 37 40 42 43 44 45 46 a7 48 49 50 51 52
57 59 58 56 61 60 62 53 41 31 1 2 3 4 11 12 10 7
9 8 16521.43 16.28

Nodel6 16 19 20 21 25 26 27 29 15 17 14 28 13 30 32 33 34 35
38 37 40 42 43 44 45 46 47 48 49 50 51 52 54 55 57 59
61 60 62 53 41 31 24 23 22 18 1 2 3 4 11 12 10 7
9 8 17075.31 15.75

Nodel7 17 14 28 13 30 32 33 34 35 36 39 38 37 40 42 43 44 45
48 49 50 51 52 54 55 57 59 58 56 61 60 62 53 41 31 15
26 25 21 20 19 16 18 22 23 24 1 2 3 4 11 12 10 7
9 8 17071.68 15.76

Nodel8 18 22 23 24 17 14 28 13 30 32 33 34 35 36 39 38 37 40
44 45 46 a7 48 49 50 51 52 54 55 57 59 58 56 61 60 62
31 15 29 27 26 25 21 20 19 16 1 2 3 4 11 12 10 7
9 8 17203.42 15.64

Nodel9 19 16 18 22 23 24 17 14 28 13 30 32 33 34 35 36 39 38
42 43 44 45 46 a7 48 49 50 51 52 54 55 57 59 58 56 61
53 41 31 15 29 27 26 25 21 20 1 2 3 4 11 12 10 7
9 8 17423.58 15.44

Node20 20 19 16 18 22 23 24 17 14 28 13 30 32 33 34 35 36 39
40 42 43 44 45 46 47 48 49 50 51 52 54 55 57 59 58 56
62 53 41 31 15 29 27 26 25 21 1 2 3 4 11 12 10 7
9 8 17436.05 15.43

Node21 21 20 19 16 18 22 23 24 17 14 28 13 30 32 33 34 35 36
37 40 42 43 44 45 46 47 48 49 50 51 52 54 55 57 59 58
60 62 53 41 31 15 29 27 26 25 1 2 3 4 11 12 10 7
9 8 17028.99 15.80

Node22 22 23 24 17 14 28 13 30 32 33 34 35 36 39 38 37 40 42
45 46 a7 48 49 50 51 52 54 55 57 59 58 56 61 60 62 53
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9
Node23 23
35
59
9
Node24 24
34
57
9
Node25 25
34
57
9
Node26 26
39
56
9
Node27 27
34
57
9
Node28 28
33
55
9
Node29 29
35
59
9
Node30 30
3
60
38
Node31 31
52
18
9
Node32 32
54
18
9
Node33 33

Node34 34
27

18

27

19

42

13

28

28

32

28

15

13

27

a7
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19
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12

51
12
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12

50
12

54
12

50
12

49
12
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12
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45

14
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12

39
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13

13

33

13

30
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29

48

49

20
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52
10
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10
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10

55
10

51
10

50
10

52
10

31
44

17
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10
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32
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13
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743

53
Node35 35

Node36 36
58
18
9
Node37 37
61
18
9
Node38 38
23
5
62
Node39 39

Node40 40
51
16
9

Node41l 41

Node44 44
23
5
62

Node45 45

Node46 46
42

48

13

43
26
45
26
32
47
31
48
31
58
27
32
47
48
15
49
32
36
47

51

49
28
49
44
27
46
27
33
25
48
30

49

50

14

51

17

51

46

15

48

a7

48

55

22

55

49

58

56
30

56
22

61
13

59

16

59

51

60
28

58

19
39

58
52

14

12
55

14

12

13

18

46
17
12
22
59

58

56

13

62
14

56

20
36
56

54
17
10

57
17
10
28
11
58
16
56
a7
24
10
18
58
56
22

61
18

28
11
58

62
19

53
17

61
21

61
55

24

59
24

14

19

61

48

23

16

56

37

12
56

37

60

25
38
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57
23

58
23

17
10
61

20
38
60

49
22

19
37
61

60
16

62
19
37

17
10
61

41
21
40
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24
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21
40
62

50
18

20
38
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37
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18 16 19 20 21 25 26 27 29 15 1 2 3 4 11 12 10 7 5 6
9 8 15804.01 17.02

Node47 47 48 49 50 51 52 54 55 57 59 58 56 61 60 62 53 45 46 44 43
42 40 38 37 36 39 41 31 32 33 34 35 30 13 28 14 17 24 23 22
18 16 19 20 21 25 26 27 29 15 1 2 3 4 11 12 10 7 5 6
9 8 16408.37 16.39

Node48 48 49 50 51 52 54 55 57 59 58 56 61 60 62 53 45 46 a7 43 44
42 40 38 37 36 39 41 31 32 33 34 35 30 13 28 14 17 24 23 22
18 16 19 20 21 25 26 27 29 15 1 2 3 4 11 12 10 7 5 6
9 8 16698.63 16.11

Node49 49 48 47 46 45 44 43 42 40 38 37 36 39 41 31 32 33 34 35 30
13 28 14 17 24 23 22 18 16 19 20 21 25 26 27 29 15 1 2 3
4 11 12 10 7 5 6 9 8 50 51 52 54 55 57 59 58 56 61 60
62 53 19275.55 13.96

Node50 50 51 52 54 55 57 59 58 56 61 60 62 53 45 46 47 48 49 44 43
42 40 38 37 36 39 41 31 32 33 34 35 30 13 28 14 17 24 23 22
18 16 19 20 21 25 26 27 29 15 1 2 3 4 11 12 10 7 5 6
9 8 16738.78 16.07

Node51 51 52 54 55 57 59 58 56 61 60 62 53 45 46 47 48 49 50 44 43
42 40 38 37 36 39 41 31 32 33 34 35 30 13 28 14 17 24 23 22
18 16 19 20 21 25 26 27 29 15 1 2 3 4 11 12 10 7 5 6
9 8 16916.80 15.90

Node52 52 51 50 49 48 47 46 45 44 43 42 40 38 37 36 39 41 31 32 33
34 35 30 13 28 14 17 24 23 22 18 16 19 20 21 25 26 27 29 15
1 2 3 4 11 12 10 7 5 6 9 8 53 62 60 61 56 58 59
55 54 18876.29 14.25

Node53 53 62 60 61 56 58 59 57 55 54 52 51 50 49 48 47 46 45 44 43
42 40 38 37 36 39 41 31 32 33 34 35 30 13 28 14 17 24 23 22
18 16 19 20 21 25 26 27 29 15 1 2 3 4 11 12 10 7 5 6
9 8 15681.65 17.15

Node54 54 52 51 50 49 48 a7 46 45 44 43 42 40 38 37 36 39 41 31 32
33 34 35 30 13 28 14 17 24 23 22 18 16 19 20 21 25 26 27 29
15 1 2 3 4 11 12 10 7 5 6 9 8 53 62 60 61 56 58
57 55 18681.59 14.40

Node55 55 57 59 58 56 61 60 62 53 54 52 51 50 49 48 47 46 45 44 43
42 40 38 37 36 39 41 31 32 33 34 35 30 13 28 14 17 24 23 22
18 16 19 20 21 25 26 27 29 15 1 2 3 4 11 12 10 7 5 6
9 8 15684.35 17.15

Node56 56 61 60 62 53 54 52 51 50 49 48 a7 46 45 44 43 42 40 38 37
36 39 41 31 32 33 34 35 30 13 28 14 17 24 23 22 18 16 19 20
21 25 26 27 29 15 1 2 3 4 11 12 10 7 5 6 9 8 55
59 58 19033.92 14.13

Node57 57 55 54 52 51 50 49 48 a7 46 45 44 43 42 40 38 37 36 39 41
31 32 33 34 35 30 13 28 14 17 24 23 22 18 16 19 20 21 25 26
27 29 15 1 2 3 4 11 12 10 7 5 6 9 8 53 62 60 61
58 59 18865.11 14.26

Node58 58 59 57 55 54 52 51 50 49 48 a7 46 45 44 43 42 40 38 37 36
39 41 31 32 33 34 35 30 13 28 14 17 24 23 22 18 16 19 20 21

26



806 25 26 27 29 15 1 2 3 4 11 12 10 7 5 6 9 8 53 62 60
807 61 56 18374.36 14.64

808 Node59 59 57 55 54 52 51 50 49 48 47 46 45 44 43 42 40 38 37 36 39
809 41 31 32 33 34 35 30 13 28 14 17 24 23 22 18 16 19 20 21 25
810 26 27 29 15 1 2 3 4 11 12 10 7 5 6 9 8 53 62 60 61
811 56 58 18707.66 14.38

812 Node60 60 61 56 58 59 57 55 54 52 51 50 49 48 47 46 45 44 43 42 40
813 38 37 36 39 41 31 32 33 34 35 30 13 28 14 17 24 23 22 18 16
814 19 20 21 25 26 27 29 15 1 2 3 4 11 12 10 7 5 6 9 8
815 53 62 18706.87 14.38

816 Node61 61 56 58 59 57 55 54 52 51 50 49 48 47 46 45 44 43 42 40 38
817 37 36 39 41 31 32 33 34 35 30 13 28 14 17 24 23 22 18 16 19
818 20 21 25 26 27 29 15 1 2 3 4 11 12 10 7 5 6 9 8 53
819 62 60 18856.94 14.26

820 Node62 62 60 61 56 58 59 57 55 54 52 51 50 49 48 47 46 45 44 43 42
821 40 38 37 36 39 41 31 32 33 34 35 30 13 28 14 17 24 23 22 18
822 16 19 20 21 25 26 27 29 15 1 2 3 4 11 12 10 7 5 6 9
823 8 53 18284.60 14.71

824

825 S MINIMUM PATH === mmmmmmm mmmmmemmee >

826 NODE

827 NODES

828

829 LENGTH PATH GAIN

830 Node53 53 62 60 61 56 58 59 57 55 54 52 51 50 49 48 47 46 45 44 43
831 42 40 38 37 36 39 41 31 32 33 34 35 30 13 28 14 17 24 23 22
832 18 16 19 20 21 25 26 27 29 15 1 2 3 4 11 12 10 7 5 6
833 9 8 15681.65 17.15

834

27



