
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Optimal Path Searching through 
Specified Routes using different 
Algorithms 

 

 

 

Farhan Farooq 
 

Master Thesis 
 Computer Engineering- 

Applied Artificail Intelligence 
 
2010 Nr. E3870D 

 



Farhan Farooq Degree Project   

 E3870D February, 2010 

 

Dalarna University                                                                                 Tel: +46 (0)23 778000 
Röda vägen 3        Fax: +46 (0)23 778080 
S-781 88 Borlänge                                                                                     http://www.du.se 
Sweden 

 
 

 

 

 

DEGREE PROJECT 

Computer Engineering 

 

 

 
 

 

Programme  Reg number Extent 

Masters Programme in Computer Engineering - Applied 

Artificial Intelligence 

E3870D 15 ECTS 

Name of student  Year-Month-Day 

Farhan Farooq  2010-02-03 
Supervisor  Examiner  

Dr. Pascal Rebreyend Dr. Mark Dougherty 
Company/Department 
Department of Computer Engineering 
Title    

Optimal Path Searching Through Specific Routes Using Different Algorithms 
Keywords 
Routing problem, Shortest Path, Greedy Algorithm, Simulated Annealing, Exhaustive Search, 

Travelling Salesman Problem, Combinatorial Optimization 

 

Abstract 

To connect different electrical, network and data devices with the minimum cost and shortest 

path, is a complex job. In huge buildings, where the devices are placed at different locations 

on different floors and only some specific routes are available to pass the cables and buses, 

the shortest path search becomes more complex. The aim of this thesis project is, to develop 

an application which indentifies the best path to connect all objects or devices by following 

the specific routes. 

 

To address the above issue we adopted three algorithms Greedy Algorithm, Simulated 

Annealing and Exhaustive search and analyzed their results. The given problem is similar to 

Travelling Salesman Problem. Exhaustive search is a best algorithm to solve this problem as it 

checks each and every possibility and give the accurate result but it is an impractical solution 

because of huge time consumption. If no. of objects increased from 12 it takes hours to search 

the shortest path. Simulated annealing is emerged with some promising results with lower 

time cost. As of probabilistic nature, Simulated annealing could be non optimal but it gives a 

near optimal solution in a reasonable duration. Greedy algorithm is not a good choice for this 

problem. So, simulated annealing is proved best algorithm for this problem. The project has 

been implemented in C-language which takes input and store output in an Excel Workbook. 
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1.0 INTRODUCTION 

AB Tändkulan is operating in Borlänge since 1992. They consult in industrial 

process automation. They work in many industries such as iron & steel, food processing, 

timber, paper and energy & environment. They provide solutions which are cost effective and 

provide better access to services and spare parts. By linking the control systems and data 

management, they create a high availability of information and opportunities for personalized 

information, automated and faster reporting, better maintenance planning and shorter lead 

times.[1] 

 

For a particular part of thier services they need an application which searches a shortest path  

to connect some control system and devices through buses and cabels, following the available 

routes inside a building. Application should find the nearest fixed route according to position 

of devices and objects, and then find a shortest path to attach all devices through those fixed 

routes. This path must include the first object again at the end i.e. completing the cycle. This 

is the requirment of application specified by the company. My assignment was to find optimal 

solution within available routes for connectivity of different objects at different floors and 

their respective locations, in a building. 

 

The problem is somewhat similar to Travelling salesman problem as objects or devices are 

used instead of cities. The primary condition of TSP; to visit a city only once and here objects 

have to be visited only once and should be included in path only once. Another important 

condtion of TSP is it must complete a tour i.e. the salseman must retrun to its initial city from 

where the journey begun is also similar to the requirment of the company as mentioned above 

that this path must be in a cycle so they can find the length of whole path as per requirmnet of 

thier data busses which they wish to use for connectivity. 

 

The Travelling Salesman Problem (TSP) is a combinatorial problem. The problem has some 

direct importance, since quite a lot of practical applications can be put in this form. It also has 

a theoretical importance in complexity theory, since the TSP is one of the class of "NP 
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Complete" combinatorial problems. NP Complete problems have intractable in the sense that 

no one has found any really efficient way of solving them for large n. [2]. 

 

Since finding an optimal solution is not feasible, a large number of algorithms were proposed 

which attempt to obtain a near-optimal solution for travelling salesman problem. Except for a 

few special cases, no polynomial-time algorithm that finds the solution with a minimum 

length exists. For that reason, many heuristic algorithms have been developed to obtain 

suboptimal solutions to various combinatorial problems; some of them are Branch and Bound 

Ant Colony Optimization, Greedy algorithm, Genetic Algorithm, Tabu Search, Simulated 

Annealing, Graph Theory, Computational Geometry Approaches and Branch and Bound 

algorithm. 

 

The most direct solution would be to try all permutations (ordered combinations) of objects 

and see which one is cheapest (using brute force search). The running time for this approach 

lies within a polynomial factor of O(n!), the factorial of the number of cities, so this solution 

becomes impractical even for only 20 cities[3]. As the data given to me was only 10 objects 

so I used greedy algorithm and simulated Annealing and also tried it with Exhuastive search 

for compraing the results. The diffrence is, here we have to follow some fixed routes to pass 

the busses. 

 

For this purpose I calculated the distance matrix (permutations) which contains object to 

object shortest distance. Then I implemented above mentioned algorithms to connect all 

devices with a shortest path. 
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2.0 Requirement 

The company provided a list of control systems and devices called objects and 

their position in building. These objects can be any electrical or data device they wish to 

connect through cables or data buses. And a list of all available fixed routes is provided which 

exists in a building. The objects are at a particular location in building measured by unit 

distance (feet or meters) likewise only starting and ending 3D positions of fixed routes were 

mentioned. The required goal is to develop an application which discovers the shortest 

available path to connect all objects following the fixed routes. 

 

 

Fig 1: Figure of given data of “Routes” and “Objects” 

 

In fig 1 we can see all available 23 route labeled R1,R2,R3,………,R23 and all 10 objects 

Ob1,Ob2,Ob3,…….,Ob10 according to their locations. Black lines showing different routes 

(R6 to R14) having change along X-axis and Y-axis but a constant position along Z-axis i.e 
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Z=27.5 and yellow lines are showing different routes (R15 to R23) changing along X-axis and 

Y-axis but having a constant position along Z-axis i.e Z=31.5. Whereas red lines are showing 

routes have change along Z-axis (R1 to R5). Also 10 objects are placed according to their 

positions. The goal is to identify the nearest route of each object the covering these fixed route 

finding the optimum path to connect all objects. 

 

The interface of the program was decided, an excel workbook containing two data sheets will 

be provided as input. First sheet named “Routes” will contain list of routes and their starting 

and ending positions. One cell in data sheet contains only one coordinate value, in the order of 

start position of X, Y, Z then end position of X, Y and Z respectively. Second sheet named 

“Objekts” will contain list of devices, their positions, names and Descriptions. Required 

output should be a new Excel sheet in that workbook describing order of objects to be 

connected, the routes to be followed and the distance between all objects i.e. total length of 

that shortest path. 

  

Provided Data is in following format 

TABLE 1: Data sheet labeled “Routes” in following format. Routes data must be start from 

2
nd

 column and 3
rd

 row 

  Startposition Endposition  

  X Y Z X Y Z S.No. 

Vertical routes 13 20 24.0 13 20 73.0 1 

  50 37 24.0 50 37 49.0 2 

  50 47 24.0 50 47 49.0 3 

  16 41 24.0 16 41 73.0 4 

  39 20 24.0 39 20 73.0 5 

Routes on +25 13.0 20.0 27.5 40.0 20.0 27.5 6 

  15.0 20.0 27.5 15.0 38.0 27.5 7 

  20.0 20.0 27.5 20.0 38.0 27.5 8 

  15.0 38.0 27.5 44.0 38.0 27.5 9 

  44.0 38.0 27.5 44.0 40.0 27.5 10 

  44.0 40.0 27.5 50.0 40.0 27.5 11 

  50.0 37.0 27.5 50.0 47.0 27.5 12 

  50.0 37.0 27.5 65.0 37.0 27.5 13 

  16.0 38.0 27.5 16.0 41.0 27.5 14 
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Routes on +28 13.0 20.0 31.5 40.0 20.0 31.5 15 

  15.0 20.0 31.5 15.0 38.0 31.5 16 

  20.0 20.0 31.5 20.0 38.0 31.5 17 

  15.0 38.0 31.5 44.0 38.0 31.5 18 

  44.0 38.0 31.5 44.0 40.0 31.5 19 

  44.0 40.0 31.5 50.0 40.0 31.5 20 

  50.0 37.0 31.5 50.0 47.0 31.5 21 

  50.0 37.0 31.5 65.0 37.0 31.5 22 

  16.0 38.0 31.5 16.0 41.0 31.5 23 

List of all Routes 

 

TABLE 2: Data sheet labeled “Objeckts” in the following format. Objects data must be start 

from 1st column and 3
rd

 row 

 

Position Object data   

X Y Z Name Description S.No. 

21 22 26.0 A1CXB25GH021 I/O-skåp, Panna +25 1 

21 25 26.5 A1HHN20AA501 REGVENTIL HT LUFT TILL ÖVERRINGSKANAL INTREX 1 2 

21 26 26.5 A1HHN20AA502 REGVENTIL HT LUFT TILL LYFTBEN INTREX 1 3 

21 27 26.5 A1HHN20AA503 REGVENTIL HT LUFT TILL INTREX 1 FLUIDISERING 4 

21 31 26.5 A1HHN40AA501 REGVENTIL HT LUFT TILL ÖVERRINGSKANAL INTREX 2 5 

21 32 26.5 A1HHN40AA502 REGVENTIL HT LUFT TILL LYFTBEN INTREX 2 6 

21 33 26.5 A1HHN40AA503 REGVENTIL HT LUFT TILL INTREX 2 FLUIDISERING 7 

25 40 30.0 A1HJL23AA501 REGSPJÄLL FÖRBRÄNNINGSLUFT STARTBRÄNNARE 3 8 

47 46 27.0 A1LBG15AA510 REGVENTIL ÅNGA PRIM LUFÖ  9 

47 45 27.0 A1LBG20AA510 REGVENTIL ÅNGA SEK LUFÖ  10 

List of all Objects 

The serial numbers (route and objects numbers) should not be in the excel sheet. This route 

No. and object No. is assigned by the application. 

Key Requirements 
1. Each object should find the nearest route. 

2. All objects should be connected through routes. 

3. All objects should be connected through shortest path. 
4. The path must be a cycle i.e it starts and ends at same object, as per requirement 

of data busses. 
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3.0 Proposed solution 

To provide solution for this particular problem we have decided to develop it in C 

language. There are mainly three part of this program. 

 

1. Excel Interaction (Retrieving and adding data in Excel using C language) 

2. Finding the shortest distance between two objects and save it (create Distance Matrix) 

3. Finding the shortest path to connect all objects 

a. By Greedy algorithm 

b. By Simulated Annealing 

c. By Exhaustive search 

 

Using C language, program opens Excel workbook and reads data. Then it calculates 

permutation matrix, a matrix having object to object shortest distance through the given routes 

using exhaustive search. In third and final portion program have to find the shortest available 

path to connect all objects by using all three given algorithms and try to find out which one is 

best and applicable. Finally putting the output in Excel sheet and exiting program. 

 

 



Farhan Farooq Degree Project   

 E3870D February, 2010 

 

 

Dalarna University  Tel: +46(0)23 7780000 

Röda vägen 3S-781 88  Fax: +46(0)23 778080 

Borlänge Sweden  http://www.du.se 
- 13 - 

 

 

4.0 ALGORITHM AND DESIGN 

4.1 Potential Challenges 

During my work, I came across a lot of challenges. One of them was the Excel 

and C interaction. After searching a lot and applying various solutions, I got Microsoft 

Component Object Model (COM) which eased me to work with excel being in C. But the 

most critical part of this application was creation of distance matrix because, finding object to 

object distance traversing through some particular routes was not easy. It was difficult to find 

out shortest distance if two objects are on different routes. Also we have only start and end 

position of a route. There is no prior info if two routes are adjacent to each other also no point 

of adjacency is available. So to find out object to object distance first of all we have to find 

out the adjacency of two routes and how two routes of two objects are connected with each 

other (which other routes are involved to connect them). And this connection must be the 

shortest possible connection. In my point of view this was the toughest and most critical part 

of this project. The next challenge for the person implementing intelligence algorithms is to 

understand the algorithm correctly and then map it in his/her own environment which 

sometimes is hard to do. Implementing an algorithm in programming domain gives rise to lot 

of logical questions which need to be answered before implementing. So, we decided to it 

with three algorithm one algorithm (Exhaustive search) will come always with optimal 

solution, one algorithm (Simulated Annealing) uses probabilistic approach and third algorithm 

(Greedy Algorithm) just directly conclude with the best result at every stage. 

 

4.2 Distance Matrix Calculation 

To ease the implementation of all three algorithms, it was a good strategy to 

calculate object to object distances and create the permutation or distance matrix and then 

implement the algorithms. As I mentioned it was the most critical part of my project. Because 

there wasn’t any method I found, to measure these distances and meanwhile we have to 

follow particular routes to reach from one object to another object. In given data we didn’t 

find any conjunction of routes i.e. at which location of a particular route intercepts any other 

routes. We have not any information for a single route that how many other routes are 



Farhan Farooq Degree Project   

 E3870D February, 2010 

 

 

Dalarna University  Tel: +46(0)23 7780000 

Röda vägen 3S-781 88  Fax: +46(0)23 778080 

Borlänge Sweden  http://www.du.se 
- 14 - 

 

adjacent to it and if any other is adjacent to it what is the location of that junction. It was very 

important to know but this is the way I have tackled this problem. 

 

For distance measuring we used Manhattan distance formulae. First of all I retrieved all routes 

and put the starting and ending positions of all routes in an array of a structure “Routes”. Also 

I determined the plane of each route i.e. in which direction a route is expanding. As there was 

one compulsion that each route can expand only in along one axis (direction). For example If 

we say a route is expanding along X-axis if and only if a route conations different start and 

end positions of X and it must contain same start and end positions of Y and Z. No route can 

be expandable along more than one direction. 

 

TABLE 3: Sub-Array of structure “Routes” 

 Start End  

Route # X Y Z X Y Z Plane 

1 13 20 24.0 13 20 73.0 Z 

6 13.0 20.0 27.5 40.0 20.0 27.5 X 

7 15.0 20.0 27.5 15.0 38.0 27.5 Y 

8 20.0 20.0 27.5 20.0 38.0 27.5 Y 

 

The next step is retrieving all objects and their position from Excel worksheet and put in a 

structure. Along this I determined, the nearest route to that object, by checking Manhattan 

distance of all routes and selecting the nearest one, also the particular location of selected 

route which is nearest to that object (access point at route)is determined and stored in that 

structure. 

 

TABLE 4: Sub-Array of structure “Objects” 

 Object position Access point  

Object  # X Y Z X Y Z Nearest Route # 

1 21 22 26.0 20.0 22.0 27.5 8 

5 21 31 26.5 20.0 31.0 27.5 8 

8 25 40 30.0 25.0 38.0 31.5 18 

10 47 45 27.0 50.0 45.0 27.5 12 
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The next step is, find object to object distance and put the shortest distance in a distance 

matrix. Planes (axis) information was very useful in this context. For two objects I took their 

corresponding nearest routes then checked if they are same route or not? If they are then just 

calculate the distance between both objects through route and store it in distance matrix at 

their specific location (if objects are i and j then putting it at DistaneMatrix(i,j)). If both 

objects are not on same route then I used a function “adjacency()” which locate the adjacent 

routes and traverse on them to find the target route. The adjacency() takes current route, target 

object and the list of routes as arguments. This list of routes contains information of those 

routes which have been traversed so far, to avoid looping and repetition. 

 

To work with adjacency() we have dealt with planes of each route. Let suppose my starting 

route “A” has plane X, I checked for all other routes, the first adjacent route I found is “B” 

which is expanding along Y-axis. It means “A” has different start and end X and same start 

and end Y and Z and “B” has different starting and ending Y and same start and end X and Z. 

Now if both routes are adjacent to each other, they must contain a particular common location 

(x,y,z), which belongs to both route i.e. x must be between StartXa and EndXa and equal to 

StartXb and EndXb, y must be equal to StartYa and EndYa and between to StartYb and 

EndYb and z is equal to StartZa and EndZa also StartZb and EndZb.   

 

Fig 2: Adjacency condition for two routes 
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Planes of each route are important because these adjacency conditions will change according 

to the plane of two routes. After checking this first condition of adjacency the second 

condition is, I verified whether this adjacent route is my Destination object’s nearest route or 

not. If it is then return distance between this point (x,y,z) and the object, along with the point 

(x,y,z) and route id. And put the distance in Distance matrix after adding the distance between 

first object and point of adjacency(x,y,z). If the selected route is not my destination object’s 

nearest route, I put the initial route in the visited routes list and recursively call the function 

adjacency() with the selected route as initial route, Destination object and the visited routes 

list. The recursive call continues unless I found the destination object’s nearest route or no 

more adjacent routes. At the end of these recursive calls I added all distances between points 

of adjacency and initial and target route. During search at a particular route if all adjacent 

routes are visited list or there is no more unvisited adjacent route. I dropped the search for that 

route and start search with next route. 

 

Fig 3: Possible shortest path between Object 1 and Object 9 
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After this recursive call when I found some information, I store it temporarily and when any 

new adjacent route also gives any other information; I compare it with the currently stored 

distance. In case finding shorter distance, I keep the later one and skip the old one. At the end 

of function, I append the distance of undergoing route’s point and distance till object and 

return it to the function control. At the end I found the distance matrix in which 

DistanceMatrix(i,j) = DistanceMatrix(j,i) where i != j  

Structure Adjacent 

 Point  (Point of conjunction between two routes) 

 Distance  (Distance between Point and Destination object) 

Path  (Routes to be traversed to reach destination object from current 

route) 

 

Pseudo code for DistanceMatrix calculation 

For  row=0 to allObjects 

       For col=0 to allObjects 

 Empty passedRoutes 

 IF row!=col 

         IF objects[row].Route==objects[col]. Route 

                DistanceMatrix[row][col]=distance betweeb object[row]and object[col] 

               Path[row][col]= objects[row].Route  

         Else  
               adjecent=adjecency(objects[row].Route , col , passedRoutes) 

               IF  adjecent.distance is not null 

  DistanceMatrix[row][col]=adject.distance + obj to adjecent.point d 

  Path[row][col]= objects[row].Route+adjecent.path  

               END IF 

          END IF 

 Else 

           DistanceMatrix[row][col]= null 

 END IF 

        End For 

End For 

 

Adjacency Pseudo code 

 

Adjacent adjeceny(current_route , destination_object, passedRoutes) 

 

Adjecent localAdj,tempAdj 

localAdj.distance= null 

For tempRoute=0 to allRoutes 
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    IF tempRoute is not in passedRoutes AND tempRoute is not equal to current_route 

              Include tempRoute in passedRoutes 

              IF tempRoute and current_route adjecent to each other 

 IF tempRoute is equal to destination_object.Route   

       localAdj.point= location of adjecency 

       localAdj.distance= distance between  localAdj.point to destination_object

       localAdj.path= tempRoute     

                 Exclude tempRoute in passedRoutes 

       Exit FOR 

Else 

       tempAdj=adjecency(tempRoute , destination_object, passedRoutes)

       IF tempAdj.distance!=null 

               IF localAdj.distanceis null OR localAdj.distance>tempAdj.distance 

    localAdj.point= location of adjecency 

  localAdj.distance= localAdj.point to tempAdj.point distance 

                         localAdj.path= tempRoute , tempAdj.path 

              END IF 

       END IF 

 END IF 

                 END IF 

         Exclude tempRoute in passedRoutes 

         END IF 

END FOR 

Return localAdj 

 

After running the application we will get this Distance matrix for the given data. All three 

algorithm will run on this matrix and derive the results. 

Table 5: Distance Matrix 

Objects 1 2 3 4 5 6 7 8 9 10 

1 inf 7.5 8.5 9.5 13.5 14.5 15.5 49.5 60 59 

2 7.5 inf 5 6 10 11 12 46 56.5 55.5 

3 8.5 5 inf 5 9 10 11 45 55.5 54.5 

4 9.5 6 5 inf 8 9 10 44 54.5 53.5 

5 13.5 10 9 8 inf 5 6 40 50.5 49.5 

6 14.5 11 10 9 5 inf 5 39 49.5 48.5 

7 15.5 12 11 10 6 5 inf 38 48.5 47.5 

8 49.5 46 45 44 40 39 38 inf 54 53 

9 60 56.5 55.5 54.5 50.5 49.5 48.5 54 inf 8 

10 59 55.5 54.5 53.5 49.5 48.5 47.5 53 8 inf 
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4.3 Greedy Implementation 

The first method I implemented for solution is greedy Algorithm. It is simple 

heuristic algorithm. According to this algorithm after object i, object j is choosen as next 

object, the object j for which the DistaneMatrix(i,j) cost,is the minimum among all 

DistaneMatrix (i,k) costs, where k are the pointers of the object, which has not visited 

yet.There is also a simple rule just in case more than one objects give the minimum cost,for 

example in such a case the object with the smaller k will be chosen.This is a greedy algorithm 

which selects in every step the cheapest visit and does not care whether this will lead to a 

wrong result or not.[4] 

 

Greedy Pseudo Code: 

After calculating DistanceMatrix 

index=0 

FOR each row of DistanceMatrix 

     Empty Minmum  

     FOR each column of DistanceMatrix 

             IF row is not equals column 

                   IF Minimum is less then DistanceMatrix[index][column] and column is unmarked 

    Minimum = DistanceMatrix[index][column] 

    Route[row]= column 

    index=column 

    Mark column 

END IF 

            END IF 

     END FOR 

END FOR 

 

This algorithm starts from object presented at first location in excel sheet and start traversing 

where it finds the nearest object at every step. 
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4.4 Simulated Annealing Implementation 

Simulated Annealing was given this name in analogy to the “Annealing Process” in 

thermodynamics, specifically with the way metal is heated and then is gradually cooled so 

that its particles will attain the minimum energy state (annealing). Then, the aim for a 

Simulated Annealing algorithm is to randomly search for an objective function (that mainly 

characterizes the combinatorial optimization problem).[5] 

Simulated Annealing advantage over other methods is the ability to obviate being trapped in 

local minima. In here, we mean that the algorithm does not always reject changes that 

decrease the objective function but also changes that increase the objective function according 

to its probability function: 

P = exp (-∆f/T) 

Where T is the control parameter (analogy to temperature) and ∆f is the variation in the 

objective function. 

The Pseudo code of simulated annealing I have implemented is as follows 

Simulated Annealing Pseudo Code: 

Load DistanceMatrix 

Intilaization temperature, coolingRate, absoluteTemperature, currentOrder 

Caluclulate currentDistance of currentOrder, 

    WHILE temperature is greater than absoluteTemperature 

 Intialize nieghbourhood nextOrder 

 Calculate nextDistance of nextOrder 

deltaDistance = nextDistance - currentDistance; 

IF deltaDistance is less than zero  OR  Probability is greater than Random No. 

         currentOrder = nextOrder 

currentDistance = nextDistance 

 END IF 

         temperature = temperature * coolingRate 

    END LOOP 
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4.5 Exhaustive Search Implementation 

A search that is guaranteed to find all states S that satisfies given constraints. An 

exhaustive search need not necessarily visit all of S in every instance. It may omit a subspace 

S_ of S on the basis of a mathematical argument that guarantees that S_ cannot contain any 

solution. In a worst case configuration, however, exhaustive search is forced to visit all states 

of S.[6] 

Apparently all the possible solutions are (n-1)!.Someone could probably determine them 

systematically,find the cost for each and everyone of these solutions and finally keep the one 

with the minimum cost.These requires at least (n-1)! steps. If for example there were 21 cities 

the steps required are (n-1)!=(21-1)!=20! steps.If every step required a msec we would need 

about 770 centuries of calculations. The exhausting examination of all possible solutions is 

out of the question.[4]. But i implemented this algorithm to verify the shortest results obtained 

by other algorithms and as it is practically applicable as an accrute method if no. of objects 

are shorter or max 12. 

Exhaustive search Pseudo Code: 

Load DistanceMatrix 

Caluclulate currentDistance of currentOrder, 

    WHILE all combinations finished 

 Intialize nextOrder (non repeating new combination) 

 Calculate nextDistance of nextOrder 

deltaDistance = nextDistance - currentDistance; 

IF nextDistance is less than currentDistance  

         currentOrder = nextOrder 

currentDistance = nextDistance 

 END IF 

    END LOOP 
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5.0 IMPLEMENTATION DETAILS 

For the development of the mobile application, following components are used 

 

• Microsoft Visual studio 2008 environment 

• Microsoft Excel 

• Microsoft Component Object Model 

• Windows Vista 

• Intel dual core 2.1 GHz processor 

 

This application is developed in C language in Visual Studio 2008 environment as a 

development tool. The whole program is divided into three parts and the first and important 

part is to accessing Excel data in C application. After a huge search from internet I found 

Microsoft Component Object Model (COM) application for office automation in 

programming languages.[8] It eased the development of application. It is available in MSDN 

Online documentation and support for all offices is available.[7] I have created an application 

instance of Excel through COM application by adding some specific files in the program. 

Further workbook, Sheets and cells are accessed by using this instance. This helped me a lot 

to open and manipulate data into excel sheet. 

 

Remaining part of application is implemented in C language by following the above described 

algorithm of calculating distanceMatrix and from that distanceMatrix finding the best route 

using three different algorithms and comparing the results after that. Implementation of the 

given algorithms wasn’t an easy task. It took a lot of strategic planning. Basic structure was 

built in designing phase and implementation is same as described in Pseudo codes. Just like 

translation of Pseudo code into C. 
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6.0 RESULTS AND ANALYSIS 

After development of the application we run the application and find some 

results. To understand the optimality of the results first we have to understand the format of 

output. The format of output data sheet is in different rows, each row gives information of one 

object connecting to another object. Each row tells about the first object, its name, nearest 

route and route’s nearest point to that object, 2
nd

 object to connect, path to be traversed to 

connect both objects and exact distance between both objects. Then row by row we see which 

object to be connected in next until all objects covered and then from last object it reaches to 

the object where the journey started. Object numbers and route numbers are allocated as their 

order of presence in the relevant data sheets. 

 

Since object to object distance measurement (for DistaneMatrix) is an exhaustive algorithm as 

we have to check all possibilities and choose the shortest distance among them so the 

complexity to calculate distance matrix is  where n is number of objects and m is 

number if routes. But the heuristic, not to traverse that route which is in use while searching 

target object, reduces the time. For the current provided data set it takes 2.02 seconds to 

populate Distance Matrix. 

 

Now we look at the final results we got from all three algorithms 
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Table 6: Result with Exhaustive search 

 

1st 

Object 

# 

1st Object 

Name 

Access Point 

(x,y,z) 

2nd 

Object 

# 2nd Object Name Routes Path 

Distanc

e b/w 

Objects 

1 A1CXB25GH021 
Route 8 
Pnt 20,22,27.5 2 A1HHN20AA501 8 7.5 

2 A1HHN20AA501 
Route 8    
Pnt 20,25,27.5 3 A1HHN20AA502 8 5 

3 A1HHN20AA502 
Route 8    
Pnt 20,26,27.5 4 A1HHN20AA503 8 5 

4 A1HHN20AA503 
Route 8    
Pnt 20,27,27.5 5 A1HHN40AA501 8 8 

5 A1HHN40AA501 
Route 8    
Pnt 20,31,27.5 6 A1HHN40AA502 8 5 

6 A1HHN40AA502 
Route 8    
Pnt 20,32,27.5 7 A1HHN40AA503 8 5 

7 A1HHN40AA503 
Route 8    
Pnt 20,33,27.5 8 A1HJL23AA501 8,9,14,4,23,18 34 

8 A1HJL23AA501 
Route 18    
Pnt 25,38,31.5 9 A1LBG15AA510 18,19,20,21,3,12 50 

9 A1LBG15AA510 
Route 12    
Pnt 50,46,27.5 10 A1LBG20AA510 12 8 

10 A1LBG20AA510 
Route 12    
Pnt 50,45,27.5 1 A1CXB25GH021 12,11,10,9,8 59 

          Total Length 186.5 

 

This is the first result I got from Exhaustive search from distance matrix and found a series of 

object to connect. Here we got the first shortest combination of objects which have total 

length of 186.5. It checks all combination of objects and gives the shortest combination which 

found first in searching. Complexity if this search is  where n is number of objects. The 

time taken is 5.682 seconds. 
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Table 7: Result with Greedy Algorithm 

 

1st 

Object 

# 

1st Object 

Name 

Access Point 

(x,y,z) 

2nd 

Object 

# 2nd Object Name Routes Path 

Distanc

e b/w 

Objects 

1 A1CXB25GH021 
Route 8 
Pnt 20,22,27.5 2 A1HHN20AA501 8 7.5 

2 A1HHN20AA501 
Route 8    
Pnt 20,25,27.5 3 A1HHN20AA502 8 5 

3 A1HHN20AA502 
Route 8    
Pnt 20,26,27.5 4 A1HHN20AA503 8 5 

4 A1HHN20AA503 
Route 8    
Pnt 20,27,27.5 5 A1HHN40AA501 8 8 

5 A1HHN40AA501 
Route 8    
Pnt 20,31,27.5 6 A1HHN40AA502 8 5 

6 A1HHN40AA502 
Route 8    
Pnt 20,32,27.5 7 A1HHN40AA503 8 5 

7 A1HHN40AA503 
Route 8    
Pnt 20,33,27.5 8 A1HJL23AA501 8,9,14,4,23,18 34 

8 A1HJL23AA501 
Route 18    
Pnt 25,38,31.5 10 A1LBG20AA510 18,19,20,21,3,12 49 

10 A1LBG20AA510 
Route 12    
Pnt 50,45,27.5 9 A1LBG15AA510 12 8 

9 A1LBG15AA510 
Route 12    
Pnt 50,46,27.5 1 A1CXB25GH021 12,11,10,9,8 60 

          Total Length 186.5 

 

While observing result we obtained from Greedy algorithm. We got same length of 186.5.  

The only change is order of objects is changed. In Exhaustive search order of object was 

1,2,3,4,5,6,7,8,9,10 but here it is 1,2,3,4,5,6,7,8,10,9. Complexity of greedy algorithm is O(n) 

and time taken is 0.174 Second. So, we got same result by spending lesser time and obtaining 

lesser complexity. 
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Table 8: Result with Simulated Annealing 

 

1st 
Object 
# 1st Object Name 

Access Point 
(x,y,z) 

2nd 
Object 
# 2nd Object Name Routes Path 

Distance 
b/w 
Objects 

3 A1HHN20AA502 
Route 8    
Pnt 20,26,27.5 1 A1CXB25GH021 8 8.5 

1 A1CXB25GH021 
Route 8    
Pnt 20,22,27.5 2 A1HHN20AA501 8 7.5 

2 A1HHN20AA501 
Route 8    
Pnt 20,25,27.5 5 A1HHN40AA501 8 10 

5 A1HHN40AA501 
Route 8    
Pnt 20,31,27.5 10 A1LBG20AA510 8,9,10,11,12 49.5 

10 A1LBG20AA510 
Route 12    
Pnt 50,45,27.5 9 A1LBG15AA510 12 8 

9 A1LBG15AA510 
Route 12    
Pnt 50,46,27.5 8 A1HJL23AA501 12,2,22,21,20,19,18 50 

8 A1HJL23AA501 
Route 18    
Pnt 25,38,31.5 7 A1HHN40AA503 18,23,4,14,9,8 34 

7 A1HHN40AA503 
Route 8    
Pnt 20,33,27.5 6 A1HHN40AA502 8 5 

6 A1HHN40AA502 
Route 8    
Pnt 20,32,27.5 4 A1HHN20AA503 8 9 

4 A1HHN20AA503 
Route 8    
Pnt 20,27,27.5 3 A1HHN20AA502 8 5 

Total Length 186.5 

 

Simulated annealing is slightly different. It results some different sequence but the optimality 

of the final output is not affected and we have same length of 186.5.  Here change is again in 

order of objects. Here the series is 3,1,2,5,10,9,8,7,6,4. Another thing is also to be observe, the 

routes involved to connect object 8 to 9 in exhaustive search is not in reverse order as here we 

are connecting objet 9 to 8 but it adopts some other path to connect object 8 to object 

9.Complexity of Simulated Annealing is O(n) as in actual it is O(Cn), where C is no. of 

iterations to cool the temperature and n is no. of objects, and time taken is 0.361 Second. So, 

we got same result by spending lesser time and obtaining lesser complexity but not lesser than 

greedy search. 
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As from all three previous results I got the required minimum distance from all routes. So any 

algorithm can be good for that. But if we see regarding time constraint, the greedy search is 

the best approach followed by Simulated Annealing and Exhaustive search. Before reaching 

to any conclusion I need to test it on other data sets. But I didn’t have any other data set to test 

so I reshuffle this data set and observe these results. The only change I made is I cut object 

5,6,7 on put them at the top of data sheet and found the following results 

 

TABLE 9: Shuffled Data sheet “Objeckts”.  

 

Position Object data   

X Y Z Name Description S.No. 

21 31 26.5 A1HHN40AA501 REGVENTIL HT LUFT TILL ÖVERRINGSKANAL INTREX 2 5 

21 32 26.5 A1HHN40AA502 REGVENTIL HT LUFT TILL LYFTBEN INTREX 2 6 

21 33 26.5 A1HHN40AA503 REGVENTIL HT LUFT TILL INTREX 2 FLUIDISERING 7 

21 22 26.0 A1CXB25GH021 I/O-skåp, Panna +25 1 

21 25 26.5 A1HHN20AA501 REGVENTIL HT LUFT TILL ÖVERRINGSKANAL INTREX 1 2 

21 26 26.5 A1HHN20AA502 REGVENTIL HT LUFT TILL LYFTBEN INTREX 1 3 

21 27 26.5 A1HHN20AA503 REGVENTIL HT LUFT TILL INTREX 1 FLUIDISERING 4 

25 40 30.0 A1HJL23AA501 REGSPJÄLL FÖRBRÄNNINGSLUFT STARTBRÄNNARE 3 8 

47 46 27.0 A1LBG15AA510 REGVENTIL ÅNGA PRIM LUFÖ  9 

47 45 27.0 A1LBG20AA510 REGVENTIL ÅNGA SEK LUFÖ  10 

List of all Objects 
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Table 10: Result on shuffled data with Exhaustive search 

 

1st 

Object 

# 

1st Object 

Name 

Access Point 

(x,y,z) 

2nd 

Object 

# 

2nd Object 

Name Routes Path 

Distance 

b/w 

Objects 

5 A1HHN40AA501 
Route 8   
 Pnt 20,31,27.5 6 A1HHN40AA502 8 5 

6 A1HHN40AA502 
Route 8    
Pnt 20,32,27.5 7 A1HHN40AA503 8 5 

7 A1HHN40AA503 
Route 8    
Pnt 20,33,27.5 8 A1HJL23AA501 8,9,14,4,23,18 34 

8 A1HJL23AA501 
Route 18    
Pnt 25,38,31.5 9 A1LBG15AA510 18,19,20,21,3,12 50 

9 A1LBG15AA510 
Route 12    
Pnt 50,46,27.5 10 A1LBG20AA510 12 8 

10 A1LBG20AA510 
Route 12    
Pnt 50,45,27.5 1 A1CXB25GH021 12,11,10,9,8 59 

1 A1CXB25GH021 
Route 8    
Pnt 20,22,27.5 2 A1HHN20AA501 8 7.5 

2 A1HHN20AA501 
Route 8    
Pnt 20,25,27.5 3 A1HHN20AA502 8 5 

3 A1HHN20AA502 
Route 8    
Pnt 20,26,27.5 4 A1HHN20AA503 8 5 

4 A1HHN20AA503 
Route 8    
Pnt 20,27,27.5 5 A1HHN40AA501 8 8 

Total Length 186.5 

 

With shuffled data the results are same as we got with previous data using Exhaustive search. 

Even there is no change of sequence of objects in final output. Time taken is 5.732 seconds 

which is approximately same as we got earlier with exhaustive search. 
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Table 11: Result on shuffled data with Greedy Algorithm 

 

 

Using greedy algorithm time taken was approximately same as above i.e. 0.176 seconds. But 

the result we find is not the optimum one. This time length of final path is 190.5, which is 

greater than the optimal length of 186.5. As nature of greedy algorithm is, it chooses the best 

at every node but at the end it may not give the optimal solution. So, Greedy algorithm could 

not be a good solution for this problem as we are concerned with shortest path and Greedy 

cannot come always with promising results.  

1st 
Object 
# 1st Object Name 

Access Point 
(x,y,z) 

2nd 
Object 
# 

2nd Object 
Name Routes Path 

Distance 
b/w 
Objects 

5 A1HHN40AA501 
Route 8    
Pnt 20,31,27.5 6 A1HHN40AA502 8 5 

6 A1HHN40AA502 
Route 8    
Pnt 20,32,27.5 7 A1HHN40AA503 8 5 

7 A1HHN40AA503 
Route 8    
Pnt 20,33,27.5 4 A1HHN20AA503 8 10 

4 A1HHN20AA503 
Route 8    
Pnt 20,27,27.5 3 A1HHN20AA502 8 5 

3 A1HHN20AA502 
Route 8    
Pnt 20,26,27.5 2 A1HHN20AA501 8 5 

2 A1HHN20AA501 
Route 8    
Pnt 20,25,27.5 1 A1CXB25GH021 8 7.5 

1 A1CXB25GH021 
Route 8    
Pnt 20,22,27.5 8 A1HJL23AA501 8,9,14,4,23,18 45.5 

8 A1HJL23AA501 
Route 18   
 Pnt 25,38,31.5 10 A1LBG20AA510 18,19,20,21,3,12 49 

10 A1LBG20AA510 
Route 12    
Pnt 50,45,27.5 9 A1LBG15AA510 12 8 

9 A1LBG15AA510 
Route 12    
Pnt 50,46,27.5 5 A1HHN40AA501 12,11,10,9,8 50.5 

Total Length 190.5 
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Table 12: Result on shuffled data with Simulated Annealing 

 

 

We can see by using simulated annealing, we have same results with the time spent of 0.432 

second. The solution is still optimal with different order of objects. Simulated annealing is 

still found useful with this data set also. 

 

For this second data set we got the optimum results with Simulated Annealing and Exhaustive 

search but Greedy Algorithm failed to search the required best results. As still Exhaustive 

search took more time then simulated annealing but it is not a very big difference so we 

should think to drop its use. Further to check usability of Exhaustive search, as Exhaustive 

search ensures the optimal solution. I just increase the number of objects and added three 

more objects in objects list also I have added one route in Routes list. 

1st 
Object 
# 1st Object Name 

Access Point 
(x,y,z) 

2nd 
Object 
# 

2nd Object 
Name Routes Path 

Distance 
b/w 
Objects 

6 A1HHN40AA502 
Route 8    
Pnt 20,32,27.5 5 A1HHN40AA501 8 5 

5 A1HHN40AA501 
Route 8    
Pnt 20,31,27.5 4 A1HHN20AA503 8 8 

4 A1HHN20AA503 
Route 8    
Pnt 20,27,27.5 2 A1HHN20AA501 8 6 

2 A1HHN20AA501 
Route 8    
Pnt 20,25,27.5 1 A1CXB25GH021 8 7.5 

1 A1CXB25GH021 
Route 8    
Pnt 20,22,27.5 3 A1HHN20AA502 8 8.5 

3 A1HHN20AA502 
Route 8    
Pnt 20,26,27.5 10 A1LBG20AA510 8,9,10,11,12 54.5 

10 A1LBG20AA510 
Route 12    
Pnt 50,45,27.5 9 A1LBG15AA510 12 8 

9 A1LBG15AA510 
Route 12    
Pnt 50,46,27.5 8 A1HJL23AA501 12,2,22,21,20,19,18 50 

8 A1HJL23AA501 
Route 18    
Pnt 25,38,31.5 7 A1HHN40AA503 18,23,4,14,9,8 34 

7 A1HHN40AA503 
Route 8    
Pnt 20,33,27.5 6 A1HHN40AA502 8 5 

Total Length 186.5 
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TABLE 13: Dataset 3, sheet “Objeckts”.  

 

Position Object data   

X Y Z Name Description S.No. 

21 22 26.0 A1CXB25GH021 I/O-skåp, Panna +25 1 

21 25 26.5 A1HHN20AA501 REGVENTIL HT LUFT TILL ÖVERRINGSKANAL INTREX 1 2 

21 26 26.5 A1HHN20AA502 REGVENTIL HT LUFT TILL LYFTBEN INTREX 1 3 

21 27 26.5 A1HHN20AA503 REGVENTIL HT LUFT TILL INTREX 1 FLUIDISERING 4 

21 31 26.5 A1HHN40AA501 REGVENTIL HT LUFT TILL ÖVERRINGSKANAL INTREX 2 5 

21 32 26.5 A1HHN40AA502 REGVENTIL HT LUFT TILL LYFTBEN INTREX 2 6 

21 33 26.5 A1HHN40AA503 REGVENTIL HT LUFT TILL INTREX 2 FLUIDISERING 7 

25 40 30.0 A1HJL23AA501 REGSPJÄLL FÖRBRÄNNINGSLUFT STARTBRÄNNARE 3 8 

47 46 27.0 A1LBG15AA510 REGVENTIL ÅNGA PRIM LUFÖ  9 

47 45 27.0 A1LBG20AA510 REGVENTIL ÅNGA SEK LUFÖ  10 

30 21 70.0 F1  11 

15 40 70.0 F2  12 

42 21 28.0 F3  13 

List of all Objects 

Three objects are added in objects list and located at different location in building also a route 

“R24” is added in the routes list. 

 
Fig 4:  Addition of 3 Objects and one route 



Farhan Farooq Degree Project   

 E3870D February, 2010 

 

 

Dalarna University  Tel: +46(0)23 7780000 

Röda vägen 3S-781 88  Fax: +46(0)23 778080 

Borlänge Sweden  http://www.du.se 
- 32 - 

 

 

Table 14: Result on data set 3 with Exhaustive search 

 
1st 
Object 
# 1st Object Name 

Access Point 
(x,y,z) 

2nd 
Object 
# 

2nd Object 
Name Routes Path 

Distance 
b/w 
Objects 

1 A1CXB25GH021 
Route 8   
Pnt 20,22,27.5 2 A1HHN20AA501 8 7.5 

2 A1HHN20AA501 
Route 8  
 Pnt 20,25,27.5 3 A1HHN20AA502 8 5 

3 A1HHN20AA502 
Route 8  
 Pnt 20,26,27.5 4 A1HHN20AA503 8 5 

4 A1HHN20AA503 
Route 8  
 Pnt 20,27,27.5 5 A1HHN40AA501 8 8 

5 A1HHN40AA501 
Route 8  
Pnt 20,31,27.5 6 A1HHN40AA502 8 5 

6 A1HHN40AA502 
Route 8    
Pnt 20,32,27.5 7 A1HHN40AA503 8 5 

7 A1HHN40AA503 
Route 8    
Pnt 20,33,27.5 9 A1LBG15AA510 8,9,10,11,12 48.5 

9 A1LBG15AA510 
Route 12    
Pnt 50,46,27.5 10 A1LBG20AA510 12 8 

10 A1LBG20AA510 
Route 12   
Pnt 50,45,27.5 8 A1HJL23AA501 12,2,22,21,20,19,18 49 

8 A1HJL23AA501 
Route 18   
Pnt 25,38,31.5 12 F2 18,23,4 60.5 

12 F2 
Route 4   
Pnt 16,41,70 13 F3 4,23,18,17,15,5 92 

13 F3 
Route 5   
Pnt 39,20,28 11 F1 5,15,1,24 96 

11 F1 
Route 24   
Pnt 30,20,73 1 A1CXB25GH021 24,1,6,8 78 

Total Length 467.5 

 
 Examine the result of data set 3 by Exhaustive search. We get the optimal result of length 

467.5 but the time taken is 13714.58 seconds which is quite higher. As it takes 3 hours and 48 

minutes for only 13 objects and it will impractical if objects become more than 13. So 

exhaustive search is a good solution but only in case we have less than 13 objects otherwise 

the computational time will be impractical. 
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Table 15: Result on data set 3 with Greedy Algorithm 

 
1st 
Object 
# 1st Object Name 

Access Point 
(x,y,z) 

2nd 
Object 
# 

2nd Object 
Name Routes Path 

Distance 
b/w 
Objects 

1 A1CXB25GH021 
Route 8   
Pnt 20,22,27.5 2 A1HHN20AA501 8 7.5 

2 A1HHN20AA501 
Route 8   
Pnt 20,25,27.5 3 A1HHN20AA502 8 5 

3 A1HHN20AA502 
Route 8   
Pnt 20,26,27.5 4 A1HHN20AA503 8 5 

4 A1HHN20AA503 
Route 8  
Pnt 20,27,27.5 5 A1HHN40AA501 8 8 

5 A1HHN40AA501 
Route 8  
Pnt 20,31,27.5 6 A1HHN40AA502 8 5 

6 A1HHN40AA502 
Route 8  
Pnt 20,32,27.5 7 A1HHN40AA503 8 5 

7 A1HHN40AA503 
Route 8  
Pnt 20,33,27.5 8 A1HJL23AA501 8,9,14,4,23,18 34 

8 A1HJL23AA501 
Route 18   
Pnt 25,38,31.5 10 A1LBG20AA510 18,19,20,21,3,12 49 

10 A1LBG20AA510 
Route 12 
Pnt 50,45,27.5 9 A1LBG15AA510 12 8 

9 A1LBG15AA510 
Route 12  
Pnt 50,46,27.5 12 F2 12,11,10,9,14,4 93.5 

12 F2 
Route 4  
Pnt 16,41,70 13 F3 4,23,18,17,15,5 92 

13 F3 
Route 5  
Pnt 39,20,28 11 F1 5,15,1,24 96 

11 F1 
Route 24  
Pnt 30,20,73 1 A1CXB25GH021 24,1,6,8 78 

Total Length 486 

 
The length we got from Greedy Algorithm applying on Data set 3, is 486 which is greater 

than the optimal length of 467.5, we got from Exhaustive search. It takes 0.175 seconds to 

conclude the results but as we have seen with data set 2 and data set3 it does not ensure the 

optimal solution.
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Table 16: Result on data set 3 with Simulated Annealing 

 
1st 
Object 
# 

1st Object 
Name 

Access Point 
(x,y,z) 

2nd 
Object 
# 

2nd Object 
Name Routes Path 

Distance 
b/w 
Objects 

11 F1 
Route 24   
Pnt 30,20,73 1 A1CXB25GH021 24,1,6,8 78 

1 A1CXB25GH021 
Route 8    
Pnt 20,22,27.5 2 A1HHN20AA501 8 7.5 

2 A1HHN20AA501 
Route 8    
Pnt 20,25,27.5 3 A1HHN20AA502 8 5 

3 A1HHN20AA502 
Route 8    
Pnt 20,26,27.5 4 A1HHN20AA503 8 5 

4 A1HHN20AA503 
Route 8   
Pnt 20,27,27.5 5 A1HHN40AA501 8 8 

5 A1HHN40AA501 
Route 8    
Pnt 20,31,27.5 6 A1HHN40AA502 8 5 

6 A1HHN40AA502 
Route 8    
Pnt 20,32,27.5 7 A1HHN40AA503 8 5 

7 A1HHN40AA503 
Route 8    
Pnt 20,33,27.5 10 A1LBG20AA510 8,9,10,11,12 47.5 

10 A1LBG20AA510 
Route 12    
Pnt 50,45,27.5 9 A1LBG15AA510 12 8 

9 A1LBG15AA510 
Route 12    
Pnt 50,46,27.5 8 A1HJL23AA501 12,2,22,21,20,19,18 50 

8 A1HJL23AA501 
Route 18    
Pnt 25,38,31.5 12 F2 18,23,4 60.5 

12 F2 
Route 4    
Pnt 16,41,70 13 F3 4,23,18,17,15,5 92 

13 F3 
Route 5    
Pnt 39,20,28 11 F1 5,15,1,24 96 

Total Length 467.5 

 
Simulated Annealing comes with optimal solution of length 467.5 which is equal to 

exhaustive search result consuming only 0.48 seconds which is quite less than the exhaustive 

search. Simulated annealing does not ensure the optimality because of its probabilistic nature. 

If the no of objects increase too much it can give some non optimal result but it is the most 

practical solution as it gives near optimal solution. 
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7.0 CONCLUSION AND FUTURE RESEARCH 
 

The goal of the undertaken project was to develop an application to connecting 

some objects inside some building, which finds an optimal path among all objects following 

the available routes inside the building.it was a different scenario of TSP and I tried to obtain 

result with three different algorithms. Since I did not find any article have published on such a 

problem, it was very hard for me to gather exact information and help I needed to support the 

way I implemented the algorithm, therefore I believe there is much space for improvement. 

 

Although Greedy algorithm’s results have performed some of the best known results, but it 

does not ensure optimality. Same is the case with simulated annealing, as from our results are 

concerned we got best with it. But it is a Monte Carlo algorithm which is a probabilistic 

algorithm. We cannot sure having each result from simulated annealing is optimal because of 

its probabilistic nature and adopting the neighbors but it is the nearest optimal solution. 

During the cooling process it keeps only the best optimality and takes so fewer time. 

Exhaustive search is the only best solution so far because it checks each and every possibility 

and finds the optimal solution but it takes too much time to solve the problem as the number 

of objects increased. It becomes a non practical solution if objects are more than 1. Although 

time constraint was not in requirement of this application but practically it is useless if this 

application takes too much time to resolve the issue. From the experimental results I agreed to 

develop this application with simulated annealing either it does not ensure optimality but it 

gives near optimal solution within practical time. 

 

For future enhancements, I think if I keep on trying solving the same problem with other 

swarm intelligence algorithms, I might be able to get some promising results which can be 

time saving as exhaustive search could be a disaster for huge no. of objects and routes. Since 

there are a lot of other algorithms, one has to try every possible way to implement it in order 

to get good results but due to the lack of time, I couldn’t do it.  
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