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Abstract

In the busy streets of Beirut, traffic is inevitable. Emergency services struggle
through this traffic to respond to calls of various types, some being more urgent that
others. Providing safety and medical response to the public in a prompt manner becomes
a priority for emergency service providers. Hence, avoiding busy and lengthy roads when
possible help them achieve this objective. As traffic is an unpredictable issue, avoiding

unnecessary detours could be just the solution they need.

In this project, we develop MobiMedic; a tool based on the map of the city of
Beirut that allows emergency dispatch personnel to provide emergency vehicles
responding to a call with a shortest journey to take to get to incident site, the condition
and the number of cases reported. This will allow the crew of the emergency vehicle
responding to the call to be prepared for the case anticipated and get there as fast as
possible avoiding lengthy routes. Moreover, our tool will allow for quality assurance

audits and reviews as the calls being reported are logged as they occur.

We are hoping that the implementation of MobiMedic at this stage will open
doors to enhancements. The functionalities introduced are the corner steps on the way to
a state-of-art emergency response solution. We also hope that one day we will be able to

. . . . . . .
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mission,
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Chapter 1 Introduction

1.1 Motivation

In the busy streets of Beirut, transportation of large vehicles can be time
consuming. In times of emergency, special emergency vehicles move quickly to
respond to calls regarding various types of incidents that might occur and that require
quick and efficient transportation to centers where immediate health care can be
administered to the incident victims. As a Lebanese Red Cross alumnus, the
importance of this issue was obvious and I felt the need to contribute to solve this

problem.

Every minute from which the ambulance leaves its station, bound to the
accident site, then to the hospital is critical in saving lives. During certain rush hours
of the day, it is impossible for ambulances to reach the site in time to administer first
aid. Moreover, lengthy roads might increase the risk of delaying the prompt arrival of
patients to hospitals. Therefore, an understanding of the locations of ambulance
centers and hospitals, in addition to road information is the key to successfully finding
the quickest path to the patient; thus, saving more lives. Moreover, feedback to the

ambulance is helpful for efficient preparation and response from their side.

In this project, we develop “MobiMedic”; an application that calculates a

shortest path route for an emergency vehicle to use as soon as it dispatches. Moreover,
MobiMedic will give the first aid paramedics the chance of an earlier preparation for
the case ahead of them in terms of crew management and equipment, as they will
receive along with the shortest route, the possible condition(s) happening, described
in common ER medical terminology and the number of case(s) expected. All this
information will be received through a mobile device that can be carried around with
ambulances as they dispatch for an ambulance callout, receiving the shortest path to

the accident site from their dispatch location and the shortest path to the nearest

hospital from the accident site.




MobiMedic, as we hope, will be a very promising tool that has the sky as its
limits in terms of functionality. In the remaining parts of this chapter, we give a brief
overview of the various attempts we had to build MobiMedic in various ways and
discuss the environment used to build it. In chapter 2, we provide a literature review
about previous work related to emergency vehicle dispatch and some common routing
problems. We discuss the functionalities of our tool in and show a walkthrough in
chapter 3 and explain the implementation details in chapter 4. Finally, we highlight
the possibilities of enhancements and conclude in chapter 5. With a little funding, we
believe that this project can be setting up the ground to the latest techniques in

emergency service dispatch systems.
1.2 Overview

Qur first approach on this project was an attempt fo build a mobile application;
one that is loaded on mobile devices to ease the routing. However, this mechanism, in
addition to its complexities and the many difficulties we faced while attempting to
build it, will make MobiMedic lose many of its functionalities. For example, the
ability to get notified about the case the ambulance is heading to pick up, or the
condition(s) to be expected at the target site. This made us lose the idea of a mobile
application, and focus on an application that ‘serves’ mobile devices rather than run
on one; hence, MoﬁiMedic’s current implementation.

We tred a second aporoa while attempting to-build MobiMedic by using
Global Positioning Systems (GPS) and the development of MobiMedic as a
Geographical Information System (GIS) Solution; GPS is a navigation technology
that communicates with a set of satellites to acquire a certain position on earth. The
GIS solution uses the GPS technology to analyze and display geographical
information [1, 2]. That said, GIS solutions can be developed and customized
according to your needs. GIS solutions are commonly available from specialized
companies such as ESRI and ThinkGeo, the latter offering GIS components for NET
developers as well. We tried to approach the implementation of MobiMedic this way

by building a specialized map containing hospitals, ambulance centers and roads. In

GIS development, we can build what is called a “layer’ [3]; a layer is a set of objects




that need to be represented on the map. Multiple layers including a layer for hospitals,
medical centers and many more objects will be linked to a map of all streets in Beirut.

This information is usually procured from professional companies who
register the longitude and latitude positions of every street, hospital and ambulance
center that needs to be mapped. Unfortunately, this proved to be, in addition to losing
the functionalities that MobiMedic’s current functionalities offer, a very expensive

option.

This led us to the conclusion that we needed to keep the development simple
and controllable, and as a starting point to our work, we referred back to the basic data
we collected from a previous project we had worked on as a prototype for an
application that offers shortest route calculation in addition to total distances and we
had always thoﬁght that enhancing this application would be our future step, well, we
did it. This enhancement presented in this project is a step closer to achieving modern
real time routing for ambulance services. In the next section, we will discuss the

background with regards to the environment and tools used to implement MobiMedic.
1.3 Environment and Tools

In this section, we briefly introduce the environment from which MobiMedic
was inspired and around which MobiMedic was built. It introduces vehicle routing,

mobile environment and the development tools used to build MobiMedic.

1.3.1 Emergency Vehicle Routing

Ambulances and emergency service vehicle drivers suffer a lot in traffic and
unnoticed detours specially with a life hanging in the back of the ambulance, the skill
and mental strength needed to do the job are not easy, not to forget the unexpected
conditions along the way. As a result, a guiding hand can always ease their job and
life. Currently, most ambulance drivers use their infuition and personal experience in

getting from ambulance centers to destinations, based on just the end destination

given by the call center.




State of the art ambulances sometimes are equipped with GPS devices to assist
in getting to destinations, especially in large cities. In chapter 2, we discuss some
work done on efficient vehicle routing techniques in various domains, and discuss
how this can contribute but not entirely solve the problem for emergency medical

vehicle routing.
1.3.2 Mobile Environments

Mobile devices are used in our everyday life in various ways; mobile phones
specifically are used for phone to phone communication or for short message service
(SMS) texting. More advanced mobile phones gives you the option of setting
reminders and calendar entries, sending and receiving emails and web browse, even
integrating with other devices like PDAs. What is needed to offer mobile phone
services are Radio Frequency (RF) fields. Mobile phones communicate in a network,
using base stations to receive and transmit calls; the mobile phone connects and
transmits to its nearest base station and vice versa [4]. As the mobile receives the
signal from the closest base station, each base station will have a coverage area that is
call the “cell”, The cell defines the maximum range to which that base station’s signal
can reach. Cells overlap to provide coverage area, hence; when people travel with
their mobile device, the mobile moves from one base station’s cell to another in a very
transparent manner to the user.

out of the base station’s coverage area (cell), the next base station picks up and starts
transmitting and receiving. In a typical city, and due to the various buildings around
base stations, the cell of each base station can vary in coverage area. Modern cities
provide base stations in a way to provide service coverage in a continuous manner and

without interruptions of signal.

The intermediate party between the sender and receiver, who is situated
between the base stations, is best known as ‘service provider’. The service provider

supports the coverage area by providing base stations. The service provider is

responsible for diverting all calls and messages. The service provider can sometimes




provide the service using an existing infrastructure of the telecom provider based on

mutual agreements.

1.3.3 Development Environment

1.3.3.1 Microsoft Visual Studio 2005

Microsoft Visual Studio is a programming platform developed by Microsoft
Corporation [5]. This enables developers to create, design and build numerous types
of applications such as web applications, mobile applications and .NET applications.
Visual studio offers a code editor in addition to many built-in tools that allows the

design of Graphical User Interface (GUI) and web design.

Visual Studio also supports many built-in programming languages such as C
and C++ which is supported via the Visual C++ IDE (Integrated Development
Environment) and C# via Visual C#. It also offers support to other languages such as
Python via a language service that needs to be installed separately. The graphical user
interface and the look-and-feel development for this project were done using MFC

(Microsoft Foundation Class).

1.3.3.2 MFC: Microsoft Foundation Class
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that is used in building applications [6]. Used under visual studio, MFC provides a
framework with skeleton code that we can fill to build the program. The “main”
function will be substituted within the Graphical-User Interface. Moreover, MFC
library provide classes to give the GUI elements such as frames, scroll menus, text
boxes and hence provide you with the full shell to develop your application and

provide GUI at the same time [7, 8]. The details of the MFC implementation will be

presented in chapter 4.




1.3.3.3 SMS Broadcasting

An integral part of our application is the SMS sending option. For that, a lot of
research was done to investigate how we can utilize this option in our system [9, 10].
As a result, we came upon various ‘service providers’ who can offer SMS sending;
‘Activexperts’ is a toolkit that provides SMS and MMS messaging services for
software developers via GSM modems. Moreover, another service provider is
SMSLibX which is an SMS ActiveX component DLL used for SMS sending (and
receiving) from a PC, by using a GSM modem/phone.

The most efficient option which allows for maximum adaptability for our
purpose was using a service provider who loads your text message via a URL which
triggers the mobile sending service toolkit on the service provider’s server. This
proved the best option as it gives us the flexibility to manipulate the text we want to
send, hence, adding a necessary dynamic feature to the application. Our service
provider is Actel; one of the leading providers of telephony services in the Middle
East [11]. Details on the SMS sending code used will be explained in the functionality

section of chapter 4.




Chapter 2 Literature Review

In this chapter we discuss previous work done in the field of routing
optimization for vehicles and other tools available from various vendors for
emergency vehicle dispatch, computer aided dispatch and routing, the former being a
theoretical approach while the latter is more practical and has been implemented. It is
important to introduce these topics being highly related to the ideas and techniques
that MobiMedic used. They also serve as study material to further enhance
MobiMedic. |

In [12] Lee, Epelman, White and Bozer discussed a shortest path approach to
the Multiple-Vehicle Routing Problem with Split Pick-Ups. In their paper, the
problem of multiple-vehicle routing with split picks was discussed, the problem
involves a fleet of trucks with .the same capacity but having different supply pick up
points and a single assembly plant. The trucks having to move supplies and parts from
the supplier to the assembly point, and each supplier may have more than on truck
picking up the supplies from there. This approach is an extension to the classical
Vehicle Routing Problem, which was defined in [13] as a problem where “a fleet of
vehicles with uniform capacity, a common depot, and several consumer demands, find
the set of routes with overall minimum route cost which service all the demands”.
Another classical problem that addresses routing is the Travelling Salesman Problem

[14], where the objective is to find the shortest tour through a set of cities, visiting

each city once and finally returning to the starting city. This is another example of

trying to find shortest path between set locations from a starting point.

In a more practical idea that was presented in {15], the author introduces
Mobile Web Services in emergency systems in the health sector through proposing an
application that is based on the usage of a mobile system, based on cellular phones in
ambulances. In addition, the doctors will be equipped with mobile devices that are
connected through high bandwidth Internet to facilitate an access to patient records
from a hospital database at high speeds. In the remaining part of this chapter, we shift

to present practical applications and tools developed and implemented from various

vendors to serve the important task of emergency vehicle routing and dispatch.




The city of Victoria, Australia and specifically the Metropolitan Ambulance
Service [16] were pioneers in using the computer aided dispatch for emergency
services. This system was implemented in 1995, further enhanced with Advanced
Medical Priority Dispatch and introduced as a computerized version in 1998. This
system provides clinical information about the patient being transported to the
hospital while the ambulance gets some care information from the hospital to the
ambulance. The system is backed by a Motorola data terminal and has an automatic
vehicle locator. This system helps the dispatcher in locating the closest ambulance to

the incident scene; and hence, managing the resources efficiently.

Another tool that offers other functionalities is the Priority Solutions triage
software (PSIAM) which is owned and distributed by Priority Solutions [17]. PSIAM
sits on top of an automated clinical content product that is based on integration
between Priority Dispatch’s automated Medical Priority Dispatch Systems (MPDS)
protocols and Clinical Solutions’ [24] suite of content products. In this application,
callers to dispatch centers using the tool will be directed to trained medical
professionals to collect information and use this information to determine the
appropriate health services that are required. The tool provides a series of questions to
gather initial information from the caller about the incident and as a result, the
medical professional receiving the call will be able to direct the call to targeted care
providers and emergency dispatchers or provide the necessary first-aid directions to

.
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protocol; a process of patient prioritization based on the condition and its severity,
some nurse triage protocols are used to analyze patient symptoms over phone calls.
Callers who provide preliminary information that leads the tool to realize that the
caller has a medical emergency, then the MPDS protocols will be triggered to enable
emergency dispatch personnel to provide pre-atrival instructions to the caller and
initiate the life support protocols needed. For callers whose cases are deemed not
urgent, the tool activates Clinical Solutions’ suite f(-)r the user. The advantages offered

by this solution can be summarized by helping eliminate emergency room waiting

time or unnecessary visits to emergency rooms.




Emergency response and dispatch tools has been catered to by multiple
vendors, the functionalities of each one of them vary and it is only the consumer who
can decide on the true worth of the tool depending on the community’s needs and
their acceptance. Other vendors who provide computer-aided dispatch solutions

include Intergraph [18] and Tiburon, Inc. [19].




Chapter 3 MobiMedic Functions

In this chapter, we introduce the functionalities that MobiMedic offer. We
depict screen shots from the application and show how the functions are triggered. We

also present the practical usage of those functions in a full cycle.
3.1 Emergency Call Details

Function: Select Street

In this function, a list of all streets in Beirut is displayed in the scroll down
menu labeled “Choose Street”. The operator selects the street from the scroll menu,
and presses the “Select Street” button to enter the street name into the system. This
function initiates the search for the arca to which the street belongs to. Given the map
of Beirut, we divided Beirut into four main zones or areas. Accordingly, the system
starts the search for the closest ambulance center and the closest hospital based on the
street location within the area. This information is displayed in the Display Box on the

main screen, providing the following information to display:

e The area to which the street belongs to (Ras Beirut, Mar Elias, Acharfiech and
Riverside),

. he ambulance center from which the ambulance needs to be dispatched from

e The closest hospital where the ambulance should head to,

e The Route Chosen, and

e The approximated total distance to be travelled by the ambulance.

Function: Known Condition(s)

This function offers a comprehensive list of medical emergency conditions
that are usually communicated to emergency medical personnel. This is based on
common terms used within paramedic services. The list also offers the option of

selecting UNKOWN when the condition is difficult to explain or cannot be reported.

10




Function: Number of Casualties

This function aliows the operator to select the number of casualties reported or
witnessed at the scene. This might be vague in some conditions and as a result, the
system will offer the selection of UNKNOWN when the number is not clear. The
numbers offered for selection are 1-4 (inclusively), the reasoning of this is that a small
number of casualties indicate the need for a limited number of ambulances to be
dispatched. Larger scale incidents will be indicated with more than 5 casualties and

this usually will require a major ambulance dispatch operation.

Function: Ambulance to Dispatch

This function gives the operator the option to choose which ambulance to
dispatch. For the purpose of this project, we assumed a total number of 4 ambulances;

1 ambulance per zone and it is distributed as in the following Table 1;

Table 1: Ambulance Numbers per Area

Area/Zone Ambulance Callout Number
Ras Beirut 101A
Mar Elias 102B
Achrafieh 103C
Riverside 104D

As a result of this distribution, once the system returns the ambulance center to
be contacted as per the area, the operator selects the ambulance number from the list
and proceeds to the next function. Once the ambulance is selected, the system refers

to the contact number of the ambulance and selects that for processing.

11




Function: Enter

This function takes the condition(s) specified, the number of casualties and the
ambulance number to which the message will be sent for dispatch and prepares the

SMS message that will be sent,

Function: Send SMS

This function performs the last step of the dispatch process, which is sending
the SMS text to the mobile device on the selected ambulance. The following

information will be sent to the selected ambulance:

e The target street,

e The target hospital,

* The route to be taken starting at the ambulance center, passing through the
incident scene then finally to the hospital,

o The condition(s) expected, and

¢ The number of reported cases.

Function: Generate Report

This function allows MobiMedic to log and report in a .txt file, all the cases

&0 at—wOrKing session. SIS 4124

I 4 U0 cl
dispatched and as a result, at any point during the day, a report can be generated
showing all the cases and their details. There are many advantages in those reports as

they can help in reviewing call details, quality of service and for collecting statistics.

QOther Functions:

A number of functions have been added to MobiMedic that do no serve the
main function of MobiMedic, but are necessary in any application:
o Clear Output: removes all data from the display box in the main page of the

application.

12




¢ Help: Launches a Help document for the end user to refer to.

e Exit: Quits the application.

Figure 1 below is an extract from MobiMedic highlighting the functions explained

above.
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Figure 1: MobiMedic Functions

3.2 A Walkthrough on MobiMedic

This section offers a walkthrough of MobiMedic showing a practical example
of usage and its functions’ output. All the assumptions, will be stated within each step
of the walkthrough. In this example, we will assume that a fainting incident was
reported from Hamra Street in Ras Beirut, as a result, the caller reports the case and

identifies it as fainting and reports one case being involved.
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Street Selection
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Figure 2: Selecting the Street

Figure 2 above is a screen shot that shows that the user picked ‘Hamral” in the
Choose Street scroll list. Meanwhile, other information can be gathered from the
caller. The next step that MobiMedic will do is identify the area where the street
belongs to, identify the Red Cross center and the closest hospital from the case scene;

and hence, provide the user with a shortest route from the ambulance center in that

area to the accident scene and from the accident scene to the nearest hospital. The

next screen shot shown in Figure 3, will show the result of this calculation.
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Area Identification and Shortest Path Selection
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Figure 3: MobiMedic’s Response to Street Selection

As soon as the user presses ‘Select Street’, MobiMedic takes as input
‘Hamral® and identifies the ‘Hamral’ street to be in Ras Beirut area. As a result, the

closest Red Cross Ambulance Center would be ‘Spears’ and the closest hospital to be

2 a¥a¥a 0) 1 e A H oSt o hotrte a a Al a¥a o rom a¥= aallal )
STa O—vyv oo o ] Cropcts - waw Ot ! v ¢l Farane

center to the destination is as dictated in the output box labeled in Red in Figure 3:
Fahkreddine 4 = Micheal Sheha = Banque Liban = Sarolla = *Incident Scene —
Hamra 1* = Baalbak = Emil 1 = Emil 2 & Government Palace -2 Industry =

Jositinian 2 > *Destination Hospital — Trad*.
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Case and Condition Reporting

: MobrMoedic An bnergendy Yobadle Despatch Syslem fc nse Red Coss
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CovammentPeiecs | [T -
b acha 1 Luoseos =
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Tranet Sweet Hamra 1
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2. Dipatch Ambulance fiom 107 - Spears Red Cross Cenler
3. Ditect Ambulance to: Trad Hospital
4. Route Chogan
Fakhraddin 4 Michel Shiha Sonqua Livon Sarolla Hamra 1 Baabelk Emif1 Emil 2 Govemment Palaca Indushy Jositinian 2
5. Tolal Distance Travellad by Shortest Path is: 2550 meters.

Figure 4: Case Details Selection

Figure 4 above shows the tool at a point where the user has selected the entries
required based on the caller’s description of the case. The user will manually select
ambulance number “101A™ for dispatch given that it is known by now, the area is Ras
Beirut, hence we are dispatching from Spears ambulance ‘101A°. The tool is now

ready to enter the case details.

Data Entered to the Tool and the Ambulance N umber Selection Takes Place

As soon as the user presses the Enter button, the tool takes in the condition
from the condition list, the number of cases selected and the ambulance number
selected by the user. The system fetches the mobile device number for that ambulance
and displays this information as shown in Figure 5. Later, the tool prepares the SMS
to be sent and logs the call in the log file.
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Figure 5: Ambulance Selection

Prepare the SMS for Dispatch:

Choase Smeet

b
Fauad Shhab 2 -
F 3
Fouad Shhab 4
Fousd Shhab 5
F ]
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Casa s Fainimgd Mumber of cases =1 Case Ambulance Nuraber 009715032821

Figure 6: SMS Text Content

The system will show the user in a message box the SMS message content that

will be sent as soon as the user presses the Send SMS button. This is shown in Figure

6.
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SMS Sent Successfully

The service provider sends a confirmation message to the browser to confirm
that the text SMS was sent correctly. Figure 7 shows how this is displayed via an OK

message on the browser, followed by the communication service provider name.

F1H:Afy

C rushpub/push
: htipy/fB0.77.167 Afyoali im/SMEycoh/ fplsh_srs.asp
Nortors @it i
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o v # - W v s Favorites

= %S Autofill T
o £ #8 tetpy//B0TT 187 Afyoon IntSMSyooTi kw

% - signh -
4 @ BEMaps v BlogR  + S(5993) v maSpaces - @@ -9 @ -

s Ty o B - - i Page g Teoks
OK
Etisalat

Lone

@ & memet | Protected Mode: On HI00% -

Figure 7: SMS Sent Confirmation Page
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SMS Received on the Mobile Device

The SMS reaches the designated ambulance with the needed information to
dispatch to the incident scene. For the purpose of demonstration, we used our personal

phone as the target phone. This is depicted in Figure 8.

l LI IV

> ® Text message

bom 3

Bapatch to: Horwe | wreer Sopla v Teng

Boapital Route iv: | abbwandiin 4 Mtus ek
Sengue Lihan Larelle Hanws | Baslieit [ond
Uil 2 Coverrerant Pals Wnbuitry joutounee
2 forvitionis). F eewing Knswm Nawnbes o |

fae

Figure 8: SMS Received
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Figure 9: Report Generation
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Once a report is needed, the Generate Report button will launch the report.txt
showing a log of all incidents that took place and were responded to via MobiMedic,

see Figure 9.

Do You Need Help using MobiMedic?

MobiMedic provides a Help button if you need assistance in using the tool.

Figure 10 below shows the Help file that is launched when the Help button is pressed.

 Mobiledise - An | mergency Vehicte Dispatch System for the Lebanse Fed Cross

Chaose Stest Known Cond#tion(s]):
Abdul Ghani - At sisndsas =
Aodulen 1 = |4 helpdoc - Microsott
Abdullah 2 =i A o

A Tsanc
Ahmed Shawki
Aklowi

The Lebanese Red Cioss

Bachir Jumilat

Blad: Demashkiah
Bahrain

Barue Liban

Brhara Khoury 1

Bchara Khoury 2 -

Galact Sreat

MobiMedic
V1.1

K | Help File
fu o[> 0w « O o | 3
Dmvﬂc | Autoshepes= N N OA MG @A -k~ B
Page 1 Sec 1 _ 13 t.ﬁ' Iml Colt f-z:-r;::x

1]

Figure 10: Help File

Street or Case details not entered

Missing details in MobiMedic reduces its efficiency. As a result, a check has
been implemented in MobiMedic where an entry must be made in the case details
section. If one of the details is unknown, then the user must select the UNKNOWN
selection available. If a user tries to input empty details to MobiMedic, the tool will

ask the user for an entry as shown in the figures below.

20




In Figure 11, the user tried to select an empty street. As a result, the tool
listeners detected that and issued a prompt message for the user to specifically select a

street.

Betara Khouy 2 -

Seled Sreat

Figure 11: Empty Choose Street Selection

The same casc applics in Figure 12 as the user tried to enter the case details
without selecting a condition. The prompt message will inform the user to enter a

condition.

Figure 12: Empty Known Condition(s) Selection
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Figure 13: Empty Number of Casualties Selection

In Figure 13, the user tried to enter an empty entry for the number of injured
cases, the return prompt message asks the user to enter UNKNOWN if the number is
not clear. The same prompt applies if the dispatch user does not select an ambulance

number. This is shown in Figure 14.
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Figure 14: Empty Ambulances to Dispatch Selection
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Chapter 4 Implementation Details

In this chapter, we go through the code that lies beneath MobiMedic and

clarify how this code was built and the structure used.

Map Representation: Class Graph

The map of Beirut was implemented as a weighted directed graph. This
facilitated the proposed division of the map into zones or arecas as there will be four
zones and hence four graphs, Our implementation started by defining class Graph. In
a typical graph implementation, there are two main building blocks to form a graph:
Nodes and Edges. As a result, the map of Beirut was studied thoroughly, and the
roads of Beirut were represented as edges, while the hospitals, ambulance centers and
intersections were represented as nodes. Edges connect nodes and as a result, our
streets “edges” connect intersections, hospitals and ambulance centers “nodes”. To
ease this implementation, we mapped a real life map [21] with references from
Google maps [24] into an abstract tmage to ease up the graph “image” we had in

mind. Figure 15 explains the mapping.

John Kennedy

Clamancau 3

Clam.

Figure 15: Map Representations in a Graph

In the map above, the intersections represented as “Bliss Start (8)” is the
intersection between Bliss Street, Omar BAA (Omar Bin AbdulAziz) street and
Clemancau Street, the directions shown on the abstract map is a representation of

street directions in real life.
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Streets Creation Class: Weight

As discussed earlier, streets are represented by edges; these edges are
represented by the list “roadlist[]”, and are represented in the graph as edges by using

the Weight class; the class weight has the following attributes:

class Weight
{

public: int distance, color;

string graph, street;

String graph is the name of the zone to which the street belongs and the color
is the type of the node to which the street leads to - Intersection, Hospital and
Ambulance Center. The distance is the approximated length of the road and the street

is the street name, which already exists in the roadlistf] list.

The method addWeight was used to link the streets, with their attributes, to the
intersections; hence, forming up the graph. Method addWeight below takes the

following parameters:

void addWeight(string gr, int v1, int v2, int dist,int col, string st)

i

= grapi namec O011€ NAIMC

int vl = node number from where the street starts

int v2 = node number to where the street ends or hits another intersection.
int dist = Approximate length of the road in meters.

int col = type of the node the edge ends at; example: Hospital.

string st = street name.

For example, the following line of code adds the street “Soroti 2™ to the graph

in zone “Ras Beirut” linking an intersection to node 15 (Hospital)

rasbeirut.addWeight("Ras Beirut",14,15,600,HOSPITAL,"Soroti 2");

24




When the user enters the name of the street on which the case is occurring, the
following methods take the job of getting the head and tail of the edge. This is the
way to connect the edge to the node. The methods getHead() and getTail() are defined

as follows and they return the head or the tail respectively:

int getHead(string s)
{

for(int i=0;i<numVert;i++)

for(int j=0:j<numVert;j++)

if((matrix[1][j].getStreet().compare(s))==0)

return i;
}
int getTail(string s)
{
for(int 1=0;i<numVert;i++)
for(int j=0;j<numVert; j++)
if((matrixfi][j].getStreet().compare(s))==0)
return j;
}

el WwWe nave a connected airecred grapn and we nave meeinods 10 1c CVE

the heads and tails of edges, we need to run a shortest path algorithm from the Red
Cross center that we retrieved and we need to run it twice. Once from the Red Cross
center to the street where the incident is reported, and again from the street to the

closest hospital.
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Finding the Zone

This is the first step which is needed, to find the name of the zone to which the
street belongs to. This is achieved through calling the method getGraphName(), which

searches for the selected street name in all four zones and returns the graph name:

string getGraphName(string s)
{
for(int i=0;i<numVert;i++)
for(int j=0:;j<numVert;j++)
1f ( (matrix[i][j].getStrect().compare(s))==0 )
return matrix[i][j].getGraph();

............

Finding the Shortest Paths: Dijkstra’s Algorithm

For the use of this project, we used and implemented a shortest path discovery
algorithm: Dijkstra’s algorithm [23]. The reason behind using Dijkstra’s algorithm is
because we are using a weighted, directed graph to represent the map. As a result,
Dijkstra’s was the more obvious choice and due to its simplicity in searching a

weighted directed graph, it suited our needs

Dijkstra’s algorithm finds the shortest paths from a single source node to all
other nodes in a weighted, directed graph. It starts at a single node, checks the weight
on all edges leading to all its neighbors and chooses the one with the smallest weight.
Moreover, it jumps to the neighbor node and marks the starting node as visited so that
it will not be checked on the next search. This builds up a shortest route from the

initiating node to the final node.

In our implementation, since we have a street name with a tail and a head,
with the head being the previous intersection and the tail being the next intersection,

we could start a search from the Red Cross center to the head of the incident street,
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and from the tail of the incident location, run another Dijkstra’s search to the nearest
hospital. The following is an extract of the main lines of Dijkstra’s algorithm that was

implemented:

int Dijkstra(Graph G, int start,int end)
{

while(!G.empty(G))

{
u = G.returnMin(G);

for( w=G.first_neighbor(u); w<G.vertex num(); w=G.next(u,w) )

Relax(G,u,w);

.......

Shortest Path Search

The first step in this process, is to retrieve the tail (the intersection where the
road starts) of the road by running method getTail(string street). The next step is an
easier step; since we have identified the tail, we run Dijkstra’s algorithm between the
ambulance center in that zone where the street is located and the accident site, as
explained earlier, we have located an ambulance zone in each of the four areas. The

same step is applied again; however, this time running Dijkstra’s from the street to all

hospitals in that zone and then getting the closest one. The Ambulance center name,

the destination hospital and the road list will be concatenated into a string for display

purposes.

SMS Code

Now that the SMS text is ready to be sent, sending the SMS was done by
utilizing the following URL:
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http://IPADDRESSMASKED/voofi int/SMSyoofi/pushpull /push sms.asp?recei

ver=receiver number&smstext=text to send&operator=etisalatscountry=ua

eg&smstype=textisenderID=22064username=username&passwerd=password

This URL triggers the SMS server at the SMS service provider and sends the
text under the variable text to send to the recciver whom we provide its number
under the variable receiver number, my communication service provider is Efisalat;

my local provider in Abu Dhabi, United Arab Emirates.

To trigger the URL to launch from within MobiMedic, we needed to make the
URL variable able to accommodate changes to the text that will be sent. At the
beginning, the string was static, we were not able to change the content of the SMS to
be sent according to the different cases reported, so we used C++’s power to convert

our string to char using the function: std::string.c str();

std::string str = "some string";

const chat* psz = str.c_str();

Hence, we create a string of our choice and convert it into a static char string
and use that as a file name to execute the URL and launch it in a browser using
ShellExecute. The following code shows the whole operation:

i,

string s="";

std;;string str =
http://IPADDRESSMASKED/yoofi_int/SMSyoofi/pushpull/push_sms.asp?receiver=
+’ambnumber”+&smstext=+"final SMS”+&operator=etisalat&country=uae&smstype
=text&senderID=2206&username=usemame&password=password”;

char* psz = strdup(str.c_stt(}));

file= psz;

ShellExecute (NULL, NULL, file, NULL, NULL, NULL);

To confirm the SMS sending from the service provider, the web browser will

return an OK message with the name of the service provider.
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Launching the Help File

Launching the help file is simply executed by running a ShellExecute

command on the file Help.exe once the button Help is pressed.

void CEmergencySystemsDlg::OnHelpButton() // Help file opened
{

ShellExecute(m_hWnd, "open", "help.doc", NULL, workingdir,
SW_SHOWNORMAL);

Graphical User Interface and MFC’s Methods

Finally, we will explain what made MobiMedic have a body and an interface;
we will explain MFC’s methods and the Graphical User Interface developed to make
MobiMedic user friendly and practical. Figure 16 shows an image of the typical MFC
environment under Visual Studio. Note that use of Visual Studio gives you the beauty

of designing your look and feel of the GUI and it automatically maps it to code.

We used the GUI and MFC to build up what represents the ‘main’ class; one
hat contains the initiations and declarations of variables and function definitions. A
declarations of integers, strings, arrays and character arrays were defined in the

declarations section. As an example, the conditions array was defined as follows:

//Conditions list
char *CEmergencySystemsDlg::conditions{] = {"Abdominal pain",

"Abnormal skin signs", "Abnormal vital signs", ......
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Figure 16: MFC Design and Development

The main functions used were built from class CDialog(): an MFC base class
used to display Dialog Boxes [7], member functions from within CDialog() were
essential to build the functions that MobiMedic provides, from ScrollList Boxes to

Output Boxes and from Buttons to Images. The main dialog code was created under:

BOOL CEmergencySystemsDlg::OnInitDialog()
{ CDialog::OnlnitDialog

This member function is called in response to WM_INITDIALOG message;
the WM INITDIALOG message is sent to the dialog box before the dialog box
appears which uses this message to initialize the appearance of the dialog box [20].
This function specifies whether the application set a focus on one of the controls in
the Dialog Box. If the Bool retumn is non-zero, Windows chooses the input focus of

the first control in the dialog box.
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Within that function, we defined all the list boxes that appears on the main
screen and wrote the code that fills it up with the required display data. CListBox
member function creates a list box that displays the conditions from the conditions
array defined in the declarations section of the code. A sample of the code for the

cases list box creation is shown below.

CListBox *Condition;

Condition= (CListBox *} GetDlgltem{ IDC_CONDITION);

for (int i=0; conditions[i] !=NULL; i++)
Condition->AddString(conditions[1]);

Every button we define in MFC creates an equivalent listener skeleton in the
code for us to define an action to be preformed when that button is pressed. We will
use the Select Road and Enter buttons as examples to cover up a bigger scope of the
code. When the Select Road button is pressed, method OnSelected(} will be called

that takes the following actions:

The four graphs we intend to create will be established and filled up here:

void CEmergencySystemsDlg::OnSelected() // "Select Road” button
{

“reate 4 oranhs as independent block
Graph rasbeirut(#ofnodes);
Graph achrafich(#ofnodes);

Moreover, adding the streets to the map to connect the nodes takes place here.
As the following piece of code shows, we add the street Charles De Gaul 1 to zone
Ras Beirut, connecting nodes 0 and 1. The street has approximate length of 750 m

using the following line of code:

rasbeirut.addWeight("Ras Beirut",0,1,750,INTERSECTION,"Charles De Gaul 1");
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As another example, the following piece of code adds Makased Hospital Street
to the Mar Elias zone, connecting node 20, the Makasid Hospital, with node 19, the
street has approximate length of 400 m:

mar_elias.addWeight("Mar Elias",19,20,400,HHOSPITAL,"Makased Hospital Street");

On a similar note, when the Enter button is selected, the code that collects the
condition, the number of cases and the desired ambulance number to where the SMS
text should be sent will be executed here. First, we need to retrieve our selection, as a
result, method GetCurSel() was used to choose what the user selected. We use the

code for condition selection as an example:

Condition = ( CListBox * ) GetDlgltem({ IDC_CONDITION );

// pointer {(Condition) to listbox (IDC_CONDITION)

int listindex = Condition->GetCurSel();

/1 gets index of selected listbox item

if ( listindex == LB _ERR )

// if no item is sclected --> exit function

{

MessageBox(  "Enter the Condition or  Select UKNOWN","Known
Condition!",MB_ICONWARNING );

return;

The above code creates a temporary integer that stores the numeric value of
the selection location and if no selection is made, a prompt message will highlight this
and asks for a selection. Once a selection is made, method GetText on the listindex
number will be run to retrieve the textual value of the entry and the returned value
will be stored in a temp character array which will be casted into a string. Note that
this implementation was preferred over the textual insertion by the user to remove the

possibilities of typing errors and misspells. This selection code is as follows:

Condition-> GetText(listindex, temp);

cond = (string) temps;......
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Reporting

All data entered will be streamed into a .txt file before being sent via SMS.
This directly serves our reporting requirements. This is achieved using the <fstream>
and <iostream> librarics that opens the file and streams text into the file. The code

below explains this simple and very useful reporting function:

ofstream myfile; //define a file for i/o
myfile.open("report.txt™);

myfile<< ™n" + SMScontent + "\n";

myfile<< MorkkiiorioR ko oob kol oo R R R

ooooooooo
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to the GPS which can provide a pictorial demonstration to the ambulance driver in
addition to dynamically navigating through route, giving directions and calculating
changes in route. Moreover, MobiMedic can include a re-routing option based on
priority of calls. If an ambulance is dispatched to a call and the dipatcher gets a higher
priority call, then the dispatcher should be able to re-route the ambulance to the higher

priority incident location.

The ideas mentioned in this chapter serve as a starter to where we can take
MobiMedics’ functionalities. We believe that with a little sponsorship, effort and
time, we can extend MobiMedic to become the main course for modern day

emergency vehcile response and dispatch tools.
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Appendix A: MobiMedic Code

EmergencySystemsDlg.cpp

finclude "stdafx.h"

finclude "Emergency Systems.h"

#include "Emergency SystemsDlg.h"
#include "Graph.cpp"

#include <iostream> //for file streaming
#include <fstream> //for file streaming
¥include <sstream> //for the url variable

#ifdef DEBUG

#define new DEBUG NEW

#undef THIS_FILE

static char THIS FILE[] = FILE ;
#endif

class CAboutDlg : public CDialog

{
public:
CAboutDlg() ;
enumm { IDD = IDD _ABOUTBOX };:

protected:
virtual void DoDataExchange {CDataExchange* pDX);

DECLARE_MESSAGE_MAP ()}
b

CAboutDlg: :CAboutDlg () : CDialog{(CAboutDlg::IDD) {}
void CAboutDlg::DoDataExchange (CDataExchange* pDX) {
Dialog: :DoDataFxchange (pDX

BEGIN MESSAGE MAP (CBAboutDlg, CDialog)
END MESSAGE_MAP ()

CEmergencySystemsDlg: :CEmergencySystemsDlg (CWnd* pParent
/*=NULL* /)

Chialog{CEmergencySystemsDlg: :IDD, pParent)
{ m_hIcon = AfxGetApp()->LoadIcon(IDR MAINFRAME); }

void CEmergencySystemleg::DoDataExchange(CDataEﬁchange*
pDX)
{ CDialog: :DoDataExchange (pDX); }

BEGIN MESSAGE MAP (CEmergencySystemsDlg, CDialog)
ON_BN_CLICKED( IDC_SELECTBUTTON, OnSelected )
ON_BN CLICKED( IDC_IMAGEBUTTON, COnView )
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ON_BN _CLICKED({ IDC_ABOUTBUTTON, OnAbout )
ON_BN_CLICKED{ IDC CLEARBUTTON, OnClear )

ON_BN CLICKED( ID_HELPBUTTON, OnHelpButton } //Help File
ON_BN CLICKED({IDC REPORT, OnReportButton) //reporting
ON_WM_SYSCOMMAND()

ON_ WM DESTROY ()

ON_WM PAINT ()

ON_WMFQUERYDRAGICON()

ON_STN_CLICKED({SMALL MAP,

&§CEmergencySystemsDlg: :OnStnClickedMap)

END MESSAGE MAP ()

BCOL CEmergencySystemsDlg::0OnInitDialog()
{

CDhialog::0OnlInitbhialog{);

CListBox *StreetListBox;

StreetlistBox = ( CListBox * ) GetDlgItem(
IDC_STREETLISTBOX Y

for { int 1 = 0; roadlist{ i1 ] != NULL; i++ )
StreetlistBox~>AddString{ roadlist[ 1 1 }:

//£illing the conditions array

CListBox *Condition;

Condition= (CListBox *) GetDlgItem( IDC CONDITION) ;
for ( int i=0; conditions[i] !=NULL; i+-+)
Condition->AddString (conditions[i]};

//£filling the numbers array

CListBox *Numb;

Numb= (CListBox *) GetDlgIltem( IDC_NUMBERS);
for ( int i=0; nunbers[i] !'=NULL; i++)
Numb->AddString (numbers[i]);

//Different ambulances ready to dispatch

ClistBox *Ambulances;

Ambulances= (CListBox *) GetDlgItem( IDC AMBULANCES) ;
for (int i=0; ambulancevalues[i] != NULL; i++)
Ambulances->AddString (ambulancevalues([i]};

ASSERT{ (IDM ABQUTBOX & OxFFF0) == IDM_ABOUTBOX) ;
ASSERT{IDM _ABOUTBOX < 0xF000);

I

CMenu* pSysMenu GetSystemMenu (FALSE) ;.
i1f (pSysMenu != NULL)
{
CString strAboutMenu;
strAboutMenu.LoadString (IDS ABOUTBOX) ;
if (!strAboutMenu.IsEmpty())

{
pSysMenu->AppendMenu (MF_SEPARATOR) ;
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pSysMenu->AppendMenu (MF_STRING, 1DM ABOQUTBOX,
strAboutMenu) ;

}
}

SetIcon(m hIcon, TRUE); // Set big icon
SetIcon(m _hIcon, FALSE); // BSet small icon

return TRUE;
}

vold CEmergencySystemsDlg::0nSysCommand (UINT nID, LPARAM

1Param)
{
if ({(nID & OxFFF0} == IDM ABOUTRBOX)
{
CAboutDlg dlgAbout;
dlgAbout.DoModal () ;
}
else

CDialog::0nSysCommand (nID, lParam);

void CEmergencySystemsDlg: :OnDestroy{)
WinHelp (0L, HELP_QUIT) ;
CDialog: :OnDestroy(};

void CEmergencySystemsDlg::OnPaint ()
if (IsIconic())

{
CPaintDC dc{this); // device context for painting

SendMessage (WM _ICONERASEBKGND, (WPARAM)
de.GetSafeHdc(),0);

int cxIcon = GetSystemMetrics (SM CXICON} ;
int cyIcon = GetSystemMetrics (SM_CYICON} ;
CRect rect;

GetClientRect {&rect); :

int % = {(rect.Width() - exIcon + 1) / 2;
int y = (rect.Height{) - cyIcon + 1} / 2;

// Draw the icon
dc.DrawIceon{x, y, m hIcon});

}

else
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CDialog: :OnPaint (};
}

HCURSCOR CEmergencySystemsDlg::0nQueryDraglcon()
{ return (HCURSCR) m _hIcon; }

//-J:-k******************************

char *file = "";
char *workingdir = "";

//declare string targetstreet so we can send with SMS
string targetstreet="";

//declare string hospital se we can send it with SMS
string destination_hospital="";

//declare string route toc take the final route with SMS
string route="";

//declare string cond so we can send it with SMS
string cond="";

//declare string num so we can send number with SMS
string num="";

//declare the ambulance number to dispatch
string ambulance="";

//declare string for reporting to help in reporting
string forreporting="";

string finalSMS="";

//actual phone number of the ambulance
string ambnumber="";

// an array of the street names

char *CEmergencySystemsDlg::roadlist|] =

{"Abdul Baki" ,"Abdul Ghani","Abdullah 1","abdullah
2", "Abou Shaker","Adib Isaac","Ahmed Shawki",
"Akkawi","Alaa","Alfred

Na'ach", "Alfred"”, "AmirBachir", "Andalus"™, "Ararat", "Baalbek
" "Bachir Jumblat","Badr Demashkieh","Bahrain”, "Banque
Liban","Bchara Khoury 1",

"Bchara Khoury 2", "Bchara Khoury 3", "Bchara
Khoury4","Berlin"”, "Betty", "Bheim","Bliss 1",

"Bliss 2","Brasil","Cairo","Cedars™,"Charles De Gaul
1","Charles De Gaul 2","Charles De Gaul 3",
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"Charles Helou","Charles Street™, "Cheikh
Gabi", "Clemancau", "Clemancau 1", "Clemancau 2", "Clemancau
3V,"Corniche Jamil 1","Corniche Jamil 2", "Corniche
Jamil3", "Dabbas", "Damascus 1", "Damascus 2", "Damascus
3V, "Damascus 4","Elias Sarkis 1","Elias Sarkis 2","Emil
1", "Emil 2","Fadel Haraty","Fakhreddin 1", "Fakhreddin
2", "Fakhreddin 3", "Fakhreddin 4","Fard Naash 1", "Farid
Trad 2","Fouad Shhab 1","Fouad Shhab 2","Fouad Shhab
3", "Fouad Shhab 4","Fouad Shhab 5", "Fouad Shhab &","Fouad
Tarrad", "George Haddad™,"Ghandour", "Goxro 1","Goro 2",
"Government Palace","Graham”, "Habib Bacha 1", "Habib
Bacha2", "Habib Shahla 1", "Habib Shahla 2","Habib Shahla
3", "Habib Shahla 4", "Hamra 1", "Hamra 2", "Henry Donald",
"Hsein 1", "Hsein 2","Ibn Rushd 1","Ibn Rushd 2","Ibn
Rushd 3","Ibn S$ina","Ibrahim River","IC
Street™, "Industry","Istiklal 1","Istiklal 2","Istiklal
3", "Istiklal 4","Itani 1","Itani 2","Jacob","Jean D'arc
1", "Jean D'arc 2","JohnKennedy","Jositinianl","Jositinian
2", "Kabiyatl", "Kabiyat2","EhalilMoutran”,"Khalil", "Kuwait
", "Limby", "Madame Curie 1", "Madame
Curie2","MadhatPasha", "Madrid", "Makased Hospital
Street™, "Mar Elias 1","Mar Elias 2","Mar Elias
3", "Martyr", "Mary", "Matthaf", "Maurice","Mazraa 1", "Mazraa
2", "Mazraa 3","Mbarak", "Mheyddin","Michel Abou
Shahla", "Michel Shiha","Middle East Road",
"Monot Street","Mousa NammourV,"Msaytbeh 1", "Msaytbeh
2", "Muwawiya", "Najib Irdaty","Hwayli", "Omar BAA 1", "Omar
BAA 2","Omar Bayham", "Omar Daouk", "Quzay", "Paris",
"Peter Street","Picadilly"™,"Qulaylat”, "Rachid
Karameh","Rachid", "Rachideen","Rafik Hariri","Rafik
Hariri Plaza","Ras Elnabe","Rayes 1","Rayes 2","Rene
Muawad 1", "Rene Muawad 2", "Rene Muawad 3",
"Riad Solh 1","Riad Solh 2","Riad Solh 3","Riverway
1", "Riverway 2", "RML", "Roma 1", "Roma 2",

Rova Plaza™, adda r adda , aepb balam ’ aep
Salam 2","Saeb Salam 3","Saeb Salam 4","Saeb Salam
5", "Saeb Salam 6","Salaheddin","Salim Salam","Salim
5lim", "Sarclla™,"Sea 1","Sea 2","Sea 3","Sea 4","Sea
Ev,"Sea 6","Sea 7","Shatila", "Sidani 1","Sidani
2","Sleiman Boustani™,"Scroti
1", "Sorotil2", "Spears", "Tabaris", "Takieddine Solh 1",
"TakieddineSolh2", "TawficSalem", "Transit", "Unesco", "Verdu
n","Vienna", "Wadi Sabra","Wagen", "Wehdeh","Zahret Thsan",
NULL };

//Conditions list array

char *CEmergencySystemsDlg::conditions[] = {"Abdominal
pain”,

"Abnormal skin signs",

"Abnormal wvital signs",

"Airway control/positioning required en route",
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"Alcohol intoxication - severe”,
"Alcohol intoxication or drug overdose {(suspected)”,
"Allergic reactions™,

"Amputation (Lower Bodyl}™,
"Amputation (Upper Body)",
"Animal bites",

"Auto pedestrian/ bike",

"Back pain-non-traumatic”,

"Blood Glucecse™,

"Bone fractures",

"Burns Major™,

"Burns Minor™,

"Cardiac symptoms other than chest pain",
"Cardiac/hemodynamic monitoring required en route",
"Cardiac Arrest",

"Chocking episcde”,

"Cold exposure”,

"Combination of trauma and burns",
"Convulsions"”,

"Difficulty breathing”,
"Dizziness",

"Electrocution™,

"Envenomation",

"Eye injuries",

"Fainting",

"Fall",

"Hazmat Exposure",

"Heat exposure",

"Hemorrhage",

"Hospital to hospital transport",
"Infectious diseases",

"Lightning Strike",

"Major Trauma",

"Medical Device Fallure",
"Motorcycle accldent™,

"Natural disasters",

"Near Drowning”,

"Near syncope",

"Neurologic Distress™,

"Skull fracture",

"Trauma®,

"Pain (Acute)",

"Paralysis",

"Pedestrian thrown/run over™,
"Pelvic fracture",

"Penetrating injuries”,
"Poisons",

"Post-operative procedure complications”,
"Pregnancy",

"Pgsychiatric™,

"Stroke",
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"Recent Fracture",

"Respiratory arrest",

"Seizures",

"Severe dehydration",

"Sick Person — Fever",

"Special handling en route - isolation”,
"Special handling en route to reduce pain - orthopedic
device, "

"Stings",

"Suction required en route",
"Unconscious",

"Unconscious-Found”,

"Weakness",

"UNKNOWN", NULL};

//Number of Injuries defined

char *CEmergencySystemsDlg::numbexs{] = {"1 Case”,"2
Cases","3 Cases”,"4 Cases”,"5 Cases","5 Cases

+", "UNKNOWN", NULL};

//Ambulances awvailable
char *CEmergencySystemsDlg::ambulancevalues[] = {"101A",
"102B™, "103C", "104D", NULL};

//-;\--)r-k*-k*-k*********************************************

// when the "Select Road" button is clicked

void CEmergencySystemsDlg::0OnSelected()
{

// Create 4 gréphs as independent blocks
Graph rasbeirut (51};
Graph achrafieh (35};

Graph mar_elias (23}
Graph riverside(18);

//Creating the roads of the graph and linking the nodes
// 1lst Graph (Ras Beirut)

rasbeirut.addWeight {"Ras

Beirut",0,1,750, INTERSECTION, "Charles De Gaul 1");
rasbeirut.addWeight ("Ras

Beirut", 0,6,600, INTERSECTION, "Najib Irdaty™);
rasbeirut.addWeight {"Ras

Beirut", 0,22, 300, INTERSECTION, "Bahrain");
rasbeirut.addWeight ("Ras

Beirut",0,29,700, INTERSECTION, "Charles De Gaul 2");
rasbeirut.addWeight {"Ras
Beirut",1,0,750,INTERSECTION, "Charles De Gaul 1");
rasbeirut.addWeight {"Ras

Beirut",1,2,1500, INTERSECTION, "Paris™};
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rasbeirut.addWeight ("Ras

Beirut",2,1,1500, INTERSECTION, "Paris™);
rasheirut.addWeight ("Ras

Beirut",2,3,500, INTERSECTION, "Ibn Sina"};
rasbeirut.addWeight ("Ras

Beirut",2,4,250, INTERSECTION, "Graham”) ;
rasbeirut.addWeight ("Ras

Beirut",3,2,800, INTERSECTION, "Rafik Hariri Plaza);
rasbeirut.addWeight ("Ras

Beirut",3,5,250, INTERSECTION, "Fakhreddin 1™} ;
rasbeirut.addWeight {"Ras

Beirut",4,8,400, INTERSECTION, "John Kennedy™):;
rasbeirut.addWeight {"Ras

Beirut",5,3,250, INTERSECTION, "Fakhreddin 1");
rasbeirut.addWeight ("Ras

Beirut™,5,4,600, INTERSECTION, "Omar Dacuk");
rasbeirut.addWeight ("Ras

Beirut™,5,11,100, INTERSECTION, "Fakhreddin 2"} ;
rasbeirut.addWeight {"Ras

Beirut",6,0,600, INTERSECTION, "Najib Irdaty™):;
rasbeirut.addWeight ("Ras

Beirut",6,1,300, INTERSECTION, "IC Street");
rasbeirut.addWeight {"Ras
Beirut",6,12,250,HOSPITAL, "Sidani 1");
ragsbeirut.addWeight {"Ras

Beirut",6,17,250, INTERSECTION, "Saddat 1");
rasbeirut.addWeight {"Ras

Beirut", 7,6, 350, INTERSECTICN, "Bliss 2");
rasbeirut.addWeight {"Ras

Beirut™,7,13,200, INTERSECTION, "Jean D'arc 1");
rasbeirut.addWeight {"Ras

Beirut",8,9,150, INTERSECTION, "Clemancau 3");
rasbeirut.addWeight ("Ras

Beirut",8,7,250, INTERSECTION, "Bliss

1") ;raspelxrut.addWeight ("Ras

Beirut"™, 9,10,150, INTERSECTION, "Clemancau 2");
rasbeirut.addWeight {("Ras Beirut",9,15,250,HCSPITAL, "Abdul
Baki");

rasbeirut.addWeight ("Ras

Beirut",10,49,400, INTERSECTICN, "Clemancau
lrasbeirut.addWeight ("Ras

Beirut",10,20,350, INTERSECTION, "Roma 2");
rasbeirut.addWeight {("Ras

Beirut",11,5,100, INTERSECTION, "Fakhreddin 2");
rasbeirut.addWeight {("Ras

Beirut",11,50,600, INTERSECTION, "Fakhreddin 3");
rasbeirut.addWeight ("Ras
Beirut™,11,28,1300,REDCROSS, "Fakhreddin 3");
rasbeirut.addWeight ("Ras

Beirut",12,13,10, INTERSECTION, "Sidani 2");
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rasbeirut.addWeight ("Ras

Beirut",13,14,250, INTERSECTION, "Soroti 1");
rasheirut.addWeight ("Ras

Beirut", 13,18, 250, INTERSECTION, "Jean D'arc 2");
rasbeirut.addWeight ("Ras

Beirut",14,8,250, INTERSECTICN, "Omar BAA 1™);
rasbeirut.addWeight ("Ras
Beirut"™,14,15,600,HOSPITAL, "Soroti 2");
rasbeirut.addWeight ("Ras

Beirut",16,49,50, INTERSECTION, "Jositinian 1");
rasbeirut.addWeight ("Ras

Beirut",16,21,100, INTERSECTION, "Jositinian 2");
rasbeirut.addWeight ("Ras

Beirut",17,22,400, INTERSECTION, "Kuwalit") ;
rasbeirut.addWeight ("Ras

Beirut",17,23,250, INTERSECTION, "Saddat 2"};
rasbeirut.addWeight ("Ras

Beirut",18,17,300, INTERSECTION, "Hamra 2");
rasbeirut.addWeight ("Ras

Beirut",18,24,200, INTERSECTION, "Baalbek");
rasbeirut.addWeight ("Ras

Beirut",19,14,250, INTERSECTION, "Omar BAA 2");
rasbeirut.addWeight ("Ras

Beirut",19,18,250, INTERSECTION, "Hamxa 1");
rasbeirut.addWeight ("Ras
Beirut",20,15,100,HOSPITAL, "Cairo™);
rasbeirut.addWeight ("Ras

Beirut",20,19,200, INTERSECTION, "Sarclla®);
rasbeirut.addWeight ("Ras

Beirut",20,26,100, INTERSECTION, "RML") ;
rasbeirut.addWeight ("Ras
Beirut",21,16,100,HOSPITAL, "Jositinian 2");
rasheirut.addWeight ("Ras

Beirut",21,20,300, INTERSECTION, "Banque Liban™);

rasbeirut.addWelight ("Ras

Beirut",21,27,50, INTERSECTION, "Industry™);
rasbeirut.addWeight ("Ras

Beirut™,22,0,300, INTERSECTION, "Bahrain"};
rasbeirut.addWeight ("Ras

Beirut",22,23,350, INTERSECTION, "Alaa™);
rasbeirut.addWeight ("Ras

Beirut",22,29,300, INTERSECTION, "Salaheddin”);
rasbeirut.addWeight ("Ras

Beirut",23,22,350, INTERSECTION, "Alaa™) ;
rasbeirut.addWeight ("Ras

Beirut",23,24,400, INTERSECTION, "Hsein 1");
rasbeirut.addWeight ("Ras

Beirut",23,30,350, INTERSECTION, "Badr Demashkieh"};
rasbeirut.addWeight ("Ras

Beirut",23,31,500, INTERSECTION, "Hsein 2");
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rasbeirut.addWeight {"Ras

Beirut",24,25,300, INTERSECTION, "Emil 1");
rasbeirut.addWeight ("Ras

Beirut",24,31,250, INTERSECTION, "Wadi Sabra"};
rasbheirut.addWeight {("Ras

Beirut”,25,1%9,250, INTERSECTION, "Picadilly™);
rasbeirut.addWeight ("Ras

Beirut™,25,26,400, INTERSECTION, "Emil 2");
rasbeirut.addWeight ("Ras

Beirut",26,27,250, INTERSECTION, "Government Palace");
rasheirut.addWeight ("Ras

Beirut",26,33,250, INTERSECTION, "Rene Muawad 1"} ;
rasbeirut.addWeight ("Ras

Beirut",27,21,50, INTERSECTION, "Industry™);
rasbeirut.addWeight ("Ras
Beirut",27,28,500,REDCROSS, "Spears”) ;
rasbeirut.addWeight ("Ras

Beirut",28,50,100, INTERSECTION, "Fakhreddin 4™);
rasbeirut.addWeight ("Ras

Beirut",50,28,100, INTERSECTION, "Fakhreddin 4");
rasbeirut.addWeight ("Ras

Beirut",50,21,400, INTERSECTION, "Michel Shiha"):;
rasbeirut,addWeight ("Ras

Beirut",28,48,250, INTERSECTION, "Bheim") ;
rasbeirut.addWeight ("Ras

Beirut",29,0,700, INTERSECTION, "Charles De Gaul 2");
rasbeirut.addWeight ("Ras

Beirut",29,22,300, INTERSECTION, "Salaheddin™) ;
raskeirut.,addWeight ("Ras

Beirut",29,30,250, INTERSECTION, "Shatila"};
rasbeirut.addWeight ("Ras

Beirut",29,36,700, INTERSECTION, "Charles De Gaul 3");
rasbeirut.addWeight ("Ras

Beirut", 30,23, 350, INTERSECTION, "Badr Demashkieh"};

rasbelrut.addWelight {"Ras

Beirut",30,29,250, INTERSECTION, "Shatila"™);
rasbeirut.addWeight {"Ras

Beirut", 30,331,650, INTERSECTION, "Madame Curie 1");
rasbeirut.addWeight ("Ras

Beirut",30,37,250, INTERSECTION, "Takieddine Solh 1");
rasbeirut.addWeight {"Ras

Beirut",31,32,125, INTERSECTION, "Madame Curie 2");
rasbeirut.addWeight ("Ras

Beirut",32,25,200, INTERSECTION, "Alfred") ;
rasbeirut.addWeight {"Ras

Beirut",32,33,400, INTERSECTION, "Henry Donald");
rasbeirut.addWeight ("Ras

Beirut",32,44,250, INTERSECTION, "Rachid Karameh™) ;
rasbeirut.addWeight ("Ras
Beirut",33,34,500,HOSPITAL, "Mary") ;
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rasbeirut.addWeight ("Ras

Beirut",33,39,200, INTERSECTION, "Rene Muawad 2");
rasbeirut.addWeight {"Ras

Beirut",34,33,500, INTERSECTION, "Mary"};
rasbeirut.addWeight ("Ras

Beirut", 34,35,250, INTERSECTION, "Rachid") ;
rasbeirut.addWeight {"Ras

Beirut",34,40,250, INTERSECTION, "Jacob") ;
rasbelrut.addWeight ("Ras

Beirut", 35,34, 250,HOSPITAL, "Rachid") ;
rasbeirut.addWeight ("Ras

Beirut", 35,41, 400, INTERSECTION, "Mar Elias 1");
rasbeirut.addWeight ("Ras

Beirut", 35,48, 300, INTERSECTION, "Maurice") ;
rasbeirut.addWeight ("Ras

Beirut",36,29,700, INTERSECTION, "Charles De Gaul 3");
rasheirut.addWeight {"Ras

Beirut",36,37,600, INTERSECTION, "Andalus") ;
rasbeirut.addWeight ("Ras

Beirut",36,42,250, INTERSECTION, "Royal Plaza);
rasbeirut.addWeight {("Ras

Beirut",37,30,250, INTERSECTION, "Takieddine Solh 1");
rasbeirut.addWeight ("Ras
Beirut",37,36, 600, INTERSECTION, "Andalus™) ;
rasbelirut.addWeight ("Ras

Beirut”,37,38,500, INTERSECTION, "Takieddine Solh 2");
rasbeirut.addWeight ("Ras

Beirut",38,31,100, INTERSECTION, "Itani 1™);
rasbeirut.addWeight ("Ras

Beirut",38,37,500, INTERSECTION, "Takieddine Solh 2"} ;
rasbeirut.addWeight ("Ras

Beirut",38,44,250, INTERSECTION, "Mbarak"} ;
rasbeirut.addWeight ("Ras

Beirut",39,33,200, INTERSECTION, "Rene Muawad 2");

rasbeirut.addWeight ("Ras

Beirut",39,40,300, INTERSECTION,"Istiklal 1");
rasbeirut.addWeight ("Ras

Beirut",39,44,250, INTERSECTION, "Betty") ;
rasbeirut.addWeight ("Ras

Beirut", 39,45,100, INTERSECTION, "Rene Muawad 3");
ragsheirut.addWeight ("Ras

Beirut",40,41,300, INTERSECTION,"Istiklal 2");
rasbeirut.addWeight ("Ras

Beirut", 40,46,250, INTERSECTION, "Madhat Pasha");
rasbeirut.addWeight ("Ras

Beirut™,41,35,400, INTERSECTION, "Mar Elias 1");
rasbeirut.addWeight ("Ras

Beirut”, 41,47,300, INTERSECTION, "Mar Elias 2");
rasbeirut.addWeight ("Ras

Beirut”, 42,336,250, INTERSECTION, "Royal Plaza");
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rasbeirut.addWeight ("Ras

Beirut",43,38,250, INTERSECTION, "Itani 2");
rasbeirut.addWeight ("Ras

Beirut",43,42,350, INTERSECTION, "Berlin"};
rasbeirut.addWeight ("Ras

Beirut", 43, 44,450, INTERSECTION, "Wehdeh") ;
rasheirut.addWeight ("Ras

Beirut",44,32,250, INTERSECTION, "Rachid Karameh"):;
rasbelrut.addWeight {"Ras

Beirut", 44,38,250, INTERSECTION, "Mbarak") ;
rasbeirut.addWeight ("Ras

Beirut", 44, 39,250, INTERSECTION, "Betty") ;
rasbeirut.addWeight ("Ras

Beirut",44,43,450, INTERSECTION, "Wehdeh") ;
rasbeirut.addWeight {"Ras

Beirut",44,45,250, INTERSECTION, "Ibn Rushd 1");
ragsbeirut.addWeight {"Ras

Beirut", 45,339,100, INTERSECTION, "Rene Muawad 3");
rasbeirut.addWeight {"Ras

Beirut",45,44,250, INTERSECTION, "Ibn Rushd 1");
rasbeirut.addWeight ("Ras

Beirut",45,46,250, INFTERSECTION, "Ibn Rushd 2");
rasbeirut.addWeight ("Ras

Beirut",46,47,300, INTERSECTION, "Ibn Rushd 3");
rasbeirut.addWeight ("Ras

Beirut",47,41,300, INTERSECTION, "Mar Elias 2");
rasbeirut.addWeight ("Ras
Beirut",48,28,250,REDCROSS, "Shatila™);
rasbeirut.addWeight ("Ras

Beirut",49,11,700, INTERSECTION, "Clemancau”) ;

// 2nd Graph (Achrafieh)
achrafieh.addweight ("Achrafieh", 0, 1,350, INTERSECTION, "Sea
ZIY);

achrafieh.addWeight ("Achrafieh",0,2,500, INTERSECTION, "Sea
F
achrafieh.addWeight ("Achrafieh",0, 3,400, INTERSECTION, "Sea
5") ;

achrafieh.addWeight ("Achrafieh",1,0,350, INTERSECTION, "Sea
2") ;

achrafieh.addWeight ("Achrafieh",1,4,450, INTERSECTION, "Sea
6") ;

achrafieh.addWeight ("Achrafieh",1,5,900, INTERSECTION, "Sea
3");

achrafieh.addWeight ("Achrafieh",2,0,500, INTERSECTION, "Sea
1) ;

achrafieh.addWeight ("Achrafieh",2,3,300, INTERSECTION, "Sea
") ;

achrafieh.addWeight ("Achrafieh",3,0,400, INTERSECTION, "Sea
5“);
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achrafieh.addWeight ("Achrafieh",3,2,300, INTERSECTION, "Sea
4"y ;

achrafieh.addWeight ("Achrafieh",3,4,350, INTERSECTICN, "Sea
)

achrafieh.addWeight ("Achrafieh", 3, 6,400, INTERSECTION, "Ahm
ed Shawki");

achrafieh.addWeight ("Achrafieh",4,1,450, INTERSECTION, "Sea
6")

achrafieh.addWeight ("Achrafieh",4,3,350, INTERSECTICN, "Sea
™)

achrafieh.addWeight ("Achrafieh",4,5,300, INTERSECTION, "Tra
nsit"y;

achrafieh.addWeight ("Achrafieh",4,7,500, INTERSECTICN, "Lim
by");

achrafieh.addWeight ("Achrafieh",5,1,900, INTERSECTION, "Sea
3");

achrafieh.addWeight ("Achrafieh",5,4,300, INTERSECTION, "Tra
nsit"™) ;

achrafieh.addWeight ("Achrafieh",5,8,300, INTERSECTION, "Mar
tyr™);

achrafieh.addWeight ("Achrafieh",5,11,700, INTERSECTION, "Ge
orge Haddad");

achrafieh.addWeight ("Achrafieh",6,3,400, INTERSECTION, "Ahm
ed Shawki"};

achrafieh.addWeight ("Achrafieh",6,7,400, INTERSECTICN, "Wag
en");

achrafieh.addWeight ("Achrafieh",7,4,500, INTERSECTICON, "Lim
byn) ;

achrafieh.addWeight ("Achrafieh",7,8,300, INTERSECTION, "Ced
ars™);

achrafieh.addWeight ("Achrafieh",7,9,350, INTERSECTION, "Ria
d Solh 1");

achrafieh.addWeight ("Achrafieh",8,5, 300, INTERSECTICN, "Mar
tye™);

achratieh.addWelight ("Achratfieh™, 8,110,300, INTERSECTION, "Ib
rahim River");

achrafieh.addWeight ("Achrafieh",9,10,350, INTERSECTION, "Am
ir Bachir"};

achrafieh.addWeight ("Achrafieh",9,12,300,REDCROSS, "Riad
Solh 2"™);

achrafieh.addWeight ("Achrafieh”,10,7,250, INTERSECTICON, "Ri
ad Solh 37);

achrafieh.addWeight ("Achrafieh",10,11,200, INTERSECTION, "G
oro 1™); 8

achrafieh.addWeight ("Achrafieh",10,13,300, INTERSECTION, "D
abbas") ;

achrafieh.addWeight ("Achrafieh”,11,5,700, INTERSECTION, "Ge
orge Haddad");

achrafieh.addWeight ("Achrafieh",11,14,400,INTERSECTION, "C
harles Street");
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achrafieh.addWeight ("Achrafieh",12,9,300, INTERSECTION, "Ri
ZihiZ;?ei.;édWeight("Achrafieh",lZ,13,500,INTERSECTION,“F
Zziiaizzz%aéd%;ight("Achrafieh",12,22,900,INTERSECTION,“S
ziiiéiigg.;édWeight{"Achrafieh",l3,10,300,INTERSECTION,"D
wy .
:ggi:fiéh.addWeight("Achrafieh",lB,12,500,INTERSECTION,"F
LL .
ZZE?&??ZE?aéd%éight("Achrafieh",13,14,300,INTERSECTION,"T
1 n .
Zgii;ziiﬂ.addWeight("Achrafieh",13,17,500,INTERSECTION,"B
" .
ggii:fizg?zgdée;éht{"Achrafieh",14,11,400,INTERSECTION,“C
ny .
Zziijzizﬁ?§Z§W;;ght("Achrafieh",14,13,300,INTERSECTION,"T
1 L .
:2ii:§i;£.addWeight("Achrafieh",14,15,250,INTERSECTION,"G
Yy .
ZiiizgieﬁtaddWeight("Achrafieh“,15,14,250,INTERSECTION,"G
wy .
Zzﬁgzgie;iaddWeight("Achrafieh",15,18,600,INTERSECTION,"M
ZgiiaizzE?Zd;%eight("Achrafieh",16,17,900,INTERSECTION,"I
:ziiiiiei.gédWeight("Achrafieh",17,13,500,INTERSECTION,"B
zgi§2f§2§?;§d;e;;ht("Achrafieh",17,16,900,INTERSECTION,"M
ny .
zgiiaizgi?Zdéﬁeight("Achrafieh",l?,ls,300,INTERSECTION,"I
1 LU} -
zz;ii?ieﬁ.éédWeight("Achrafieh",17,24,500,INTERSECTION,"B
chara Khoury 2");

achratrieh.addWeight {"Achratieh™, 17,25, 700, INTERSECTION, "D
amascus 1");

achrafieh.addwWeight ("Achrafieh™,18,15, 600, INTERSECTION, "M
onot Street™);

achrafieh.addWeight ("Achrafieh",18,17,300, INTERSECTION, "I
stiklal 4");

achrafieh.addWeight ("Achrafieh",18,1%,%00, INTERSECTION, "E
lias Sarkis 1");

achrafieh.addWeight ("Achrafieh",18,29,1000,HOSPITAL, "Habi
b Bacha 1");

achrafieh.addWeight ("Achrafieh",19,18,900, INTERSECTION, "E
lias Sarkis 1");
achrafieh.addWeight ("Achrafieh", 19,200,200, INTERSECTION, "E
lias Sarkis 2"):

achrafieh.addWeight ("Achrafieh",19,29,700,HOSPITAL, "Adib
Isaac™);
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achrafieh.addWeight ("Achrafieh™,20,19,200,INTERSECTION, "E
iiiiai?éi?zdéwéight("Achrafieh",20,29,1200,HOSPITAL,"Alfr
' "y,
23h§2f?§£.gédWeight("Achrafieh",21,16,400,INTERSECTION,"M
zZiEg;?ei.;édWeight("Achrafieh",22,12,900,REDCROSS,"Salim
T 1" .
ziﬁiaéieh.addWeight("Achrafieh",22,21,200,INTERSECTION,"M
;gﬁiifﬁzg?aEEQZighLi"Achrafieh",23,12,1000,REDCROSS,"Mhey
22;?a%ieh.addWeight("Achrafieh",23,22,800,INTERSECTION,"A
" -
Zgﬁia§?:E%aéaWeight("Achrafieh",23,26,300,INTERSECTION,“N
s+ n .
zziizfiéh.addWeight(“Achrafieh",24,17,500,INTERSECTION,“B
wy .
§2§§Zfizg?z§déeiéht("Achrafieh",24,23,250,INTERSECTION,"R
wy .
:zhiigizi.;édWeight("Achrafieh“,24,27,250,INTERSECTION,"B
wy o,
zEEEfozg?zgd;e;éht("Achrafieh“,25,17,700,INTERSECTION,"D
Wy .
zgiiggiei.;édWeight("Achrafieh",25,24,SOO,INTERSECTION,"T
zgiiZfEZi?zdééeight("Achrafieh",25,28,400,INTERSECTION,"D
giﬁiggiei.;édWeight("Achrafieh",25,32,750,INTERSECTION,"D
"y .
2igi§§iei.;édWeight("Achrafieh",26,23,300,INTERSECTION,"N
1 T -
Zzii;f;éh.addWeight("Achrafieh",26,27,250,INTERSECTION,"F
adel Haraty™):;

achratfieh.addweight {"Achratieh", 26,330,250, HOSPITAL, "Ouzay
");

achrafieh.addWeight {("Achrafieh",27,24,250, INTERSECTICN,"B
chara Khoury 3");

achrafieh.addWeight {("Achrafieh",27,28,500, INTERSECTION, "Q
ulaylat™);

achrafieh.addWeight ("Achrafieh",27,31,200, INTERSECTION, "B
chara Khoury 4");

achrafieh.addWeight ("Achrafieh",28,25,400, INTERSECTION, "D
amascus 2");
achrafieh.addWeight ("Achrafieh", 28,29, 600, HOSPITAL, "Habib
Bacha 2");

achrafieh.addWeight (YAchrafieh",28,32, 300, INTERSECTION, "D
amascus 4");

achrafieh.addWeight ("Achrafieh",29,18,1000, INTERSECTION,"
Habib Bacha 1");
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achrafieh.addWeight ("Achrafieh",29,19,700, INTERSECTION, "A

dib Isaac™);

achrafieh.addWeight {("Achrafieh",29,20,1200, INTERSECTION,"
g

Alfred Na'ach");

achrafieh.addWeight ("Achrafieh",29,33,250, INTERSECTION, "K

halil");

achrafieh.addWeight {"Achrafieh",30,26,250, INTERSECTION,"O

uzay”)

achrafieh.addWeight {"Achrafieh",31,27,200, INTERSECTION, "B

chara Khoury 4"):

achrafieh.addWeight ("Achrafieh",31,32,700, INTERSECTION, "A

bdullah 1™);

achrafieh.addWeight ("Achrafieh", 31, 34, 600, HOSPITAL, "Omar

Bayham") ;

achrafieh.addWeight ("Achrafieh",32,25,750, INTERSECTION, "D

amascus 3");

achrafieh.addWeight ("Achrafieh",32,28,300, INTERSECTICN, "D

amascus 4");

achrafieh.addWeight ("Achrafieh", 32,311,700, INTERSECTICN, "A

bdullah 1");

achrafieh.addWeight ("Achrafieh", 32, 33,500, INTERSECTION, "A

bdullah 2");

achrafieh.addWeight ("Achrafieh",32,34,500, HOSPITAL, "Matth

af");

achrafieh.addWeight ("Achrafieh", 33,29,250,HOSPITAL, "Khali

17);

achrafieh.addWeight ("Achrafieh", 33,322,500, INTERSECTICN, "A&

bdullah 2");

achrafieh.addWeight ("Achrafieh", 34,31, 600, INTERSECTION, "C

mar Bayham");

// 3rd Graph {Mar Elias)
mar_elias.addWeight ("Mar
Elias",0,1,500, INTERSECTION, "Vienna");

mar ellas.addWeight ("Mar

Elias",0,6,400, INTERSECTION, "Sacb Salam 1");
mar elias.addWeight ("Mar
Elias",0,12,1300,INTERSECTION, "Rafik Hariri");
mar_elias.addWeight ("Mar

Elias",1,2,300, INTERSECTION, "Unesco"};

mar elias.addWeight ("Mar

Elias",1,6,400, INTERSECTION, "Verdun") ;

mar elias.addWeight ("Mar

Eliag",2,1,300, INTERSECTION, "Unesca")
mar_elias.addWeight ("Mar

Elias",2,3,300, INTERSECTION, "Mazraa 1"):;
mar_elias.addWeight ("Max

Elias",2,7,250, INTERSECTION, "Rachideen");
mar elias.addWeight ("Mar

Elias",3,2,300, INTERSECTION, "Mazraa 1");
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mar_elias.addWeight ("Mar

Elias",3,4,400, INTERSECTION, "Mazraa 2");
mar_elias.addWeight ("Mar

Elias",4,3,400, INTERSECTION, "Mazraa 2"} ;

mar elias.addWeight ("Mar

Elias",4,5,250, INTERSECTION, "Mazraa 3");

mar elias.addWeight ("Mar Elias",4,8,300, INTERSECTION, "Mar
Elias 3"7);

mar_elias.addWeight ("Mar
Elias",5,4,250,INTERSECTION, "Mazraa 3");

mar _elias.addWeight ("Mar
Elias",6,0,400,INTERSECTION, "Saeb Salam

1") ;mar_elias.addWeight ("Mar

Elias"™,6,1,400, INTERSECTION, "Verdun") ;

mar elias.addWeight ("Mar

Elias"™,6,7,300, INTERSECTION, "Saeb Salam 2"):
mar_elias.addWeight ("Mar
Elias™,6,14,400,INTERSECTION, "Fouad Tarrad");
mar elias.addWeight ("Mar
Elias"™,7,2,250,INTERSECTION, "Rachideen"} ;

mar elias.addWeight ("Mar

Elias",7,6,300, INTERSECTION, "Saeb Salam 2");
mar elias.addWeight ("Mar

Elias"™,7,8,400, INTERSECTION, "Saeb Salam 3"}:
mar_ elias.addWeight ("Mar

Elias",7,15,400, INTERSECTION, "Habib Shahla 1");
mar elias.addWeight ("Mar Elias",8,4,300, INTERSECTION, "Mar
Elias 3");

mar elias.addWeight ("Mar

Elias",8,7,400, INTERSECTION, "Saecb Salam 3");
mar_elias.addWeight ("Mar

Elias",8,9,300, INTERSECTION, "Saeb Salam 4");
mar_elias.addWeight ("Mar

Elias",8,16,300, INTERSECTION, "Muwawiya");
mar_elias.addWeight ("Mar

Elias",9,5,250, INTERSECTICN, "Bachir Jumblat");
mar elias.addWeight ("Mar
Elias",%,8,300,INTERSECTION, "Sacbh Salam 4");
mar elias.addWeight ("Mar

Elias",9,10,100, INTERSECTION, "Saeb Salam 5");
mar elias.addWeight ("Mar
Elias",10,9,100,INTERSECTION, "Saeb Salam 5");
mar_elias.addWeight {"Mar

Elias",10,11,450, INTERSECTION, "Saeb Salam 6");
mar_elias.addWeight ("Mar

Elias",10,18,400, INTERSECTION, "Salim Salam™);
mar_elias.addWeight {"Mar

Elias™,11,10,450, INTERSECTION, "Saeb Salam 6");
mar elias.addWeight {("Mar

Elias™,12,0,1300, INTERSECTION, "Rafik Hariri");
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mar_elias.addWeight ("Mar
Elias™,12,13,300,HOSPITAL, "Middle East Road");
mar_elias.addWeight ("Mar

Elias™, 13,122,300, INTERSECTION, "Middle East Road"};
mar elias,addWeight{"Mar

Elias",13,14,250, INTERSECTION, "Farid Trad 2");
mar elias.addWeight ("Mar

Elias",14,13,250, INTERSECTION, "Farid Trad 2");
mar_elias.addWeight ("Mar

Elias",14,15,300, INTERSECTION, "Peter Street”);
mar elias.addWeight ("Mar
Elias",15,7,400,INTERSECTION, "Habib Shahla 1");
mar elias.addWeight ("Mar

Elias",15,16,250, INTERSECTION, "Habib Shahla 2");
mar elias.addWeight ("Mar

Elias"™,16,15,250, INTERSECTICN, "Habib Shahla 2"});
mar elias.addWeight ("Mar

Elias",16,17,250, INTERSECTION, "Habib Shahal 3");
mar elias.addWeight ("Mar

Elias",17,9,300, INTERSECTION, "Msaytbeh 2");

mar elias.addWeight ("Mar

Elias",17,16,250, INTERSECTION, "Habib Shahla 3");
mar elias.addWeight ("Mar

Elias",17,18,200, INTERSECTION, "Habik Shahla 4");
mar_elias.addWeight ("Mar

Elias™,18,10,400, INTERSECTION, "Salim Salam");
mar_elias.addWeight {"Mar

Elias",18,17,200, INTERSECTION, "Habib Shahla 4");
mar elias.addWeight ("Max

Elias",18,19,400, INTERSECTION, "Sleiman Boustani"):;
mar elias.addWeight ("Mar
Elias",18,21,500,REDCROSS,"Khalil Moutra™);
mar_elias.addWeight("Mar Elias",18,22,500,HOSPITAL, "Mousa
Nammouzr"} ;

mar_ elias.addWeight{"Mar

Elias",19,11,300, INTERSECTION, "Abou

Shaker™) ;mar elias.addWeight ("Mar
Elias",19,20,400,HOSPITAL, "Makased Hospital Street");
mar_elias.addWeight ("Mar

Elias",20,19,400, INTERSECTION, "Makased Hospital Street"};
mar elias.addWeight ("Mar
Elias"™,21,18,500,HOSPITAL,"Khalil Moutran");

mar elias.addWeight ("Mar

Elias",22,18,500, INTERSECTION, "Mousa Nammour");

// 4th Graph (River Side)
riverside.addWeight ("River
Side",0,1,500,HOSPITAL, "Brasil");
riverside.addWeight ("River

Side",0,2,1000, INTERSECTION, "Charles Helou");
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riverside.addWeight ("River

Side",0,7,350, INTERSECTION, "Madrid") ;
riverside.addWeight ("River

5ide",1,0,500, INTERSECTION, "Brasil");
riverside.addWeight ("River

S5ide",2,0,1000, INTERSECTION, "Charles Helou");
riverside.addWeight ("River

Side",2,5,200, INTERSECTION, "Corniche Jamil 1");
riverside.addWeight ("River

5ide",3,7,350, INTERSECTION, "Goro 2");
riverside.addWeight ("River

Side",3,10,400, INTERSECTION, "Akkawi"™) ;
riverside.addWeight ("River

Side",4,5,650, INTERSECTION, "Riverway 1"} ;
riverside.addWeight ("River

Side",4,7,600, INTERSECTION, "Riverway 2");
riverside.addWeight ("River
Side",4,9,400,HOSPITAL, "Kabivyat

1") ;riverside.addWelght {"River

Side",5,2,200, INTERSECTION, "Corniche Jamil 1");
riverside.addWeight ("River
Side",5,4, 650, INTERSECTION, "Riverway 1"} ;
riverside.addWeight ("River
Side",5,14, 600, INTERSECTION, "Corniche Jamil 2");
riverside.addWeight ("River

Side",6,10,250, INTERSECTION, "Fouad Shhab 2");
riverside.addWeight ("River

Side",7,0,350, INTERSECTION, "Madrid") ;
riverside.addWeight ("River
Side",7,4,600,INTERSECTION, "Riverway 2");
riverside.addWeight ("River Side",7,8,250,HOSPITAL, "Rayes
iy

riverside.addWeight ("River

Side",7,11,500, INTERSECTION, "Fard Naash 1"});
riverside.acadWeight ("River

Side",8,7,250, INTERSECTION, "Rayes 1");
riverside.addWeight ("River

Side",8,12,300, INTERSECTION, "Rayes 2");
riverside.addWeight ("River

Side",9,13,500, INTERSECTION, "Rabiyat 2");
riverside.addWeight ("River

Side",10,3,400, INTERSECTION, "Akkawi") ;
riverside.addWeight ("River Side",10,6,250,REDCROSS, "Fouad
Shhab 2");

riverside.addWeight ("River

Side",10,11,250, INTERSECTION, "Fouad Shhab 3");
riverside.addWeight ("River

Side",10,15,300, INTERSECTION, "Zahret Ihsan");
riverside.addWeight ("River

Side",11,7,500, INTERSECTION, "Fard Naash 1");
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riverside.addWeight {"River

Side",11,10,250, INTERSECTION, "Fouad Shhab 3");
riverside.addWeight ("River

Side",11,12,250, INTERSECTION, "Fouad Shhab 4");
riverside.addWeight ("River Side",12,8,300,HOSPITAL, "Rayes
2");

riverside.addWeight ("River

Side",12,11,250, INTERSECTION, "Fouad Shhab 4");
riverside.addWeight ("River
Side",12,13,600,INTERSECTICN, "Fouad Shhab 5");
riverside.addWeight ("River
Side",13,9,500,HOSPITAL, "Kabiyat 2"};
riverside.addWeight ("River

8ide", 13,12, 600, INTERSECTION, "Fouad Shhab 5");
riverside.addWeight ("River

Side",13, 14,250, INTERSECTION, "Fouad Shhab 6");
riverside.addWeight ("River

Side",13,16,400, INTERSECTION, "Ararat") ;
riverside.addWeight (“"River

Side",14,5,600, INTERSECTION, "Corniche Jamil 2V} ;
riverside.addWeight ("River

Side",14,13,250, INTERSECTION, "Fouad Shhab 6");
riverside.addWeight ("River

Side",14,17,750, INTERSECTION, "Corniche Jamil 3");
riverside.addWeight ("River

Side", 15,110,300, INTERSECTION, "Zahret Ihsan™};
riverside.addWeight ("River

Side",16,13,400, INTERSECTION, "Ararat");
riverside.addWeight ("River

Side™,16,17,850, INTERSECTION, "Cheikh Gabi");
riverside.addWeight ("River

Side™,17,14,750, INTERSECTION, "Corniche Jamil 3");
riverside.addWeight ("River

Side™,17,16,850, INTERSECTION, "Cheikh Gabi");

string display = "";
CListBox *StreetlistBox; /7
create a new list box
StreetlistBox = ( CListBox * } GetDlgItem(
IDC STREETLISTBOX ); // pointer (StreetListBox} to

listbox (IDC_STREETLIST)

int listindex = StreetListBox->GetCurSel();

// gets index of selected listbox item

if { listindex == LB_ERR )

// 1f no item is selected --> exit function

{

MessageBox{ "Select Target
Street","Warning!",MB ICONWARNING );

return;
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}

CListBox *CutputListBox;

// create a new list box

OutputlListBox = ( CListBox * )} GetDlgltem(
IDC_OUTPUTLISTBOX ); // pointer (StreetsList) to
IDC OUTPUTLIST listbox

char temp{[ 32 };

// temp array to store the string selected

// in the IDC_STREETSLIST listbox

StreetListBox->GetText{ listindex, temp );

// calls CListBox member function 'GetText' to get
the string at 'iCurSel' index from the CListBox object
pointed to by 'StreetsList' and store the string in
'temp' targetstreet=(string) temp; prepare string target
street for finalSMS display = "Traget Street: " +
targetstreet; OutputListBox->AddString( display.data() };
// add string 'temp' to listbox pointed to by
IDC_OUTPUTLIST

display = "";

//Find Which Graph the Street is in ***d¥*x*

int site = 0, // accident site vertex index head
tail=0, // tail of the accident site street

distancel = 0,// distance from ambulance —--> accident
site

distance2 = 0,// distance from crashsite --> hospital
d2a = 0, // temporary distance trials

d2b = 0, // 0e

d2¢ = 0, // T

d2d = 0, //

totaldistance; //
totaldistance = distancel + distance 2

I

string sl rasbelirut.getGraphName{ roadlist|[ listindex
1)s
string s2
ID
string =3
1)

string s4 = riverside.getGraphName{ roadlist[ listindex

1)

achrafieh.getGraphName{ rcoadlist|[ listindex

Il

mar_ elias.getGraphName{ roadlist[ listindex

string x1,x2,x2a,x2b,x2c,x2d, hospital, center; //string
declarations

if( (sl.compare("notexist")) != 0 )
{
center = "101 - Spears Red Cross Center";
display = " 1. Street Belongs to the Section: " + sl;
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QutputlListBox->AddString( display.data() );
display = "";

// Dijkstra between ambulance center and accident site
// Algorithm is run between the ambulance node and the
head of the street's node

site = rasbeirut.getHead( roadlist[ listindex ] );
//edited

distancel = rasbeirut.Dijkstra{rasbeirut, 28, site};
x1 = rasbeirut.returnRoads (rasbeirut, site);

//Get the tail of the street

tail = rasbeirut.getTall( roadlist[listindex]);

// Dijkstra between accident site & all hospitals in that
block

d2a = rasbeirut.Dijkstra(rasbeirut, tail, 12); =x2a
rasbeirut.,returnRoads (rasbeirut, 12};

d2b = rasbeirut.Dijkstra (rasbeirut, tail, 15); =x2b
rasbeirut.returnRoads {rasbeirut, 15);

d2c = rasbeirut.Dijkstra(rasbeirut, tail, 16); x2Zc
rasbelirut.returnRoads{rasbeirut, 16);

d2d = rasbeirut.Dijkstra(rasbeirut, tail, 34); =2d
rasbeirut.returnRoads {rasbeirut, 34);

f

fl

distance?2 = d2a; %2 = x2a; hospital = "Khalidy Hospital™;
if {d2b < distanceZ}{ distanceZ = d2b; x2 = x2b; hospital
= "AUH Hospital"; }

if (d2c < distanceZ)}{ distance2 = d2c; x2 = x2c¢; hospital
= "Trad Hospital";}
if {d2d < distance2){ distance2 = d2d; x2 = x2d; hospital
= "Atibba Hospital™;}

}
else if { (s2.compare{"notexist")) != 0 )

{
center = "103 Civil Defense Red Cross Center"™;
display = " 1. Street Belongs to the Section: " + s2;
QutputListBox->AddString( display.data() );

display = "";

// Dijkstra between ambulance center and accident site
site = achrafieh.getHead{ roadlist[ listindex ] );
distancel = achrafieh.Dijkstra(achrafieh, 12, site);

x1l = achrafieh.returnRoads {achrafieh, site):

tail = rasbeirut.getTail({ roadlist{listindex]):

// Dijkstra between accident site & all hospitals in that
block

d2a = achrafieh.Dijkstra{achrafieh, tail, 29); xZ2a
achrafieh.returnRoads (achrafieh, 298);

d2b = achrafieh.Dijkstra{achrafieh, tail, 30); x2b
achrafieh.returnRoads (achrafieh, 30};

I
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d2c = achrafieh.Dijkstra(achrafieh, tail, 34); z2c =
achrafieh.returnRoads (achrafieh, 34);

distance? = d2a; x2 = x2a; hospital = "Hotel Dieu
Hospital";
if (d2b < distance2){ distance2 = d2b; x2 = x2b; hospital
= "Barbir Hospital"; }
i1f {d2¢ < distance2){ distance? = d2c; x2 = x2c¢; hospital
= "Military Hospital"; }

}
else if { (s3.compare("notexist™)) != 0 )

{
center = "10Z Dah'ieh Red Cross Center”;
display = " 1. Street Belongs to the Section: " + s3;
OutputListBox->AddString( display.data() ):;

display = "";

// Dijkstra between ambulance center and accident site
site = mar elias.getHead( roadlist[ listindex ] );
distancel = mar elias.Dijkstra(mar_elias, 21, site);

xl = mar elias.returnRoads(mar_elias, site);

tail = rasbeirut.getTail( roadlist[listindex]};

// Dijkstra between accident site & all hospitals in that
klock

d2a = mar elias.Dijkstra(mar elias, tail, 13); xZa
mar elias.returnRoads (mar elias, 13);

d2b = mar elias.Dijkstra(mar_elias, tail, 20); x2b
mar elias.returnRoads(mar_elias, 20);

d2¢c = mar_elias.Dijkstra(mar_elias, tail, 22); x2c
mar_elias.returnRoads(mar_elias, 22);

distance? = d2a; %2 = x2a; hogpital = "Middle East
Hospital";

Il

if {(d2b < distance2){ distance2 = d2b; x2 = x2b; hospital
= "Makassed Hospital";}
if (d2c < distance2){ distance2 = d2¢; x2 = x2¢; hospital
= "Beirut Hospital";}

}
else 1if { (s4.compare("notexist™)) != 0 )

{
center = "104 Tabarees Red Cross Center™;
display = " 1. Street Belongs to the Section: " + s4;
OutputlListBox->AddString( display.data() };

display = "";

~// Dijkstra between ambulance ceénter and accident site
site = riverside.getHead{ rcoadlist[ listindex ] };
distancel = riverside.Dijkstra(riverside, 6, site);

x1 = riverside.returnRoads (riverside, site);

tail = rasbeirut.getTail({ rcadlist[listindex]}:

// Dijkstra between accident site & all hospitals in that
block
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d2a = rivergide.Dijkstra(riverside, tail, 1l}; x2a
riverside.returnRoads (riverside, 1);
d2b = riverside.Dijkstra(riverside, tail, 8); =x2b
riverside.returnRoads (riverside, 8);
d2c = riverside.Dijkstra{riverside, tail, 9); x2c
riverside.returnRoads (riverside, 9);

distance2 = d2a; x2 = xZa; hospital = "Karantina
Heospital™;
if (d2b < distance2}{ distance2 = d2b; x2 = x2b; hospital
= "Orthodox Hospital"™; }
if {d2c < distance2)}{ distance?2
= "J'itaouy Hospital™; }

}

d2c; x2 x2c; hospital

// Add both distances to get the total distance travelled
by the ambulance

totaldistance = distancel + distanceZ;

char output( 32 1;

itoa(totaldistance, output, 10); // cast from int to
string
display = " 2. Dipatch Ambulance from " + center;

QutputlistBox->AddString( display.data() )
destination hospital = hospital; // fill dest hospital in
detination hotpial to be sent via sms

display = " 3. Direct Ambulance to: " + hospital;
OutputListBox->AddString( display.data() );
display = " 4. Route Chosen ";
OutputListBox->AddString( display.data() );
display = " "+ ox2;

route=x2; //fill the route here
QutputlistBox->AddString( display.data() );

display = " 5. Total Distance Travelled by Shortest Path
isT " + (stringjoutput + " meters.";
OutputListBox->AddString{ display.data() );

//display =

Whkdkhhkhkhkhkrbihhbrhbdhbbhbrodbhhbhbdrhrrbhdrrhdbbrhhdrddhddrhbddhdkhdhihhtt

-}r-k************************“’-

//0utputListBox->AddString{ display.data() );
display = "";
}
void CEmergencySystemsDlg::0OnClear ()
{ . ' ‘
CListBox *OutputlistBox;
OutputListBox = ( CListBox * ) GetDlgItem(
IDC OUTPUTLISTRBOX ) ;
QutputListBox->ResetContent (};
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void CEmergencySystemsDlg::0OnView() // When the ENTER
button is pressed

{

string ceondandnum = "";

string display="";

char temp[50]; //condition
char templ[10]; //number of casualties
char temp2([10] //ambulance number

CListBox *Condition; // create a new list box
Condition = ( CListBox * } GetDlgItem( IDC CONDITION

) // pointer (Condition) to listbox

(IDC_CONDITION)
int listindex = Condition->GetCurSel();
// gets index of selected listbox item
if ( listindex == LB ERR )
// if no item is selected --> exit function
{
MessageBox ( "Enter the Condition or Select
UKNOWN", "Known Condition!",MB ICONWARNING );
return;

}

CListBox *Numb;

// create a new list box

Numb = ( CListBox * ) GetDlgItem( IDC NUMBERS );

// pointer (Numbers) to listbox (IDC NUMBER)

int listindexnum = Numb->GetCurSel ();

// gets index of selected listbox item

if ( listindexnum == LE_FERR )

// 1if no item is selected =--> exit function

{
MessageBox{ "Enter the Number of Known Injuries

or Select UKNOWN", "Number of Cases!",MB ICONWARNING );

return;

1

CListBox *Ambulances;
Ambulances=( CListBox *) GetDlgItem(
IDC_AMBULANCES) ;
int listindexnuml = Ambulances->GetCurSel();
if (listindexnuml ==1B ERR)
{
MessageBox ("Eneter Ambulance Number to
Dispatch™, "Ambulance Number", MB_ICONWARNING) ;
return;

}

Condition-> GetText{listindex, temp):
cond = (string) tenp;

//8tring cond to be sent via Text!
//collect the number of injured
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Numb-> GetText (listindexnum, templ);

num ={string) templ;//String Num to be sent via txt
Ambulances-> GetText (listindexnuml, temp?2);
ambulance= (string) temp2:;

if (ambulance=="101A")
ambnumber="0098715032%2132";
else if (ambulance=="102B")
ambnumber="03Amulance2";
else if(ambulance=="103C"}
ambnumber="032Ambulance3";
else if(ambulance=="104D")
ambnumber="032mbulanced";

condandnum = ™\n Case iz ™ + cond + "\n& Number of cases
=" + num + "\n Ambulance Number =" +ambnumber;//for
testing

CListBox *QutputListBox;

OutputlListBox=(CListBox *} GetDlgItem(IDC OUTPUTLISTBOX):;
OutputlistBox->AddString(condandnum.data{});

display =

Mk hkhkhkrrA A AT R A A AR AR AR AT A A A AT AR A A A A A A A I I A A FAh A h A d T hhdh
**************************";

OutputListBox->AddString{ display.datal() };

}

void CEmergencySystemsDlg: :OnkAbout() //Labelled as Send
SMS
{

string finalSM3="";
string street = targetstreet; //gets the targetstreet

from Onselect])

string temp = destination hospital:; //gets the hospital
name from OnSelect{)

string temp2 = route; //gets the route from OnSelect({)
string temp3 =cond; //gets the condition status from
onView ()

string tempd4 =num; //gets the number of injured from
onView()

// ‘Prepare the SMS content

finalSMS = "Dispatch to: "+street+ " street. \n Hospital
is: " + temp + ". \n Route is: " + temp2 + ". \n
Condition(s): " + temp3 + ". \n Known Number is: " +
tempd;

MessageBox {finalSMS.data(),"Text Content");
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//***********************************REPORTING
CODE**********************************************//
forreporting = forreporting + "\n" +
“**************************************************\n" +
finalSMS; //Collect Data for Reporting

ofstream myfile; //define a file for i/o
myfile.open{"report.txt");

myfile<<
"**************************************************\n“;

myfile<g MhkFkkkdkdwkiwdrr MOBIMEDIC - REPORT
Kok dkok kR R kKKK KR\ ;

myfile<<
"**************************************************\n";
myfile<< "\n" + forreporting + "\n";

myfile<<
"**************************************************\n";

/********************************************************
gk kok ke ke ok ok ke vk ke ke ke ok ke ok

Fhkkkkdkkdkkkkkkxkxkk*k SMS sending code: Contacts my local
provider khkkkkhkhk
FhEkkkkkkkrkkkrkrkE*x gand sends my text dynamically to the

mObile ko Ak ko ok ke kR
dhhkkkkhkkdkrkhkhkrddkhkd T gelect

*********/

string s="";

std::string str =
"http://80.77.187.4/yoofi_int/SMSyocofi/pushpull/push sms.
asp?receiver="+ambnumber+"ssmstext="+finalSMS+" &operator=
etisalaté&country=uae&smstype=textésenderID=2202&username=
earnstyoungépassword=earnstyoungpass”;

char* psz = strdup(str.c _str(}));

file= psz;

ShellExecute (NULL, NULL, file, NULL, NULL, NULL);

} R

void CEmergencySystemsDlg::0nReportButton() //Report
Opened for Viewing

{

ShellExecute (m hWnd, "open"”, "report.txt", NULL,
workingdixr, SW_SHOWNORMAL) ;

}
void CEmergencySystemsDlg::OnHelpButton() // Help file

opened
{

ShellExecute (m_hWnd, "open", "help.doc", NULL,
workingdir, SW_SHOWNORMAL) ;

}
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//*******************************************************
kdkdkhkkkhkhbhkhkhkhhhbhbrhhbdbbrthbbdddtid

void CEmergencySystemsDlg::0nStnClickedMap ()

{
ShellExecute{m hWnd, "open", "Help.txt", NULL,

workingdir, SW_SHOWNORMAL} ;

}

Graph.cpp

finclude "Weight.cpp"

censt int INTERSECTION= -1,

REDCROSS = -2,
HOSPITAL = =3,
VISITED = -4,
UNVISITED = -5,
INFINITY = 100000;
class Graph: public Weight // class Graph inherits from super

class Weight
{
private: int numVert, numkEdge;
int *v, *d, *parent, *shortest;
string *roads;
Weight w;
Weight **matrix;

public: // Constructor
Graph (int numVertex)
{
int 1, 3j;
numVert = numVertex;
nunkdge = 0;
v 1ITSW .;.J.J.t [J..l.l.l.l.ll.‘\l,CJ_t} T
//initializing vertex array
d= new int[numVert];
parent= new int[numVert];
shortest= new int[numVert]:;
roads = new string[numVert];

for{i=0; i<numVerf; i++}
{
v[i] = 0; J/unvisited
roads[i} = "";

} .
matrix = (Weight**)new Weight* [numVert];
for{i=0; i<nunVert; i++}
matrix{i] = new Weight[numVert];
for{i=0; i<numVert; i++)
for{j=0; j<numVert; j++)

{
w.graph = "";
w.distance = 0;
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w.color = 0O
w.street = "";
matrix[ij[j] = w;
}

//initial weight is 0

}

// Destructor
Graph ()
{
delete []v;
for{int i=0; i<numVert; i++}
delete [} matrix([i]:;
delete [] matrix;

}

int vertex num{){ return numVert;}

int edge_num() { return numEdge;}

int first neighbor (int vertex)

// returns vetex's first neighbor

t

int neighbor;

for {neighbor=0;neighbor<numvert;neighbort++)

if{matrix([vertex] [neighbor] .getDistance () =0}
return neighbor;
return neighbor;

}

int next{int vl, int wv2)
//gets v1's neighbor after v2
{

int i;

for(i=v2+1; i<numVert;i++)

if(matrix[vi] [1].getDistance() 1=0)
return i;

return i; // return -1 if there are no neighbors

}

vold addWeight{string gr, int vl, int v2, int dist,int col, string
st)

{
if (matrix[vl] [v2].getDistance{)==0)
nunEdge++;
matrix[vl] [v2].setGraph{gr);
matrix[vl] [v2].setDistance (dist);
matrix[vl] [v2].setColor{col);
matrix{vl] [v2].setStreet{st);

}

void delBdge{int vl, int v2)
{
if (matrix|vl][vZ].getDistance() !=0}
numkEdge—-—;
matrix([vl] {v2].setDistance (0);
}

Weight getWeight{int vl, int v2){return matrix[vl][vZ];}

string getCol(int wvl,int v2)
{
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switch({ ((matrix[vl][v2].getColor(})*(~1))~-1)
{
case 0: return "INTERSECTION";
case 1: return "REDCROSS";
case 2: return "HOSPITAL™;

}

string getGraphName (string s) //Returns the Name of the Graph -- i.e
The zone
{
for{int i=0;i<numVert;i++}
for{int Jj=0;j<numVert;;j++)
if |
{matrix{i] [J].getStreet () .compare{s))==0 )
return matrix[i] [j].getGraph()
return "notexist";
}
int getMark({int vertex) {return v(vertex];}
volid setMark(int wvertex, int wval){v{vertex]=val;}
int getHead{string s)
{
for{int i=0;i<numVert;i++)
for{int j=0;j<numVert;j++)
if({matrix[i] [j].getStreet () .compare(s})==0)
return i;
}
int getTail(string s)
{
for{int i=0;i<numVert;i++)
for{int 3}=0;j<numVert; j++)
if({matrix[i][]j].getStreet().compare(s))==0)
return j;
return 0;

}

string returnStreet(int vl, int v2} { return
(matrix[vl] [v2] .getStreet()); 1}

int getDist{(int vl,int v2)({ return
(matriz[vl] [vZ2] .getDistance(}); }

bool empty{(Graph G)

{
int limit=G.vertex num({);
int count=0;

for{int i=0;i<limit;it++)
if(G.d[i]==-10)
count++;
if(count==limit)
return true;
return false;

}

int returnMin (Graph G}

{
int limit= G.vertex num();
int min=100000;

int i;
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for{int i=0;i<limit;i++)
if{G.d[1)<min && G.d[1i]>=0)
{
d[i]=-10;
return i;
break;
}
return i;

}

void Initialize Single_Socurce{Graph G, int start)
{

int v;

int limit=G.vertex num();

for (v=0; v<limit;v++}

{
G.d([v] = INFINITY;
G.shortest[v] = INFINITY;
G.parent{v] = NULL;

}

G.d[start] = 0;

G.shortest[start]

0;

void Relax(Graph G, int u, int wv)
{
if{G.d[v]> (G.shortest[ul+ G.getDist{u,v))}
{
G.d[v]= G.shortest[u]+ G.getDist(u,v};
G.parent[v]=u;
G.reads[v] = G.roads[u} + " \n " +
G.returnStreet (u,v);
G.shortest[v]=G.d[v];

}

int Dijkstra(Graph G, int start,int end)
{

int u,w;

int limit=G.vertex num{);
Initialize Single_ Source(G, start);
while (!1G.empty (G))

{

1 = G.returnMin(G);

for{ w=G.first_neighbor (u}: w<G.vertex num();
w=G.next {(u,w} };:

Relax (G,u,w)};

}

return shortest[end];

}

string returnRoads (Graph G, int end} { return G.roads[end]; }
|

Weight.cpp
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#include <string>
#include <gstring>
$#include <stdlib.h
#include <stdio.h>

using namespace st
using std::string;

class Weight

{
public:

public:

)

street.data(); }

>

d;

int distance, color;
string graph, street;

// Default Constructor
Weight ()
{

graph = ll';
distance = 0O;
color = 0;

street = "";

1

// User-defined Constructor

Weight{string g, int d,
{
graph = g;
distance = d;
color = ¢;
street = s5;

}

// Reader Functions
string getGraph()
int getDistance ()}
int getColor(}

string getStreet()

) N -

}:

77 Writer Fu o

void setGraph(string g
void setDistance{int d)
void setColor(int c)
void setStreet(string s)
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string s}

return graph; }
return distance; }
{ return color;

{ return

graph = g; }
distance = d; }
color = c; 1}
street = s; }
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