(1) & gl
B o o
rolsiad) Jeald i) Ll asha olial agall Ll
OF}[/ mou// EM&’@&’\C\L) A w\\}u\q\,\Qﬁ Locotdioun T Grala <L N P

Rl 1 VTSRS TRV KR SN

Gl HLaY) ud Lo ULl palddl (gaen 715 sa Lo ALl oda ade culadl L ol g
S e il gl day did i e ad Al Lie oda ol SF JSS ALyl i s cays L
(d Ading o Gpadas Lnge o ) (i

DECLARATION
The work provided in this thesis, unless otherwise referenced, is the
researcher's own work, and has not been submitted elsewhere for any

other degree or qualification
' ¥
Student's name: o222\ (pe0 ) X S E rallall il
~

Signature: M gl

Date: , Tes A< [an syt



oI\t ey

Islamic University of Gaza
Deanery of Higher Studies
Faculty of Commerce
Department of Management

Optimal Emergency Ambulance Locations
In Gaza Strip

Prepared by:
Emad H. Abu Nasier

Supervised by:
Prof. Dr. Yousif H. Ashour

A thesis submitted in partial fulfillment of the requirement for the
degree of MBA

February/2015



dje — dgnllw il denlall

The Islamic University - Gaza

3 ‘

setdd | aduell (e off il iSs

-~

35[¢ v c
Refrmmnr s il

2015)05)3%
DAt e é—l)u-”

eyl 429 o] (sols @S] Ak

85 e 558 Tl calally Ll il adilly (o alell a5t s A ilge S 505,
Al (o talll Amn il el ol g Guea dlas fraldl dagyll o o Sall A
| Hleegasag Sl 803 auid §lal
B plad 8 rqfshlly cilewd) ciflawd S5l sl
Optimal Emergency Ambulance Locations in Gaza Stnp
FPS I 57015/02/25 dﬁ_yd‘ Y 1436 (5—51 Lg.}LAA 06 (_p_uY\ ej_dl s ?_d\ L nalaali by
t0e BSally da g ¥ e Sall dind Carind of Luss Al

L:ﬂi\d Ll aza gl JM-wJﬁ:f;.-ﬁl. -
A‘"‘"Wﬂ#w— A% ’L_-__“.ia. Jt.:'n ’L..t.d*':"’u.n R = & Hi eﬂ_wu.ét_.u a0l
: ,/’@\"“’fm\

‘! \.“Bﬂ e.ud/yw/mgs)_\m’ %:\T-an um;“d_,‘da“ .l:uj

Adbgg 4t dotd 4 dale jEuy s wlé:rw./gj{f‘f M "g;(;?{l.éd"-y-ﬂ/aid dadar jf diallly
S "’\ é’ f %

Llad] cludally calal) Gl ¢ gddid Qg il

dasliall o cigy s .o

PO: Box 108, R|mc| Gaza, Paleshne fax: +970 (8) 286 0800 suste  Tel: +970(8) 286 0700 _is51s orlosuls 53& ,Jloydt 108 . yar

public@iugaza.edu.ps - www.iugaza.edu.ps



Abstract

When an incident occurs and acute health care is needed, the emergency number 101
should be called. After such a call, an ambulance should be within 10 minutes in the
place.

There are ambulance stations in all Gaza Strip region, from where ambulance can
depart to the scene of an incident. The study goal is to identify the optimal locations
of these stations and the maximum response time (or maximum service distance) to
reach the accident. The Location Set Covering Model (LSCM) is applied to the
Palestinian Red Crescent Society (PRCS), which is the responsible of the Emergency
Medical Service (EMS) stations. The optimal locations are firstly achieved by
locating these stations so the maximum expected demand may be reached within a
specified target time.

The LSCM determines the minimal number of location sites needed to cover all
demand points using three different maximal response time of 7, 10 and 12 minutes,
As a result when Gaza Strip considered as one region the optimal output of the model
is 5, 3 and 3 location sites respectively. If each governorate considered as a separate
region then 6 location sites needed with a maximal response time of 7 minutes.

The study proposes an approach to find out a location problem solution based on the
model formulation as an integer linear program problem and solved using LINDO-
language program.

The optimal solution of the study model makes reduction of the number of location
sites by a percentage 25%, decreasing the maximal response time by 30% , reducing
the average traveling distance by 38% and finally, increasing the maximum expected
coverage by 12%.
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1. Introduction:

In case of accidents or other life-threatening emergency situations, it is important for
health care to be provided within a short time, since this can be different between life
and death.

Gaza Strip is under the Israel occupation and exposed to different emergency
situations. Three wars occurred in the last six years, first in December/2008, second
in November/2012 and the last in July/2014 which caused high numbers of
emergency cases that needed to served. From this the emergency services has the
more importance. The PRCS provided the emergency service to 2529 cases in
September/2013, while in August/2014 during the last war has been served 12,185
cases in fifty days [32].

Rapid response to an incident is one important to measurement of the emergency
services system success which mean a vital emergency ambulance service because a
few minutes difference in the time of its arrival may make the difference between life
and death for a patient [1].

Health services and a part of it emergency ambulance services are among most
important services that required to be developed and improved its performance to
achieve the aim of emergency services to reduce the mortality and health
deterioration caused by emergency incidents or illness in general [15].

However, the location of emergency ambulance is critical and should be stationed to
minimize the response time to emergency call and this is reason why organizing and
planning emergency ambulance location and relocation is important [4]. In current
practice the standard is that after a call, ambulance is at the scene in less than 15
minutes(US ACS, 1963) and this goal should be achieved in at least 95% of the
regular cases, while resuscitation cases should be treated immediately within 4
minutes called "golden period" for cannot breathe case [37].

Gaza Strip,

Gaza Strip lies on the eastern coast of the Mediterranean Sea that borders Egypt on
the southwest for 11 kilometers, with a total area of 65 square kilometers. The
population of Gaza Strip is more than 1,850,000 million with population density
4,118 person per one kilo meter square. Gaza Strip consisting of five governates
shown in Figure 3.1:The north, Gaza, The middle, Khan Yunis and Rafah. There are
twenty five municipalities listed in the Table 3.1 with covering area about
45kilometers, in length by 6 to 12 kilometers in width [49].

Palestinian Red Crescent Society

In Gaza Strip the number one sector organization for ambulance care is Ambulances
of Palestinian Red Crescent Society. The Palestinian Red Crescent Society (PRCS)
was founded in 1968, and become member of the International Red Cross Society in
2006. Emergency Medical Services (EMS) constitutes essential health services
provided by PRCS to all individuals in need under normal and extraordinary
conditions. Considering the importance of this humanitarian service, PRCS was
entrusted by the Palestinian National Authority in 1996, by virtue of a presidential
decree, with full responsibility for these services in the West Bank and Gaza. EMS
services are offered by PRCS 24/7 through the 101 hotline[47].



Figure 1.1: Emergency ambulance providing the service.

PRCS emergency services now encompass 14 main centers, including one in East
Jerusalem, and 26 subsidiary centers in the Occupied Palestine Territory (OPT).
These centers are currently assisted by a fleet of 140 ambulances and are manned by
348 paramedics and 200 volunteers. Moreover, PRCS runs its own EMS Institute,
which is unique in Palestine and is specialized in providing EMS training to prepare
basic and general paramedics through its two branches in Al Bireh and Gaza. In Gaza
Strip there are five main ambulance stations and three substations as branches for the
PRCS and one main center provide the emergency service assisted by a fleet of 37
ambulances. The Central Communication Room (CCR) in the station which
geographically nearest to the calling position is the first part in the Emergency
Services system receives the demand call. When the station room receives a call it
assigns to responsible for serving that call and dispatches one of its ambulances. If
the call is no available, then the room assigns the call to nearest other station based
on their judgment. Calls are served on a first come first served basis [47].

2. Study Problem:

Ambulance stations should be organized and planned based on a scientific method
and models that minimize the response time of the emergency incident and to be able
to provide the best coverage with the least number of stations [15]. The problem
arises here from determining the optimal locations of these stations, In 2014 there
were 8 ambulance stations in Gaza Strip which covered 88% of demand with
maximal response time 10 minutes. In urban areas, the most widely used ambulance
response time standard is to respond to 90% of calls within 8 minutes and 59 seconds
as compared to responding to 90% of calls within 14 minutes and 59 seconds in rural
areas [10].

The problem that are treated in this study are about the location of ambulance
stations to finding the "optimal” configuration / distribution of locations of
ambulance stations. The main question that will be in mind :

What is the optimal distribution of ambulance stations in Gaza Strip.

It is possible to give definite answer to this question, because what is optimal
depends on the objective and constraints imposed.



3. Study Objectives:

The main objective of this study is to find the optimal location of ambulance stations
in Gaza Strip that can cover any point in Gaza Strip within a limited time.

The study also includes the following sub objectives:

v"How many locations needed to cover all areas of Gaza Strip?

v'What is the maximal travel time that the ambulance it takes to arrive to the
patient?

v'Find the maximal response time for the emergency cases from the call and the
maximal travelling distance from the site to the scene.

v Is there another alternatives to relocating the existing station to be the optimal.

4. Study Importance:

The importance of this study lies in selecting a vital subject that is most important
and critical logistic decisions because the poor location decision increase the
mortality (death) and morbidity (disease) can result by increasing the response time
of emergency incidents [15].

The big motivation of this study is because of its high importance which can
be explained in the following points:

Ensure that the ambulance arrives to the patient within the target time.

Ensure that the ambulances stations covering all areas of Gaza Strip.

Find the optimal location and allocations of the limited resources of the EMS.

Measure the performance of the emergency ambulance and establish the

standard response time of it.

e. Find how many stations should be added if we need and where they should be
located.

f. Find the alternatives to relocating the existing stations to be optimal?

5. Study Methodology:

The study methodology explains the road map needed to reach the study goal.
Starting with goal definition, then data collection, in which, the real work of EMS
in Gaza, in which include the application of basic facilities locations models.

ooy

I. Goal Definition:

The goal of this study is to determine the optimal locations of ambulance stations in
Gaza Strip using basis for almost facility location models that are used in health care
applications . The basis models of facility location are the Set Covering Model
(SCM), the Maximal Covering Model (MCM), and the P-Median model (P-MED).

I1. Data Collection:

The data needed for the study are: emergency ambulance stations positions, number
of ambulances in each station, number of cases served by EMS, number of called to
101, average time response served the emergency cases.

The required data was collected from:
1. Ministry Of Local Government (MOGL).
2. Palestinian Red Crescent Society (PRCS).



6. Study Structure:

Chapters are organized as follows:

= Chapter one: presents the study background including introduction about the
Emergency Medical services (EMS) in Gaza strip, study problem, objectives,
importance, methodology, structure and end with the previous studies.

= Chapter two: presents literature review of the previous related studies in
ambulance location models and the mathematical formulation of these
models.

= Chapter three: presents the methodology followed in the study, which is the
input data to applying LSCM model.

= Chapter four: presents the results with the model introduced in chapter four
are given and discussed.

= Chapter five: presents the conclusions, recommendations and future study.

7. Previous Studies:

There are a lot of related studies, these studies are used the models of facility
location to optimization models and another making a simulation to these models
with real data. Another studies used the GIS system to management the ambulance
locations.

The study of Ramashe and others, ( 2014) titled "A_Bi-Objective Model for
Locating and Sizing Emergency Stations™

This paper presented a bi-objective model within the integer linear programming
framework to determine the location of emergency stations, the regions covered by
each of these stations and location of ambulance to these stations. Objectives of this
model are minimizing the cost of locating the stations and ambulances as well as the
maximum time it takes to sever the demands. In this model, service time is the
interval between dispatching the ambulance and transporting the patient to the closest
hospital. The model solved by the epsilon —constraint method, provides with a set of
Pareto optimal solutions. The presented algorithm is able to solve problem instances
containing up to 150 regions within period of less than 12 seconds which is a
reasonable time. Population and demand density, distances between the regions,
number of times a region needs to be served (coverage) by neighboring stations and
positions of existing hospitals are the models inputs. All of the demand nodes are
covered with consider the two goals of minimizing the cost and minimizing the
maximum service time simultaneously [54].

The study of Looije, (2013) titled "Optimal Ambulance Locations in_the
Netherlands™

The objective of this study is to determine the optimal locations of ambulance
stations in Netherlands, to be able to provide the best coverage with the least number
of stations. In 2010 there were 203 ambulance stations in the country. The study
consider the Netherlands as a directed graph, where the nodes represent four-digit
postal code area and the arcs represent the road network, and each arc has a value
corresponding to the travel time between the tail node and the head node of the arc.




Two based models used. The first model is the Location Set Covering Model
(LSCM), which determines the minimal number of location sites needed to cover all
demand points. The second model is the Maximal Coverage Location Problem
(MCLP), which determines the maximal coverage that can be achieved with a fixed
number of location sites.

The result with LSCM model using deferent maximal travel times of 8, 12 and 15
minutes was 302, 165 and 100 location sites respectively if we consider the
Netherlands as one region. If Netherlands consider as a separate region(25 region)
the needed is to 203 location sites with a maximal travel time of 12 minutes. Using
the results from LSCM, the MCLP used to determine the percentage of the residents
can still cover with less ambulance stations than the outcomes from the LSCM with
the same three different travel time the stations still cover approximately 95% of the
residents with 225, 95 and 60 location sites respectively [39].

The study of Limpattanasiri and others, (2013) titled "Solving a Maximal Covering
Model of Emergency Ambulance Location Problem in Urban Areas by Dynamic
Programming Technique"

The objective of this study is to consider the maximal covering ambulance location
problem for regular traffic situation and heavy traffic congestion situation in urban
area. A two hierarchical objectives model for planning level based on MCLP model
is proposed and exact searching algorithm based on Dynamic Programming
technique is developed for its solution. The traffic behavior is assumed to be
normally distribution. The stochastic traveling speed is derived to be a static variable
using inverse cumulative function by given percentage rank. The model defines
regular traveling speed with 0.50 percentile of distribution and speed for heavy
traffic congestion situation with 0.05 percentile of distribution. The proposed model
solved by proposed searching algorithm is compared with the MCLP model solved
by CPLEX and proposed searching algorithm. Computational results using both
randomly generated data and real data of Osaka city confirm the efficiency of the
proposed approach. Comparing with the MCLP model, the MCLP-htc maintains
maximal covering for standard response time (15 minutes) and increases level of
population covered within short response time (8 minutes and 4 minutes) by the first
solution [37].

The study of Rabello and others, (2012) titled "Optimization Models in_the
Location of Healthcare Facilities: a Real Case in Brazil"

The objective of this paper is to is to find the optimal solutions proposed by the
location models of the healthcare facilities and carried out as real experiment in
Brazilian city to confront the current sites configuration. After applied the most
important location models: p-median model, set and maximal covering model and p-
center, the results showing the effectiveness of the models and permitting the
highlight of the strong points of each approach.

The most interesting finding in the experiment the trend of increasing the
proportional saving in distance generated by the models as these is an increasing in
the population of the area under study. In order to develop a more comprehensive
analysis, comparison was developed with all four models result and the see clearly
the advantage of each model. The results showed the effectiveness of the models, in
all criteria considered: minimization of distance, minimization of cost, maximization



of coverage and minimization of maximal distance. The four types of models tested
showed total demand coverage with a better service (large reductions in the distance
of facilities) and all the results were compared. From the result the first best model is
the p-median which has a performance more than 85% of the population served by
facility located at distance less than 2km, the second best model is the set covering,
which has a performance, with a considerable portion of the population located at the
same distance (77.9%). The third best model set covering with solution of this model
77.7% of the population at the same distance, the fourth best model is the p-center,
which presented solution were 76% of the population would be located at less than
2km of its nearest health facility [51].

The study of Chanta and others, (2011) titled "Improving Emergency Service in
Rural Are: a Bi-Objective Covering Location Model for EMS Systems"

The objective of this study is to balance the level of first-response ambulatory service
provided to patient in urban and rural areas by locating ambulances at appropriate
stations. The objective of covering location model is to minimize demand that can
be covered. Consequently, these models favor locating ambulances in more density
populated areas. To address the issue of fairness in semi-rural/semi-urban
communities, the study propose the bi-objective covering location models that
directly consider fairness. The three bi-objective models for locating EMS
ambulance is the traditional covering problem objective of maximizing expected
coverage while the second objective aims to improving service in rural area. The
study proposed three alternatives to be the second objective are: (1) minimizing the
maximum distance between each uncovered demand zone and its closet opened
station, (2) minimize the number of uncovered rural demand zones, and (3) minimize
the number of uncovered demand zones. These three models are formulated as
integer programs. Non-dominated solutions to each bi-objective model are generated
using the epsilon constraint approach. The key contribution of this paper is that it
provides a model for reducing the geographic disparities in service between different
demographic. The study used data from the Hanover Fire/EMS department which
located in Virginia, the EMS department response to 911 calls 24 hours a day and
serves a country of 474 square miles, which the population nearing 100,000
individuals with 16 EMS ambulance stations, the population density information
captured from GIS data. The input data to the model are the number of requested
calls (or call volume) in the each demand zone, the geographical coordinates of the
122 demand zones ( ignore the zones that have no demand during 2007) and 16
potential locations, and the demand zone classification, as either rural or urban. The
Hanover standard to response-time threshold of 9 minutes for the covering objective.
The results of a single objective model is there are 5 ambulances, this single
objective covering location model locates 4 ambulances in urban areas and 1 in the
rural area, thus the majority of the uncovered demand zones are rural. The results of
the bi-objective model provide decision makers with more alternative to reduce the
disparity between service in urban and rural areas. With 5 ambulances to be located ,
the maximum expected demand that can be covered is 1260.3 calls (73.66% off
calls), and the maximum distance between uncovered rural demand zones are 18,63
and 69 miles [10].



The study of Amponsah and others, (2011) titled "Location of Ambulance
Emergency Medical Service in the Kumasi Metropolis, Ghana"

This paper presented a case study of the ambulance location problem in an urban
setting as the Kumasi metropolis in Ghana is solved. The Non-linear Maximum
Expected Covering Location Problem (MEXCLP) was implemented. Kumasi is the
second largest city of Ghana with population of 1,517,000. There are 5 ambulances
currently located in the area. To solve the maximum expected covering problem,
Genetic Algorithms (Gas) which is a computational method inspiring by evolution
used as approach to compared the performance. The application instance is fully
defined by the number of nodes, the distance matrix, the coverage radius of the
servers, the number of servers, distribution calls among the nodes, and the system
wide probability of a server being busy when is called to service. The network
consist of 54 nodes among which ambulance going to be located and these nodes
were selected based on a Geographic Information System (GIS) buffering technique.
The edge matrix used in the work is based on real distance and not Euclidean
distance. The average response time which is an important parameter in EMS in the
study was 12 minutes and the coverage radius calculated from the 5-month data in
time 12 minutes is 8km and in 10(response time set by US EMS 1973) minutes 7km,
the system-wide probability (p)=0.02. the results of optimal solution show that the
solution three is the optimal solution to locate seven ambulances at the submetro
centers of Kumasi metropolis [3].

The study of Koc and others, (2011) titled " A Reliability Based Solution to an
Ambulance Location Problem Using Fuzzy Set Theory"

In this study, the Reliability Based Double Standard Model (RBDSM) was proposed
to address the travel time uncertainty associated with the determination of the
coverage. This new coverage model was applied to solve the ambulance location
problem of the province of Sivas, Turkey. The reliability analysis were performed
between all demands as a function of the fuzzy shortest travel time and fuzzy target
travel time. The results indicate that the fuzzy travel times may be appropriate to
handle the uncertainty investigated here and have a good potential to be used for the
ambulance location problems. The surface are of the province of Sivas, Turkey is
about 35.715km2 and a population of 283233 inhabitants. It distributed among 60
zones. From results the RBDSM addresses the travel time uncertainty in determining
the coverage of the demand points and a fuzzy approach (fuzzy shortest travel time
and fuzzy target travel time) can be useful to handle the travel time uncertainty in the
ambulance location problem. It may provide a flexible and efficient alternative to
estimate the travel time and these travel times may also serve as a reference for
future measures by EMS staff or other health providers in an emergency [36].




The study of Ates and others, (2011) titled "Determining Optimum_Ambulance
Locations for Heart Attack Cases With GIS"

The objective of this paper is to provide optimum distribution of ambulance stations
without exceeding standard heart attack response time in Istanbul. In this context,
existing ambulance service areas are determined with ArcGIS Network Analysis in
order to understand which areas remained out service zone. The area of study
(Istanbul) selected because of its different socio-demographic structure, high
population and containing 40 municipalities. Geographic data used in the scope of
study are composed of 4 different groups; Health , Administrative unit,
Transportation, and Land Cover. Administrative boundaries of the study area
(province, country, district), road network, locations of existing ambulance stations,
population and acute myocardial infarction (AMI) patient data are the basis of
database design. Final distribution of ambulance stations provide an ambulance for
every 50,000 people in built-up area with respect to the Regulation of Emergency
Medical Services. In the study the optimum locations of the ambulance are
determined at district level. As a result of optimization process , 1 station is
completely removed, 4 stations locations are changed from existing 120 ambulance
station and 41 new ambulance are recommended. In this contest, the new system has
160 ambulance stations which will provide 279 new ambulance vehicles added in the
scope of regulation [5].

The study of Inakawa and others, (2010) titled "Effect of Ambulance Stations
Locations and Number of Ambulances to the Quality of the Emergency Service"

The objective of this paper is to consider ambulance system by the aspect of their
response time using queueing simulation to introduce the actual situation for
ambulance system of Seto City in Japan, and proposed queueing simulation model to
compute mean response time , loss ratio and other several important indices. The
study present two simulation experiment, one is about the decision-making for
restructuring of the ambulance system , other one is about relation between
ambulance locations and the number of ambulance.

The number of calls in 2007 was about 5.29 million that mean one of the 26 people
in Japan is transported by the ambulance with a year. Every city in Japan runs own
ambulance system. The results of the simulation model of the two experiment was to
constructing a new station is twice as effective as adding a new ambulance for Seto
City, this mean that is important to evaluate restructuring plans concretely. In the
second simulation experiment show that lower bound of mean response time the
value of this bound greatly influences for an efficient system improvement [31].

The study of Morohosi, (2008) titled "A Case Study of Optimal Ambulance
Location Problem"

This paper presented to give a comparison (actual location and optimal solution) of
the optimization models of ambulance stations through actual patient call data from
Tokyo metropolitan area to show the characteristics of each model and investigate a
possible improvement in ambulance service. Coverage model and median model is
approaches proposed to this problem ( ambulance stations). Coverage model looks
for the location to maximize the ( deterministic or probabilistic) demand of
ambulance calls and this model can be thought of reliability oriented model. The
median model the objective is to minimize the total traveling distance of the



ambulance form the station to the scene of call. This model gives more weight to the
efficiency of ambulance operations. The results shows that the optimal solution can
achieve improvement in both models, and suggests the possibility of more efficient
and reliable location. The most distinctive feature of the problem is to stochastic
property demand. The data to analyze of ambulance system of Tokyo special word
area in 2002, the number of days is 300, the number of dispatch is 397242 calls, the
ambulance number is 145 ambulance and the town divided to 3115 blocks. The
standard response-time to achieve is five minutes and the vehicle speed in Tokyo is
approximately 350m/min, that mean the distance should be 1750m (Euclidean
distance measure) or 1250m (Manhattan distance). The optimal solution by LSCM
model found that 85 ambulances are needed to in the distance of 1750m while the
actual number of ambulance is 145 when D=1500 and D=1250, necessary number of
ambulances are 132 and 153, respectively. This result encouraging to try to find more
reliable and efficient location for ambulance. By the apply median model the average
traveling distance computed from objective value of optimal location is 667m while
the average traveling distance from the actual location( the actual traveling distance
measured on the real road network) is 2100m [45].

The study of Aringhieri and others, (2007) titled "Ambulance Location through
Optimization and Simulation: the Case of Milano Urban area"

This paper presented three step approach to deal with the problem of locating
ambulance posts over an urban area. First real life data on the considered system
behavior are analyzed. Then integer linear programming model are considered with
the aim of finding new post locations. The third is simulation framework for testing
the behavior of the proposed solutions that respect to the real life situation. The paper
deal with the problem of locating the ambulances in agreement with the official
Emergency Medical Service, called Also 118. The Italian law states that the response
to emergency calls has to be performed within a mandatory time of 8 minutes in the
urban areas (LA time). In Milano urban area only around 60% of the emergency calls
are served within LA time. The aim of this work is to is to analyze the data on the
system behavior to point out possible criticality and then to provide, through
optimization and simulation, suggestions for the emergency service management. In
2005 The amount of calls received and of required ambulance were 145844 and
96094, respectively with 29 ambulance posts and divided the demand area using
square grid with a side per element of about 593 meters. The study focus on static
deterministic models such as LSCM to optimizing the optimal location of the
ambulance and developed a new model tailored Milano case. The model is static one
and does not consider the arriving calls from a dynamic point of view. The model
considers the dimensioning of the ambulance post, the number of ambulance to be
located in each post, to satisfy the total demand and consider a second time limit less
than the LA time [4].
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The study of Takeda and others, (2007) titled "Analysis of Ambulance
Decentralization in an Urban Emergency Medical Service using the Hypercube
Queueing Model"

This paper presented studies the application of the hypercube queueing model to
SAMU-192, the urban Emergency Medical Service of Campinas in Brazil. The
hypercube is a powerful descriptive model to represent server-to-customer systems,
allowing the evaluation of a wide variety of performance measures for different
configurations of the system. In its original configuration, SAMU-192 had all
ambulances centralized in its central base.

This study analyzes the effects of decentralizing ambulances and adding new
ambulances to the system, comparing the results to the ones of the original situation.
It is shown that, as a larger number of ambulances are decentralized, mean response
times, fractions of calls served by backups and other performance measures of the
system are improved, while the ambulance workloads remain approximately
constant. However, total decentralization as suggested by the system operators of
SAMU-192 may not produce satisfactory results.

The mean travel time of the system reduces from 13.6 min (centralized
configuration) to 11.4min (six ambulances decentralized). The fraction of advanced
calls assisted by backups (BSVs) also decreases from 19% to 11% [69].

The study of Pasha, (2006) titled " Ambulance Management System Using GIS™

This study present the problems of study area faced by emergency service providers
on road network are identified. In this study Geographical Information System
(GIS)/Global  Positioning  System  (GPS)/Global Communication  System
(GSM)based prototype system has been developed for routing of ambulance on road
network of Hyderabad city (AMS). This prototype is designed such that it finds the
accident location on the road network and locates the nearest ambulance to incident
site using the real-time technologies (GPS/GSM). AMS create the fastest route from
nearest ambulance to accident site, and from there to nearest hospital. Congestion on
the roads during peak hour is considered, and the fastest route on both major and
minor roads is created. AMS user interface has been developed using VBA, ArcGIS
(network analyst) [37].

The study of Alsalloum and Rand, (2003) titled " A goal —Programming Model
Applied to the EMS System at Riyadh City, Saudi Arabia"

This paper presented applied of Maximal Covering Location Problem (MCLP) as
approach model of facility location to the Saudi Arabian Red Crescent Society
(SARCS), Riyadh City.

The proposed is to identify the optimal locations of emergency medical services
(EMS) stations and this is achieved by locating these stations so the maximum
expected demand may be reached within a pre-specified target time and by ensuring
that any demand located within the target time will find at least one ambulance
available. The EMS receives more than 13000 calls on average a year (36 calls a
day) using 7 stations and 35 ambulance. The EMS system is self-contained system,
because each station is responsible only for those demands within its boundary. The
area divided to 92 quarters, as in the CRCR records. Detailed information for more
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than 3800 incidents was collected for comparing the results from the model. The
existing 7 stations only cover 74% of the population with 10 minutes and to cover a
whole city at least 17 station are needed, therefore , about 24 ambulance are needed
to ensure that any call find at least an idle ambulance within 20 minutes driving to
serve it [1].

8. Summary of Previous studies

Each study has research gap. Table 1.1 provided the comparison between the research gap
of each previous study are listed in this chapter.

Table 1.1: Summary of the research gap in previous studies

No. | Researcher Research title Research gap
A goal —Programming applied of  Maximal Covering
Alsalloum Model Aoolied to th Location Problem (MCLP) as
1 and Rand odef Applied to the approach model of facility location
’ EMS System at Riyadh . .
(2003) City, Saudi Arabia" to the Saudi Arabian Red Crescent
' Society (SARCS), Riyadh City
Geographical Information System
(GIS)/Global Positioning System
Ambulance (GPS)/Global Communication
2. | Pasha, (2006) | Management System | System (GSM)based prototype
Using GIS" system has been developed for
routing of ambulance on road
network of Hyderabad city (AMS).
Analysis of Ambulance
Takeda and Decentralization in an | the application of the hypercube
3. others, Ur_ban Eme_rgency queueing model to SAMU-1_92,
(2007) Medical Service using | the _urban Em_erger_my M_edlcal
the Hypercube Service of Campinas in Brazil.
Queueing Model
Ambulance Location
Aringhieri through Optimization | three step approach to deal with
4. and others, and Simulation: the | the problem of locating ambulance
(2007) Case of Milano Urban | posts over an urban area
area
comparison (actual location and
optimal solution) of  the
optimization models of ambulance
5. Morohosi, Oﬁi%iie:r;ubdlﬁgce stations through actual patient call
(2008) IE) : data from Tokyo metropolitan area
ocation Problem b
to show the characteristics of each
model and investigate a possible
improvement in ambulance service
Effect of Ambulance | consider ambulance system by the
Inakawa and | Stations Locations and | aspect of their response time using
6. others, Number of queueing simulation to introduce
(2010) Ambulances to the the actual situation for ambulance

Quality of the

system of Seto City in Japan, and
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No. | Researcher Research title Research gap
Emergency Service | proposed queueing simulation
model to compute mean response
time , loss ratio and other several
important indices.
Improving Emergency | balance the level of first-response
Chantaand | Service in Rural Are: a | ambulatory service provided to
7. others, Bi-Objective Covering | patient in urban and rural areas by
(2011) Location Model for | locating ambulances at appropriate
EMS Systems stations
Location of Ambulance | case study of the ambulance
Amponsah . . )
8. Emergency Medical | location problem in an urban
and others, Service in the K . } he K . i
(2011) ervice in the Kumasi | setting as the Kumasi metropolis
Metropolis, Ghana in Ghana is solved
A Reliability Based | Reliability Based Double Standard
Koc and Solution to an Model (RBDSM) was proposed to
9. others, Ambulance Location | address the travel time uncertainty
(2011) Problem Using Fuzzy | associated with the determination
Set Theory of the coverage
Determining Optimum | provide optimum distribution of
Ates and . . X
10. others Ambulance Locations | ambulance  stations  without
(2011)' for Heart Attack Cases | exceeding standard heart attack
With GIS response time in Istanbul
Optimization Models find the optimal §o|ut|ons
Rabello and : . proposed by the location models of
11. in the Location of S :
others, e the healthcare facilities and carried
Healthcare Facilities: a : i -
(2012) . . out as real experiment in Brazilian
Real Case in Brazil . .
city to confront the current sites
configuration
determine the optimal locations of
Looiie Optimal Ambulance | ambulance stations in Netherlands,
12. (20113)’ Locations in the to be able to provide the best
Netherlands coverage with the least number of
stations
Solving a Maximal
Covering Model of | consider the maximal covering
Limpattanasir | Emergency Ambulance | ambulance location problem for
13.| jand others, Location Problem in | regular traffic situation and heavy
(2013) Urban Areas by traffic congestion situation in
Dynamic Programming | urban area
Technique
Ramashe and | A Bi-Objective Model presented a bi-objective model
14. . .| within  the integer linear
others, for Locating and Sizing :
i programming  framework  to
(2014) Emergency Stations . X
determine  the location  of
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No. | Researcher Research title Research gap

emergency stations, the regions
covered by each of these stations
and location of ambulance to these
stations. Objectives of this model
are minimizing the cost of locating
the stations and ambulances as
well as the maximum time it takes
to sever the demands

Comments on the previous studies:

There is large number of foreign studies regarding to the ambulance location
problems and the optimization solution by using different models or simulation
framework.

These studies provides multiple models and the effective of application these model
on the real world of EMS by reducing time response and relocating the ambulance
stations to increase the covering area.

The studies are one of the three types, first use direct models and implement with
real data. Second use the data to find optimization solution and formulate simulation
framework to ensure the results given by the optimization solution. Last type which
using the GIS technique to find the optimal ambulance location by using the
geographical data.

There is no local studies talk about this subject and this study is the first.

This study is important to implement the location models used in the decision of
ambulance location sites in Gaza Strip to measure the performance of the EMS and
improving the performance.

14




Chapter Two: Literature Review
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2. Ambulance Location Models

3. Heuristic Optimization Methods

4. Exact Optimization Methods

5. Simulation models

6. Geographic Information System (GIS) technique

7. Summary
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1. First: Introduction:

The location of facilities is critical in both industry and in healthcare , in healthcare
the poor location means increase in death and disease [15].

The location problems of EMS facilities are an active study area. Most studies are on
model development and solution methods rather than being application-oriented
studies [5]. The literature on the ambulance positioning system truly to reflects the
evolution of ambulance location and relocation models proposed over the past 30-
years [16]. This chapter focus on the models that have been developed for ambulance
locations and optimization methods using to find optimal solution, last the using of
Simulation and GIS in ambulance location problem.

2. Ambulance Locations Models:

The Ambulance location problem is a decision problem to locate ambulance stations
for optimizing the objective function. There have been 100's of journal paper
covering models of EMS. The reason for the large amount of work that the system is
very important to the public and hence designing and operating them well leads to a
clear sense of purpose for the researcher [38].

Brotcorne et al. (2003) classified ambulance location models into 3 categories. The
static and deterministic models are used for planning state and ignore stochastic
considerations regarding the availability of ambulances. The probabilistic models
reflect the fact that ambulances operate as servers in a queuing system and cannot
always answer a call. And the dynamic models are the models that have been
developed to repeatedly relocate ambulance throughout the day. List of models
classified by Brotcorne et al. (2003) are presented in Table 2.1.

Table 2.1: Ambulance location models classified by (Brotcorne et al. 2003).

Deterministic models

Toregas et al. (1971), the location set covering model (LSCM)

Church and ReVelle (1974), the maximum covering location problem (MCLP)

Schilling et al. (1979), the tandem equipment allocation model (TEAM)

Schilling et al. (1979), the facility-location, equipment-emplacement technique
(FLEET)

Daskin and Stern (1981), the hierarchical objective set covering (HOSC)

Hogan and ReVell (1986), the backup coverage formulation 1 (BACOP1)

Hogan and ReVell (1986), the backup coverage formulation 2 (BACOP2)

Gendreau et al. (1997), the double standard model (DSM)

robabilistic models

Daskin (1983), the maximum expected covering location problem (MEXLP)

ReVelle and Hogan (1989a), the maximum availability location problem I (MALP 1/
MALP II)

Batta et al. (1989), the adjusted MEXCLP (AMEXCLP)

Ball and Lin (1993), the reliability model (Rel-P)

Repede and Bernardo (1994), the time dependent MEXCLP (TIMEXCLP)

Marianov and ReVlle (1994), the queueing probabilistic LSCP (Q-PLSCP)

N@uisiw N IRTRN U B WN R

. | Mandell (1998), the two-tiered model (TTM)

Dynamic models

1. \ Gendreau et al. (2001), the dynamic DSM (DSM)
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Goldberg (2004) classified ambulance location models into 5 categories. The static
models used a single set of demand and travel time data. The multiple objectives
models combined these objectives into a single objective. If f(x) and g(x) are
objective functions, w is between 0 and 1, and then w - f(x) + (1-w) - g(x) is a
combined objective (this is called the "weighting method"). The back-up coverage
model concerned the level of demand covered at least twice. The multiple vehicle
type's models handle more one type of vehicle. The dynamic models are re-
positioning model for real time. List of models classified by Goldberg are presented
in Table 2.2.

Table 2.2: Ambulance location models classified by Goldberg (Goldberg,2004).

Static models

1. | Toregas et al. (1971), the location set covering model (LSCM)
2. | Church and ReVelle (1974), the maximal covering location problem (MCLP)
Multiple objectives models
1. | Daskin and stern (1981), the hierarchical objective set covering (HOSC)
) Baker et al. (1989), the county emergency medical service ambulance allocation
" | (CEMSAA)
3. | ReVelle et al.(1996), the multiobjective conditional covering problem (MOCCP)
Back-up coverage models
4. | Daskin (1983), the maximal expected covering location problem (MEXCLP)
5. | Hogan and ReVelle (1986), the backup coverage formulation 1 (BACOP1)
6. | Hogan and ReVelle (1986), the backup coverage formulation 2 (BACOP2)
7 ReVelle and Hogan (1989a), the maximum availability location problem (MALP
" | I/ MALP II)
8. | ReVelle and Hogan (1989b), the maximum reliability location problem (MRLP)
9. | Ball and Lin (1993), the reliability model (Rel-P)
10.| Marianov and ReVelle (1994), the queueing probabilistic LSCP (Q-PLSCP)
11.| Marianov and ReVelle (1994), the queueing MALP (Q-MALP)
12.| Gendreau et al. (1997), the double standard model (DSM)
13 Marianov and Serra (1998), the queueing maximal covering location-allocation
"| model (QM-CLAM)
14 Marianov and Serra (2002), the probabilistic location-allocation set covering
"| model (PLASC)
Multiple vehicle types models
1. | Schilling et al. (1979), the tandem equipment allocation model (TEAM)
) Schilling et al. (1979), the facility-location, equipment-emplacement technique
" | (FLEET)
3 Charnes and Storbeck (1980), the multilevel, goal-oriented location covering
" | model (MGLC)
4. | ReVelle and Snyder (1995), the fire and ambulance service technique (FAST)
5. | Serra (1996), the coherent covering location problem (CCLP)
6. | Mandell (1998), the two-tiered model (TTM)
Dynamic models
1. | Gendreau et al. (2001), the dynamic DSM (DSM)
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The ambulance location models can be placed into three kinds of problems are the
set covering problem (SCP), the maximum coverage problem (MCP), and the p-
median problem (PMED). SCP aims to minimize the number of facilities that
covered all demand nodes. MCP aims to maximize demand covered by given number
of facilities. PMED aims to minimize summation of distance between facilities and
demand nodes that covered by the facility. Ambulance location models are defined
on graph G = (I N J,E) where Iis a node set representing aggregated demand
nodes, J is a set of potential ambulance location sites, and E = {(i,j):i € [ and j €
J} is a set of edges. With each edge (i, j) is associated a travel time ¢;;. Demand node
i €1 id covered by site j €] if and only if t; ;< r, wherer is a preset coverage
standard. Let Ji={j € J:t; < r} be the set of location sites covering demand node i.
Let x; is binary variable be 1 if and only if demand node i € I is covered by at least
one ambulance station. The maximum number of stations denoted to s. The
maximum number of ambulances denotes to n. Denote d; is demand at demand
node i. The existing ambulance location models are presented below. An overview
of the notation and the mathematical formulation of the models described in this
section can be found in Appendix C.

LSCM (1971)

The location set covering model (LSCM) of Toregas et al. (1971) aims to minimize
the number of ambulance needed to cover all demand nodes. The formulation of
LSCM is:

Minimize " (2.1)
Q]

Subjectto " x> 1 viel (2.2)
fEli
x =01 YjiE] (2.3)

1 if station j 1s allocated
h =
e % [{} otherwise

For LSCM model, the objective function (2.1) minimize the number of facilities to
be located. Constraint (2.2) ensures that each demand node is covered by at least one
facility. Constraint (2.3) enforces the yes or no of the siting decision.
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MCLP (1974)

The maximal covering location problem (MCLP) proposed by Church and ReVelle
(1974). Denoted the demand of node i by d, and s is the number of stations to be
located. The MCLP aims to maximize demand covered with s number of stations.
The model of MCLP is:

Maximize Z oy, (2.4)
ier

Subject to ij > v viel (2.5)
JETi
D xy=s (2.6)
Jjers
¥ =01 (2.7)

1 if stations located at site j
0 otherwise

1 if demand node i 18 covered
0 otherwise

where X = {
Yi = {

For MCLP model, the objective function (2.4) maximizes demand covered.
Constraint (2.5) mean that demand node is covered only if at least an ambulance
station is located in J; . Constraint (2.6) control the number of allocated stations in
solution. Constraint (2.7) enforces the yes or no nature of the siting decision and

covering of demand nodes.
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TEAM (1979)

Schilling et al. (1979) proposed the tandem equipment allocation model (TEAM) to
allocate maximum coverage location for two types of ambulance. The formulation is:

Maximize Z d;y;

iel

Subject to Z If' = Vi

jeift
B
jer?
.1‘;-4 = n4
JEJ
JEJ
A B
Xj = Xj

xixf, v =0,1

where Xt xf = { 1if amhl?lam:e type A, B locate at site j
0 otherwise
_ _ { I if node i covered 2 types of ambulance
Vi 0 otherwise

n#,nf = number of ambulance type A and type B

r4,rf = standard coverage time of ambulance type A and type B

Ji ={jej: ty <ri}
Ji ={jeJ: tyy <rF}

Viel

VYiel

V€]

(2.8)

(2.9)

(2.10)

(2.11)

(2.12)

(2.13)
(2.14)

For TEAM model, the objective function (2.8) maximizes demand covered.
Constraint (2.9) and (2.10) ensure that a demand node is covered only if it is covered
by both type B and type A. constraints (2.11) and (2.12) control total number of
ambulance type A and type B. Constraint (2.13) ensures that type A is located only at
nodes possessing type B. Note that the service distance standard for type A need not
be the same as that for type B. Constraint (2.14) enforces the yes or no nature of the

siting decision and covering of demand nodes.
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FLEET (1979)

Schilling et al. (1979) proposed the facility- location, equipment-emplacement
technique (FLEET) to allocate maximum coverage location for several types of
ambulance. The FLEET model locates several type of ambulance to provide the best
service without the restrictions imposed by a required ordering. The formulation is:

Maximize Z divi

ielr

Subject to Z xt=w

jerft
B
E x}' = Yi
jesf
xi* =n4
ICT]
E xf =n®
JEJ
z; = s*
JEIn
A
x‘f = Z_If
B
I‘F = Z‘f

xixf, vz, =0,1

g _ [l ifambulance type A, B locate at site j

A
P X

where x B
i 0 otherwise

) _ {] if node i covered 2 types of ambulance
Y 0 otherwise
_ {1 if a facility located at site j

% 0 otherwise

n4,n¥ = number of ambulance type A and type B

5% = number of new facilities to be built

4, r% = standard co verage time of ambulance type A and type B
Ji =lieJ: ty =rt}

It ={jeJ: ty =rf}

In = set of potential new facility locations; [, < [

Vviel

Yiel

Yi€ln
Yieln

(2.15)

(2.16)

(2.17)

(2.18)

(2.19)

(2.20)

(2.21)
(2.22)
(2.23)

For FLEET model, Constraints (2.15)-(2.19) followed the constraints (2.8)-(2.12) of
TEAM. Constraint (2.20) control number of new facilities to be built. Constraints
(2.21) and (2.22) prohibit the emplacement of equipment at nodes where facilities
have not been located. This formulation assumes that those nodes in J but no in Jy
have facilities already in place and are eligible for equipment emplacement. Note that
FLEET model can be considered also as a special case of TEAM model which
Jn= @and constraint (2.21) to constraint (2.22) are vacuous. Constraint (2.23)
enforces the yes or no nature of the sitting decision and covering of demand nodes.
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MGLC (1980)

Charnes and Storbeck (1980) proposed the multilevel, goal-oriented location
covering (MGLC) model to minimize the number of uncovered call for two types of

ambulance.

The MGLC formulation is:

Minimize

Subject to

_ B= _
Z clyE + ety +ctyf

iel

1 .2 .1 .2 a- B 8- _
a”l alja x':xj lj"’; a}"_ .IJ"'I - ﬂl 1

i, }'1!B+' xa+ =0
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Viel

Yiel

Viel

vje]

vjE]

Vi)

Viel

(2.24)

(2.25)

(2.26)

(2.27)

(2.28)

(2.29)

(2.30)

(2.31)



where ¢! = number ofcritical call at node i

¢/ = number of non-critical call at node i
al = {] if travel time from j to i 1s within standard for critical call
b 0 otherwise

z _ {1 if travel time from j to i is within standard for non-critical call
' 0 otherwise

1 if station j is allocated ambulance type A

0 otherwise

1 if station j is allocated ambulance type B

1 if critical call of demand node i is uncovered by type A
0 otherwise

1 if critical call of demand node i 1s uncovered by type B
0 otherwise

xj {
x"?- {{} otherwise
ye-={
- {

yo- = {1 if non-critical call of demand node i is uncovered by type B
! 0 otherwise
y{** = number of type A covered critical call of demand node i — 1

}-'fJ' = number of type B covered critical call of demand node i — 1

yf* = number of type B covered non-critical call of demand node i - 1

1

n* = number of ambulances type A

2

n“ = number of ambulances type B

For MGLC model, the objective function (2.24) minimize the number of uncovered
calls. Constraint (2.25) ensures that at least an ambulance type A covered critical call
of demand node i if travel time between station j and demand node i within standard
of critical call. Constraint (2.26) implements backup coverage for critical call by
ambulance type B. It ensures that at least an ambulance type B covered critical call
of demand node i if travel time between station j and demand node i within standard
of critical call. Constraint (2.27) ensures that at least an ambulance type B covered
non-critical call of demand node i if travel time between station j and demand node i
within standard of non-critical call. Constraints (2.28) and (2.29) control total
number of ambulance type A and type B. Constraint (2.30) enforces the yes or no
nature of the sitting decision and covering of demand nodes. Constraint (2.31)
enforces demand nodes is covered by at least an ambulance.

Later, the backup coverage problem (BACOP) 1 and 2 were developed in 1986. The
BACOP models try to cover as many demand points as possible twice. The most
important difference between these models is that the first version has the constraint
that every demand point has to be covered once and the objective is to maximize the
demand covered twice, whereas in the second version there is no constraint on
coverage, but the objective is to maximize both the demand covered once, as well as
the demand covered twice. The objective function for BACOP2 is a combination of
the demand covered once and the demand covered twice, where the coefficient can
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be specified. The next model will be described is the double standard model (DSM),
published in 1997 by Gendreau et al. The DSM model looks for a solution that
covers all demand points at least once, within a time rl and o percent within a time
r2 (where r2 < rl). Simultaneously it tries to cover as many demand points as
possible twice within a time r1. The last model will be described is multi-period the
double standard model (mDSM), published in 2010 by Schmid and Doerner for
relocation strategy based on the DSM model.

3. Heuristic Optimization Methods:

The models that are discussed in this chapter are (binary) integer linear programs.
The location problem is NP-Hard (Non-deterministic Polynomial hard) problem,
Generally, (mixed) or large integer programming models are used to formally
describe combinatorial optimization problem. When it is possible, linear models are
used. Optimization methodologies can be classified in exact or heuristic [58].

Constructive heuristics are often designed ad-hoc to exploit the characteristic of each
problem. The most popular methodology is the Greedy Adding Algorithm. The most
popular metaheuristic are Tabu Search, Simulated Annealing, Evolutionary
Algorithms, Variable Neighborhood Search, Ant Colony Systems [34].

4. Exact Optimization Methods:

Both exact and meta-heuristic algorithms have been practices for solving location
problems. However, effectiveness of the exact algorithms is limited to small size
problem. There are four exact optimization methods, first Linear Programming,
second Branch and Bound Method , third is A Constraint Programming and the last
Dynamic Programming [34].

5. Simulation models:

With help simulation, one can try to evaluate solutions and get insight for
improvement. There is also quite some literature considering simulation for
ambulance planning because determining the number of needed ambulances highly
depends on the time-dependent demand and travel time. Several of simulation studies
use simulation to evaluate location policies determined by optimization models.
Some studies use simulation in combination with a form of branch-and bound to
determine the location of ambulances. The assigned number of ambulances per base
is set sufficiently high to serve all request, and after the simulation it is determined
how many ambulances are needed to guarantee availability [28].
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6. Geographic Information System (GIS) Technique:

Geographic Information System (GIS) can be used as Decision Support System for
planning and managing the health services. Referencing data related to health
geographically is possible with the using of GIS. Collecting, storage, presentation,
and analysis of geo-based spatial and attribute data are provided in the scope of GIS
and by its way a new approach to render the spatial decisions related to health has
constituted for complex situations. Today different disciplines use Information
Technology (IT) to process the geographic information ( remote sensing, geography,
civil engineering, cartography, topology, geodesy, photogrammetry, ecology,
computer science etc.).

GIS is mostly employed today in operational research as a one way data for
mathematical models and successfully provides distance and time for their
emergency services districting and location problems [47].

7. Summary

The ambulance location problem was focus since 1970s. The problems based on
three paradigms are SCP, MCP, and PMED. Table 2.3 and Table 2.4 summary
existing ambulance location models into those three categories.

Table 2.3: List of ambulance location

No. SCP (8) No. SCP (8)
1. LSCM (Toregan et al., >

1971) Q-PLSCP (Marianov and ReVelle , 1994)
2. HOSC (Daskin and Stern, | 6.

1981) HiQ-LSCP (Marianov and Serra, 2001)
3. PLSCP (ReVelle and 7.

Hongan, 1988) PLASC (Marianov and Serra, 2002)

4| Rel-p (Ball and Lin, 1993) | & DACL (Rajagopalan et al., 2008)
No. PMED (3)
1. MRLP (ReVelle and

Hogan, 1989b)

2. MERLP (Rajagopalan and
Saydam, 2009)

3. SQM (Geroniminis et al.,
2009)
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Table 2.4: List of ambulance location models (MCP).

No.

MCP (22) No. MCP (22)

1. MCLP (ReVelle, 1974) 2 TIMEXCLP (Rlegggga and Bernardo,
3. | TEAM (Schilling etal., 1979) | 4. FAST (ReVelle and Snyder, 1995)
5. FLEET (Schilling et al., 1979) CCLP (Serra, 1996)
7. | MGLC (Charlrg%so‘;‘”d Storbeck, | 8. | o-MALP (Marianov and ReVelle, 1996)
9. MEXCLP (Daskin, 1983) 10. DSM (Gendreau et al., 1997)
11. BACOP1/2 (Hogan and 12.

ReVelle, 1986) TTM (Mandell, 1998)
13. MOFLEET (Bianchi and 14. i ,

Church, 1988) QM-CLAM (Marianov and Serra, 1998)
15. | CEMSAA (Bakeretal., 1989) | 16. | Hi-MCLP (Marianov and Serra, 2001)
17. | CMCLP (Prikul and Schilling, | 18 DDSM (Gendreau et al., 2001)

1989) B

19. MALP-1/11 (ReVelle and 20.

Hogan, 1989) MECRP (Gendreau et al., 2006)
21. MCMCLP (Prikul and 22

Schilling, 1992)

mDSM (Schmid and Doerner, 2010)

In the real world, the ambulance location problems are dynamic. Researchers
identified the dynamic variables with mathematics methods. The stochastic variables
of ambulance location problem are the amount of demand, the location of emergency
cases, the availability of ambulance, the reliability of service, and the travel speed of
ambulance. The optimization methods for ambulance location problems are
heuristics method and exact method. The simulation method and GIS used in
ambulance location problem.
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First: Introduction

In this chapter the data has been described which used in the model and another data
give an overview of the current organization of ambulance service in Gaza Strip. The
sets of demands points, (potential) location sites and traveling distance between
(coverage standard area D) those points are based on the ambulance vehicle speed in
Gaza strip and the achieve or standard arrival time to the scene (7,10 and 12 minutes
as response time). The reference for ambulance vehicle speed in Gaza strip was 1100
m\min which described in previous study of Eljamassi [19]. The study considered
every municipality area (quarter) as a demand point, based on the division of Gaza
strip by both local governmental ministry and PRCS.

Second: Data Collection

The main required data for this study are the parameters or input data to the model
and the others for comparison the performance in the current locations and the
optimal which collected from the MOLG and the PRCS management with more
explain and details in this chapter.

1. PRCS regions

For the organization of ambulance service and local governmental ministry, Gaza
Strip is divided into five governorates (Rafah- Khan Yunis -Middle-Gaza-North). As
shown In Figure 3.1. Every governorate consist of a main ambulance station and
some consist of substation (Rafah and Khan Yunis). Every station is legally
responsible for the ambulance service in its governorate.
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Figure 3.1: Gaza Strip Governorates
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2. Twenty five municipality

In Gaza Strip each governorate region divided into municipality areas(quarter). The
model considered each quarter as a region which mean a demand point. Table 3.1
and Figure 3.2 show each governorate and the municipality (quarter) which consist

of it.

Table 3.1: Number of quarter per municipality.

Governorate Municipality | Quarter Governorate Municipality | Quarter
name number name number
Rafah 1 An Nuseirat 11
Rafah Al-Naser 2 Al Buraij 12
Shoka 3 Az Zawayda 13
Khan Yunis 4 Middle AI_Maghazi 14
Al Qarar 5 Deir al Balah 15
Bani Suheila 6 Al Musaddar 16
Abasan Al 7 Wadi Al 17
Kabira Salga
Khan Yunis Abasan al
Jadida 8 Gaza 18
Khuza’a 9 Gaza Madinat 19
Ezahra
Al Mughraga 20
Al fukhari 10 Juhor ad Dik 21
Um Al-Naser 22
BeitLahiya 23
North Beit Hanun 24
Jabalya 25
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Figure 3.2: The division of Gaza strip in 25 municipalities (quarters).
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3. Distance travel model

The maximum response time (or maximum service distance ) is measured from the
point at which the server is stationed to the point of demand [69].

The travel distance in other mean coverage standard distance D used in the modeling
are determined within the Eljamassi study [19].

It consist of the estimated vehicle emergency speed in order to get from an
ambulance location site to an emergency call. These vehicle speed determined using
a questioning some of ambulance drivers, which observed ambulance vehicle speed
in Gaza Strip metropolis is approximately 1100 m/min. to achieve 7,10 or 12 minutes
maximal response time to scene (this is desirable response time for the rescue of
serious patient in PRCS standard response time) D should be the multiple of the
speed (1100 m/min) and standard response time form PRCS (7,10 and 12 minutes).

Figure 3.3: Traveling distance from the station to the demand point.

4. Demand

As the demand for each municipality quarter, the number of residents in 2014
determined by Ministry of Local Government (MOLG). This a choice made the
number of residents as the demand. Table 3.2 given an indication of the distribution
of the number of residents per municipality quarter.

Table 3.2: Overview of the distribution of the number of residents per quarter(
2014).

Quarter Number of resident Quarter Number of resident
number number

1 20,190 14 27,297

2 7,235 15 79,417

3 10,367 16 2,068

4 231,000 17 5,238

5 19,025 18 700,000

6 42,854 19 2,849
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Quarter Number of resident Quarter Number of resident
number number
7 24,408 20 2,849
8 6,340 21 3,592
9 10,869 22 3,277
10 4,178 23 76,460
11 82,415 24 51,833
12 40,772 25 227,786
13 17,404
Total 1,853,533

5. Maximal response time
A rapid response time by EMS can mean the difference between

life and death. The response time of an ambulance is defined as the time between the
moment that the call is taken at the call center and the arrival of the ambulance at the
scene of an incident. The aim of the PRCS ambulance services, is to reach the scene
within  maximal response time less than 10 minutes under normal circumstances
[32]. In urban areas, the most widely used ambulance response time standard is to
respond to 90% of calls within 8 minutes and 59 seconds as compared to responding
to 90% of calls within 14 minutes and 59 seconds in rural areas [10].

This time is divided into three steps: first the time of handling the call, second the
time to get the ambulance ready and depart from the station and third the travel time
to the scene. Using information from PRCS data, it is assumed the first steps takes
about 1 minute and the second step takes 1 minute. This leaves 3 or 8 minutes for the
ambulance to drive to the scene.

6. Current ambulance locations

In 2014 there are 8 location sites for ambulances, which are occupied 24/7. These
location sites are spread over the 8 different regions with 10 ambulances vehicles as
indicated in Table 3.3, a visual overview is given in Figure 3.3

Table 3.3: Current ambulance stations per quarter.

No. S&ﬁgg: Location name No.tr?z Vs?[zlt(i:clﬁf " Type of station

1. 1 Rafah 1 Substation

2. 2 Al-Naser 1 Main station

3. 4 Khan Yunis 1 Main station

4, 5 Al Qarara 1 Substation

5. 7 Abasan Al Kabira 1 Substation

6. 15 Deir al Balah 1 Main station

7. 18 Gaza 2 Main station

8. 25 Jabalya 2 Main station
Total 8 10 Main (5) sub(3)
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@ Current Ambulance Station

Figure 3.4: Current locations of ambulance stations per quarter.
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7. PRCS emergency services

In 2013 PRCS served 31,773 cases in all Gaza Strip region. The ambulance vehicle
moved more than 44,5956 kilometers with 12415 liters of fuel which total cost for
each case served approximately 20$ for each case and average traveling distance 6.2
km [32]. Table 3.4 summarized the performance of PRCS services.

Table 3.4: Performance of PRCS services in 2013.

Number Number Distance(k | Number of % of Avgrage travel
of station . of m) residents residents Q|stance per
dispatch served dispatch (km)
2 6,038 98,552 192,498 3.14 13.3
4 8,022 109,606 314,700 2.55 12.3
15 6,037 81,347 234,811 2.58 12.7
18 7,145 97,089 587,852 1.22 12.6
25 4,531 59,362 313,356 1.45 11.0
Total 31,773 445,956 1,625,017 1.96 12.4/2=6.2

Third: LSCM Application

As the basic requirements for LSCM including the objective functions and the
constraints and alternatives are identified, the application of the process is as
explained in the following steps with the reasons to use this model.

1. Model description

The main step in this study was to work with simple existing model. So the study
looking at the first model described in chapter 2, which was the Location Set
Covering Model (LSCM). All of the models described in chapter two has some of
their input in common:

e The set of demand points /.

e The set of potential location sites J.

e The travel distance d;; fromj € Jto i € I.

e A maximal travel distance D an ambulance may traveling to get to the scene
of an incident within standard response time and as coverage standard.

Using this input can be determined for each demand point i € I which potential

location sites j € J can cover it, we define:

Ji ={j €J|d;j < D}.

The sets I and ] are the same, they consist of all 25 quarters as described in
chapter 3. The two sets are the same because the study assumed that can build an
ambulance station at every location point have. The travel distance are given by
the travel distance model as described in chapter 3 with the table of the d;; for
each quarter to the other in Appendix A . The maximal travel distance has
different cases depend on different response time ( 7, 10 and 12) minutes.
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For the LSCM model, the study started with a greenfield scenario:

e Assume that there are no existing ambulance stations in the area and find
optimal location site in each governorate.

e Using the main station site in real work to find the substation that achieve the
optimal location site that support the main station ( where must build new
substation to achieve the objectives).

2. LSCM formulation
Recall the formulation of the LSCM from chapter 2:

LSCM
Minimize Z]E]x]
SUbjeCt to Z]'E]i Xj =>1 iel

xj€ {0,1) jeJ

Apart from the general input, the maximal traveling distance (coverage standard) has
been specified, which is used to define the sets J;, i € I. Three different maximal
traveling distance chosen to solve the model which depend on three different
response time : 5 minutes, 8 minutes and 10 minutes which is driving time without
setting up the vehicle and the time to receive the call.

This will consider two cases for this model:

e Consider all quarters as one region and solve the model, which given one
solution for all of Gaza Strip.
e Consider all of the five governorates separately and solve the model for each
governorate, then take the union of all these solutions as a solution for all of
Gaza Strip.
As the results, the solution in the second case is better than the first solution, while
the first is good especially near boundaries.
The model is formulated and solved by LINDO software and the results are shown in
chapter 4. The LINDO API software can easily create optimization applications. The
model has been solved by using a free trial version of LINDO API 6.1. The
limitations on this trial version include the solution of only 150 constraints, 300
variables, 50 integer variables and 2000000 non-zeros. The ILP model of the study
includes 25 binary (0,1) variables.. The constraints of the ILP model of the study are
25 constraints for each travel distance. (Appendix (B) shows the ILP model).
The results of this model are discussed in chapter 4.

Fourth: Summary:

The methodology used in this study was described in this chapter, required data was
collected, in which the scenarios and the alternatives are identified, followed by the
LSCM formulation. The chapter finished with the application of ILP model to find
the optimal location sites.
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First: Introduction

This chapter describes the results obtained from the model described in chapter 3.
The study used LINDO-language program. Two scenarios are considered in the
study, first Gaza Strip as one region and the second the five governorates each one
legally responsible which the PRCS providing the emergency services in it.

Second: LSCM Model

The model introduced is the Location Set Covering Model, which compute the
minimal number of location sites needed to cover all demand points. This model was
run for two different scenarios:

A. The minimal number of locations sites needed to cover all demand points in
the area. This is the Gaza Strip as one region when large area of the region
demand, no legally responsibility, centralization of communication control
room, no boundaries between the regions or governorates responsibility and
last the presence of a limited hospitals.

B. The minimal number of locations sites needed to cover all demand points
for each governorate separately. This scenario used if there legally
responsibility, separate CCR, small area of the regions with boundaries and
last the existence of hospitals in each region.

The results of these cases are discussed in section 4.1 and 4.2 respectively. The first
scenario requires less location sites in total than the second scenario. On the other
hand, it can occur that the PRCS has less location sites when it is considered as one
region, than when it is considered in the separate region case. The second scenario is
closed to reality of location sites with the legally responsibility and the management
of the PRCS ambulance stations in Gaza Strip.

1. Gaza Strip as one region

First the model used to compute the minimal number of locations sites needed to
cover all demand point, considering Gaza strip as one region. This was done for three
different maximal travel time 5, 8 and 10 minutes and this time mean driving time to
reach to the scene. To observed ambulance vehicle speed in Gaza Strip metropolis is
approximately 1100m/min. To achieve 5,8 and 10 minutes maximal travel time to
arrival to scene D should be =5500m, =8800m and =11000m. The results are
summarized in Table 4.1. With the solutions, 5 ambulances (stations) are needed in
coverage standard D=5500m and 3 ambulances in the coverage standard D=8000m
and D=11000m.

While the actual number of ambulances (stations) in Gaza Strip are 8 stations.

Table 4.1: Results of different coverage standard D,T and the optimal number
of sites.

Coverage standard distance (m) 5500 8800 11000
Maximal travel time (minutes) 5 8 10
Number of location sites needed 5 3 3

From the results in Table 4.1 and the coverage standard D=5500m are achieving the
objective function of the study, which the maximal response time is 7 minutes and
maximum expected demands covered.
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Table 4.2: optimal locations of the model when gaza strip one region with
maximal response time 7 minutes.

Location identification . .
No. Location name Coverings
number
1. |» Al-Naser 1,2,3,10
2. |8 Abasan al Jadida 1,4,5,6,7,8,9,10
3. |16 Al Musaddar 11,12,13,14,15,16,17
4. |19 Madinat Ezahra 11,12,13,19,20,21
5 |25 Jabalya 18,22,23,24,25

From the Table 4.2 results of the model, the optimal 5 stations are as follows:

Al-Naser (2), Abasan al Jadida (8), Al Musaddar (16), Madinat Ezahra (19), Jabalya
(25). can cover 100% of the population within 7 minutes. If PRCS wish to implement
these results they have to relocate the existing 8 stations to give specific service level
from 96% to 100% covered population and from 88% to 100% maximum expected
demand covered. The results for these options can be found in Table 4.3 and shown
in Figure 4.1

Table 4.3: The optimal locations and their objective values in one region at 7
minutes maximal response time.

(o)

No. of . Maximum Expected /.0 of

. Locations residents
locations demands covered

covered

1 2 0.16 0.1184

2 2,8 0.40 0.3120

3 2,8,16 0.68 0.4534

4 2,8,16,19 0.80 0.7129

5 2,8,16,19,25 1.00 100%

To cover the region, at least 5 stations are needed to satisfy the minimum
requirement that any node can be served from a station within maximal response
time 7 minutes. Relocating the existing stations will maximize the demands within
the target time and will reduce the operation cost by decreasing the number of
stations from 8 to 5 stations and the average traveling distance . The following is the
optimal set of five stations: Al-Naser (2), Abasan al Jadida (8), Al Musaddar (16),
Madinat Ezahra (19), Jabalya (25). By relocating the existing 8 stations to 5 stations
in the same quarters, the demand covered will about 100% of the residents and the
expected demand points.
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Figure 4.1: Current and optimal locations model for 7 minutes maximal
response time in one region.
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2. PRCS separate regions

The current practice is that each PRCS station try to cover their 'own' demand points
in the legally responsible region. A better indication of this scenario is given the
current organizational situation with PRCS can be found by running the LSCM for
every PRCS separately. This was only done for a maximal travel time of 5 minutes,
since it is the current norm in practice. The result of this run can be found in Table
4.4, Table 4.5 and shown in Figure 4.2, where the number of locations needed in the
both scenarios are reported. As expected , the number of location sites in case of each
PRCS is considered as a separate region is 6 location sites needed to cover all
demand points. This scenario is closed to current and reality of 8 location sites.

Table 4.4: optimal locations of the model when gaza strip separate region with
maximal response time 7 minutes

No. Location identification Location name Coverings
number

1. |2 Al-Naser 12,3

2. |7 Abasan Al Kabira 45,6,7,8,9,10

3. |14 Al Maghazi 11,12,13,14,15,16,17

4, |18 Gaza 18,22,25

5. 21 Juhor ad Dik 19,20,21

6. |25 Jabalya 18,22,23,24,25

From Table 4.5 To cover each separate region, at least 6 stations are needed to satisfy
the minimum requirement that any node can be served from a station within at
maximal response time 7 minutes.

Table 4.5: The optimal locations and their objective values in separate regions.

No. of L . Maximum Expected Of %
) ocations )
locations demands covered residents covered
1 2 0.12 0.1184
2 2,7 0.35 0.3120
3 2,7,14 0.68 0.4534
5 2,7,14,18,21 0.84 0.8028
6 2,7,14,18,21,25 1.0 100%

To cover all the regions, at least 6 stations are needed to satisfy the minimum
requirement that any node can be served from a station within maximal response
time 7 minutes. Relocating the existing stations will maximize the demands within
the target time and will reduce the operation cost by decreasing the number of
stations from 8 to 6 stations and the average traveling distance. The following is the
optimal set of five stations: Al-Naser (2), Abasan al Kabira (7), Al Maghazi (14),
Gaza (18), Juhor ad Dik (21), Jabalya (25). By relocating the existing 8 stations to 6
stations in the same quarters, the demand covered will about 100% of the residents
and the expected demand points
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Figure 4.2: Optimal locations for 7 minutes maximal response time in separate
regions.
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Third: Comparison between the study results

To compare the results, the maximal traveling distance computed from the objective
function model to the actual average traveling distance which is calculated based on
the data collected from January/2013 to December/2013 shown in Table 3.4.
However, this result implies the possibility of improving the access traveling
distance to the scene by modifying the location of ambulance stations as in Table 4.5.

Table 4.6: Average traveling distance computed from objective value of optimal
location.

Optimal location | Current location

Average traveling distance (km) 3.8 6.2

Relocating the existing stations will maximize the demands within the target time
and will reduce the operation cost by decreasing the number of stations from 8 to 6
stations and the average traveling distance in second scenario. The following is the
optimal set of six stations: Al-Naser (2), Abasan Al Kabira (7), Al Maghazi (14),
Gaza (18) and Juhor ad Dik (21), Jabalya (25). By relocating the existing eight
stations to six stations in the same region, the demands covered will be about from
96% to 100% of the residents, which is an improvement of 4% and The maximum
expected coverage from %88 to 100% of expected demand points which is an
improvement of 12% and reducing of the average traveling distance from 6.2km to
3.8km, which is an improvement of 38%.

Finally the optimal location sets in Gaza strip is six station which is closed to the
current reality as follow:

Al-Naser (2), Abasan Al Kabira (7), Al Maghazi (14), Gaza (18) and Juhor ad Dik
(21), Jabalya (25). With 100% of maximum coverage demand expected and the
residents covered in maximum travel distance 5.5km. However, the model can
indicate the actual ambulances location is optimal or not and This is summarized in
Table 4.7

Table 4.7: Current and optimal locations sites in separate regions.

Region Current locations Optimal locations
Rafah 1,2 2

Khan Yunis | 4,57 7

Middle 15 14

Gaza 18 18,21

The North 25 25

Total 8 6

In the end of this chapter the results of the optimal locations are summarized and the

improvements of their objective values in Table 4.8 and Figure 4.3.
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Table 4.8: Improvement of the objectives values at optimal locations in
separate regions.

1 (0)
NO. | Optimal objectives Current Optimal o of
value value Improvement

1. no. of location sites 8 6 25%
maximal response time o

2. (minute) 10 7 30%
average traveling 0

3. distance (km) 6.2 3.8 38%

n maximum expected 88% 100% 129%

coverage
5. % of residents covered 96% 100% 4%
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Figure 4.3: The optimal location sets of the model
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Fourth: Summary:

The results and the analysis of the study was presented in this chapter. The model
output shows that the optimal solution improve the performance of the EMS system
by reducing the maximal response time and average traveling distance and increasing
the expected coverage demand and in the last reducing the number of location sites.
All results with each case are summarized in Table 4.9.

Table 4.9: Comparison between the Current locations and the optimal locations
results in each scenario.

Optimal . .
No. Objective Current location (one Optimal Ioca_tlon
location . (separate regions)
region)
1. | no. of location sites 8 5 6
o | maximal response time 10 ; ;
(minute)
o
> re/(;i(d):nts covered 96% 100% 100%
4. | average traveling
distance (km) 6.2 38 38
5 | coverage. expected 88% 100% 100%
6. | Common sites with 1,2,45,7,151
current locations 8,25 2,25 2,7,18,25
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Chapter Five: Conclusion, Recommendations and Future Study

First: Conclusion
Second: Recommendations

Third: Future study
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In this final chapter, answer the study question "what is the optimal location™ and
suggest ideas for future studies with some recommendation about the EMS in PRCS.

First: Conclusions

e (Gaza Strip divided into 5 PRCS regions, which all consist of one ambulance
station excepted Rafah and Khan Yunis has two and three stations.

e Every PRCS station is legally responsible for the ambulance care in its
region.

e In 2104, there were 8 stations for ambulances with 37 ambulance vehicle, just
of 10 of them are occupied 24/7 and the other are only occupied during the
emergency situations like the war.

e The target to reach to the scene (response time) within 10 minutes after an
emergency calling are received.

e The study started by considering the constraint that 8 minutes maximal
driving time to resident.

e The model introduced for this purpose is the LSCM (Location Set Covering
Model).

e The result of this model is the minimal number of locations needed to cover
all demand points which was determined for three different maximal travel
times, namely 5,8 and 10 minutes.

e The results found that the minimal number of location site is 5 sites in one
region scenario and 6 sites in second for maximal travel distance 5.5km in
maximal traveling time 5 minutes.

e The current of actual number of location sites is 8 sites, which is significantly
close to 6 sites with maximal travel time 5 minutes and 5.5 km maximal
travel distance.

e The study found that needed at least 6 locations, which is quite close to the
current reality in number of 8 location sites and the responsibility of PRCS in
separate regions with maximal response time 7 minutes.

The results of the optimal solution are summarized as follow:

When fixing the existing 8 stations and relocating some of them as in the results
of the model to be 6 stations, with decreasing the number of location sites,
,maximal response time, average traveling distance and last the maximum
expected coverage, which is an improvement of 25% , 30% , 38% and 4%
respectively.
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Second: Recommendations

There are some recommendations in this subject about the emergency services
system in PRCS as follow:

e Enhancing the use of this model applications to locate the best locations for
civil defense stations.

e Promote the communication companies to corporate with ambulance stations
to improve their services and to reduce the quarrels problems.

e Create an emergency operation center to handle with all emergency stations
to handle with all emergency actors.

e Supply the emergency operation center with the needed computers, radios
and transmission towers.

e Using the GIS and GPS applications in EMS management.

e Enhancing the use of locations models to determine the best number for
ambulance vehicles in stations for availability .

e Publish the awareness about the importance of the addressing and mapping
system for the regions to reducing the response time in emergency situations.

e Create a coordinating channel between the EMS and the hospitals which
provide the health care in the same region.

e Enhancing the MOLG to mapping and addressing the quarters with unique
system over all the area.

Third: Future study

Even though there has been a considerable amount of OR work applied in EMS and
FS planning and operation, potentially fruitful areas for future research remain. The
major area of needed work is the real-time operation of EMS and FS systems. The
decisions involved in vehicle relocation and dispatch are complex and simulation and
analytic modeling can be used to help consider the impact of such decisions.

Future study direction will focus on developing efficient models which can identify
near optimal solution for determine the optimal ambulance vehicle number in each
station depending on the demand density population , dispatching number and the
travelling distance to nearest hospital of the scene.

Another area for the future study is shift scheduling. It is not difficult to estimate the
required number of vehicles needed per day, however they must staff those days with
vehicles and crews. Final expand this study to cover all areas of Palestine.
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Appendix A: Integer Linear Programming Model (ILPM)

First Case (one region)

Parameters: a quarter = x , D=15.5 km. , d;; given in the appendix A.
Min
X1L+X2+X3+X4+X5+X6+XT7+X8+X9+x10+Xx11+x12+x13+x14+x15+x16+
X17+x18+Xx19+x20+x21+Xx22+Xx23+x24+x25
subject to

x1+x2>=1

X1+x2+x3+x10>=1

x1+x3>=1

X4+X5+X6+X7+x8>=1
XA+X5+X6+X7+Xx8+x15+x17>=1
X4+X5+X6+X7+x8+x10>=1
X4+X5+X6+X7T+x8+x9+x10>=1
XA+X5+X6+X7T+x8+x9+x10+x17>=1
X7+x8+x9+x10 >=1

X2+X6+ X7+x8+x9+x10>=1
x11+x12+x13+x14+x15+x16+x19+x20>=1
X11+x12+x13+x14+x15+x16+x17+x19>=1
X11+x12+x13+x14+x15+x16+x17>=1

X5+ x11+x12+x13+x14+x15+x16+x17>=1
X5+x8+ x13+x14+x15+x16+x17>=1
x18+x22+x25>=1
x11+x12+x13+x19+x20+x21>=1
X11+x12+x19+x20+x21>=1
x19+x20+x21>=1
X18+x22+Xx23+x24+x25>=1
X22+Xx23+x24+x25>=1
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D= 8.8 km.

Min
X1+X2+X3+X4+X5+X6+X7+X8+X9+x10+x11+x12+Xx13+x14+x15+Xx16+
X17+x18+x19+x20+x21+x22+Xx23+x24+x25

subject to

X1+x2+x3+x4+x10>=1
X1+X2+X3+X4+X6+X7+Xx8+x9+x10>=1
X1+x2+x3+x10>=1
X1+X2+X3+X4+X5+X6+X7+x8+x9+x10+x15>=1
XA+X5+X6+XT+X8+X9+Xx10+x13+x14+x15+x16x+x17>=1
X2+X4+X5+X6+X7+x8+x9+x10+x15+x17>=1
X2+X4+X5+X6+X7+x8+x9+x10+x17>=1
X2+X4+X5+X6+X7+Xx8+Xx9+x10+x15+x16+x17>=1
X2+X4+X5+X6+X7+x8+x9+x10>=1
X1+X2+X3+X4+X5+X6+X7+Xx8+x9+x10>=1
X11+x12+Xx13+Xx14+x15+x16+Xx17+x19+x20+x21>=1
X5+x11+x12+x13+x14+x15+x16+x17+x19+x20+x21>=1
XA+x5+X6+X8+x11+x12+x13+x14+Xx15+x16+x17+x19+x20>=1
X5+x8+ x11+x12+x13+x14+x15+x16+x17+x19+x20>=1
X5+X6+X7+X8+x11+x12+x13+x14+x15+x16+x17>=1
x18+x19+x20+x21+x22+x23+x24+x25>=1
X11+x12+x13+x14+x15+x16+x18+x19+x20+x21>=1
X11+x12+x13+x14+x15+x16+x18+x19+x20+x21+x25>=1
X11+x12+x13+x14+x18+x19+x20+x21+x25>=1
X18+x22+x23+x24+x25>=1
X18+X20+x21+x22+x23+Xx24+x25>=1
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D=11 km.

Min
X1+X2+X3+X4+X5+X6+X7+X8+X9+x10+x11+x12+Xx13+x14+x15+Xx16+
X17+x18+Xx19+x20+x21+Xx22+Xx23+x24+x25

subject to

X1+X2+X3+x4+x6+x7+x10>=1

X1+X2+X3+X4+Xx6+X7+x8+x9x10>=1

X1+X2+X3+X7+x9+x10>=1
X1+X2+X4+X5+X6+X7+Xx8+Xx9+x10+x15+x16+x17>=1
X2+X4+X5+X6+X7+X10+x11+Xx12+Xx13+x14+Xx15+x16+x17>=1
X1+X2+X3+X4+X5+X6+X7+X8+X9+Xx10+x15+x16+x17>=1
X2+X4+X5+X6+X7T+X8+X9+x1+x13+Xx14+x15+x16+x17+x18>=1
X2+X3+X4+X5+X6+7+x8+x9+x10+x17>=1
X1+X2+X3+X4+X5+X6+X7+X8+x9+x10+x17>=1
X5+x11+x12+x13+x14+x15+x16+x17+x18+x19+x20+x21>=1
X5+XT+Xx11+ x12+Xx13+x14+x15+x16+x17+x18+x19+x20+x21>=1
X5+X6+X8+X11+ X12+x13+x14+Xx15+x16+x17+x18+x19+x20+x21>=1
X4+X5+X6+XT+X8+X11+ x12+x13+x14+Xx15+Xx16+x17+x18+x19+x20>=1
XA+X5+X6+XT+X8+x 11+ x12+x13+x14+x15+x16+x17+x18+x19+x20+x21>=1
X11+Xx12+x18+x19+x20+X21+X22+x23+Xx24+x25>=1
X11+x12+Xx13+x14+x15+Xx16+Xx17+x18+x19+x20+x21+x25>=1
X11+x12+x13+x14+x16+x18+x19+x20+x21+x22+x23+x25>=1
X18+x21+x22+x23+x24+x25>=1

X18+X22+x23+x24+x25>=1
x18+x19+x20+x21+x22+x23+x24+x25>=1
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Second Case (separate regions)

D=5.5 km

1. Rafah Governorate
Min
X1+x2+x3
Subject to
x1+x2>=1
x1+x2+x3>=1
X2+x3>=1

2. Khan Yunis Governorate
Min
X4+X5+X6+X7+x8+x9+x10
subject to
X4+X5X+X6+X7+Xx8>=1
XA+X5X+X6+X7+x8+x10>=1
X4+X5X+X6+X7+X8+x9+x10>=1
X6+X7+X8x+x9+x10>=1

3. The Middle Governorate
Min
X11+x12+x13+x14+x15+x16+x17
subject to
Xx11+x12+x13+x14+x15+x16>=1
X11+x12+x13+x14+x15+x16+x17>=1
Xx13+x14+x15+x16+x17>=1

4. Gaza Governorate
Min
x18+x19+x20+x21
subject to
x18>=1
x19+x20+x21>=1

5. The North Governorate
Min
X22+x23+X24+x25
Subject to
X22+Xx23+x24+x25>=1
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Appendix B: Models from Literature

An overview of the mathematical formulations of the models described in Chapter 2.

LSCM (1971)

Minimize X; (2.1)
jel
Subject to ij >1 Viel (2.2)
Jel
% =01 Vj€]J (2.3)
where = [] if station j is allocated
! 0 otherwise
MCLP (1974)
Maximize Z dyyy (2.4)
iel
Subject to X = Vi Viel (2.5)
fefi
Z % =3 (2.6)
iel
5y =0.1 2.7)
where = { 1 if stations located at site §

0 otherwise
1 if demand node i is covered
0 otherwise

vi={
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TEAM (1979)

Maximize

Subject to

where

Z d;yi

iel

Z’ffz}'e

jesf
B
jesf
A A
x_,- =n
IE]
B _ B
S =
JEJ
A B
Xj = Xj

xixf,y =0,1
XA xB = [1 ifambulance type A, B locate at site j
1273 o otherwise

) _ [ I if node i covered 2 types of ambulance
Vi 0 otherwise

n?,n¥ = number of ambulance type A and type B

r#,r® = standard coverage time of ambulance type A and type B

1t ={je):ty<ri}

JE ={jeJ: ty =r?}
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Viel

Viel

Vj€]

(2.8)

(2.9)

(2.10)

(2.11)

(2.12)

(2.13)
(2.14)



FLEET (1979)

Maximize

Subject to

where

Z diyi

ier

2, =
jerf
jerf

A _ .4
St =
Jjej

B B
S o
1el
IR
FElm
xf' <z
xf = Z}
xf %7,y 2z, = 0,1

A B
xitx —{ .

j 0 otherwise
Vi 0 otherwise
5 ={lifac

s 0 otherwise
n4, ng
52
i rf
Jt ={ies: ty=rt}
I ={jej: t;; <r8}
.-'rn =

_ (1 if node i covered 2 types of ambulance

= number of ambulance type A and type B
= number of new facilities to be built

= standard coverage time of ambulance type A and type B

1 if ambulance type A, B locate at site j

1 if a facility located at site j

Yiel

Yiel

Vi€ln
VJi€ln

set of potential new facility locations; f, < J
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(2.15)

(2.16)

(2.17)

(2.18)

(2.19)

(2.20)

(2.21)
(2.22)
(2.23)



MGLC (1980)

Minimize Z ety + eyl +etyf-

Subject to

iel

ﬂ-iljle - },!a- =1
ier

- = 8- _
aly, afy, 1, xF,yE,yE T yE =01

yeryEr et =0
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Viel

Viel

Yiel

VjiE]

vjE]

Vi,j

Yiel

(2.24)

(2.25)

(2.26)

2.27)

(2.28)

(2.29)

(2.30)
(2.31)



where ¢f

2

= number of critical call at node i

¢ = number of non-critical call at node i
1 _ {] if travel time from j to i is within standard for critical call
u 0 otherwise
aZ = {1 if travel time from j to i is within standard for non-critical call
/ 0 otherwise
Yl o= 1 if station j is allocated ambulance type A
] 0 otherwise
2 = {] if station j is allocated ambulance type B
] 0 otherwise
a— _ {] if critical call of demand node i is uncovered by type A
Vi 0 otherwise
B- _ {1 if critical call of demand node i is uncovered by type B
Vi 0 otherwise
ye- = {1 if non-critical call of demand node i is uncovered by type B
: 0 otherwise
y&* = number of type A covered critical call of demand node i — 1
}'EHJ' = number of type B covered critical call of demand node i — 1
yf* = number of type B covered non-critical call of demand node i - 1
n' = number of ambulances type A
n? = number of ambulances type B
HOSC (1981)
Minimize w Z % — Z s, (2.32)
JEj iel
Subject to xj—5 =1 Viel (2.33)
Jeli
si =0 Yje] (2.34)
=01 Viel (2.35)

where

_ [] if station j is allocated
1 1o otherwise

5; = number of ambulances capable of responding to demand node i

w = some positive weight
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MEXCLP (1983)

P

Maximize Z d;(1-9)q" " yu (2.36)
i€l k=1
p
Subject to Z X) 2 Z Vit Viel (2.37)
jEj! k=1
Z Xj=m (2.38)
Jel
X; = integer VYjie] (2.39)
Yie =0,1 Viel (2.40)
where - {1 if node i is covered by the k ambulance
Yik 0 otherwise
BACOP1/BACOP2 (1986)
Maximize Z du, (2.41)
(el
Subjectto ) x;—u; =1 Viel (2.42)
Jel;
Z q=Ss (2.43)
iej
x,u; =0,1 (2.44)
where _ {1 if stations located at site j
/ 0 otherwise

L { 1 if demand node i is covered at least twice
* 10 otherwise
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The BACOP2 formulation is:

Maximize 6 Z dy; +(1—8) Z du, (2.45)
iel iel
Subject to ij—yf—uizﬂ Viel (2.46)
feji
yvi—wy =0 Viel (2.47)
X =n (2.48)
Jel
XJ', uf, }'! = ﬂ,l [2.49}
where _ [1 if demand node i is covered at least once
Vi 0 otherwise
8 =weight chosen in [0, 1]
PLSCP (1988)
Minimize Z x; (2.51)
Jel
Subject to ij > b, Viel (2.52)
feji
=0 Yje] (2.53)
MOFLEET (1988)
P
Minimize Z d;(1—q)g* ¥, (2.54)
i€l k=1
Mp
Subject to Z X+ Z Ve = M, viel (2.55)
1€l k=1
Z X <s (2.56)
JeJ
Zz_,- =n (2.57)
JeJ
Xj =pj Vje] (2.58)
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X; = integer YjE]J (2.59)

zj, ¥ix = 0,1 Yiel (2.60)
= _ (1l ifnode [ is not covered by the k ambulances
where Yik = {[1 otherwise
o {] if stations located at station j
1 0 otherwise

x; =number of ambulance located at station j
pj = available space for ambulance at station j
§ = maximum number of stations to be located

M, = maximum number ambulances necessary to completed coverage

CEMSAA (1989)
Minimize {Py| d* + de ,Pﬂ*,Pﬂ*,P;de,P,,Z dy (2.61)
jel ieJ ]
where x; = number of ambulance located at station j

d* = overachievement of goal

d~ = underachievement of goal

Detail each goal-constraints see in Baker et al. (1989).

CMCLP (1989)

Maximize Z Z(cﬂafyf} + chabyh) (2.62)
ie1 jej

Subject to Z X <s (2.63)
Jey

Z:ﬁ? =1 Viel (2.64)
Jjej
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ZJ*P} =1 Viel (2.65)
I
yfj'-+y§} <x vielLVje] (2.66)
D (aby +atys) <w, vieJ @.67)
ier
yivh.x; =01 ViELYjE] (2.68)
where v = [ 1 if stations located at site j
1 0 otherwise
yP = [l if station j provides primary service to demand node i
b 0 otherwise
yb = [l if station j provides secondary service to demand node i
Y 1o otherwise
af = the expected demand for primary service at node i
a? = the expected demand for secondary service at node i
P = [l if travel time from j to [ is within standard for primary service
i 0 otherwise
cb = [ 1 if travel time from j to [ is within standard for secondary service
t/ 0 otherwise
W; = the workload capacity on a station at site j
MALP-I/MALP-I1 (1989)
Maximize Z dyis (2.69)
iel
b
Subject to Z Yik = Z X Viel (2.70)
k=1 FET
Yik = Vik-1 Viel k={2,.. b} (2.71)
x=n (2.72)
Ie]
X, Vi = 0,1 (2.73)
where x = [1 if statu::ns located at site j
0 otherwise

Yie = [

1 if node i is covered by the k ambulances
0 otherwise



MRLP (1989b)

ReVelle and Hogan (1989b) introduced the a-reliable p-center problem by
improving the PLSCP model ( ReVelle and Hogan, 1988) named the maximum
reliability location problem (MRLP). The MRLP aims to find the position of p
facilities that minimize the maximum time (or distance) within which service is

available with a given «a reliability. The method of deriving busy fraction has

modified.
MCMCLP (1992)
Maximize Z Z z cafyf (2.74)
iel jeJ keK
Subject to Z XS (2.75)
fel
Zy;}= vielvkek (2.76)
Jej
Zﬁ}:xj VielLvkek (2.77)
fel
Z akyk < W, Vji€E] (2.78)
i€l kek
yf’ff_xj=[},1 VielVje].Ykek (2.79)
where k, K = the index and set of service levels
a¥ = the expected demand of node i for level k service

d;; =distance from site j to demand node {

5

= number of station to be sited

= maximum service distance for acceptable service at level k

= the workload capacity on a station at site j

-
-
|

1 if stations located at site j

0 otherwise

I if station j provides service of level k to demand node i
0 otherwise

1if dy <S*

() otherwis
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Rel-P (1993)

Minimize Cjk X ji (2.80)
JEJ 15!{5;.!'j
Subject to X =1 VjeE] (2.81)
IEREpj
ajicX jic = by viel (2.82)
JEI; likipj
xe=0,1 VjeE] (2.83)
where X = {1 if k umPulance allocated at station j
0 otherwise
p;j = upper bound number of ambulance located at site j € J.
Cjx = cost of locating kambulances at site j € [.
@y = probability that calls to station jcan not served with k ambulances
b; = probability of uncoverage at demand node i = -log( failure probability)

Q-PLSCP (1994)

Marianov and ReVelle (1994) proposed the queuing probabilistic location set
covering problem (Q-PLSCP). They applied queuing theory into PLSCP. The key
difference between Q-PLSCP and PLSCP is in how b; is calculated. They assumed
the behavior in each demand node as an M/M/ s/0 — loss queuing system (a Poisson
arrival, exponentially distributed service time, s server, loss system). With the
assumption, let s be the number of ambulances in the neighborhood. If define the
state k is computed by standard queuing theory steady-state equations for state 1, 2,
3, ... s is:

P[getting into state k]| — P[getting out of state k] =0
[Pr-14i + (k + Dpipresr] — [Prdi + kpgpe] =0 (2.84)

and for the stare 0 is: wipy —ppd; =0 (2.85)
Solution of these questions a steady-stare yields the probability of all s

servers being busy, p:

_ (1/sDp;"
T 1+4p+ /2007 + -+ (/sDpf

" (2.86)
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This probability is a decreasing function of the parameter s. The recursive formula
for pg as a function of p,_; illustrates as the tern in parentheses in the following
equation is than one:

1
=(——)p._ 2.87)
Ps (ps-1+5#.-ﬂx)ps ' [‘

Now, the probability of at least one server being in the region is 1 — ps. For each
neighborhood around demand node i and each value of s, we can compute the value
of pg, and if for p,_,that demand node, 1 — p; = «, then we assume that node i will
be reliability a. As p, is a decreasing function of s, there always exist a nonnegative
integer b;, such that s > b;, 1 —ps > a. This integer b;represents the minimum
number of servers which must be located at demand node i for that node to be
considered as covered with reliability a. The number of servers s required to achieve
availability with probability a, must be greater than, or at least equal to b;, the
equation (2017) can be replaced with:

_ (1/bDp;" . (2.88)
1+ p, + (1/20)p + -+ (1/bDp}* ~

Ps

TIMEXCLP (1994)

Py
Maximize Z Z Z(l - Qz]qg_Idr,i}’r,k.i (2.89)
k

tET el

Pe
Subject to ZJ"LH.I = Z Xpj Qe ji Viel,Vje] (2.90)
k TEJ§
qu-=nr vteT (2.91)
Ies
x, ; is integer YieJ.vteT (2.92)
Ve @y = 0.1 VielLvVje] (2.93)
where _ {] if k ambulance covered node i at time ¢
Yekt = 0 otherwise

@ = 1 if station j covered node i at time ¢
b 0 otherwise
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FAST (1995)

Z = 2 a;y{

ierl

Z; = Z ﬂ!J"iF

iel

Maximize

Subject to  y{' < z xt
jeift

F T

jerf
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Yiel

Viel

(2.94)

(2.95)

(2.96)

(2.97)



where @y

ﬂA

yFEfo

ierf
x| < z
X <z

X <zi+n

xf' =n*

ieJ

xf+Zx-

J€] J€j
Zi+n = 1

dy+by

] I

y;“',}rf,xf,x}",xf,zj, n;=0,1

= population at demand node i

= number of ambulance to be sited

Viel

V€]
V€]

V€]

V€]

VielLvje]

nE*T = number of engines and trucks to be positioned

Y
ST
SE
d;
Jt
A
Ji
B

b

= distance standard for ambulances

= distance standard for trucks

= distance standard for engines

= distance from site j to demand node i
~{j €1 d; < 54)

=U€eJld; <57}

={j €J|dy < 5%}

= budget

(2.98)

(2.99)
(2.100)
(2.101)

(2.102)

(2.103)

(2.104)

(2.105)

(2.106)

= fraction of the cost of a fire station that an ambulance station incurs

_ {1 if demand node i has at least one ambulance stationed within S

0 otherwise

_ {1 if demand node i has at least one ambulance stationed within §7

0 otherwise

{] if an ambulance is stationed at site j
0 otherwise
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T = {1 if a fire truck 1s stationed at site j
] 0 otherwise
B = {] if a fire engine 1s stationed at site j
4 0 otherwise
CCLP (1996)
Zy= a;ry
— (€1
Maximize (2.107)
Zg = a;Ssi
]
Subjectto m = > w+ > w viel (2.108)
JEMA,; kEMB;
5 = z e vieEl (2.109)
kENE;
k&ﬂ‘}
Z u, =p (2.111)
iey
vy =g (2.112)
kEXK
LSy, vy =0,1 wiel.vjel]l.vkeK (2.113)
where a; = population at demand node i
r = number of facility type A to be sited
q = number of facility type B to be sited
. = index and set of potential sites for type A facilities.
k, K = index and set of potential sites for type B facilities.
g4 = distance standard for type A offering type A services
55 = distance standard for type B offering type A services
T*E = distance standard for type B offering type B services
dy; = distance from site j to demand node i
5§48 = maximum distance from a type A to a type B facility
MA; ={je]|dy <54}
MB; ={k €K |dy < 5%}
NB; ={ke K |dy = T*"}
[2F ={k E K |dy = 5B}
- _ (1 if demand node { is covered by a type A facility
! 0 otherwise
_ (1 if demand node i is covered by a type B facility
5q = -
0 otherwise
u _ 1 if a type a facility located st site j
N =

0 otherwise
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_ (1 if a type a facility located at site k

v .
o 0 otherwise

Q-MALP (1996)

Maximize Z d;y;, b,

iel

Viel

Vi€l k={2,...b}

by ¢y
Subject to ZJ’“‘ EZ Zx“
k=1 JEJj k=1
Yik = Yik-1
€
xk_,- =T
JjEJ k=1
X Vi = 0,1
where Xey = { 1if :-.’I]ﬂbl.fl:-.’lnﬂﬂ k located at stations j
0 otherwise
Y = {1 if node iis covered by k ambulances
Lk 0 otherwise
C; = capacity of each station j
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(2.116)

(2.117)
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DSM (1997)

Maximize

Subject to

w here

xj is integer
i, yi =01

Yi = 0 otherwise

i 0 otherwise

v

vJ

Wi

1 {l if demand node i covered 1 time within ry

2 _ {l if demand node i covered 2 time within r;

=

el

=

e/
e/J

=

J# = set of stations that covered demand node i within ry

x; = number of ambulances located at station j

n; = available space for ambulance at station j
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i = set of stations that covered demand node i within

(2.119)

(2.120)

(2.121)

(2.122)
(2.123)
(2.124)

(2.125)
(2.126)
(2.127)



TTM (1998)

hy kI
Maximize diBink1 Vinki
iel h=1k=0I=0
by ki 1
Subject to -‘tz Yinkt = Z xft viel
h=1 k=0I=0 jerd
ky ki 4
k Yinkt = z xf! Viel
k=1 h=k l=0 jer?

' hi Kk
ZIZZ}'!MIEZIJE Viel

I=1 h=1k=0 J'Ej-!ﬂ'
hy Ry L
ZJ’mm =1 Viel

h=1 k=0 [=0
ij‘ < n4
i€l

xf <n®
=]

X7 Vi = 0,1

whese A = [1 if ALS unit located at station j
J 0 otherwise
g8 _ [] if BLS unit located at station j
x =
J 0 otherwise

(2.128)

(2.129)

(2.130)

(2.131)

(2.132)

(2.133)

(2.134)

(2.135)

Binir = probability that at node i; h ALS units within r*, k ALS units

within v, and [ BLS units within r# is busy.
n? = number ALS units to be located

n¥® = number BLS units to be located

A

A = set of stations that covered demand node i within r

JE = set of stations that covered demand node i within 8
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QM-CLAM (1998)

Maximize Z diyy (2.136)
el

Subject to Yy < X VieELVj€E] (2.137)
zyuil Viel (2.138)
ieJ
ij. =5 (2. 139)
ieJ
Z fovy<u Vi-—a (2.140)
el
x}-Yij=Da1 (2.141)

where 1. = [] if center located at node j
! 0 otherwise

1 if demand node [ is allocated to station j

Yij = [

0 otherwise
fi = request for service at demand node i
b = number of customer in queue

a = probability of number in queue is less than b
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HiQ-LSCP (2001)

where Vi

Minimize Z Cx + Z K.z, (2.142)
JEl kej

Subject to Zy”k =1 Vielwithj€N,keNkeM, (2.143)
ik
Vijk = Xj Vijk (2.144)
Vijk = Zg Vijk (2.145)
> S <u-"NT=a vi o (2146)
ik
Z BifiYije <1 P v k (2.147)
ij
Yijioo Xpp 2 = 0,1 vijk (2.148)

1 if population at demand node i is allocated to a low-level server

located at the high-level candidate node k
0 otherwise

v = {1 if a low-level server is locate at node j
! () otherwise

zp = {1 if a high-level server is locate at node k
0 otherwise

C; = cost of opening and operation a low-level service center at node j

K} = cost of opening and operation a high-level service center at node k

b = length of queue that is not to be exceeded with a predefined probability
a = predefined probability of not exceeding the queue length b
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fi  =rate of appearance of requests for service at node i
A} = arrival rate of requests to low-level server j

= service rate at low-level server j

pj = /uj

A = arrival rate of requests to high-level server k

= service rate at high-level server k

P =X/

fi; = percentage of requests to low-level node j that request high-level
service

ps = probability of s customer in queue

d;; = shortest network distance between node i and node j

Sq = standard distance from demand node to low-level server

San = standard distance from demand node to high-level server

Sin = standard distance from low-level server to its high-level server

N{ ={jldy =S}

Ny ={k|dy; < San}

M; ={k|dy < Sn}
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HiQ-MCLP (2001)

Maximize

Subject to

where J"iﬂ.:

Xj

Zp

Z Z Z ayiji (2.149)
T 7 K

ZJ’fﬂc =1 Vijk (2.150)
Tk

Vijk = X Vij.k (2.151)
Vijk = Zk Vi, jk (2.152)

Z’F"”’”’f <ut-"Vi-a vV (2.153)
ik

Z Bifiyiji <uf i vk (2.154)
i

Z x =P, (2.155)

Z 7, =Py (2.156)

yf,‘erjrzk = ﬂ|1 Vl,j,k {2157}

located at the high-level candidate node k

{1 if population at demand node i is allocated to a low-level server
0 otherwise

_ 11 1if a low-level server is locate at node j
0 otherwise

=[1 if a high-level server is locate at node k
0 otherwise

= population at demand node i

= number of low-level station to be located

= number of high-level station to be located

= length of queue that is not to be exceeded with a predefined probability
= predefined probability of not exceeding the queue length b

= rate of appearance of requests for service at node i

= arrival rate of requests to low-level server j

= service rate at low-level server j
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Ay
My
P

Bj

= 45 /uj

= arrival rate of requests to high-level server k

= service rate at high-level server k

= A% fui

= percentage of requests to low-level node j that request high-level

service

= probability of s customer in queue

= shortest network distance between node { and node j

= standard distance from demand node to low-level server
= standard distance from demand node to high-level server

= standard distance from low-level server to its high-level server

= {ildiy < S}
= {kldu E Sdh}
= {kldy; < S}
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DDSM (2001)

4
Maximize Z dy? — Z Z Mt x;
=1

Subject to

where

] JEJ

JEl; I=1
E diyi =« d;
ier ier
p
2
E E xji = ¥i + Yi
Jej; I=1
2 1
¥i = Yi
Xp = 1
JES
n
E Xji = n;
I=1

x5, yi.¥i =0,1
x =
i {{} otherwise

— Lo otherwise

™ Lo otherwise

1 if ambulance [ move to station j

Yiel

Yiel

wiel

vie]

_ (1 if demand node i covered 1 time within ry

2 _ {1 if demand node i covered 2 time within
L

i = set of stations that covered demand node § within ry

JE = set of stations that covered demand node i within 5

1n; = available space for ambulance at station j
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(2.158)

(2.159)

(2.160)

(2.161)
(2.162)

(2.163)

(2.164)

(2.165)



PLASC (2002)

Minimize Z X; (2.166)
iel
Subject to Z y, = Viel (2.167)
Jel
Yij S X VYieLYjeE] (2.168)
P[station j has < b people in queue] = a (2.169)
where P [ 1 if station j is allocated
! 0 otherwise
_ { 1 if demand node i located to served by station j
o 0 otherwise
a = reliability of service
MECRP (2006)
n
k=1 iel
Subj viel (2.171)
u JEC’I to Z x}k E }'H{ .
= (k=0,..,n)
ij-k =k (k=0,..,n) (2.172)
]
x}k—x}k_lﬂu}k VJE_,L (k=1,,ﬂ.—1) {21?3}
Z”f“ < ay (k=1,..,n—1) (2.174)
]
Xjter Viter Ui = 0,1 (2.175)
1 if k ambulances available and ambulance located at station j
where Xjp = { .
0 otherwise

1 if k ambulances available and demand node i is covered

Yo = [f.} otherwise

- {1 if k ambulances available and station j is changed
7= 10 otherwise

ay =1{0,1,...,n}
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DACL (2008)

Tmetm —j— D! m — k)(m*) (py )P,

Q(m,p,,j) = v
Pl = e a—pym (I —p(1—Bp) (2.176)
=01,..m—1
Also let,
1 if node j is covered by at least one server with a; reliability at time ¢
Vi = {ﬂ otherwise; (2.177)
1 if node i 1s within the distance threshold of station j
Qjj , during time interval t (2.178)
0 otherwise;
The formulation of DACL is:
T n
Minimize Z Xik (2.179)
t=1 k=1 i€k
mg n Mg
Subject to E" 1alFike o mt,p;,z aijXpe — 1 | —ap |y =0
=1 Jj=1i=1
(2.180)
n
hjevje = € VteT (2.181)
j=1
Xiges Vie = 0,1 Vik,t (2.182)
MERLP I/MERLP 11 (2009)
n k-1
Minimize Z Z Q(n,p, k — 1)dychiyy (1 — py) l—[ Pr (2.183)
iel k=1 I=1
n
Subject to mee,,! Z viel (2.184)
k=1 k=1
m k=1
> D eupke— Dduhyu1-po | [z (2.185)
ier k=1 I=1

85



where

-

X =1 (2.186)

el k=1
Xik, Yie = 0,1 (2.187)
Xy = [é if amb}{lance k locate at node i

otherwise

_ {1 if node i is covered by ambulance k

Yoe = [1‘.} otherwise
dy; = response distance of ambulance k to node i
h;  =number of demand at node i
Pr = busy fraction of ambulance k
Q = correction factor approximate by Javis’s hypercube (Jarvis, 1985)
¢ = pre-specified required coverage
N; = set of all ambulances can covered node i

_ {1 if node i is coverd with a reliability
" L0 otherwise

Followed the notation of MERLP | model, available coverage version, the
formulation of MERLP Il is:

where

T k=1
Minimize Z Z Q(n,p, k — Ddychgy (1 — py) l—[ Pi (2.188)
el k=1 =1
n n
Subject to nl _ np:mm 0 (H.P.fokem- _ 1)] _ a‘ ¥ =0 (2.189)
k=1 k=1
Y hyize (2.190)
(€1
i€1 jel
Xij,Yi=0,1 (2.192)
_ { 1 if node i is covered with a reliability
L 0 otherwise
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SQM (2009)

Minimize

Subject to

Z Z(Pnjtnj)

n=1j=1

J
Zﬂ}'} = Ceop
j=1

X2y
.E!.‘:Wj'

I
e
i=1
x},

Yi= 0,1

So,ee,, PIB)

Pri = I A= PByn,])

P{B;} Z Ay + Z Hij

{Bigcna=1}

Z wijP{B;} +

{BiECn:djj=1}

2

; P(B} =1

{Bi€Cy:dj=1}
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Z AijP{B;}

{BieCy:dfj=1}

(2.193)

(2.194)

(2.195)

(2.196)

(2.197)

(2.198)

(2.199)

(2.200)



mDSM (2010)

Maximize Z Z Ay — B Z s (2.201)

LET \ (€l Ljefy

Subject to Z xf=1 VielteT (2.202)
jerft
Z dy = a Z d, VEET (2.203)
ier ier
yit =yt VielteT (2.204)
Z xf=n (2.205)
J€l
xf =n YjeEJ,teT (2.206)
o+ )= ) =at vjeter @207)

ijey ijey
T+ Z rt— Z T = vieJ (2.208)
Lief iLjef

Z zj) < wny ViEJtET (2.209)
iery
Z zf; = d, VielteT (2.210)
iDhd
x| = integer (2.211)
vt g =0,1 (2.212)

where xf = number of ambulances locate at station j at period t

kit _ [] if demand node i is covered k time at period t
' 0 otherwise

o= [] if relocate ambulance from location i to location j at period ¢
o 0 otherwise

ziﬂ- = number of demand at node i cover by station j at period t

n; = available space for ambulance at station j
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Appendix C: Distances Between Quarters

wn 4 — 4

< |8 |g |5 |E& ol <g| Bl = HENE €8 |sc| El=zs 2<| &|0 |12 15 |

2] o == = Q = ] = © Lol S >

£ 12 |2 |7 |8 |52 g5 85 5 |<2|2 |3 |2¢| 8 |=£3|2%|55 & |58|/<5|/F |23|3 |f |3

04 = & < = D3 S| &8 i x| 2 — | =2 Ao S g »n| O g o S| S SZ| = = S

< < < < < 2| g < N| Z = == & & ”
1 Rafah 0 | 55 | 70 | 90 | 130 | 100 | 105 | 115 | 115 | 90 | 230 | 225 | 21.0 | 200 | 17.0 | 185 | 175 | 300 | 250 | 255 | 27.0 | 40.0 | 38.0 | 39.0 | 35.0
2. Al-Naser 55 | 0 | 40 | 80 | 110 | 75 | 65 | 85 | 65 | 40 | 21.0 | 205 | 190 | 180 | 160 | 17.0 | 160 | 31.0 | 275 | 270 | 255 | 36.0 | 365 | 37.0 | 33.0
3 Shoka 70 | 40 | 0 | 115 | 155 | 120 | 110 | 120 | 105 | 80 | 255 | 250 | 235 | 225 | 205 | 21.5 | 205 | 350 | 32.0 | 315 | 30.0 | 405 | 40.0 | 415 | 375
4, Y"Sgg 90 | 80 |125| 0o | 50 | 30 | 55 | 50 | 80 | 7.0 | 145 | 140 | 125 | 115 | 90 | 105 | 100 | 245 | 170 | 175 | 200 | 295 | 30.0 | 31.0 | 27.0
5. | AlQarara | 130 | 11.0 | 155 | 50 | 0 | 40 | 55 | 35 | 80 | 85 | 100 | 95 | 80 | 70 | 55 | 60 | 40 | 200 | 130 | 135 | 150 | 250 | 255 | 265 | 22.0
6. sSr?gilla 00| 75 | 120 | 30 | 40 | 0 | 30 | 25 | 60 | 55 | 135 | 130 | 120 | 105 | 70 | 95 | 65 | 235 | 165 | 170 | 185 | 285 | 295 | 30.0 | 255
7. Atlfjt";‘l”r ;" 05| 65 | 110 | 55 | 55 | 30 | 0 | 20 | 30 | 35 | 150 | 140 | 130 | 120 | 11.0 | 105 | 7.5 | 245 | 180 | 180 | 19.0 | 295 | 30.0 | 300 | 2655
8. A?:g?g‘aa' 115| 85 | 120 | 50 | 35 | 25 | 20 | 0 | 45 | 50 | 130 | 120 | 120 | 100 | 85 | 90 | 55 | 230 | 160 | 165 | 175 | 280 | 280 | 285 | 245
9. Khuza’a 115 | 65 | 105 ] 80 | 80 | 60 | 35 | 45 | 0 | 25 | 170 | 160 | 150 | 140 | 130 | 130 | 10.0 | 265 | 20.0 | 19.0 | 205 | 315 | 31.0 | 315 | 28.0
10.| Alfukhari | 90 | 40 | 80 | 70 | 85 | 55 | 35 | 50 | 25 | 0 | 180 | 175 | 16.0 | 150 | 135 | 140 | 11.0 | 280 | 21.0 | 205 | 22.0 | 33.0 | 33.0 | 335 23'
11. Nu?er}rat 230 | 210 | 255 | 145 | 100 | 135 | 150 | 130 | 170 | 180 | 0 | 20 | 25 | 35 | 55 | 45 | 75 | 100 | 30 | 35 | 65 | 150 | 160 | 17.0 | 12.0
12.| AlBuraij | 225 | 205 | 250 | 140 | 95 | 130 | 11.0 | 150 | 160 | 170 | 20 | 0 | 25 | 25 | 55 | 35 | 65 | 105 | 40 | 40 | 6.0 | 155 | 160 | 17.0 | 125
B3] V’Xy 4o | 210|190 235 | 125 | 80 | 110 | 130 | 110 [ 150 | 160 | 25 | 25 | O | 15 | 35 | 20 | 50 | 120 | 50 | 60 | 80 | 175 | 180 | 190 | 145
14, Mag\rI]azi 200 | 180 | 225 | 115 | 7.0 | 105 | 120 | 100 | 140 | 150 | 35 | 25 | 15 | 0 | 20 | 15 | 40 | 130 | 60 | 65 | 85 | 180 | 19.0 | 195 | 15.0

Deir al

15. Balah 170 | 160 | 205 | 90 | 55 | 70 | 110 | 85 | 130 | 135 | 55 | 55 | 35 | 20 | 0 | 25 | 35 | 155 | 80 | 9.0 | 115 | 205 | 215 | 225 | 175
16. MUSAaL o | 185|170 [ 215 | 105 | 60 | 95 | 105 | 90 [ 130 | 140 | 45 | 85 | 20 | 15 | 25 | 0 | 30 | 145| 70 | 75 | 95 | 195 | 200 | 205 | 165
17. V‘g‘:(‘q?' 175 | 160 | 205 | 100 | 40 | 65 | 75 | 55 | 100 | 120 | 75 | 65 | 50 | 40 | 35 | 30 | 0 | 170 | 100 | 105 | 120 | 225 | 230 | 235 | 19.0
18. Gaza 300 | 31.0 | 350 | 245 | 20.0 | 235 | 245 | 230 | 265 | 280 | 10.0 | 105 | 120 | 130 | 165 | 145 | 170 | 0 | 7.0 | 65 | 7.0 | 55 | 65 | 80 | 25
19. '\é:gmgt 250 | 275 | 320 | 170 | 130 | 165 | 180 | 160 | 200 | 21.0 | 30 | 40 | 50 | 60 | 80 | 70 | 100 | 70 | o | 20 | 50 | 120 | 130 | 145 | 95
20. Mug’?]'raqa 255 | 27.0 | 315 | 175 | 135 | 170 | 180 | 165 | 190 | 205 | 35 | 40 | 60 | 65 | 90 | 75 | 105| 65 | 20 | 0o | 35 | 120 | 125 | 135 | 85
21. J“g"i[(ad 270 | 255 | 300 | 200 | 150 | 185 | 190 | 175 | 205 | 220 | 65 | 6.0 | 80 | 85 | 115 | 95 | 120 | 70 | 50 | 35 | o | 110 | 1120 | 115 | 80
22. UN”;S@:' 400 | 360 | 405 | 295 | 255 | 285 | 295 | 280 | 315 | 330 | 150 | 1565 | 175 | 180 | 205 | 195 | 225 | 55 | 120 | 120 | 120 | o | 25 | 55 | 35
23| BeitLahya 1 a9 | 365 | 40.0 | 30.0 | 255 | 295 | 30.0 | 280 | 31.0 | 330 | 160 | 160 | 180 | 190 | 215 | 200 | 230 | 65 | 130 | 125 | 110 | 25 | 0o | 30 | 35
24.| BeitHanun | 39.0 | 37.0 | 415 | 31.0 | 265 | 30.0 | 30.0 | 285 | 315 | 335 | 17.0 | 17.0 | 19.0 | 195 | 225 | 205 | 235 | 80 | 145 | 135 | 115 | 55 | 30 | 0 | 55
25.| Jabalya 350 | 330 | 375 | 27.0 | 220 | 255 | 265 | 245 | 280 | 295 | 120 | 125 | 145 | 150 | 175 | 165 | 190 | 25 | 95 | 85 | 80 | 35 | 35 | 55 | 0




