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Abstract 
A tool is developed to generate service areas for testing of 

a dynamic partition based bus scheduling algorithm. A 

partitioning algorithm analyzes a static graph and 

recommends an infrastructure to optimize the scheduling 

service. The scheduling algorithm then routes busses 

between pickup locations subjected to customer 

constraints. To prove and demonstrate the value of the 

algorithm, automated testing is required to simulate 

various situations the algorithm may encounter. Based on 

the results of this project, it was found that the algorithm 

performed better compared to the other methods 

available. 

 

1. Introduction 
 

Testing optimization algorithms is not a trivial task. There 

are many problems in the world which can only be solved 

by “best guess” approaches. This involves receiving input 

based on target criteria, and estimating a reasonable 

solution. Success of the solution can be measured in 

various ways. Routing and scheduling bus routes areas can 

fit into such a classification. In rural areas, there is 

significantly less traffic and public transportation 

utilization. The population density in these areas is simply 

too small for a static bus schedule and route to be the best 

use of resources. An alternative involves dynamically 

scheduling and routing busses based on incoming patron 

requests. An algorithm such as this can run in real time 

and allocate resources based on busses available, busses 

currently en route, and the size of the service area in 

question. The algorithm under test operates on a static 

graph. It will divide the service area into smaller regions, 

each served by one depot [1]. The following partition 

algorithm is used to partition the service area based on 

user input. 
 

1.1. Partitioning Concept 
 

Select the node in the service area which can serve the 

maximum number of nodes subject to the user constraints 

and declare it as the first depot. Main selection criteria are 

the reachability with in TW time. Then find the next node 

among all unserved nodes which can serve the maximum 

number of unserved nodes and declare that node as the 

next depot. Continue this process until all nodes are 

served. 
 

1.2. Partitioning Algorithm 
 

The algorithm in Figure 1 is the process for partitioning a 

static graph into sections. These sections represent the 

service area of each depot.  

 

The regions are allowed to overlap, but busses are not 

allowed to cross the region boundaries. If a passenger 

must cross between regions, then they will need to transfer 

between busses during their travel. The claim is that this 

algorithm is faster and more cost effective in comparison 

with existing dynamic scheduling algorithm. The tool for 

auto generation of a static graph helps generate random 

service areas which simulate real situations the algorithm 

in question is required to handle. Once the service area is 

generated a partitioning algorithm divides the service 

using the user entered parameter (TW) so that the 

scheduling algorithm can reach every customer. The 

scheduling algorithm is defined in section 1.3. 

 

The focus of this project is to validate the efficiency of 

dynamic partition based scheduling algorithm. The 

dynamic partition based bus scheduling algorithm is for 

scheduling real time on demand customers with user 

constraints. User constraints and assumptions of the 

scheduling algorithm are: 

 

1.2.1. User Constraints: The first user constraint 

concerns how much the pickup time of a passenger can 

vary from the user’s desired pickup time. This is the same 

as maximum wait time for service after a customer request 

is registered. Deviation from the desired pickup time is 

called time deviation (TW) and in this example, has an 

upper limit of 50 minutes. Users have a desired pickup 

time while delivery time is computed and controlled by 

other constraints like maximum ride time (MRT). 
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The second constraint concerns how long the passengers 

can be traveling inside of the vehicle. This is called 

maximum ride time. MRT = a0+ a1*DRT where DRT 

stands for direct ride time and a0 = 5 minutes, a1 is a 

constant depending on the comfort level of the passenger. 

For comfort level ‘L’ a1 = 2.5. The third constraint 

concerns vehicle size. Fleet size depends on the size of the 

service area and the number of customer requests. Since 

the first two conditions are very restrictive, fleet size may 

not be an issue.  If the system selects a vehicle, the 

existing route of that vehicle is adjusted to accommodate 

the new customer.  If no such vehicle is en route then 

dispatch a new vehicle from the depot. If there are no 

more vehicles at depot to dispatch, inform the passenger 

with an appropriate message. If there is one dedicated 

vehicle for each customer, that is the best for the customer 

as the customer wait time and travel time will be the 

minimum. At the other extreme if there is only one bus for 

servicing all the requests, then the passenger comfort will 

be at the lowest, but the system operating cost will be at 

the minimum. In other words, customer satisfaction and 

operating cost are inversely proportional, when one 

increases the other decreases.  

 

1.2.2. Assumptions: Average speed of a vehicle is 15 

miles per hour. Customer embarking/disembarking time is 

considered negligible. No emergency or break time of any 

sort for the driver or passenger is considered in this 

research. Vehicle will not idle during operation. All 

passengers will receive equal priority in the same 

scheduling. Service time (time for pickup and delivery) is 

considered negligible. No vehicle will be idle while 

passengers are aboard. No weather related parameters are 

considered in this research work and no lunch or coffee 

breaks are considered for the operator/driver of the 

vehicle. No environmentally related parameters in real 

situations are considered in this research. These 

parameters can be easily accommodated in computation if 

necessary. For example, if the average time for pickup or 

delivery is 2 minutes, we can add 2 minutes to the ride 

time of the affected customers or add 2 minutes to the 

computation of statistics like ride time. Dynamic Partition 

Based Scheduling Algorithm (DPART) make sure every 

customer is reachable with in Tw time. This scheduling 

algorithm honors all customer constraints. No customer is 

treated with any preference. 

 

1.3. Scheduling Algorithm 
 

This algorithm will route busses in a multi-depot system. 

Given a customer request, the scheduler will determine the 

pickup and drop off intersection locations. If the two 

points reside within the same service area, then the 

algorithm will route a bus to pick up the patron, and drop 

them off at the desired location within the constraints of 

the problem defined in Section 1.2.1. If the nodes are 

located in different service area partitions, then the 

algorithm must plan accordingly. Busses are not allowed 

to service nodes outside of the region they are assigned to. 

At this point, the algorithm must handle the case where a 

customer would like to travel between service regions. It 

will find a common node between the regions, and 

schedule a drop off time for the customer at that location. 

It will also schedule a new customer request event, which 

it must prioritize and execute within the acceptable 

amount of time to allow the patron to reach the destination 

in a timely manner [1].  

[Start] Select the node  that could serve maximum 

number of nodes  such that distance  

<= depot range where 1<=  <=n, n being the 

number of nodes in the service area. 

Declare node  as the first depot. 

 

[First partition] select all the nodes  into 

{p[ ][ ]} where distance  <= depot 

range. 

 

[Depot] select the node  that is not yet served by 

any depot and that could serve the most 

number of nodes not served yet.  Declare the 

node  as the next depot and find all nodes j 

into partition {p[ ][j]} such  that distance 

 <= depot range. Where 1<=j<=n, n 

being the number of nodes in the service area. 

If no such node  exists go to [output] 

Go back to [depot] 

 

[Output] {p[j][k]} represent the set of partitions 

where j - depot nodes, 1<=j<=n, the 

maximum number of nodes in the service area. 

k - Nodes served by depot node j, 1<=k<=n, 

the maximum number of nodes in the service 

area. 

 

[Optimization] Repeat the Algorithm by increasing 

the depot range up to 10% and record the 

number of depots for each depot range.  Select 

the depot range which has got the minimum 

number of depots and select that depot range 

as the best depot range for the service  area, 

subjected to the user constraints. 

Figure 1: Partitioning Algorithm 
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1.4 Alternative Applications 
 

This tool has alternative applications to generating a static 

graph representing a set of streets, bus depots, and pickup 

or drop off locations. It can be used to represent and 

visualize many problems which are solved using graph 

theory. One such problem could involve representing a 

computer network, where each node represents a switch, 

router, or other connection point, such as a computer. The 

edges in this graph could represent either the cost or the 

time delay between a set of vertices. A second problem set 

which this tool could demonstrate is circuitry [2]. Each 

node could represent an electrical component which are 

interconnected by wires to each device. It would not take 

much modification to enable diverging and converging 

cones of logic in the displayed graph. This would allow 

for more complex representations of problems to be 

visualized. 

 

2. Bus Graph Visualization 
 

“Bus Graph Visualizer” is a tool used generate an 

environment to test the quality of a scheduling algorithm. 

It is written in Java, and is a Graphical User Interface 

(GUI) used for viewing a static graph. See Figure 3: 

Planar Graph for an example of such a graph output. 

 

 

Figure 3: Planar Graph 

For completion and clarification of the process of the 

applying this tool to Dynamic Partition Based scheduling 

algorithm Figure 4 shows the output from the partitioning 

program. Each of these graphs and data can be 

represented and stored on disk for future use and 

recollection. This includes further analysis, algorithm 

input, and visualization. 

 

There are various debugging tools, such as a node or edge 

finder. Bus depots can be found, and the tool will 

highlight the nodes which they are serving. Once the 

project is complete specific user routes could be displayed 

on the graph. A user can manually adjust nodes on the 

graph with a drag-and-drop feature. This is useful for 

cases where nodes are clustered together. However, it may 

be interesting to see how the algorithm responds to a 

congested graph, with a few outlying nodes. 

 

 

Figure 4: Service Regions 

 

3. Random Graph Generation 
 

Graph theory is an involved topic. There are many kinds 

of graphs, and each of them could be used to test this 

particular algorithm. Initially, this project focuses on 

generating a planar graph. This tool uses a non-directed, 

connected graph to represent the vertices and edges in 

[Start]  Divide the Service Area into partitions using 

DPART algorithm. 

 

[Initialize] For each partition  

Initialize Fleet size. 

Record the vehicle locations. 

 

[Loop] While not end of day  

 

[Inside loop] Do the following for each partition 

If a customer request arrives then update 

vehicle locations 

Leaving pickup times of onboard passengers 

unchanged. 

 

[Update schedule] Insert request into a vehicle 

route with least cost  

Subject to consumer constraints  

Create the new updated schedule 

If no customer request goto [loop end] 

 

[Inside loop end] Go to [Inside loop] 

 

[Loop end] Go to [Loop]  

 

Figure 2: Scheduling Algorithm 
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question to be analyzed. Planar graphs do not allow edges 

to have an intersection without a node between them, 

since they must be represented in a single plane [3]. The 

graphs in this project represent rural roads, where 

underpasses and large highways are uncommon, providing 

every crossing is represented by a vertex in the graph. 

There are other types of graphs that could be used to 

represent more complex systems, such as cities. These 

types of areas are not under scrutiny in the scope of this 

article. 

 

There are many methods available to generate a planar 

graph. Each algorithm has various efficiencies and 

strengths. There are two programs “plantri” and “fullgen” 

which were designed to generate various types of graphs 

[4]. They implement extremely fast algorithms for 

generating various types of graphs which can be 

represented on a single plane. In the context of this 

project, the complexity of these methods is unnecessary. 

The number of vertices in the graph required to effectively 

test the algorithm is on the order of N nodes, where N is 

50 [1]. To maintain the constraint of testing with a planar 

graph, a maximum number of edges on the graph is N-1, 

or 49 edges. Due to the relatively small size of input, a 

less complex algorithm is sufficient to randomly generate 

a static planar graph for testing.  

 

3.1 Planar Graph Algorithm 
 

The algorithm stated above will create a graph with a 

random number of nodes in a given drawing area. It will 

also create a random number of edges on the graph, 

providing that there will be less than 5 edges associated 

with a given node. The algorithm will first generate N 

randomly placed nodes, where in this case N is 50. It will 

then sort the nodes based on their relative position 

compared to the origin of the map. The origin in this 

example resides in the top, left corner at (0,0). Once the 

nodes are sorted, it will assign indices in increasing order 

to each node, which represents the node name. Next the 

algorithm will begin to generate the edges on the static 

graph. It will loop through all of the nodes, and pair each 

node to every other node. A node may not be paired with 

itself. A binary tree represents the collection of pairs of 

nodes that could exist in the static graph as edges. The 

algorithm then iterates through the tree, traversing the 

closest nodes (with the smallest edge length) first. If there 

are no intersecting edges already in place on the static 

graph, the algorithm will create an edge between the node 

pair, and add it to the graph. The end result of this process 

is a planar graph with N = 50 nodes, and maximum of N – 

1 edges. 

 

 

 
 

This is not an efficient algorithm. In the worst case, it 

takes O(N3) running time. On the average case it is closer 

to O(N2). While this can be improved, the output size of 

the graph does not require a more efficient algorithm. The 

actual time required to run the algorithm and display the 

graph is negligible compared to the running time of the 

scheduling algorithm. 

 

4. Test Methodology 
 

Before this project, the service areas were created 

manually. From governmental publications an area of a 

county is selected and the intersections of roads are taken 

as nodes and placed manually on a map. The distance 

between adjacent nodes (edge weight) are measured 

manually and marked on the graph. The user would then 

Figure 5: Planar Graph Generation Algorithm 

[Start] Identify the number of nodes to generate.  

 Identify number of edges to generate 

connected to a single node. 

 Set seed of random generation algorithm. 

Create node collection and edge collection. 

Create binary tree named close nodes.  

 

[Nodes Loop] While number of nodes less than 

maximum node constraint: 

 Create new node within display boundary. 

 

[Nodes Loop End] Sort nodes by index. 

 

[Edges Loop] For node in node collection: 

  

[Inner Edges Loop] For other in node 

collection: 

If node equals other goto [Inner Edges 

Loop] 

Add new pair of other and node to close 

nodes tree. 

 

[Find Neighbors Loop] For node pair (n1, 

n2) in close nodes tree: 

If number of edges is greater than edge 

constraint per node, then goto [Edges 

Loop] 

Create edge between node pair. 

 

[Find intersection Loop] For other in 

existing edges: 

If edge intersects with other then delete 

edge.  

Goto [Find Neighbors Loop] 
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create an image to represent the graph in question. The 

algorithms would run on the hand generated matrix and 

provide output. This process is tedious and subject to 

human error [1]. This tool not only generates a graph; it 

also generates the edge matrix that can be passed into the 

partitioning algorithms. While this is better, it is not the 

ultimate solution. There is some manual human 

interaction. The final product will incorporate all of the 

steps into a one-stop-shop for testing, analyzing, and 

comparing results. This allows the user to improve 

productivity by reducing turnaround time (TAT) between 

test cycles.  

 

In this tool, the user will specify the number of nodes to 

represent a given service area. The user can also specify 

the number of edges a given node can have. The testing 

performed in this project limited each node to 5 edges. 

Given the nature of the problem, it is unlikely that more 

than 5 roads would come to an intersection, especially in a 

rural area. The tool will then generate a random planar 

connected graph and display it on the screen, as shown in 

Figure 1. At this point, the user may choose to save the 

nodes, edges, and adjacency matrix to disk. They may also 

continue to the next step. The user will then run the 

partitioning algorithm explained in section 1.2. At this 

point, an image depicting all of the selected depots and the 

respective service regions is captured. Again the user may 

save this representation for later use.  

 

Given the partitioned service areas, the user may run the 

DPART algorithm under test. This will generate 100 

random user requests. A user request is an event handled 

by the scheduling algorithm including pickup and drop off 

times and locations. Given this input information, and the 

constraints enumerated in section 1.2.1, the DPART 

algorithm will prioritize, schedule, and assign a vehicle to 

carry the customer as defined in Section 1.3. 

 

 

 

5. Conclusions 
 

This tool assists a user in generating random data that can 

be used to test algorithms which operate on graphs. It is 

difficult and tedious to manually create such examples. 

This method of operation does not cover the entire 

problem space, and the process is prone to human error 

and intervention. Automating the testing infrastructure has 

reduced evaluation time and improved confidence in the 

durability of the algorithm under test. It has shown that the 

DPART algorithm is more effective in supporting a public 

transportation service than previous scheduling 

algorithms. 

 

6. Future Work 
 

There are a number of improvements that can be made to 

this system. The project should look at real situations and 

real maps to use for simulation input. There are data 

sources containing related information including peak 

travel times for customers. These data sources exist for 

many cities, suburbs, and other residential areas. This data 

could be collected, analyzed, and then applied to 

algorithms under test for further analysis. 
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